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ABSTRACT

We aimed to investigated the relationship between diagnostic accuracy of ultrasound-guided trans-bronchial needle aspiration (EBUS-
TBNA) and the number of procedure performed by operator. We included all consecutively attended patients undergoing EBUS-TBNA 
for diagnosis of lung cancer. The pathology prearations were evaluated by the same single pathologist. Rapid on-site examination 
(ROSE) was performed for all patients. To determine the impact of operator experience on the accuracy of EBUS-TBNA-based di-
agnosis, patients were divided into three equally sized groups based on the chronological order of their EBUS-TBNA assessment. A 
total of 270 patients were included in the study. The most common indication for undergoing the EBUS-TBNA procedure was tumor 
staging (44.1%). ROC analysis revealed that the study bronchoscopist’s diagnosis of malignancy based on EBUS-TBNA images were 
consistent with the final pathologist’s diagnosis in 73% of the first 90 cases (p= 0.02), 90% of the second 90 cases (p= 0.01), and 
98% of the third 90 cases (p= 0.01). In the first 90 cases, the sensitivity of the bronchoscopist’s diagnosis was 74%, the specificity 
was 78%, the positive predictive value was 76%, and the negative predictive value was 85%. In the second 90 cases, the sensitivity 
was 94%, the specificity was 92%, the positive predictive value was 95%, and the negative predictive value was 95%. In the third 90 
cases, the sensitivity was 98%, the specificity was 98%, the positive predictive value was 98%, and the negative predictive value was 
100%. We observed that as the number of EBUS-TBNA procedures that the operator performed increased, his diagnostic accuracy 
approached perfection.
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INTRODUCTION

Lung cancer is one of the most common cancers, 
with an estimated 2.1 million new cases world-
wide in 2018.1 In recent years, endobronchial 
ultrasound-guided transbronchial needle aspira-
tion (EBUS-TBNA) has become the most com-
monly used method for diagnosis and staging of 
lung cancer.2 EBUS-TBNA is less invasive and has 
lower morbidity and mortality rates, compared to 
mediastinoscopy.3 Compared to another diagnos-
tic method, has conventional TBNA, it has higher 
diagnostis and accuracy rates, since EBUS-TBNA 

provides the chance of simultaneous imaging.4 
EBUS-TBNA is an operator-dependent procedure 
for which diagnostic accuracy may increase as the 
knowledge and experience of the operator increas-
es.2,5

Few studies report the association between the 
knowledge and experience of the operator and di-
agnostic accuracy of EBUS-TBNA. Further, evi-
dence varies regarding the number of procedures 
needed for an operator to gain mastery of diagnos-
tic methods similar to EBUS-TBNA.
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Before the widespread use of convex probe endo-
bronchial ultrasound (CP-EBUS), which enables 
real-time imaging guidance in obtaining samples, 
the American College of Chest Physician (ACCP) 
recommended that operators perform at least 50 
radial probe endobronchial ultrasound (radial-
EBUS) procedures before undertaking lung cancer 
diagnosis in patients.6 Another study showed that 
operators cannot make diagnoses before perform-
ing at least 20 EBUS procedures, also the rate of 
accurate diagnosis does not increase until opera-
tors perform at least 50 procedures.7 In a study by 
Kemp et al. which assessed five EBUS operators, 
diagnostic accuracy increased only after they had 
performed at least 100 procedures.3 Thus, it is un-
clear how manyprocedures operators need to per-
form before they can reliably and accurately diag-
nose lung cancer with EBUS-TBNA. Using data 
from a training and research hospital,we investi-
gated the relationship between diagnostic accuracy 
of EBUS-TBNA and the number of procedure per-
formed by an operator.

