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Background: Endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) is a minimally invasive technique for biopsy of lung, peri-pulmonary
tissue and lymph nodes under real-time ultrasound-guided biopsy. It is used
in the diagnosis and/or staging of benign and malignant pulmonary and non-
pulmonary diseases. Our study is based on a large sample size, in a diversified
population which provides a representative real-world cohort for analysis.

Methods: Patients who underwent EBUS-TBNA procedure between September
2019 and August 2022 were included in this retrospective study. For cases
diagnosed as benign and unclassified lesions by EBUS-TBNA, the final diagnosis
was determined by further invasive surgery or a combination of therapy and
clinical follow-up for at least 6 months.

Results: A total of 618 patients were included in the study, including 182
females (29.4%) and 436 males (70.6%). The mean age of all patients was 61.9
+ 10.5 years. These patients were successfully punctured by EBUS-TBNA to
obtain pathological results. The pathological diagnosis results of EBUS-TBNA
were compared with the final clinical diagnosis results as follows: 133 cases
(21.5%) of benign lesions and 485 cases (78.5%) of malignant lesions were finally
diagnosed. Among them, the pathological diagnosis was obtained by EBUS-
TBNA in 546 patients (88.3%) (464 malignant lesions and 82 benign conditions),
while EBUS-TBNA was unable to define diagnosis in 72 patients (11.6%). 20/72
non-diagnostic EBUS-TBNA were true negative. The overall diagnostic sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy of
EBUS-TBNA were 91.3%, 100%, 100%, 27.8%, and 91.6% [95% confidence interval
(CI): 89.1-93.6%], respectively. In this study, only one case had active bleeding
without serious complications during the EBUS-TBNA procedure.

Conclusion: Given its low invasiveness, high diagnostic accuracy, and safety,
EBUS-TBNA is worth promoting in thoracic lesions.
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1 Introduction

The chest, including the lungs and mediastinum, is a
predilection site for various benign and malignant tumors. A
clear pathological diagnosis of chest lesions is essential for the
appropriate clinical management of these lesions. However, due
to the complex anatomical location and close to the heart,
lung aorta, and other important structures, the mediastinal
and adjacent mediastinal lung tissue biopsy is a difficult
challenge (1).

Currently, several clinical diagnostic methods are employed
for thoracic lesions, encompassing computed tomography
(CT), positron emission tomography (PET)-CT, traditional
bronchial needle aspiration biopsy, percutaneous lung biopsy,
mediastinoscopy, and thoracoscopy, among others (2-5). However,
CT and PET-CT are limited in their ability to offer a pathological
diagnosis of these lesions (2). While conventional transbronchial
needle aspiration (c-TBNA) is generally considered a safe
procedure with a low reported incidence of complications,
it exhibits limited ability to directly visualize lesions (3).
Percutaneous lung biopsy is primarily utilized for peripheral
thoracic lesions and is not suitable for mediastinal, hilar lesions,
or enlarged lymph nodes?. On the other hand, mediastinoscopy
and thoracoscopy are considered the “gold standard” for
clinically diagnosing benign and malignant mediastinal lesions.
Nevertheless, their application is limited due to the need for
general anesthesia, substantial trauma, higher costs, limited
feasibility for repeated examinations, and increased postoperative
complications (4, 5).

Endobronchial
aspiration ( EBUS-TBNA ) is a minimally invasive ultrasound-

ultrasound-guided transbronchial needle
guided biopsy, which provides a solution for mediastinal lymph
nodes, hilar lymph nodes, lung tumors in the area near the airway
and lung apex masses near the trachea (6). Real-time ultrasound
monitoring allows clinicians to carefully avoid major blood vessels
and other critical sites, reducing the risk of severe bleeding and
enhancing sampling accuracy. Additionally, this procedure is
straightforward, relatively safe, and minimally traumatic (7, 8).
EBUS-TBNA is currently employed for diagnosing unexplained
mediastinal and hilar lymph node enlargement, pulmonary
and mediastinal masses, as well as lymph node staging and
restaging of pulmonary and extrapulmonary tumors (9, 10).
Furthermore, it provides ample tissue for immunohistochemical
and molecular genotyping, offering significant implications
for treatment options,

including chemotherapy,

targeted therapy, and re-biopsies after developing drug
resistance (10-12).

