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Abstract. Endobronchial ultrasound‑guided transbronchial
needle aspiration (EBUS‑TBNA) is a minimally invasive
and useful technique for sampling mediastinal lymph nodes.
High sensitivity and specificity of EBUS‑TBNA in staging
lung cancer have been reported. However, few studies have
addressed the results of EBUS‑TBNA in the diagnosis of
mediastinal lymphadenopathy with or without lung cancer,
since various neoplastic and non‑neoplastic conditions can
involve the mediastinal lymph nodes. The present study anal‑
ysed the results of the cytological examination of mediastinal
lymphadenopathy using EBUS‑TBNA in Kansai Medical
University Hospital (Hirakata, Japan). A total of 41 consecutive
patients with mediastinal lymphadenopathy who underwent
EBUS‑TBNA between January 2008 and December 2019
in Kansai Medical University Hospital were enrolled. This
cohort included 29 males and 12 females. Cytological analyses
demonstrated that 16/17 (94.1%) patients with metastatic
carcinoma were diagnosed as having carcinoma (malignancy).
The sensitivity, specificity and positive predictive value of the
cytological examination in cases of carcinoma were 94.1, 100
and 100, respectively. However, only 3/11 (27.3%) patients with
sarcoidosis were diagnosed by cytological examination. The
present study demonstrated that EBUS‑TBNA may be a useful
method for detecting metastatic carcinoma in the mediastinal
lymph nodes. However, the detection rate of epithelioid granu‑
loma, which is a characteristic feature of sarcoidosis, was low
in the present cohort. Hence, an improvement in the sampling
technique is necessary.
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Introduction
Various neoplastic and non‑neoplastic conditions can involve
the mediastinal lymph nodes; hence, correct histopathological
diagnosis is very important for appropriate treatment of
patients with mediastinal lymphadenopathy. Endobronchial
ultrasound‑guided transbronchial needle aspiration
(EBUS‑TBNA) is a technique in which the needle is advanced
through the channel of the bronchoscope with real‑time
visualisation of the target lesion by ultrasound and obtaining
a sample by fine‑needle aspiration from the target lesion (1).
EBUS‑TBNA has been recognised as a useful and minimally
invasive technique for sampling mediastinal lymph nodes (1,2).
The high sensitivity and specificity of EBUS‑TBNA in staging
for non‑small cell lung carcinoma (irrespective of the presence
of metastasis in the mediastinal lymph nodes) has been well
recognised (1). Therefore, the current guidelines recommend
EBUS‑TBNA as the first‑line approach for lymphadenopathy
of the mediastinal lymph nodes in patients with lung cancer (3).
It is also very important to determine the cause of
lymphadenopathy of the mediastinal lymph nodes in patients
without lung cancer, i.e., reactive/inflammatory change
(including sarcoidosis) or neoplastic change (such as malig‑
nant lymphoma). The usefulness of EBUS‑TBNA in the
diagnosis of lymphadenopathy in patients without lung cancer
has also been reported (4). However, few studies have evalu‑
ated the diagnostic results of mediastinal lymphadenopathy
using EBUS‑TBNA in consecutive patients with or without
lung cancer (4,5). The aim of the present study was to analyse
the results of the cytological examination using EBUS‑TBNA
in the diagnosis of mediastinal lymphadenopathy in a single
centre, and also discuss the usefulness and diagnostic problems
in cytological examination using EBUS‑TBNA in patients
with mediastinal lymphadenopathy.
Patients and methods
Patient selection. We enrolled 41 consecutive patients who
underwent EBUS‑TBNA for the cytological and histo‑
pathological diagnosis of mediastinal lymphadenopathy
from January 2008 to December 2019 at the Kansai Medical
University Hospital.
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This study was conducted in accordance with the
Declaration of Helsinki, and the study protocol was approved
by the institutional review board of the Kansai Medical
University Hospital (protocol no. 160954).

Table I. Summary of the results of the cytological examination
of the mediastinal lymph nodes in 41 patients.