PATIENTS AND METHODS

Patients

In this observational study, we included all consec-
utively attended patients undergoing EBUS-TBNA 
for diagnosis of lung cancer at the Antalya Training 
and Research Hospital between 1 March 2018, and 
31 December 2019. Information on patient soci-
odemographic factors and EBUS-TBNA findings, 
including mediastinal lymph node distribution and 
final pathological diagnoses, were recorded in a 
standardized paper-based data form. During the 
EBUS-TBNA procedure, both computed tomog-
raphy and ultrasonography were used to record 
the short diameters of the lymph nodes. EBUS-
TBNA of all patients was performed by the same 
operator, a certified bronchoscopist, and all cytol-
ogy preparations were examined by a single cy-
topathologist. Rapid on-site examination (ROSE) 
was done for all patients. The accuracy of EBUS-
TBNA diagnosis was determined by comparing the 
bronchoscopist’s diagnosis to the final pathologi-
cal diagnosis. To determine the impact of operator 
experience on the accuracy of EBUS-TBNA-based 
diagnosis, patients were divided into three equal-

ly sized groups based on the chronological order 
of their EBUS-TBNA assessment. This chrono-
logical order correlated with the number of prior 
EBUS-TBNA procedures that the bronchoscopist 
had performed, and thus the later patient groups 
represent diagnoses made by a more experienced 
operator. Using the pathologist’s diagnosis as the 
gold standard, we calculated the accuracy rate, 
sensitivity and specificity ratio, positive predictive 
value, and negative predictive value and compared 
them across the three patient groups. Informed 
consent was obtained from all patients before any 
study procedures were performed. Approval for 
the study protocol was obtained from the Clinical 
Studies Ethical Committee of Antalya Training and 
Research Hospital.

Radiological Evaluation 

Contrast thorax tomography (CT) and/or Positron 
Emission Tomography (PET-CT) were conducted 
in all patients. The EBUS-TBNA procedure was 
conducted in patients with mediastinal hilar lymph 
nodes with a short axis of > 10 mm and/or a maxi-
mum standardized uptake (SUVmax) value of > 2.5 
based on CT and/or PET-CT. 

EBUS-TBNA Procedure 

All EBUS-TBNA procedures were conducted in a 
dedicated procedure room using a Fujinon EBUS 
device (7.5 MHz EB-530US/Sonart SU-1, Tokyo, 
Japan) on patients under conscious sedation with 
midazolam plus propofol. Lymph node sampling 
was conducted using a 21-gauge (NA-201SX-4021; 
Olympus) or 22-gauge (NA-201SX-4022; Olym-
pus) needle. Mediastinal lymph nodes were de-
fined according to the Association for the Study 
of Lung Cancer (IASLC) criteria.8 In patients with 
suspected benign disease, at least three samples 
were taken from at least two lymph node stations. 
For tumor staging in patients with suspected malig-
nant disease, all the stations were scanned starting 
from the N3 lymph node, and at least three samples 
were taken from each lymph node station. In pa-
tients with a diagnosis of lung cancer, at least four 
samples were taken from each station for further 
molecular tests.
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Pathological Evaluation
A section of the cytological material obtained by 
fine need aspirate was prepared as a cytopatho-
logical smear and stained with Diff-Quik for rapid 
evaluation of the patient. The remaining material 
was prepared as a cell block using a cell protec-
tive solution (10% formaldehyde). Cytopathologi-
cal evaluation of cell blocks was performed for 
patient diagnosis using the following categories: 
(1) non-diagnostic cytology; (2) benign cytology; 
and (3) malignant cytology, sub-categorized as (a) 
adenocarcinoma, (b) squamous cell carcinoma, (c) 
non-small-cell carcinoma, unclassifiable, and (d) 
small-cell carcinoma. 

Patient Follow-Up
Lymph nodes were accepted as benign if no tumor-
al cells were observed on EBUS-TBNA confirmed 
histopathologically with lymph node dissection 
or in cases where no disease progression was ob-
served clinically and radiologically in at least 6 
months of follow up. Malignant lymph node di-
agnosis was based on the visualisation of tumoral 
cells on EBUS-TBNA or the histological results of 
surgical excision.