In China, the introduction of EBUS-TBNA occurred relatively
late, resulting in a scarcity of large-scale analysis studies in
the past decade. This study, characterized by its extensive
sample size and diverse participant population, holds substantial
relevance and clinical applicability for staging both benign
and malignant pulmonary and non-pulmonary diseases. This
retrospective cohort study seeks to analyze the real-world
diagnostic value of EBUS-TBNA with the goal of contributing
to the standardized application and widespread adoption

of EBUS-TBNA.
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2 Methods
2.1 Study design and patients

We retrospectively analyzed all patients who underwent
EBUS-TBNA in the Department of Respiratory and Critical
Care Medicine, Zhongnan Hospital of Wuhan University from
September 2019 to August 2022 due to mediastinal/hilar
lymphadenopathy, mediastinal masses, and pulmonary
nodules/masses near the airway. The study received approval
from the ethics board of Zhongnan Hospital of Wuhan University
(Approval number: 2023026K), and the need for informed consent
was waived due to the retrospective nature of the study.

We extracted comprehensive, clinically relevant data regarding
hospitalization and follow-up periods of EBUS-TBNA from
relevant hospital databases. This data encompassed details such as
age, gender, smoking history, indications for EBUS-TBNA, cyto-
and histo-pathological diagnoses obtained through EBUS-TBNA,
the number of puncture needles used, any complications, clinical
treatment decisions based on EBUS-TBNA findings, and follow-
up outcomes. Exclusion criteria encompassed patients who were
contraindicated for needle aspiration due to abnormal anatomical
findings or vascular interposition or those for whom a definitive
diagnosis was unattainable due to insufficient data, inadequate

pathological diagnosis, or lack of follow-up.

2.2 EBUS-TBNA procedures

All patients underwent EBUS-TBNA procedures following
chest-enhanced CT or PET-CT examinations. Pre-procedure
routine assessments, including blood tests, comprehensive
metabolic panel tests, electrocardiograms, etc., were performed,
and patients with contraindications, such as critical organ lesions
or coagulation disorders, were excluded. Informed consent for
the EBUS-TBNA procedure was obtained. Patients refrained from
eating or drinking for a minimum of 4 h before the procedure. The
procedure was carried out under local anesthesia (1% lidocaine)
with sedation and analgesia provided using midazolam or fentanyl.
EBUS-TBNA was conducted using a convex probe (ultrasonic fiber
optic electronic bronchoscope BF TYPE UC260FW, Olympus),
a specialized ultrasonic processor (EU-ME2, Olympus), and a
22-gauge specialized puncture needle (Vizishot NA-2015X-4022,
Olympus). Prior to the procedure, conventional electronic
bronchoscopy was employed for intraluminal exploration. All
procedures were performed by experienced physicians from the
Department of Respiratory Medicine. The operator determined the
location and number of lymph nodes to be sampled, as well as the
number of punctures per lymph node. Complications, including
cough, hemoptysis, hypoxemia, arrhythmia, pneumothorax,
mediastinal infection, and mediastinal abscess, were recorded.

2.3 Processing of puncture specimens

After sampling, a cell block was initially obtained by using
the internal stylet to release the core from the needle. It
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was then blotted on filter paper to remove excess blood and
immediately fixed in 10% formalin solution. Furthermore, the
contents of the needle were placed on a glass slide and
quickly fixed in a 95% alcohol solution. The specimens were
promptly sent to the pathology department for cytological and
histopathological examinations.

2.4 Study definitions

Cyto- and histo-pathological results of EBUS-TBNA were
classified as malignant (if they contained malignant cells or
atypical cells highly suspicious for malignancy), benign (if
no malignant cells were observed but granulomas or other
definitive benign lesion types were present), or unclassified (if
the pathological findings were inconclusive, such as such as
only mature lymphocytes, no malignant cells or caseous lesions).
Patients diagnosed as benign or unclassified through EBUS-TBNA
subsequently underwent other invasive procedures (percutaneous
lung biopsy, mediastinoscopy, thoracoscopy, etc.) or received
empirical therapy based on clinical diagnosis. A clinical and
radiological follow-up of at least 6 months was considered for the
clinical final diagnosis.