Cytological analyses. The cytological specimens obtained by
EBUS‑TBNA were fixed in alcohol and subsequently routinely
stained with Papanicolaou stain; air‑dried cytological speci‑
mens were also stained with Giemsa stain according to routine
hospital procedures. No liquid‑based cytology was performed
in the present study. Furthermore, rapid on‑site evaluation
(ROSE) of the cytological specimens was not performed.
The cytological characteristics were independently
evaluated by one diagnostic pathologist and two cytopatholo‑
gists. Disagreements were resolved by reassessment using a
multi‑headed microscope.

Positive/malignancy
Small cell carcinoma
Adenocarcinoma
Squamous cell carcinoma
Non‑small cell carcinoma
Suspicious of malignancy
Negative
Insufficient

Histological analyses. Two diagnostic pathologists indepen‑
dently evaluated the histopathological features of the biopsy
specimens obtained by EBUS‑TBNA.
Results
Clinical features. This cohort included 41 patients (29 males
and 12 females), who were aged 22‑83 years. The reasons for
performing the EBUS‑TBNA were as follows: Mediastinal
lymphadenopathy of unknown cause (16 patients), suspicion of
sarcoidosis (15 patients), lung cancer (9 patients), and lymph‑
adenopathy due to metastatic tumour (1 patient). There were
no severe complications associated with the EBUS‑TBNA
procedure in the present cohort. The information about node
stations sampled was not available for this cohort.
Cytological features. Table I summarises the results of the cyto‑
logical examinations of the samples obtained by EBUS‑TBNA
in this cohort. Malignancy was seen in 16 patients (39.0%),
1 patient (2.4%) had suspected malignancy, 22 patients (53.6%)
had no malignancy, and the sample was inadequate for diag‑
nosis in 2 patients (4.9%). Patients with malignancy included
small cell carcinoma (4 patients), adenocarcinoma (3 patients),
squamous cell carcinoma (2 patients), and non‑small cell
carcinoma (7 patients) (Fig. 1). In 3 patients who had no malig‑
nancy, only a few epithelioid granulomas were observed; thus,
sarcoidosis was suspected.
Histological features and correlation with cytological
diagnosis. Table II summarises the results of the histological
examination. Carcinoma was diagnosed in 17 patients
(adenocarcinoma in 6 patients, small cell carcinoma in
4 patients, squamous cell carcinoma in 3 patients, and
non‑small cell carcinoma in 4 patients). One patient who
had adenocarcinoma was considered cytologically negative
because the carcinoma was not visible in the cytological
specimens. Thus, 16 of 17 (94.1%) patients with carcinoma
were diagnosed as having carcinoma (positive/malignancy) by
cytological examination. Moreover, one patient with suspected
malignancy on cytological examination did not have carci‑
noma on histological examination. The sensitivity, specificity,
and positive predictive value of the cytological examination of
carcinoma (malignancy) were 94, 100 and 100%, respectively.

Results

Patients, n (%)
16 (39.0)
4 (9.8)
3 (7.3)
2 (4.9)
7 (17.1)
1 (2.4)
22 (53.6)
2 (4.9)

Table II. Summary of the results of the histological examina‑
tion of the mediastinal lymph nodes in 41 patients.
Results
Carcinomas
Small cell carcinoma
Adenocarcinoma
Squamous cell carcinoma
Non‑small cell carcinoma
Benign conditions
Sarcoidosis
Cystic lesion
Inflammatory conditions
Schwannoma
Not specified

Patients (%)
17 (41.5)
4 (9.8)
6 (14.6)
3 (7.3)
4 (9.8)
24 (58.5)
11 (26.8)
2 (4.9)
1 (2.4)
1 (2.4)
9 (22.0)