Statistical Analysis
Descriptive statistics, including frequencies, 
means, and percentages were used to evaluate pa-

tient demographics, diagnoses, and tumor staging. 
Differences in characteristics between patients 
groups were evaluated using chi-square tests for 
categorical variables and independent Student’s t-
tests for continuous variables. A receiver-operating 
characteristic (ROC) analysis was performed to 
examine the consistency of the diagnostic efficacy 
evaluations of the study groups. AUROC (Area 
Under the Receiver Operating Characteristic) val-
ues were used to compare the ROC curves. Power 
analysis was done for determining sample size of 
groups. In all statistical analyses, we used SPSS 
Statistics for Windows, Version 19.0 (IBM Corp. 
Armonk, NY, USA), and performed statistical tests 
using α= 0.05 as the critical value.

RESULTS 

Patient Characteristics

From 1 March 2018 to 31 December 2019, 276 
patients underwent EBUS-TBNA for lung cancer 
assessment at the Antalya Training and Research 
Hospital. Six patients with missing data in their 
clinical files were excluded from the study. A total 
of 270 patients were included in the study, among 
whom 73 (27%) were female and 197 (73%) were 
male; the mean patient age was 62.0 years ± 10.3 
(Table 1). During CT evaluation, a mass lesion was 
detected in the lung in 158 (58.5%) patients, and an 

Table 1. Patient characteristics	

Age (years ±SD)	 62.0±10.3

Female gender, n (%)	 73 (27%)

Short axis diameter on EBUS, mm±SD	 21±8.8

Short axis diameter on CT, mm±SD	 20.2± 8.5

Presence of endobronchial lesion, n (%)	 40 (14.8%)

Presence of a mass in the lungs on CT, n (%)	 158 (58.5%)

Number of sampling	 3.6±1.0

Lymph node Suv max	 8.8±5.2

Indication for EBUS-TBNA	

	 Diagnosis, n (%)	 80 (29,6)

	 Staging, n (%)	 119 (44,1)

	 Diagnosis and Staging, n (%)	 8 (3)

	 Studying Molecular Test, n (%)	 11 (4.1)

	 Extra-thoracic Metastasis of malignancy, n (%)	 46 (17)

	 Recurrence / Re-Staging, n (%)	 6 (2.2)
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endobronchial lesion was detected in 40 (14.8%) 
patients. The most common indication for under-
going the EBUS-TBNA procedure was tumor stag-
ing (44.1%).

Characteristics of Patient Groups
No statistically significant differences were found 
among the three patient groups in terms of age (p= 
0.87), radiologically measured lymph node diam-
eter (p= 0.41), PET-CT lymph node SUVmax value 
(p= 0.28), lymph node diameter measured during 
EBUS-TBNA (p= 0.92), or the number of lymph 
node samples taken (p= 0.85) (Table 2). Groups 

were also found to be similar in terms of age, radio-
logical lymph node diameter, lymph node diameter 
measured during EBUS-TBNA, PET-CT lymph 
node SUVmax value, and the number of lymph 
node samples taken (p> 0.05 for all parameters). 
No differences among case groups were found by 
gender (p= 0.38), presence of endobronchial le-
sions (p= 0.31), presence of a mass lesion in the 
lung (p= 0.17), or indication for the EBUS-TBNA 
(p= 0.47) (Table 3). Patients were also similar in 
terms of gender, endobronchial lesion status, pres-
ence of a mass lesion in the lung, and the indication 
for the procedure (p= 0.05). 

Table 3. Evaluating the patient characteristics of case groups

Measurement			   Case Groups					     p

		  Cases 1-90	 Cases 91-180	 Cases 181-270

		  (n= 90)		  (n= 90)		  (n= 90)