EBUS-TBNA results with a definitive benign or malignant
diagnosis (e.g., lung cancer, tuberculosis, sarcoidosis, lymphoma,
extrapulmonary metastatic carcinoma, etc.) were considered
positive, and unclassified diagnoses were classified as negative. The
diagnosis of 'reactive lymphadenopathy’ was established only when
pathological findings and at least 6-month follow-up did not lead to
an alternative diagnosis, and it was considered a true negative. False
negatives were defined the cases in which the supplemental surgical
procedures lead to the change of the initial diagnosis obtained
by EBUS-TBNA or when clinical progression occurred during the
follow-up period.

The for EBUS-TBNA were
categorized into three major groups: (1) diagnosis and/or

indications reviewed and
staging of thoracic space-occupying lesions (including pulmonary,
mediastinal, tracheal, and esophageal space-occupying lesions with
or without lymph node enlargement); (2) isolated mediastinal
and/or hilar lymphadenopathy (IMHL); and (3) suspected
intrathoracic recurrence of previous malignancies.

2.5 Statistical methods of analysis

Data analysis was carried out using IBM SPSS 22 statistical
software. All data were subjected to tests for normal distribution
and homogeneity of variance. Descriptive analysis was
conducted, with measurement data conforming to normal
distribution expressed as mean =+ standard deviation (x =+ s).
Measurement data with skewness distribution were expressed
as median values, along with maximum and minimum
values. Counting data were presented as frequencies and
percentages (%). Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy were
calculated based on the diagnosis obtained through EBUS-

TBNA and the clinical final diagnosis. Receiver operating
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characteristic (ROC) curves were plotted, and the area under
the curve (AUC) was used to assess the diagnostic value
of EBUS-TBNA.

3 Results

3.1 Patient characteristics

A total of 633 patients underwent initial evaluation for
this study, and ultimately, 618 patients who underwent EBUS-
TBNA were included and analyzed (Figure1). The mean age
of the participants was 61.9 £ 10.5 years. Among them, there
were 182 females (29.4%) with an average age of 59.7 £ 11.6
years (range: 22-85 years) and 436 males (70.6%) with an
average age of 62.8 £ 9.9 years (range: 18-89 years). All these
patients were successfully sampled to obtain pathological results,
and their characteristics and indications are summarized in
Table 1.

3.2 Pathological diagnosis of EBUS-TBNA
and clinical final diagnosis

Among the 618 patients according to the gold standard, 133
(21.5%) were benign lesions and 485 (78.5%) were malignant
lesions. Among the 618 patients, EBUS-TBNA initially diagnosed
82 benign lesions (13.3%), 464 malignant lesions (75.1%), and 72
unclassified lesions (11.6%).

Among patients with unclassified lesions (n = 72), 19

underwent mediastinoscopy or thoracoscopic surgery, 14
underwent percutaneous lung biopsy, and three underwent
extrapulmonary lymph node biopsy, leading to pathological
diagnoses for 36 patients. This included 14 cases of malignant
lesions and 22 cases of benign lesions. The remaining 36 patients
refused to undergo further surgery. These patients underwent
empirical treatment based on clinical diagnosis and received at least
6 months of clinical and radiological follow-up. The final clinical
diagnosis of eight patients with initially diagnosed suspected lung
cancer was seven cases of malignant and 1 case of benign: five cases
of previous progress (new lymph node enlargement and tumor
marker values were significantly higher than before), two cases
of empirical radiotherapy and chemotherapy were effective and
one case of pneumoconiosis. The eight patients who were initially
diagnosed as benign were finally diagnosed with three cases of
tuberculosis, one case of sarcoidosis, two cases of organizing
pneumonia, one case of allergic bronchopulmonary aspergillosis,
and one case of community-acquired pneumonia (all improved
after empirical treatment). There was no significant progress in
the size and number of lymph nodes in 20 patients during the
follow-up period. At the end of the follow-up period, the clinical
diagnosis was reactive lymphadenopathy.

In summary, EBUS-TBNA provided a pathological
confirmation for 566 patients (91.6%), of which 464 were
malignant and 102 were benign. Details regarding the pathological
diagnosis of EBUS-TBNA and clinical final diagnoses are presented
in Table 2.
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FIGURE 1

aspiration.

