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Abstract: EUS is a useful tool for diagnosis of mediasti-
nal diseases. EUS-FNA plays an important role in staging
of lung cancer and in tissue acquisition in patients with
mediastinal masses. In this review, the following issues
will be addressed: EUS-FNA and EBUS-TBNA, metastatic
mediastinal lymph nodes diagnosed by EUS, EUS in
assessment of mediastinal lymph node status for staging
of lung cancer, mediastinal lymphoma diagnosed by EUS,
sarcoidosis and tuberculosis diagnosed by EUS.
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1 Endoscopic ultrasound in the
diagnosis of mediastinal diseases

The evaluation of mediastinal masses poses a diagnos-
tic challenge. This is because of their myriad of possi-
ble pathologic causes; their proximity to numerous vital
structures, and the difficulty of access for biopsy [1].
Mediastinal lesions can be evaluated using non-inva-
sive and invasive methods. In recent years, endoscopic
ultrasound (EUS) and endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA) has aided the diagnosis
and staging of pulmonary malignancies and mediastinal
disease [2-4].

EUS can accurately reveal middle and posterior medi-
astinal lesions surrounding the esophagus, and thus the
operator must be familiar with mediastinal landmarks
[5]. In contrast to first-line non-invasive methods such
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as computed tomography (CT) and magnetic resonance
imaging (MRI), EUS can demonstrate the anatomic rela-
tionship between lesions and normal mediastinal organs.
EUS-FNA can be employed to obtain sampling for the
pathologic diagnosis.

2 EUS-FNA and endobronchial
ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA)

EUS-FNA has become an important tool for evaluation of
the mediastinum [6,7]. The main role of EUS-FNA in the
thorax is in the diagnosis and staging of lung cancer and
in tissue acquisition in patients with mediastinal masses
or idiopathic lymphadenopathy [8-10].

A tissue diagnosis is frequently needed for assess-
ment of mediastinal lesions, and has a significant impact
on outcome and management [11,12]. EUS-FNA is a good
choice for tissue sampling because of its high sensitivity
and low morbidity [13]. In general, EUS-FNA can be used
safely to biopsy subcarinal and posterior mediastinal
masses even though it cannot reach the region anterior
to the trachea or main bronchi [14]. EUS-FNA can also be
an alternative for the diagnosis of lesions superior to the
aortic arch [15]. Transthoracic mediastinal ultrasonogra-
phy can be used to view and guide biopsy of upper and
anterior mediastinal lesions via a suprasternal or para-
sternal approach [16].

In this context Lee et al. (2010) studied 125 consecutive
patients with various mediastinal and pulmonary lesions,
malignancy was confirmed in 62 (50%) of patients and
excluded in 42 (34%) [17]. The sensitivity, specificity, pos-
itive predictive value, negative predictive value, and accu-
racy of EUS-FNA in the diagnosis of mediastinal malignan-
cies was 75%, 100%, 100%, 67%, and 83%, respectively. In
a different study by Ardengh et al. (2011), EUS-FNA was
undertaken in 51 patients with ages ranging from 26-87
years, and lesion diameters of; 1.1-:9.8cm (mean, 3.9 cm)
[18]. EUS-FNA was employed to diagnose 22 neoplasms, 5
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cases of tuberculosis, and two duplication cysts. Cytology
was inconclusive or did not yield a specific diagnosis in
five other cases.

Manucha et al. (2011) on the other hand evaluated
281 EUS-FNA aspirates from 269 patients and satisfac-
tory aspirates were available in 259 cases [19]. In addition
a cytologic diagnosis of granulomatous lymphadenitis
was rendered in 206 cases. Zeppa et al. (2010) carried out
FNA on 57 mediastinal lymph nodes, 8 mediastinal and
2 subdiaphragmatic masses [20]. Analyses of diagnostic
categories compared with clinical and histologic controls
showed a sensitivity of 96%, specificity of 89%, positive
predictive value of 98% and efficiency of 95%.

Mediastinoscopy have shown to provide good access
to the upper and anterior mediastinum, and can be used
to acquire a large number of histologic samples [21].
Mediastinoscopy and EUS-FNA target different areas of
the mediastinum, and can be considered to be comple-
mentary methods for mediastinal lesions. At times, tho-
racoscopy or thoracotomy is necessary to be carried out,
especially for suspected false-negative cases of EUS-FNA.

