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ABSTRACT

EUS has become a substantial diagnostic and therapeutic modality for many anatomical regions. The extent of endosonographic
assessment is wide, and among others, allows for the evaluation of the mediastinal anatomy and related pathologies such as
mediastinal lymphadenopathy and staging of central malignant lung lesions. Moreover, EUS assessment has proved more
accurate in detecting small lesions missed by standard imaging examinations such as computed tomography or magnetic
resonance. Endosonographically, various mediastinal anatomical landmarks and stations can be visualized by transesophageal
scanning, thus providing arranged systematic examination of the mediastinum. In addition, the correct position during the
examination is crucial for EUS-guided procedures such as tissue sampling and drainage of mediastinal abscesses. The evolution
of EUS-guided diagnostic and interventional procedures has contributed to the increasing importance of understanding the
mediastinal anatomy during the EUS examination.
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INTRODUCTION

By definition, the mediastinum is an anatomic region
located between the lungs and contains various vascular
structures, organs, and lymph nodes (LNs). The
evaluation of mediastinum is very valuable, especially
for the assessment of the primary and secondary
lesions, including pathological LNss.
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Endosonographic evaluation of the mediastinum seems
to be very challenging. The examination technique
consists of fundamental manual skills, including the
echoendoscope manipulations and effective rotation
and knowledge of the anatomical landmarks to achieve
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the optimal position. The linear echoendoscope is as
effective as the radial one, but the narrow field of view
makes the evaluation more challenging. Undoubtedly,
EUS has found a wide application in upper and lower
digestive tract pathologies. However, the mediastinum
examination is still not performed routinely.

Combined imaging and tissue sampling by EUS and
endobronchial ultrasound (EBUS) are the techniques
of choice in case of suspicious mediastinal LNs
invasion, so EUS-FNA/EBUS-FNA is the mainstay
for the diagnosis and staging of central lung cancers
and metastasis from other malignancies. Furthermore,
EUS and EBUS are crucial for the evaluation of
other mediastinal lesions."! CT and positron emission
tomography (PET) scan have limited sensitivity and
specificity for mediastinal invasion, so additional tissue
acquisition is recommended. Both radial and linear
EUS can give similar diagnostic information, but the
great advantage of linear EUS is its capability of
performing fine-needle aspiration from masses and
LNs. EUS-FNA/EBUS-FNA are minimally invasive
techniques with a very good safety profile.

This review will focus on the role of mediastinum
assessment by the linear EUS, its clinical implications,
and advantages over other imaging modalities. The
described techniques of linear EUS examination
include mapping of the mediastinal LNs as defined by
the International Association for the Study of Lung
Cancer (IASLC) classification.”

ANATOMY OF THE MAIN STATIONS

The esophagus begins at the level of the cricoid
cartilage at approximately 15 cm distance from the
central incisor teeth. For the purposes of EUS
examination of the mediastinum, the esophagus is
subdivided into cervical, from cricoid to 18 cm; upper
thoracic, from 18 to 25 cm till approximately the
tracheal bifurcation; mid-thoracic, from 25 to 32 cm
till approximately below the subcarinal area; and lower
thoracic, from 32 to 38 cm. The abdominal part of the
esophagus is approximately 2 cm long (38-40 cm).”
The examination of the mediastinum by linear EUS is
done by 360° rotation of the scope from five positions
in the esophagus.

The TASLC classification defines a total LN stations
numbered from 1 to 14. Station 1 is within the root of
the neck, Stations 2-9 are within the mediastinum, and

Stations 10—14 are within the hila and along the bronchi
in the lung parenchyma™ LNs that lie adjacent to the
esophagus or centrally located vessels can be visualized
by EUS. LNs seen by EUS include:

* Low cervical and supraclavicular LNs (LN Station 1)
e Upper paratracheal LNs on the left (LN Station 2 L)

e Prevascular LNs (LN Station 3A)

e Low paratracheal LNs on the left (LN Station 4 L)

* Subaortic LNs (LN Station 5)

e Para-aortic LNs (LN Station 0)

* Subcarinal LNs (LN Station 7)

* Lower paraesophageal LNs (LN Station 8)

* Pulmonary ligament LNs (LN Station 9)

* Hilar LNs (LN Station 10 L and R)

e Lower paratracheal LNs on the right (LN Station 4 R).

LN stations seen by either EUS or EBUS or both are
demonstrated in Table 1 and Figure 1.

MEDIASTINUM EXAMINATION

The particular steps of the mediastinal examination
may vary. However, considering the most critical areas

and structures is essential for performing a competent

examination.