Distribution of patients according to EBUS-TBNA results and final diagnosis. EBUS-TBNA, Endobronchial ultrasound-guided transbronchial needle

TABLE 1 Patient characteristics and indications for EBUS-TBNA.

Characteristic Patients (n = 618)

Average age (years) 61.9 £10.5

Gender, n (%)

Male 436 (70.6%)

Female 182 (29.4%)

Smoking, n (%)

Current 159 (25.7%)
Ceased 77 (12.5%)
Never 382 (61.8%)

Indications for EBUS-TBNA, n (%)

Diagnosis and/or staging of thoracic 482 (78.0%)

space-occupying lesions

IMHL 69 (11.2%)

Suspected intrathoracic recurrence of 67 (10.8%)

previous malignancies

IMHL, isolated mediastinal and/or hilar lymphadenopathy.

3.3 Location and number of sampled
lesions by EBUS-TBNA

A total of 999 targeted lesions were sampled, including
mediastinal/hilar lymph nodes (n = 789), intrapulmonary masses
(n = 193), mediastinal masses (n = 11), esophageal masses (n =
4), and tracheal masses (n = 2). The subcarinal node (level 7) was
the most frequently punctured (n = 324, 32.4%), followed by the
right lower paratracheal lymph node (level 4R) (n = 269, 26.9%), as
indicated in Table 3.

Frontiersin Medicine

3.4 Diagnostic performances of
EBUS-TBNA

Based on the results, the sensitivity, specificity, PPV, NPV, and
accuracy of EBUS-TBNA for thoracic lesions were 91.3%, 100%,
100%, 27.8%, and 91.6% [95% confidence interval (CI): 89.1-
93.6%], respectively. Diagnostic performance figures for EBUS-
TBNA concerning total thoracic lesions, malignant lesions, and
benign lesions are illustrated in Figure 2. Additionally, specific
performance metrics for EBUS-TBNA when evaluating distinct
diseases are detailed in Table 4.

3.5 The diagnostic performances of
indications for EBUS-TBNA

The primary indication for EBUS-TBNA at our institution was
the diagnosis and/or staging of thoracic space-occupying lesions
in 482 patients (78.0%), followed by the diagnosis of isolated
mediastinal and/or hilar lymphadenopathy (IMHL) in 69 patients
(11.2%), and the diagnosis of suspected intrathoracic recurrence of
previous malignancies in 67 patients (10.8%).

3.5.1 Thoracic space-occupying lesions

Among the 482 patients (78.0%) diagnosed with thoracic
space-occupying lesions, 775 lesions underwent biopsy, including
587 lymph nodes and 188 masses. In the 109 patients (22.6%)
where only masses were biopsied, the diagnostic yield was 97.2%.
For the 79 patients (16.4%) with biopsy of both lymph nodes
and masses, three non-diagnostic results were observed, giving
a diagnostic yield of 96.2% for this subgroup. Among the 294
patients (61.0%) who only experienced lymph node puncture, 31
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TABLE 2 Pathological diagnosis of EBUS-TBNA and clinical final diagnosis.