		  n      	 %	 n   	 %	 n  	 %

Gender	 Female	 24	 26.67%	 25	 27.78%	 30	 33.33%	 0.38

	 Male	 66	 73.33%	 65	 72.22%	 60	 66.67%	

Endobronchial	 No 	 74	 82.22%	 78	 86.67%	 75	 83.34%	 0.31

	 Yes	 16	 17.78%	 12	 13.33%	 15	 16.66%	

Mass lesion of lung in CT	 No	 35	 38.89%	 41	 45.56%	 39	 43.33%	 0.17

	 Yes	 55	 61.11%	 49	 54.44%	 51	 56.67%	

Indication for procedure	

	 Diagnosis	 20	 22.22%	 30	 33.33%	 30	 33.33%	 0.47

	 Staging	 38	 42.22%	 41	 45.56%	 40	 44.44%	

	 Diagnosis and Staging	 5	 5.56%	 0	 0.00%	 3	 3.33%	

	 Studying Molecular Test	 7	 7.78%	 2	 2.22%	 2	 2.22%	

	 Extra-thoracic Metastasis	 17	 18.89%	 15	 16.67%	 14	 15.56%	

	     of malignancy

	 Recurrence/Re-staging	 3	 3.33%	 2	 2.22%	 1	 1.11%	

Table 2. Evaluation of measurements according to case groups

Measurement		  Case Groups

		  Cases 1-90	 Cases 91-180	 Cases 181-270	 p

		  (n= 90) X±SD	 (n= 90) X±SD	 (n= 90) X±SD	

Age 	61.5±10.7	 62.9±10.4	 61.8±10.0	 0.87

Diameter of lymph node. radiologically (mm)	 18.6±7.7	 20.7±10.2	 21.0±7.3	 0.41

Suv max of lymph node (Pet-CT)	 9.8±5.2	 7.8±4.5	 8.7±5.7	 0.28

Diameter of lymph node. EBUS (mm)	 20.4±8.4	 20.9±9.6	 21.6±8.3	 0.92

Number of Sampling	 3.6±1.0	 3.6±0.9	 3.5±1	 0.85
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Analysis of Diagnostic Accuracy by Patient Groups
The diagnostic accuracy of EBUS-TBNA was 
compared among three patient groups (Table 4, 
Figure 1). ROC analysis revealed that the study 
bronchoscopist’sdiagnosis of malignancy based 
on EBUS-TBNA images were consistent with the 
final pathologist’s diagnosis in 73% of the first 90 
cases, 90% of the second 90 cases, and 98% of the 
third 90 cases. In the first 90 cases, the sensitiv-
ity of the bronchoscopist’s diagnosis was 74%, the 
specificity was 78%, the positive predictive value 
was 76%, and the negative predictive value was 
85%. In the second 90 cases, the sensitivity was 

94%, the specificity was 92%, the positive predic-
tive value was 95%, and the negative predictive 
value was 95%. In the third 90 cases, the sensitiv-
ity was 98%, the specificity was 98%, the positive 
predictive value was 98%, and the negative pre-
dictive value was 100%. Thus, as the chronologi-
cal order of patients increased, the accuracy of the 
bronchoscopist’s diagnosis increased significantly. 

Complications
Aside from minor bleeding that did not require in-
tervention, no complications related to the proce-
dure were reported.

Table 4. Evaluation of diagnostic accuracy according to groups

Groups	 Sensitivity	 Specificity	 Positive Predictive	 Negative Predictive	 Diagnostic Accuracy

1.-90. (n= 90)	 74%	 78%	 76%	 85%	 73% (p= 0.02*)

91-180 (n= 90)	 94%	 92%	 95%	 95%	 90% (p= 0.01*)

181-270 (n= 90)	 98%	 98%	 98%	 100%	 98% (p= 0.01*)

Total (n= 270)	 88%	 86%	 89%	 93%	 87% (p= 0.01*)

PPV: positive predictive value; NPV: negative predictive value 

Figure 1. Comparison of all cases and groups
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DISCUSSION

In this study, we found that as the number of 
EBUS-TBNA procedures performed by a single 
operator increased, so did the diagnostic accuracy 
of the procedure. While diagnostic accuracy was 
only moderate in the first 90 cases (73%), it ap-
proached 100% in the last 90 patients. We showed 
that a physician, who is an expert in his field, 
needed to conduct at least 180 EBUS-TBNA pro-
cedures to acquire a high level of accuracy in di-
agnosis of lung malignancies. Our study showed 
that between the cases 91 and 180, the acceptable 
diagnostic accuracy rates were reached and these 
rates can increase with further operator experience.