Table 1. Lymph node stations seen by either EUS

or endobronchial ultrasound or both

LN Stations

Anatomical site

Visualized by

LN station 1

LN station 2L

LN station 2R

LN station 3A
LN station 3P

LN station 4L

LN station 4R

LN station 5
LN station 6
LN station 7
LN station 8
LN station 9
LN station 10L
LN station 10R

LNs 11-14

Low cervical, supraclavicular,
and sternal notch LNs

Upper paratracheal
LNs on the left

Upper paratracheal
LNs on the right

Prevascular LNs

Prevertebral (retro-tracheal)
LNs

Low paratracheal
LNs on the left

Lower paratracheal LNs
on the right; above the
arch of the azygos vein

Subaortic LNs

Para-aortic LNs

Subcarinal LNs

Lower paraesophageal LNs
Pulmonary ligament LNs
Hilar LNs on the left

Hilar LNs on the right; below
the arch of the azygos vein
Interlobar, lobar, segmental,
and sub-segmental LNs

EUS and EBUS

EUS and EBUS

EBUS

EUS
EBUS

EUS and EBUS

EUS and EBUS

EUS and EBUS
EUS and EBUS
EUS and EBUS
EUS

EUS

EUS and EBUS
EUS and EBUS

EBUS

EBUS: Endobronchial ultrasound; LN: Lymph nodes
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Figure 1. Anatomical stations of the mediastinum seen by EUS, EBUS
or both. R: Right, L: Left; EBUS: Endobronchial Ultrasound

The optimal position for the first step of assessment
of the mediastinum is the cardia, where the liver
and the uppermost part of inferior vena cava (IVC)
can be observed. We can follow the insertion
of IVC into the right atrium by withdrawing the
echoendoscope about few centimeters into the chest
with mild counterclockwise rotation where Station 9 is
located [Figure 2.

Gradual withdrawal of the scope with further
counterclockwise rotation will bring the left atrium (LA)
and then the right pulmonary artery (RPA) into the
left and right parts of the screen, respectively, this is
the subcarinal area and Station 7 is located in-between
LA and RPA, on the depth of 27-32 cm from the
incisors [Figure 3]. In this region, we can observe LA,
left ventricle (V) with the outgoing ascending aorta,
and just above and below, RPA and pulmonary trunk,
respectively [Figure 3]. When the ascending aorta is
visualized coming from LV, clockwise rotation will
locate the superior vena cava (SVC) to the right side
of the screen going to RA on the left part of the
screen. Station 10R could be visualized in the right side
of the screen in-between the scope and SVC, about
25-27 cm from the incisors |Figure 4]. The subcarinal
area requires more time for a complete assessment, due

STATION 9

one

Rt Atriu (RA)
5
N

Rtatrium

Figure 2. (a) Diagram of the anatomical location of Station 9 (b) Station
9 as seen by linear EUS. Rt: Right; IVC: Inferior vena cava

to a possible location of lung, pancreatic, and stomach
cancer metastases.

Then slow 90° clockwise rotation allows visualizing
the azygos vein, and further, 90° clockwise rotation
will visualize the lower part of the descending thoracic
aorta where Station 8 is located [Figure 5]|. After going
back to the subcarinal area by 180° counterclockwise
rotation, gradual withdrawal of the scope with
counterclockwise rotation, approximately 23-27
centimeters form incisors, allows achieving the position
of the aorto-pulmonary window. This area includes left
pulmonary artery (LPA) and aortic arch [Figure 6]. Both
structures can be also visible as a “mickey mouse” sign.
Stations 4 L and 5 are located in-between LPA and
aortic arch, near and far from the scope, respectively.
Station 6 is located deep to the aortic arch, whereas
Station 10 L is located deep to LPA on the left part of
the screen [Figure 6].

By gradual withdrawal of the scope, the origin
of the left subclavian artery from the aortic arch
can be visualized, Station 2 L is located between
LSA and the scope, about 20-23 cm from the
incisors |Figure 7].

Clockwise rotation of the scope with gradual
withdrawal of the scope will locate the left
common carotid artery and the confluence of the
left internal jugular, the left subclavian and the left
brachiocephalic veins. Station 3A is located anterior to
the venous confluence in the most distant part of the
screen [Figure 8].

Further withdrawing the echoendoscope toward the
neck guides to Station 1, where the left and right
lobes of the thyroid glands are visible with the right
and left common carotid artery and internal jugular
vein [Figure 9].