Pathological diagnosis

Number of patients

Clinical final diagnosis

10.3389/fmed.2024.1383600

Number of patients

Malignant conditions 464 Malignant conditions 485
Adenocarcinoma 135 Adenocarcinoma 150
Squamous cell carcinoma 113 Squamous cell carcinoma 118
Small cell lung cancer 96 Small cell lung cancer 97
Large cell lung cancer 2 Large cell lung cancer 2
Non-small cell lung cancer 5 Non-small cell lung cancer 4
Neuroendocrine tumor 9 Neuroendocrine tumor 9
Unclassified hypofractionated carcinoma 45 Unclassified hypofractionated carcinoma 43
unclassified malignancy 10 unclassified malignancy 9
Spindle cell carcinoma 1 Spindle cell carcinoma 1
Sarcomatoid carcinoma 2 Sarcomatoid carcinoma 2
Plasmacytoma/plasma cell carcinoma 2 Plasmacytoma/plasma cell carcinoma 2
Extrapulmonary metastatic cancer 28 Extrapulmonary metastatic cancer 30
Esophageal squamous cell carcinoma 3 Esophageal squamous cell carcinoma 3
Esophageal adenocarcinoma 1 Esophageal adenocarcinoma 1
Lymphoma 6 Lymphoma 7
adenoid cystic carcinoma 1 Adenoid cystic carcinoma 1
Neurogenic tumors 3 Neurogenic tumors 3
Perivascular epithelioid cell tumor 1 Perivascular epithelioid cell tumor 1
Malignant pleural mesothelioma 1 Malignant pleural mesothelioma 1
Bronchial papilloma 1
Benign lesions 82 Benign lesions 133
Tuberculosis 31 Tuberculosis 40
Sarcoidosis 26 Sarcoidosis 28
Pneumoconiosis 2 Pneumoconiosis 4
Non-specific inflammation 18 Community-acquired pneumonia 20
Lymphoproliferative disorders 1 Organized pneumonia 6
Mediastinal cyst 2 Interstitial pneumonia 2
Mediastinal fibrosis 1 Bronchiectasis 2
Sinus histiocytosis 1 Cryptococcal infection 1
Unclassified 72 allergic bronchopulmonary aspergillosis 1
Lymphoproliferative disorders 2
Mediastinal cyst 2
Mediastinal fibrosis 1
Sinus histiocytosis 1
Castleman’s disease 1
Thymic hyperplasia 1
Inflammatory pseudotumor 1
Reactive lymphadenopathy 20
Total 618 Total 618

7 cases of lymphoma including 2 non-Hodgkin lymphomas, 2 diffuse large B-cell lymphomas, 1 EBV-positive T-cell lymphoma, 1 mantle cell lymphoma, and 1 lymphoma unclassified. The

primary tumors of 30 cases of extrapulmonary metastatic cancer included 5 breast cancer, 5 cervical cancer, 3 rectal cancer, 3 gastric cancer, 2 colon cancer, 2 esophageal cancer, 2 renal clear cell

carcinoma, 1 tongue cancer, 1 endometrial cancer, 1 liver cancer, 1 tonsil cancer, 1 thyroid cancer, 1 thymus cancer, 1 prostate cancer, and 1 vaginal cancer.

Frontiersin Medicine

frontiersin.org


https://doi.org/10.3389/fmed.2024.1383600
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liao et al.

patients had no diagnostic significance, with a diagnostic rate
of 89.5%. In this group, six patients diagnosed with non-small
cell lung cancer (NSCLC) after receiving chemoradiotherapy for
mediastinal restaging had one case (16.7%) experiencing false
negatives during follow-up.

Within this cohort, 410 patients (85.1%) received a diagnosis
of malignant lesions encompassing various histopathological types,
including adenocarcinoma (n = 135), squamous cell carcinoma
(n = 104), small cell lung cancer (n = 93), (n = 1) large cell
lung cancer, poorly differentiated carcinoma (n = 37), non-small
cell lung cancer (n = 4), unclassified malignancies (n = 9),
neuroendocrine carcinoma (n = 7), extrapulmonary metastatic
carcinoma (n = 2), lymphoma (n = 5), esophageal squamous cell
carcinoma (n = 3), and other malignancies (n = 10, 1 spindle
cell carcinoma, 2 sarcomatoid carcinomas, 2 plasmacytoma/plasma
cell carcinomas, 1 malignant pleural mesothelioma, 1 neurogenic
tumor, 1 adenoid cystic carcinoma, 1 perivascular epithelioid cell
tumor, and 1 bronchial papilloma). Additionally, there were 72
cases of benign lesions (14.9%), including cases of pneumonia (n
= 24), tuberculosis (n = 24), sarcoidosis (n = 10), pneumoconiosis
(n = 3), fungal infection (n = 2), organized pneumonia (n = 2),
interstitial pneumonia (n = 2), bronchiectasis (1 = 2), mediastinal
cyst (n = 2), and mediastinal fibrosis (n = 1).

EBUS-TBNA accurately diagnosed 445 true positive results
(including 395 cases of malignant lesions and 50 cases of benign
lesions), with 37 false negative results. The sensitivity was 91.4%,
the negative predictive value was 57.5%, and the diagnostic
accuracy was 92.3% (95% CI: 89.5-94.5%).