The histological diagnosis of the remaining 24 patients
revealed benign conditions, which included sarcoidosis
(11 patients), benign cystic lesion (2 patients), non‑specific
inflammatory condition (1 patient), schwannoma (1 patient),
and unspecified condition (9 patients). Only 3 of 11 patients
with sarcoidosis were diagnosed by cytological examina‑
tion (27.3%).
Discussion
The present study analysed the usefulness and problems
associated with EBUS‑TBNA‑based cytological examina‑
tion of the mediastinal lymph nodes in our institute. In this
cohort, the sensitivity, specificity, and positive predictive
value of the cytological examination for carcinoma (malig‑
nancy) were 94.1, 100 and 100%, respectively. However,
the diagnostic accuracy for sarcoidosis was low; only 3 of
11 (27.3%) patients with sarcoidosis were cytologically
diagnosed as sarcoidosis.
The usefulness of EBUS‑TBNA is well known,
particularly its high sensitivity and specificity in detecting
metastasis in the mediastinal lymph nodes in patients with
lung cancer (1). Most of the previously published studies
demonstrated that the sensitivity was more than 80% and the
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Figure 1. Cytological features of the specimens obtained by endobronchial ultrasound‑guided transbronchial needle aspiration. (A) Adenocarcinoma of
the lung. The neoplastic cells had large round to oval nuclei containing conspicuous nucleoli and relatively rich cytoplasm (Papanicolaou stain; magni‑
fication, x400; scale bar, 50 µm). (B) Squamous cell carcinoma of lung origin. The neoplastic cells had a rich cytoplasm and large nuclei in a necrotic
background (Papanicolaou stain; magnification, x400; scale bar, 50 µm). (C) Sarcoidosis. Epithelioid granuloma was observed in a background of lymphocytes
(Papanicolaou stain; magnification, x400; scale bar, 50 µm).

specificity was almost 100% (1). Therefore, EBUS‑TBNA has
been considered as a superior performance tool compared to
other staging modalities, such as computed tomography (1). In
one series, the sensitivity of diagnosis of mediastinal lymph
node metastases from lung cancer was ~70%, and the posi‑
tive predictive value was ~95%. Moreover, the superiority
of liquid‑based cytology compared to that of conventional
cytological examination has been reported (4). In the present
study, sensitivity, specificity, and positive predictive value
were ~100%. Thus, EBUS‑TBNA is an accurate and useful
method for detecting metastatic carcinoma in the mediastinal
lymph node in patients with lung cancer.
However, the cytological diagnosis of the mediastinal
lymph nodes using EBUS‑TBNA might be challenging
because the mediastinal lymph nodes can have diverse
non‑neoplastic conditions, including sarcoidosis. Sarcoidosis
is a systemic autoimmune disease characterised by the pres‑
ence of granulomatous inflammation, which mainly affects
the lungs, lymph nodes, eyes, and skin; hilar and mediastinal
lymph nodes are also frequently involved (6). The utility of
EBUS‑TBNA in the diagnosis of sarcoidosis (detection of
granulomas) has also been reported (7,8). According to a study
of cytological specimens using EBUS‑TBNA, well‑formed

non‑necrotising granulomas were noted in 90% of the
patients with sarcoidosis (38/42 patients), and the remaining
4 patients had poorly formed granulomas. The extent of
granulomas was as follows: Rare, occasional, and numerous
in 26, 36 and 38% of the patients, respectively (9). High
sensitivity (>85%) of EBUS‑TBNA in patients with a high
clinical suspicion of sarcoidosis has also been reported (10).
However, the rate of detection of sarcoidosis (epithelioid
granulomas) was low (27.3%) in the present cohort. This
might be due to the amount of the sample because the
retrospective analysis of the cytological specimens failed to
detect epithelioid granulomas in these cases with epithelioid
granulomas. Improvement in the sampling technique and/or
method might be required for these patients. The presence
of the cytologist at the time of obtaining the cytological
specimens and performance of ROSE improved the detec‑
tion of the targeted lesions in various organs, according to
previous studies (11,12). It has been reported that yields of
the conventional TBNA with ROSE and EBUS‑TBNA with
or without ROSE were higher than those of the conventional
TBNA without ROSE, although the rates of granuloma detec‑
tion were not significantly different (7). Moreover, the utility
of granuloma detection using ROSE was also reported (9).
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Therefore, ROSE might improve the detection rate of granu‑
lomas in EBUS‑TBNA.
In conclusion, the present study analysed the usefulness
and problems associated with EBUS‑TBNA in the cytological
examination of the mediastinal lymph nodes in our institute.
The sensitivity, specificity, and positive predictive value of
the cytological examination for carcinoma (malignancy) were
high. Thus, EBUS‑TBNA is a useful method for detecting
mediastinal lymph node metastasis in patients with lung
cancer. However, the diagnostic accuracy of sarcoidosis was
low; therefore, an improvement in the sampling technique
might be required.
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