Table 2 demonstrates the landmarks of different LLNs
stations in the neck and the mediastinum.
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STATION 7
(Subcranial area) 27-32¢cm

From incisors

MV

Left ventricle

Figure 3. (a) Diagram of the anatomical location of the subcarinal area
and station 7. (b) Subcarinal area and station 7 as seen by linear EUS.
MV: Mitral Valve; AV: Aortic Valve

STATION 8

[ 8] O

Descending aorta

Figure 5. (a) Diagram of the anatomical location of station 8. (b) Station
8 as seen by linear EUS.

STATION 2L

o

arch

portic

Figure 7. (a) Diagram of the anatomical location of station 2L. (b) Station
2L as seen by linear EUS. 2L: 2 Left

CLINICAL IMPLICATIONS OF EUS
MEDIASTINAL EXAMINATION

Role of EUS in the diagnosis of different mediastinal
pathologies

EUS for the diagnosis of lung cancer
Histopathological diagnosis of lung cancer is
an indispensable part of the treatment. Flexible
bronchoscopy remains the recommended method
when it comes to centrally located lung lesions.!"
However, a substantial number of patients do not
reveal endobronchial abnormalities and are out of
reach of this method.! EBUS with real time-guided
transbronchial needle aspiration (EBUS-TBNA) can
be used for the diagnosis of intrapulmonary tumors
located near the major airways; however, distance to
the lesion is a crucial factor conditioning success.”! In
those cases, when the lesion is not close to airways,
CT-guided transthoracic needle aspiration remains an
option. However, it is accompanied by a significant
risk of pneumothorax and hemoptysis.l! A systematic
review by Korevaar e/ a/. evaluated the performance
of BEUS-FNA in the diagnosis of intrapulmonary
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Figure 4. (a) Diagram of the anatomical location of station 10R (b)
Station 10R as seen by linear EUS. IVC: Inferior vena cava; SVC:
Superior vena cava; Rt PA: Right Pulmonary artery; 10R: 10 Right

STATION 5
(Aortopulmonary window)

23- 27 em From incisors

Soope Left pulmonary Aortic Arch
2 N artery

R Station 5 A
Staton 108~ 5121073 stafidh 6
=

Figure 6. (a) Diagram of the anatomical location of the
aorto-pulmonary window (A-P window) and Stations 4L, 5, 6, and
10L (b) The A-P window and Stations 4L, 5, 6, and 10L as seen by linear
EUS. LPA: Left pulmonary artery; 4L: 4 Left; 10L: 10 Left

STATION 3A

Left brachiocephi e

Sy LTV
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Figure 8. (a) Diagram of the anatomical location of Station 3A (b) Station
3A as seen by linear EUS. SCV: Subclavian vein; IJV: Internal jugular
vein; CCA: Common carotid artery; 3A: 3 Anterior

tumors located near or adjacent to the esophagus.”
The authors included 313 patients coming from 11
studies and reported an average yield of 0.90 (95%
confidence interval 0.82—-0.95) and an average
sensitivity of 0.92 (0.83-0.96). In the subgroup
of prospective studies (# = 3), the average yield
was 0.80 (0.56-0.93) and the average sensitivity
was 0.83 (0.58-0.95). Together with relatively low
adverse effect rates (2%), these findings suggest that
EUS-FNA is safe and has a high yield for diagnosing
intrapulmonary tumors.

Furthermore, the confirmation of mediastinal N metastases
in cases of potentially curable non-small cell lung cancer
(NSCLC) is crucial. The combination of EBUS-TBNA and
EUS-FNA is preferred over either test alone.?

Lymphadenopathy of unknown origin

According to the guidelines of the European Society
of Gastrointestinal Endoscopy EUS-guided (or EBUS)
sampling is recommended for lymphadenopathy of

®



Okasha, et al.: Linear EUS examination of the mediastinum

Table 2. EUS examination of lymph nodes stations in the mediastinum and the neck starting from the

cardia up to the upper part of the esophagus

Number of station

The distance from incisors, location

Landmark (s)

Station 9 [Figure 2] 35-40 cm from the incisors

Just above the cardia
27-32 cm from the incisors
The subcarinal area

Station 7 [Figure 3]

Station 10R [Figure 4] 25-27 cm from the incisors

IvC

Right atrium

Left atrium

Left ventricle
Ascending aorta

Right pulmonary artery
Pulmonary trunk

Superior vena cava

Clockwise rotation from station 7

Station 8 [Figure 5]

Station 4L, 5, 6,
and 10L [Figure 6]