3.5.2 Isolated mediastinal and/or hilar
lymphadenopathy

In the group of 69 patients (11.2%) with isolated mediastinal
and/or hilar lymphadenopathy (IMHL), 128 lymph nodes were
punctured, with the most common punctures occurring in
level 7 groups (40.6%) and level 4R (35.2%). EBUS-TBNA
successfully diagnosed malignancy in 20 out of 21 cases (95.2%).
The pathological diagnoses included adenocarcinoma (n = 7),
squamous cell carcinoma (n = 2), large cell lung cancer (n = 2),
small cell lung cancer (n = 1), neuroendocrine tumor (n = 2),
poorly differentiated carcinoma (n = 4), Epstein-Barr virus (EBV)-
positive T-cell lymphoma (n = 1), and neurogenic tumors (n =
2). EBUS-TBNA revealed a benign diagnosis in 42 out of 48 cases
(87.5%), including cases of sarcoidosis (n = 15), tuberculosis (n
= 10), reactive lymphadenopathy (#n = 14), pneumoconiosis (n =
1), lymphoproliferative disorder (n = 1), and sinus histiocytosis
(n = 1). In this group, 7 (10.1%) false-negative cases (1 poorly
differentiated carcinoma, 3 tuberculosis, 1 lymphoproliferative
disorder, 1 Castleman’s disease, and 1 inflammatory pseudotumor)
were identified through other invasive procedures. The sensitivity,
NPV, and accuracy were 87.3%, 66.7%, and 89.9% (95% CI: 79.6-
95.5%), respectively.

3.5.3 Suspected intrathoracic recurrence of
previous malighancies

Among the 67 patients (10.8%), 41 cases (60.6%) were
diagnosed with previous tumor recurrence, while 26 (39.4%)
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TABLE 3 Characteristics of sampled lesions by EBUS-TBNA.

Total lesions location n=999 Positive rate
Left pulmonary mass 69 (6.9%) 95.7%
Right pulmonary mass 124 (12.4%) 95.2%
Mediastinal masses 11 (1.1%) 100%
Peritracheal masses 2(0.2%) 100%
Periesophageal masses 4(0.4%) 100%
Subcarinal lymph node (7) 324 (32.4%) 89.5%
Right lower paratracheal lymph node (4R) 269 (26.9%) 91.4%
Left lower paratracheal lymph node (4L) 57 (5.7%) 89.5%
Right upper paratracheal lymph node (2R) 41 (4.1%) 95.1%
Right intrapulmonary lymph node (11R) 34 (3.4%) 85.3%
Left intrapulmonary lymph node (11L) 31 (3.1%) 77.4%
Right hilar lymph node (10R) 15 (1.5%) 80%
Right lobar lymph node(12R) 15 (1.5%) 86.7%
Left hilar lymph node (10L) 3(0.3%) 100%
Number of sampled lymph nodes 789 (79.0%)

Average number of samples 3(1-8)

received a different diagnosis from their previous tumors. Out
of these, 14 cases were identified as secondary primary tumors,
and 12 cases were diagnosed as benign conditions. EBUS-TBNA
definitively diagnosed 36 cases of recurrent malignant tumors, with
the final pathological diagnosis corroborating their prior treated
carcinomas through morphological and immunohistochemical
analysis. Thirteen cases were determined to be secondary primary
tumors. In 18 EBUS-TBNA cases, the results were initially regarded
as non-malignant diagnoses, but further invasive procedures
confirmed six of them as malignant tumors. The remaining 12 cases
showed no further progression during the 6-month follow-up. The
sensitivity, NPV, and accuracy were 89.1%, 66.7%, and 91.0% (95%
CI: 80.9-96.3%), respectively.

3.6 Complications

During this study, only one patient (0.16%) experienced
complications, specifically active bleeding during EBUS-TBNA
procedures. The bleeding was successfully controlled after the
local application of ice saline, adrenaline, and thrombin under the
endoscope, as well as intravenous administration of hypophysin.
No major complications, such as pneumothorax, mediastinal
abscess, or significant bleeding, were observed.

4 Discussion

EBUS-TBNA is highly recommended as the first-line diagnostic
and staging tool for lung cancer due to its excellent sensitivity,
accuracy, and safety as per relevant guidelines (13, 14). Over the
past decade, it has seen extensive use in diagnosing pulmonary
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TABLE 4 Diagnostic value of EBUS-TBNA in different diseases.

