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Abstract
Objective: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUSTBNA) is a new method for the diagnosis and staging of lung disease, and its use is
increasing worldwide. It has been used as a means of diagnosing lung cancer in its
initial stages, and there are data supporting its use for the diagnosis of benign lung
disease. The aim of this study was to share our experience with EBUS-TBNA and
discuss its diagnostic value. Methods: We retrospectively analyzed the results related
to 159 patients who underwent EBUS-TBNA at our pulmonary medicine clinic between
2010 and 2013. We recorded the location and size of lymph nodes seen during EBUS.
Lymph nodes that appeared to be affected on EBUS were sampled at least twice. We
recorded the diagnostic results of EBUS-TBNA and (for cases in which EBUS-TBNA
yielded an inconclusive diagnosis) the final diagnoses after further investigation and
follow-up. Results: We evaluated 159 patients, of whom 89 (56%) were male and 70
(44%) were female. The mean age was 54.6 ± 14.2 years among the male patients and
51.9 ± 11.3 years among the female patients. Of the 159 patients evaluated, 115 (84%)
were correctly diagnosed by EBUS. The diagnostic accuracy of EBUS-TBNA was 83%
for benign granulomatous diseases and 77% for malignant diseases. Conclusions: The
diagnostic value of EBUS-TBNA is also high for benign pathologies, such as sarcoidosis
and tuberculosis. In patients with mediastinal disorders, the use of EBUS-TBNA should
be encouraged, primarily because it markedly reduces the need for mediastinoscopy.
Keywords: Sarcoidosis; Tuberculosis, pulmonary; Lung neoplasms; Bronchoscopy;
Mediastinoscopy; Endosonography.

Introduction
Endosonography was initially used in the staging of
gastrointestinal tract malignancies.(1) In the 1990s, it was
adapted for use in bronchial diseases. In patients with lung
disease, its uses now include tumor staging; the diagnosis
of central (parenchymal) masses; and the detection of
mediastinal or hilar lymphadenopathy. Endobronchial
ultrasound (EBUS) enables the visualization of lymph node
structure, thus allowing the pulmonologist to evaluate and
sample lymph nodes. Consequently, minimally invasive
staging of lung cancer has advanced considerably. In
addition, tumor invasion of the tracheobronchial wall
can be assessed more accurately with EBUS than with
CT. The accuracy of EBUS in making this distinction is
94%, compared with 51% for CT.(2) Lymph node stations
2, 4, 7, 10, and 11 can be sampled by EBUS. If EBUS
is combined with esophageal ultrasound, lymph node
stations 5, 8, and 9 can also be sampled. Therefore, the
combination of esophageal ultrasound and EBUS can be
seen as the first and best test in patients with suspected
lymph node metastasis. (3) There are studies showing
that this is a good alternative to mediastinoscopy.(4,5)
In patients with malignant disease or granulomatous
diseases such as tuberculosis and sarcoidosis, EBUS can

contribute to the diagnosis. In a recent meta-analysis,
the diagnostic accuracy of EBUS-guided transbronchial
needle aspiration (EBUS-TBNA) for sarcoidosis was
shown to be 54-93%.(6) In tuberculosis, for which EBUS
is also diagnostic, EBUS-TBNA has been shown to have
a sensitivity of 85%.(7)
In the evaluation of airway disease, EBUS has emerged
as a technique that has great potential for development.
Different diagnostic values for EBUS have been reported
in various studies. The aim of this study was to determine
the diagnostic value of EBUS-TBNA, its contribution to
the diagnosis of different diseases, and the factors that
determine the magnitude of that contribution.
Methods