EBUS-TBNA appears to be a minimally invasive
method for the upper and anterior mediastinum (assess-
ment areas are similar to those used for mediastinos-
copy). Therefore, a combined approach of EUS-FNA and
EBUS-TBNA could be a possible replacement for more
invasive methods for evaluation of unclear mediastinal or
hilar masses as well as for suspected hilar or mediastinal
metastases [22,23]. An example of this is in a study con-
ducted by OKi et al. (2015) who compared the tolerance,
efficacy, and safety of EBUS-TBNA with EUS-FNA with
an endobronchial endoscope for the primary pathologic
diagnosis of lesions [24]. They found that EBUS-TBNA and
EUS-FNA provided high accuracy with good tolerance,
though the risk of infectious complications had to be mon-
itored carefully.

EUS-FNA had the advantage of comparable tolerance
with fewer doses of anesthetics and sedatives, a shorter
procedure time, and fewer oxygen desaturations during
the procedure compared with EBUS-TBNA.

EUS-FNA and EBUS-TBNA are accurate, minimally
invasive procedures but are relatively expensive [25].
Sensitivity values have been reported to be 80-90% for
EUS-FNA and 90-100% for EBUS-TBNA [26,27].
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3 Diagnosis of metastatic mediasti-
nal lymph nodes by EUS

Benign mediastinal lymph nodes are commonly encoun-
tered during EUS. Often they have a triangular or cres-
cent shape, and an echogenic center may be visualized
(which represents the hilum of the lymph node) [28]. On
EUS, four imaging features are used as criteria for identi-
fication of malignant lymph nodes: diameter >1 cm; round
shape; sharp border; homogeneous hypoechoic pattern
[29]. Detection of metastatic mediastinal lymph nodes can
affect cancer staging and further management.

EUS-FNA has been demonstrated to be able to assess
suspected metastatic mediastinal lymph nodes from
the following primary cancers: pulmonary neoplasm,
digestive-tract neoplasm, breast, kidney, testicle, cervix,
larynx, nasopharyngeal carcinoma, melanomas, pancre-
aticobiliary cancer, renal cell cancer, and anthracosilicotic
spindle-cell pseudotumor [28, 30-34]. In malignant lymph
nodes without a history of cancer, the results of cytologic
examination in combination with clinical features and
other diagnostic modalities can suggest the origin of the
primary tumor [5,33].

4 EUS in assessment of mediasti-
nal lymph nodes for staging of lung
cancer

Caution is warranted if the unresectability of lung cancer
is based solely on tumor invasion into mediastinal soft
tissue and blood vessels upon EUS; analysis combined
with other diagnostic modalities is warranted [35].

Regional mediastinal lymph nodes represent the
most common metastatic site in lung cancer [23]. Accurate
assessment of mediastinal lymph nodes affects the staging
of lung cancer, the corresponding treatment plan, and the
prognosis. Various noninvasive and invasive methods are
available for this purpose.

One such methods is the contrast-enhanced CT of the
chest and upper abdomen. This is recommended as an
initial step for all patients with a suspected or confirmed
diagnosis of lung cancer suitable for treatment [36-39].
CT has been used to define the probability of malignant
involvement of mediastinal lymph nodes. Despite being
the most common modality for imaging the mediastinum,
CT cannot be used to reliably differentiate benign from
malignant lesions in this anatomic region [40].
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MRI provides valuable diagnostic information for
assessment of the mediastinum because it provides
excellent detail on soft tissue. Positron emission tomog-
raphy (PET) has higher accuracy than CT for evaluation
of involvement of mediastinal lymph nodes due to lung
cancer. Lymph nodes with higher uptake of fluorodeox-
yglucose than that of surrounding normal mediastinal
structures are considered to be positive, but false-posi-
tives are seen in active infection and inflammation, where
there is increased glycolysis [41]. Sarcoidosis, anthracosis,
infections, and reactive lymph nodes lead to nodes that
are positive on PET [42]. Therefore, PET is not a definitive
test. Lymph-node sampling improves staging accuracy
beyond the ability of PET [42]. However, non-invasive tests
can identify nodes suspected to harbor cancer, but they do
not provide a definitive tissue diagnosis [43].

Various invasive staging methods are available [44)].
EBUS-TBNA (minimally invasive) has better access to ante-
rior and superior mediastinal lymph nodes (lymph-node
stations 2, 3, 4, 5, 7, 10 and 11), which are traditionally
approached by mediastinoscopy [45, 46]. EUS-FNA (mini-
mally invasive) has better access to posterior and inferior
lymph nodes (lymph-node stations 4L, 5, 7, 8 and 9) [45].
A combination of EUS-FNA and EBUS-TBNA should allow
investigation of most of the mediastinum, thereby reduc-
ing the need for the surgical staging of lung cancer [47].
However, if non-involvement of mediastinal lymph nodes
is confirmed, then mediastinoscopy appears to be best
suited to most situations [44]. Thus, selection of appro-
priate methods is dependent upon several considerations
[43,44].