Sensitivity(%) specificity(%) PPV(%) NPV(%) Accuracy(%) (95% Cl)

EBUS-TBNA

Overall n =618 ‘ 91.3 ‘ 100 ‘ 100 ‘ 27.8 ‘ 91.6 (0.891-0.936)
Final diagnosis

Malignant lesions n = 485 95.7 100 100 48.8 95.8 (0.936-0.973)
Benign lesions n = 113 72.6 100 100 39.2 76.7 (0.684-0.834)
Primary Lung Cancer n = 437 96.1 100 100 54.1 96.3 (0.940-0.978)
Extrapulmonary metastatic cancer n = 30 93.3 100 100 90.9 96.0 (0.851-0.993)
Lymphoman =7 85.7 100 100 95.2 96.3 (0.791-0.998)
Tuberculosis n = 40 77.5 100 100 69.0 85.0 (0.729-0.925)
Sarcoidosis n = 28 92.9 100 100 90.9 95.8 (0.846-0.993)

and mediastinal lesions, encompassing various clinical conditions
such as lung cancer, infectious diseases, sarcoidosis, and lymphoma.
A summary of the diagnostic value of EBUS-TBNA in a series
of recent an large-scale studies is presented in Table 5. In our
study, the overall diagnostic accuracy, sensitivity, specificity, PPV
and NPV were 91%, 88.3%, 100%, 100% and 89.2%, respectively
(15-19). Notably, the negative predictive value appeared relatively
lower overall, but it substantially improved when diseases were
examined individually. This discrepancy may be attributed to our
rigorous patient selection process and the absence of rapid on-site
evaluation (ROSE).

Our study indicated a notable disparity in sensitivity and
diagnostic rates between malignant and benign diseases, with
significantly higher values for malignant cases (95.7% vs. 72.6% and
95.8% vs. 76.7%, respectively), especially for primary lung cancer.
Furthermore, EBUS-TBNA provided ample samples, enabling
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immunohistochemical and molecular genotyping in 31.5% of cases,
which proved pivotal in patient tumor typing and subsequent
treatment strategies.

In regions like China and many developing countries where
benign diseases such as sarcoidosis and tuberculosis are prevalent,
EBUS-TBNA has proven effective in their diagnosis. The diagnostic
accuracy of tuberculosis ranged between 78% and 92%, with a
sensitivity of 69%-85% (20, 21), whereas sarcoidosis exhibited a
diagnostic accuracy of 67%-94% and a sensitivity of 64%-96% (21-
23). Our study demonstrated a tuberculosis diagnostic rate of 85.0%
and a sensitivity of 77.5%, while for sarcoidosis, the diagnostic rate
and sensitivity were 95.8% and 92.9%, respectively, in agreement
with previous studies, highlighting its practical value.

We also analyzed the diagnostic performance of EBUS-
TBNA in various chest clinical indications. In the diagnosis
of thoracic space-occupying lesions, EBUS-TBNA demonstrated
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TABLE 5 summary of the diagnostic value of EBUS-TBNA in a series of recent and large-scale studies.

Number of patients  Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%)
Murthi et al. (15) 139 55.1 100 100 75.7 81.2
Bailey et al. (16) 327 89.7 100 100 85.1 89.9
Carbonari et al. (17) 52 86 100 100 77 90
Kosmas et al. (18) 234 88.3 100 100 89.2 91
Guarize etal. (19) 1891 91.7 100 100 78.5 93.6

a sensitivity and diagnostic accuracy of 91.4% and 92.3%,
respectively, consistent with previous findings (19). Notably, we
observed a higher diagnostic positive rate in mass puncture
(97.2%) compared to puncture mass and lymph node (96.2%) or
lymph node only (89.5%). Additionally, EBUS-TBNA exhibited
a 100% diagnostic positive rate when sampling masses near the
mediastinum, trachea, and esophagus. Accordingly, we recommend
combining lymph node puncture with diagnosis and staging
wherever feasible alongside accessible nodules or masses to enhance
the diagnostic positive rate. It is essential to remain vigilant
regarding false negatives, especially in patients with NSCLC
undergoing mediastinal restaging post-chemoradiotherapy. Our
study indicated a 16.7% incidence of false negatives, potentially
attributed to mediastinal necrosis and fibrosis induced by
chemoradiotherapy, leading to a substantial number of false
negative results (12, 24). Therefore, we recommend further
surgical biopsies for pathological confirmation or close follow-up
observation for patients with negative EBUS-TBNA pathological
results to avoid treatment delays.