Patients and procedures
In this study, we retrospectively analyzed 159 patients
in whom EBUS-TBNA was used at our pulmonary medicine
clinic between 2010 and 2013. In patients with mediastinal/
hilar lymphadenopathy, EBUS-TBNA was performed
in order to evaluate the etiology. Lymphadenopathy
was defined as a finding of one or more lymph nodes
with a short-axis diameter of ≥ 10 mm on CT or high
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18F-fluorodeoxyglucose uptake on positron emission
tomography/CT. All of the patients evaluated gave
written informed consent. Patients fasted for at least
4 h before the procedure. The preparation process
included local anesthesia with lidocaine hydrochloride
(Xylocaine®) and sedation with midazolam just prior
to the EBUS procedure, which was performed with a
convex-probe ultrasound-guided fiberoptic bronchoscope
(BF-UC160F-OL8; Olympus Medical Systems, Tokyo,
Japan). All EBUS-TBNA procedures were performed by
the same pulmonologist. The location and size of the
lymph nodes seen during EBUS were recorded. Lymph
nodes that appeared to be affected were sampled at
least twice. The samples were sent for histopathological
assessment. Rapid onsite cytopathological examination
was not performed. If EBUS-TBNA did not lead to a
diagnosis, the patients underwent mediastinoscopy,
open lung biopsy, or transthoracic needle aspiration
(TTNA), according to the situation. In patients with
pathological diagnosis of chronic granulomatous
inflammation, the diagnosis of tuberculosis or
sarcoidosis was determined from the EBUS-TBNA
results. This determination was made on the basis
of the presence of necrosis in the samples; clinical
symptoms; the history of contact with tuberculosis
cases; microbiological evaluation; tuberculin skin test
results; and additional biochemical features. Samples
were classified as containing insufficient material if they
contained no lymphocytes. The cytology of a sample
was classified as benign (normal) if it presented mature
lymphocytes or anthracosis, without malignant cells
or granulomas. The final diagnosis was based on the
cytology, surgical results, or clinical follow-up. We
recorded all diagnoses resulting from EBUS-TBNA. For
the patients with inconclusive EBUS-TBNA results, the
final diagnoses were recorded as those made after
surgery, TTNA, or at least 6 months of follow-up (i.e.,
bacteriological and clinical outcomes). Patients were
grouped by final diagnosis: malignant disease; benign
disease; or inconclusive (normal cytology/anthracosis
or insufficient material).

Statistical analysis
For statistical analysis of the data, we used the
Statistical Package for the Social Sciences, version
15.0 for Windows (SPSS Inc., Chicago, IL, USA). We
used descriptive statistics, including mean, standard
deviation, and frequency. The lymph node size that
supported the EBUS-TBNA-determined diagnosis was
calculated via ROC analysis. Values of p < 0.05 were
considered statistically significant.
Results
Of the 159 patients evaluated by EBUS-TBNA in the
present study, 89 (56%) were male and 70 (44%) were
female. The mean age was 54.6 ± 14.2 years for the
male patients and 51.9 ± 11.3 years for the female
patients. Patients enrolled in the study were similar
in terms of gender and age distribution (p = 0.13).