23-27 cm form incisors
Aorto-pulmonary window

180° clockwise rotation from station 7

Descending aorta

Left pulmonary artery
Aortic arch

Upward withdrawal of the scope with
counterclockwise rotation from station 7

Station 2L [Figure 7] 20-23 cm from the incisors
Upward withdrawal of the
scope from station 5

Station 3A [Figure 8]

Station 1 [Figure 9]
neck from station 3A

20-23 cm from the incisors, clockwise and
slight upward withdrawal from station 2L

Upward withdrawal of the scope towards the

Left subclavian artery

Common carotid artery, Venous
confluence of left IJV, SCV and BCV
Thyroid gland

Common carotid artery

(N\%

IVC: Inferior vena cava; IJV: Internal jugular vein; SCV: Subclavian vein; BCV: Brachiocephalic vein

( SCQE‘G ;

Left thyroid gland

Left internal carotid artery (ICA)

Left internal jugular vein (IJV)

Clockwise

Counterclockwise

180 °

Right thyroid gland

Right internal carotid artery (ICA)
Right internal jugular vein (1JV)

Figure 9. Diagram of the anatomical location of station 1 in the neck.

unknown origin if the pathological result is likely to
affect patient management and no easily accessible
superficial lymphadenopathy.”! In available large
observations, EUS-guided sampling was shown to have
high sensitivity (88%-95.3%), specificity (96%—100%),

negative predictive value (70%-80%), and positive
predictive value (100%) for diagnosing the cause of
LNs enlargement!!"'? In contrary to CT-guided biopsy
and mediastinoscopy, EUS-guided sampling is a less
expensive and a less invasive option with a low adverse
incidence ratiol Sample processing (flow cytometry
in suspicion of lymphoma or sarcoidosis, polymerase
chain reaction-assay in suspected mycobacterial
tuberculosis [TB]) plays a crucial role in evaluating LNs

enlargement of unknown origin.!>!"

Metastatic mediastinal lymph nodes

EUS is considered a valuable tool for detecting
metastatic LNs in patients in whom this could affect
cancer staging and further management.!"! Many
neoplasms metastasize to mediastinal LNs. The
most commonly encountered in everyday practice
are lung (especially NSCLCs), esophagus, breast,
thyroid, and renal cell cancer."” There are some
high-suspicion stigmata on EUS-imaging which suggest
the malignant-metastatic origin of LNs. These imaging
features are as follows: Diameter >1 cm, round
shape, sharp border, loss of hyperechoic hilum, and
homogeneous echopoor pattern. Nevertheless, neither
the morphology of LNs on conventional imaging
modalities or EUS nor physiological imaging modalities
such as PET and single-photon emission computed
tomography (CT) was effectively differentiated malignant
from nonmalignant etiologies of LNs.”"! Therefore,
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tissue acquisition is considered the gold standard for the
diagnosis of the mediastinal LNs."

Station 5 and 7 nodes sampling by EUS are accessible
and safe while EUS-guided FNA of Station 6
lymphadenopathy through transaortic approach has
been reported, but further studies are needed to assess

the maneuvet’s safety.*?

Lung cancer with ipsilateral or subcarinal LN
involvement (N2 disease) is associated with a 5-year
survival of 7%-13% and usually precludes resection
but may identify a subset of patients who might
benefit from neoadjuvant therapy. Contralateral nodal
disease (N3) is surgically incurable with fewer than 5%

of patients sutviving 5 years.*)

In esophageal cancer patients, more advanced disease is
frequently encountered, and the presence and number
of LNs are the most significant prognostic factor for
staging and prediction of the long-term survival of
the patients. There are several factors that determine
the outcome significance of the LN location. Among
these factors include histology, primary tumor location,
T-stage, and neo-adjuvant therapy.* The complexity
of lymphatic network surrounding the vessels in the
mediastinum contributes to multidirectional spread
in this area as well as the abdomen and neck. In
addition, “skip metastasis” which do not follow
the normal order of LN array by skipping the first
LN and spread to the 2™ level LN are frequently
encountered in both histological subtypes of esophageal
cancer, adenocarcinoma, and squamous cell carcinoma.
Consequently, unexpected distant site of LN metastasis
can complicate the way of standardized resection
and lymphadenectomy, hence making treatment of
esophageal cancer more difficult.>*

Mediastinal cystic lesions

Cystic masses of the mediastinum are heterogeneous
groups of lesions, including congenital abnormalities,
infections, and neoplasms and account for 15%-—
20% of all mediastinal masses.””! The diagnosis of
mediastinal cystic lesions is difficult as benign lesions
can mimic cancer manifestations in CT or magnetic
resonance imaging (MRI) evaluation. Although
available data are scarce, EUS-guided sampling seems
to have tremendous diagnostic potential in the
differentiation of those lesions. A recent retrospective
study by Zhao ¢/ a/. described 37 patients who
underwent EUS-FNA of mediastinal cystic lesions.’)
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Cyst fluid was collected and further examined using
cytological and biochemical techniques. Interestingly,
the authors revealed that prior CT or MRI mistakenly
distinguished eight cases as solid masses (27.03%),
but EUS revealed cystic characteristics. Moreover,
they suggested that elevated LDH value from cyst
fluid chemical analysis could be used as an auxiliary
indicator for diagnosing malignancy.