Studies report diverse findings regarding the num-
ber of prior procedures that an operator should 
perform to reach an acceptable rate of diagnostic 
accuracy. Some studies report that sufficient di-
agnostic accuracy may be obtained after conduct-
ing ten procedures, however, most studies report 
that many more procedures, between 60 to 200, 
must be conducted by an operator to acquire suf-
ficient diagnostic accuracy.3,9-12 Similar to our find-
ings, other studies report increased sensitivity in 
detection of malignancy as operator experience 
increases. In another study, EBUS-TBNA had a 
sensitivity of 64% in the first 37 patients assessed 
by the operator with EBUS-TBNA, compared to a 
sensitivity of 88.5% after the operator had assessed 
62 patients.13 One study estimated that after con-
ducting 212 procedures an operator may reach an 
expert level.
In present study, we were able to identify the im-
pact of operator experience on diagnostic accuracy 
because EBUS-TBNA was performed by a single 
bronchoscopist and compared to a final diagnosis 
determined by a single pathologist. However, our 
findings regarding operator experience are intended 
to be generalized to EBUS-TBNA in highly trained 
specialist physicians. The study bronchoscopist 
had over ten years of conventional bronchoscopy 
experience as well as two months of training on 
EBUS-TBNA, during which he observed EBUS-
TBNA in 40 patients and performed the proce-
dure himself in 40 patients, with an accompanying 
expert. Other studies also report that mastery of 
EBUS-TBNA is enhanced by specialized training 
and supervision. In a study conducted by Fernan-

dez-Villar et al.9, two operators, each with more 
than ten years of conventional bronchoscopy ex-
perience, underwent extensive, expert-led training 
on EBUS-TBNA; the operators’rates of diagnostic 
accuracy rate increased from 70% to 89.9% after 
the first 80 procedures . This study concluded that 
operators should perform at least 60 procedures to 
acquire adequate mastery of lymph node sampling, 
and perform at least 100 procedures to obtain a 
high level of mastery. Another study, in which op-
erators did not receive specialized EBUS-TBNA 
training or have expert supervision, concluded that 
an operator should perform at least 60 procedures 
to achieve competency.14 These studies suggest 
that diagnostic accuracy rate increases both with 
the number of procedures performed under special-
ist supervision, as well as with the total number of 
procedure performed.
Lymph node size is one of the most important fac-
tors influencing diagnostic accuracy in conven-
tional bronchoscopy.15 For example, in a multi-
center study evaluating lung malignancy diagnosis 
by EBUS, the rates of diagnostic accuracy in the 
first 100 cases were found to be low (ranging from 
59.7% to 80.3%), which the authors attribute to 
initially sampling subcentimetric lymph nodes.3 In 
our study, the mean size of the lymph nodes was 
slightly higher than two centimeters, which may 
have contributed to our finding of high rates of di-
agnostic accuracy. In the study of Lin et al. in which 
all mediastinal and hilar nodes which are suspected 
to be pathologic were sampled, they reported that 
the learning curve drew an “S” pattern (which is 
described as “The initial curve rose slowly or even 
dropped, followed by a steeper ascending phase”) 
and the learning curve improved after 120 cases.16 
This study included unselected patients, in which 
both benign and malign patients were taken, as our 
study. 
The cytopathologist accompanied during the pro-
cedure for all patients and ROSE was done during 
the procedure. While the sampling process was on-
going, the cytopathologist gave instant feedback to 
the operator whether the sample was sufficient and 
whether it was taken from the correct place. We 
thinks that our diagnotic accuracy rates are high 
due to the factors that lymph nodes with a diameter 
of 10 mm and higher were sampled, cytopatholo-
gist waited for sufficient samples and made ROSE. 
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Also, our sample numbers were high to enable the 
cytopathologist to have the most possible number 
of samples for molecular tests.

In result, in our study, an acceptable diagnostic 
accuracy rate was achieved  with EBUS-TBNA 
after fewer procedures than reported in the lit-
erature. This result can be attributed to the facts 
that a single operator performed all EBUS-TBNA 
procedures, the operator received two months of 
EBUS-TBNA training before performing the pro-
cedures on his own, and all samples were evaluated 
by the same cytopathologist. We observed that as 
the number of EBUS-TBNA procedures performed 
by the operator increased, the diagnostic accuracy 
rates approached to perfection.
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