The EBUS-TBNA-determined diagnoses were as follows: sarcoidosis (in 43 patients); tuberculosis (in 14);
malignancy (in 33); and normal cytology/anthracosis
(in 58). In addition, EBUS-TBNA resulted in one patient
being diagnosed with nocardiosis and another being
diagnosed with a cyst in the subcarinal area. In 92
of the 159 patients, the EBUS-TBNA procedure was
diagnostic. In 9 patients, the EBUS-TBNA samples were
classified as containing insufficient material. Further
investigation (surgery, TTNA, or follow-up) of those
9 patients revealed one case of sarcoidosis and one
case of malignancy, the remaining seven cases being
lost to follow-up. In the analysis of the EBUS-TBNA
samples, the cytology was categorized as normal in
58 patients. Further evaluation and assessment of
this group yielded the following diagnoses: sarcoidosis
(n = 6); tuberculosis (n = 5); malignancy (n = 9);
nocardiosis (n = 1); and normal cytology/anthracosis
(n = 22). The remaining 15 patients were lost to
follow-up, and the final diagnoses were therefore
unknown. Of the 159 patients evaluated, 114 (83%)
were correctly diagnosed using EBUS-TBNA. That
group included those diagnosed with sarcoidosis or
tuberculosis, as well as those in which the cytology
was categorized as malignant (true positive) or benign
(true negative). Figure 1 details the distribution of
the final diagnoses.
Of the 50 patients receiving a final diagnosis of
sarcoidosis, 43 (86%) were diagnosed with EBUSTBNA, as were 14 (74%) of the 19 patients receiving
a final diagnosis of tuberculosis. In the sarcoidosis
and tuberculosis group, when we considered those 69
cases collectively (as the benign granulomatous disease
category), EBUS-TBNA had a diagnostic accuracy of
83%. Among the 159 patients analyzed, the final
diagnosis was malignancy in 43. In 33 (77%) of those
patients, the diagnosis was based on the EBUS-TBNA
findings. Among the remaining 10 patients (i.e., the
23% that were not diagnosed with EBUS-TBNA), there
were seven cases of lung malignancy, two cases of
hematologic malignancy (plasmacytoma and lymphoma,
respectively), and one case of esophageal cancer.
Therefore, for malignancy, EBUS-TBNA had a negative
predictive value of 92% and an accuracy of 94%. The
distribution of the final diagnoses and the diagnostic
accuracy of EBUS-TBNA for each are given in detail in
Table 1. The diagnostic accuracy of EBUS-TBNA was
found to be similar for benign and malignant pathologies
(p = 0.39). No serious complications (requiring early
termination of the procedure) were found to have
occurred during the use of EBUS-TBNA.
When we evaluated factors that might affect the
diagnostic accuracy of EBUS-TBNA, neither age nor
gender were found to have any such effect (p = 0.05 and
p = 0.43, respectively). The number and size of lymph
nodes detected using EBUS-TBNA are given in detail in
Table 2. In the presence of enlarged mediastinal (N2)
lymph nodes, the likelihood of obtaining a diagnosis
with EBUS-TBNA increased significantly (p = 0.013).
Enlargement of hilar lymph nodes had no such effect
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(p= 0.065). The ROC analysis, performed in order
to assess the contribution of lymph node size to the
likelihood of diagnosis, revealed that, for obtaining
an EBUS-TBNA-based diagnosis of granulomatous
disease or malignancy, a finding of lymph nodes with
a short-axis diameter ≥ 16.5 mm had a sensitivity
of 60% and a specificity of 76% (Figure 2). For that
cut-off value, the positive predictive value was 71%,
the negative predictive value was 66%, and the area
under the curve was 0.728. When that lymph node
size cut-off value was applied, the diagnostic accuracy
of EBUS-TBNA was 69% (p < 0.001).
Table 1. Final diagnoses and diagnostic accuracy of
endobronchial ultrasound-guided transbronchial needle
aspiration.

Type of disease

Malignant
Non-small cell
lung cancer
Small cell lung
cancer
Othera
Benign
Sarcoidosis
Tuberculosis
Otherb

Final
diagnosis
n
43
32

Definitive
diagnosis by
EBUS-TBNA
n (%)
33 (77)
26 (81)

7

6 (86)

4
72
50
19
3

1 (25)
59 (82)
43 (86)
14 (74)
2 (67)

Discussion
Although EBUS-TBNA is a new method, its use in the
diagnosis and staging of lung diseases has become
increasingly widespread. With EBUS-TBNA, it is possible
to sample a lesion while it is being displayed by the
ultrasound probe. This method has been used for lung
cancer staging. It has also been shown to be diagnostic
for benign lung diseases.(3-7) In the present study, we
found that the overall diagnostic accuracy of EBUS-TBNA
(regardless of the etiology) was 83%. Similarly, Choi et
al.(8) reported that EBUS-TBNA had an overall diagnostic
accuracy of 83.9%. Evaluating our cases over the last
four years, we found that EBUS-TBNA has been well
tolerated and has proven to be a reliable diagnostic
method with few complications. The purpose of the
present study was to share our experience regarding
the diagnostic value of EBUS-TBNA.
Table 2. Lymph node number and size detected by
endobronchial ultrasound.