5 Mediastinal lymphoma diagnosed
by EUS

The diagnosis of mediastinal lymphadenopathy can be dif-
ficult, especially if primary lesions are absent. Lymphoma
is one of the main causes of mediastinal lymphadenop-
athy. On EUS, enlarged lymph nodes present as homog-
enous, hypoechoic masses, and sometimes with internal
anechoic necrotic areas, these enlarged lymph nodes may
fuse together into a “clumped” form. EUS-FNA is a safe
and accurate diagnostic procedure for lesions surround-
ing the gastrointestinal tract [48-53].

Stacchini et al.(2012) studied 56 patients using flow
cytometry (FC) after EUS-FNA [51]. EUS-FNA-FC gave a
diagnosis of lymphoma in 11 cases and of reactive lymph-
adenopathy in 20. The remaining patients were diagnosed
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later by cytology and cell block sections: 13 carcinomas,
9 granulomatous lymphadenopathies, and 1 mediasti-
nal extramedullary hematopoiesis were documented.
Similarly in a study by Ribeiro et al. (2001), 38 consecu-
tive patients with gastrointestinal lesions and/or enlarged
lymph nodes identified on imaging that raised a suspicion
of lymphoma underwent EUS-FNA of the lymph nodes or
gut wall [52]. Twenty-three patients with lymphoma and 15
patients with benign disease or reactive lymphadenopa-
thy were identified. The overall sensitivity, specificity, and
accuracy of EUS-FNA cytology with flow cytometry/immu-
nocytochemistry for the diagnosis of lymphoma was 74%,
93%, and 81%, respectively.

However, the diagnosis of lymphoma using EUS-FNA
remains a diagnostic challenge due to the amount of
material sampled [53]. Yasuda et al. (2006) evaluated the
yield of endoscopic ultrasound-fine-needle aspiration
biopsy (EUS-FNAB) using a large-gauge needle in patients
with idiopathic mediastinal lymphadenopathy in relation
to lymphoma subclassification [53]. Overall accuracy of
EUS-FNAB for idiopathic lymphadenopathy was 98%, and
lymphomas could be classified in accordance with World
Health Organization classifications in 88% of cases. No
serious complications were documented using EUS-FNAB.

6 Sarcoidosis and tuberculosis
diagnosed by EUS

Sarcoidosis is known to resolve spontaneously in >70% of
patients. Tuberculosis could be treated by anti-tubercu-
losis therapy. A pathologic study is often crucial for the
diagnosis and therapeutic decision-making. Tuberculosis
poses a challenge to healthcare professionals in its diag-
nosis and management. Esophageal tuberculosis is a form
of extrapulmonary tuberculosis, which is rare [54].

Sarcoidosis is a chronic multisystem granulomatous
disease and a common cause of bi-hilar lymphadenopathy
in the Western world [55-57]. Ultrasound frequently reveals
a typical pattern of isoechoic or hypoechoic lymph nodes,
sometimes with prominent vessels and sometimes with
a central hyperechoic strand within these nodes [30, 55,
56]. However, these EUS characteristics are not distinctive
of sarcoidosis, and cannot be used to distinguish these
lesions from tuberculosis or malignancy [55].

Mediastinal lymph nodes are frequently involved in
these diseases, so EUS-FNA and EBUS-TBNA can aid the
diagnosis [30]. Such differential diagnoses was investi-
gated by Puri et al. (2012), who studied 48 patients with
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a diagnosis of esophageal tuberculosis, of whom 32 had
complete data (including follow-up data) [58]. The ubig-
uitous feature of esophageal tuberculosis was dysphagia.
In all cases, lymph nodes were adjacent to the esophageal
disease. Endoscopic biopsy and FNA of lymph nodes was
suggestive of tuberculosis in 27/32 (84.35%) of cases, of
which fine-needle aspiration cytology provided the diag-
nosis in 23/32 (72%) of cases.

Besides tuberculosis and sarcoidosis, necrosis or
caseation in lymph nodes can also be seen in histoplas-
mosis and coccidioidomycosis [28].

7 Conclusions

Using EUS, distinction between a posterior mediasti-
nal mass and lymph node can be difficultand multiple
enlarged lymph nodes can fuse together as a mass[28].
EUS-FNA is a sensitive, accurate, fast, safe, and mini-
mally invasive method that facilitates imaging and histo-
logic diagnosis for paraesophageal mediastinal/pulmo-
nary lesions [59-70]. Other conditions that can be detected
by EUS-FNA include reactive lymph nodes, mediastinal
abscess/mediastinitis, mediastinal cysts, neurogenic
tumors, and thyroid neoplasms that invade the mediasti-
num [28].
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