Moreover, our study revealed four newly diagnosed cases of
primary esophageal cancer, indicating that EBUS-TBNA samples
were sufficient for the pathological diagnosis of esophageal cancer.
Even in severe cases of esophageal stenosis, EBUS-TBNA enabled
specimen collection through fine needle puncture, enabling a more
accurate staging by assessing the invasion of adjacent organs
by esophageal tumors such as the tracheobronchial wall and
mediastinal lymph nodes (25, 26).

EBUS-TBNA has played an important role in the diagnosis of
IMHL as an alternative to mediastinoscopy. In a study, 120 patients
with IMHL were evaluated and the sensitivity of EBUS-TBNA was
determined to be 89.8% and the diagnostic rate 91.6% (22). In
another prospective study, EBUS-TBNA yielded a sensitivity of 92%
and a diagnostic rate of 92% (27). Our study corroborated these
results, showing a sensitivity of 87.3% and a diagnostic accuracy
of 89.9%. These findings suggest that EBUS-TBNA effectively
reduces the need for subsequent surgical procedures. Notably,
benign lesions in this group (69.6%) outweighed malignant lesions
(30.4%), with sarcoidosis (31.2%) and tuberculosis (27.1%) being
the most prevalent among benign lesions. A particularly interesting
finding was the 100% sensitivity for sarcoidosis in this subgroup.

The sensitivity and diagnostic rates of EBUS-TBNA in
suspected intrathoracic recurrence of previous malignancies were
89.1% and 91.0%, respectively. The absence of complications
further emphasized its safety and efficacy as an alternative to
other invasive procedures. Our study indicated that 61.2% of
patients were diagnosed with tumor recurrence, with EBUS-TBNA
confirming 87.8% of these cases, providing valuable guidance
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for the treatment of recurrent cases. Among those suspected
of intrathoracic recurrence, 38.8% did not experience disease
recurrence, unveiling a different diagnosis. Lung cancer (26.8%)
emerged as the most recurrent tumor, with the longest follow-up
period extending to 49 months.

EBUS-TBNA has been reported to have a low complication rate
of around 0.15% (28) and is considered safe and well-tolerated,
even in children and elderly patients (29, 30). Our study concurred
with these findings, with only one patient experiencing active
bleeding during EBUS-TBNA procedures, which was promptly
resolved without observing any significant complications such as
pneumothorax or mediastinal abscess. Additionally, we noted no
surgery-related complications in elderly patients, further validating
EBUS-TBNA’s excellent safety profile.

Our study stands out due to its comprehensive analysis
of EBUS-TBNA across different clinical indications and real-
world settings, illustrating its usefulness and high accuracy.
Nevertheless, the study is not without limitations. Being
observational in nature, it is susceptible to confounding
The
size was not pre-determined, and some variables (such as

bias. retrospective design indicates that the sample
the number of aspirations, experience of endoscopists and
pathologists, etc.) were not accounted for due to limited data from
hospital records, potentially affecting EBUS-TBNAs diagnostic
accuracy (31, 32). Furthermore, the lack of a standardized
approach by a single respiratory physician in performing
EBUS-TBNA might have introduced variations in surgical
techniques. Additionally, only 50.0% (n = 36/72) of patients
with negative EBUS-TBNA results underwent further invasive
surgical confirmation, possibly leading to false negative results,
although all patients underwent clinical and radiological follow-
ups over 6 months to finalize the clinical diagnosis. Lastly,
since the study was based on data collected from a single
center, multicenter and randomized controlled trials with larger
samples are required to validate these results and provide

high-quality evidence.

5 Conclusion

In conclusion, clinical experience has demonstrated EBUS-
TBNA to be a safe and efficacious minimally invasive diagnostic
modality for thoracic lesions, warranting widespread clinical
implementation. However, for suspected malignant cases with
negative EBUS-TBNA pathology, comprehensive analysis is
imperative, with additional diagnostic testing or clinical follow-up
required to fully characterize the etiology of such lesions.
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