EBUS-TBNA: endobronchial ultrasound-guided transbronchial
needle aspiration. aLymphoma (n = 2); plasmacytoma (n =
1); and esophageal cancer (n = 1). bNocardiosis (n = 2); and
cyst (n = 1).

Lymph node

n

2R
2L
4R
4L
7
10R or 11R
10L or 11L
Total

4
0
55
19
101
45
57
281

Short-axis
diameter
mma
8.25 (5-35)
14.5 (5-41)
10.1 (4-50)
17 (3-42)
14 (6-35)
15 (4-45)

Values expressed as median (min-max).

a

Patients
undergoing
EBUS-TBNA
(n = 159)

Malignant disease (n = 33)
Lung Cancer (n = 32)
Lymphoma (n = 1)

Benign disease (n = 59)
Sarcoidosis (n = 43)
Tuberculosis (n = 14)
Nocardia (n = 1)
Cyst (n = 1)

Sarcoidosis (n = 7)
Tuberculosis (n = 5)
Lung Cancer (n = 7)
Plasmacytoma (n = 1)
Lymphoma (n = 1)
Esophageal cancer (n = 1)
Nocardia (n = 1)
Normal lymph node (n = 22)

Inconclusive (n = 67)
Normal cytology/anthracosis (n = 58)
Insufficient material (n = 9)

Mediastinoscopy (n = 20)
TTNA (n = 3)
Open-lung biopsy (n = 2)
Follow-up for 6 months (n = 20)
Lost to follow-up (n = 22)

Figure 1. Flow diagram of the diagnoses made by endobronchial ultrasound-guided transbronchial needle
aspiration and by other methods. EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle
aspiration, TTNA: transthoracic needle aspiration.
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In the diagnosis of sarcoidosis, EBUS-TBNA is often
used, because it can preclude the need for conventional
TBNA or, in some cases, mediastinoscopy.(4,5,9) The
use of EBUS-TBNA guarantees that the sample was
taken from the targeted lymph nodes. Therein lies its
superiority over conventional TBNA.(10,11) In addition,
EBUS-TBNA is not as invasive as is mediastinoscopy.
Various levels of diagnostic accuracy in sarcoidosis have
been reported for EBUS-TBNA. A recent meta-analysis
found that the reported diagnostic accuracy of EBUSTBNA in sarcoidosis ranged from 54% to 93%.(6) In
our study, that level was 86%, which is in agreement
with the findings of other studies in the literature.
Navani et al.(12) evaluated patients with suspected
sarcoidosis using EBUS-TBNA and reported a diagnostic
accuracy of 88%. When those same patients underwent
transbronchial lung biopsy, mucosal biopsy, and BAL
via standard bronchoscopy, the diagnostic accuracy
increased to 93%. The variability in the reported levels
of diagnostic accuracy across studies might reflect the
level of experience of the pulmonologist performing
the EBUS-TBNA or that of the pathologist, as well as
the difference between studies in which rapid onsite
cytopathological examination was performed and those
in which it was not.
In another benign disease, tuberculosis, EBUSTBNA is also used as a diagnostic method. Sun et
al.(7) and Cetinkaya et al.(13) reported the sensitivity
of EBUS-TBNA in tuberculosis to be 85% and 79%,
respectively,(7,13) compared with the 74% found in the
present study. The diagnostic accuracy of EBUS-TBNA
is lower for tuberculosis than for sarcoidosis, and
conventional TBNA has a diagnostic accuracy of 65%
for tuberculosis.(14) Ren et al.(15) found that, in patients
with suspected mediastinal tuberculous lymphadenitis,
standard bronchoscopy had a sensitivity of 18.1%

1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity
Figure 2. ROC curve analysis: when a lymph node size
(short-axis diameter) cut-off value of 16.5 mm was applied,
the sensitivity and specificity of endobronchial ultrasound
(for a diagnosis of granulomatous disease or malignancy)
were 76% and 60%, respectively. Diagonal segments are
produced by ties.