EUS-guided access to the heart and pericardial area
Because of anatomical conditions, access to the
heart and heart-surrounding area is feasible through
the esophagus under EUS-guided techniques.
The first reported EUS-guided experimental
heart interventions were successfully performed
by Fritscher-Ravens ef a/. in a porcine model.l*”!
There are only few reports considering advanced
EUS-guided cardiac tissue acquisition or therapy in
humans. Furthermore, EUS-FNA was performed in
cases of right-arterial masses and primary pericardial
neoplasms. There is also a report about a successful
EUS-guided therapeutic drainage of a pericardial
Cyst‘[?)ﬂﬁz]

Systemic and infectious diseases

Sarcoidosis

Is a systemic granulomatous disease of unknown cause
that results in inflammatory noncaseating granuloma. It
might be asymptomatic with indolent course or it can
be presented by bilateral hilar adenopathy, shortness
of breath, fever, and fatigue. The role of EUS in
diagnosing sarcoidosis is not defined as EUS-FNA is

substantially made to exclude malignancy.**

Lymphoma

Mediastinal adenopathy due to lymphoma represents a
major clinical challenge in the diagnosis as well as when
obtaining tissue biopsy is being decided. EUS-FNA
may be helpful in diagnosing mediastinal lymphoma;
however, the sensitivity is reported at 73%—80% 39—42
and excisional biopsy should be performed when FNA
is negative. Increasingly, the cytology may not
provide prognostic information about the certain types
of lymphoma in comparison to that can be obtained
when tissue biopsy is made. A 19G needle can provide

tissue acquisition for pathological examination.”’

Further studies are required to provide information

about the significance of EUS-FNA and FNB in
the evaluation of mediastinal adenopathy ascribed to

lymphoma.
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Infections

TB and other systemic infection can cause mediastinal
lymphadenopathy and its diagnosis using EUS-FNA
had been reported.*"* If systemic infection has
been suspected, the specimen obtained by EUS-FNA
should be rendered for acid-fast stain, culture for
TB and fungal culture as well. Complications as
mediastinal-esophageal fistula have been reported after
EUS-FNA."I Further studies are needed to evaluate the
role of EUS-FNA to diagnose mediastinal TB.

In their study, Junare ez al. evaluated the efficacy
of combined EUS FNA/FNB of mediastinal
lymphadenopathy. The sensitivity and specificity were 100%
for reactive lymphadenitis, sarcoidosis, lymphoma, and
metastatic LNs, whereas the sensitivity and specificity for
TB lymphadenitis reached 93.75% and 100%, respectively.*
This denotes the importance of EUS-guided FNA/FNB in
the diagnosis of mediastinal lymphadenopathy and that it
can be a safe alternative to surgical biopsy.

EUS-guided mediastinal paraesophageal abscess
drainage

Esophageal perforations and intrathoracic anastmotic
dehiscence carry high risk of morbidity and mortality
reaching 10%-35%.%1 Contained intrathoracic
esophageal transmural disruptions and leakage can be
treated in a conservative manner.l's However, morbidity
and mortality rates increase when mediastinal abscess
has formed; hence, a complicated course and prolonged
hospital stay will ensue. Wehrmann e/ 4/. in their
single-center case series demonstrated the feasibility and
safety of EUS-guided drainage of paraesophgeal and
mediastinal abscess.[*”? Furthermore, Fritscher-Ravens
et al. in their case report have described a successful
EUS-guided mediastinal abscess drainage as a sequel
of percutaneous dilatational tracheotomy.* In addition,
Kahaleh ez a/. illustrated the safety of EUS-guided
retrocarinal collection drainage at the site of
gastroesophageal anastomosis after Ivory-Lewis
esophagectomy for severe esophageal stricture not
responding to conventional endoscopic therapy.*” In
whole, EUS-guided drainage of mediastinal abscess can
be a safe and feasible alternative to surgery.
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