and a specificity of 100%. When the authors added
EBUS-TBNA to standard bronchoscopy, those values
rose to 80% and 92.3%, respectively.(15) Therefore,
EBUS-TBNA seems to contribute to the diagnostic
accuracy in patients with tuberculous lymphadenitis and
mediastinal lymph node enlargement. In the present
study, we also found the diagnostic accuracy of EBUSTBNA to be lower for tuberculosis than for sarcoidosis.
The prominent necrosis in paucibacillary tuberculosis
could explain that finding. Dhooria et al.(16) reported
that one can distinguish between tuberculosis and
sarcoidosis on the basis of EBUS images. Accordingly,
when combined with a positive tuberculin skin test
result, the heterogeneous echotexture of the internal
structure or necrotic appearance seen via EBUS can
diagnose tuberculosis with a specificity of 98% and a
positive predictive value of 91%.(16)
One recent study reported that EBUS-TBNA has
a diagnostic accuracy of 93.9% for malignancy,(8)
compared with only 77% in the present study. That
same study reported that the diagnostic accuracy of
EBUS-TBNA was higher for malignant diseases than
for benign diseases (93.9% vs. 70.6%, p < 0.001). In
our study, the diagnostic accuracy of EBUS-TBNA for
benign granulomatous disorders was not significantly
different from that observed for malignant disease
(83% vs. 77%, p > 0.05). Memoli et al.(17) showed that
increased lymph node size supports an EBUS-based
diagnosis of malignancy. Abu-Hijleh et al.(18) suggested
that lymph node size has little effect on diagnostic
accuracy or sensitivity of EBUS-TBNA. In contrast,
when lymph node size exceeds 20 mm, the negative
predictive value decreases. Those authors found that
samples taken from lymph nodes ≥ 20 mm in size
always contained sufficient material for analysis. The
same authors reported that samplings of the 4R, 4L,
7, 10/11R, and 10/11L lymph nodes did not differ in
terms of diagnostic accuracy.(18) Tedde et al.(19) showed
that identifying lymphadenopathy in multiple lymph
nodes and sampling subcarinal lymph nodes provides
a higher diagnostic yield in EBUS-TBNA. Those authors
reported that EBUS-TBNA has a diagnostic accuracy
of 57% for malignancy. In the present study, lymph
nodes with a short-axis diameter ≥ 16.5 mm were
found to be more diagnostic in the histopathological
evaluation than were those with smaller diameters. We
also found that the diagnostic accuracy of EBUS-TBNA
was better when there was mediastinal lymph node
enlargement than when there was hilar lymph node
enlargement. In a study conducted by Cetinkaya et
al.,(20) the sensitivity of EBUS-TBNA was lower in the
region of lymph node 4L than in those of the other
lymph nodes. The authors reported that the overall
diagnostic accuracy of EBUS-TBNA was not affected
by the number of lymph nodes sampled, the number
of times a lymph node region was sampled, or lymph
node size.(20)
In our study sample, we noted that EBUS-TBNA
provoked only minor complications, such as mild
hypoxia, tachycardia, and minor hemorrhage. None of
J Bras Pneumol. 2015;41(5):410-414
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those complications changed the course of the procedure
or led to additional treatment or hospitalization. We
can therefore assert that the procedure can be used
safely in all adult age groups. Similar studies in the
literature have also reported that EBUS-TBNA is safe
and causes no severe complications.(8,20-23)
In conclusion, EBUS-TBNA is a proven method in the
diagnosis and staging of malignancy. The diagnostic
accuracy of this method is also high in benign pathologies
such as sarcoidosis and tuberculosis. It is a method

that is well-tolerated and minimally invasive, with a
low rate of complications and high diagnostic accuracy.
The use of EBUS-TBNA should be encouraged as the
first procedure of choice for mediastinal and hilar lung
pathologies, because it markedly reduces the need for
mediastinoscopy.
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