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Summary

Endoscopic ultrasound (EUS) is a safe and minimal-
ly invasive procedure, allowing ultrasound-guided
needle aspirates in real-time, with high-sensitivity
diagnostics. EUS is an instrument available to the
pulmonologist for the diagnosis of mediastinal neo-
plasms, benign and malignant, including the medi-
astinal lymph node staging of non-small cell lung
cancer (NSCLC), with a specific sensitivity up to
90%. EUS allows to detect and to sample even small
lesions with a diameter of 3 mm, which are not visi-
ble at usual imaging.

The most recent guidelines on mediastinal nodal
staging of lung cancer report endoscopic and trans-
bronchial ultrasound (EUS and EBUS) as a viable
and valid minimally invasive alternative to the “clas-
sical” surgical staging with mediastinoscopy, re-
sulting in significant savings in diagnostic invasive
surgical procedures, and unnecessary thoracotomy,
with a consequent high economical impact. EUS-
FNA, as EBUS-TBNA, has been shown to be able to
give in one time the diagnosis, the typing, staging,
and genotyping of lung cancer with a single diag-
nostic procedure. However, it must be highlighted
that in the mediastinal nodal re-staging of NSCLC,
the sensitivity of EUS-FNA significantly decreases,
being <50%. Therefore, in all cases of negativity at
the re-staging a surgical mediastinoscopy should
be performed before therapeutical decisions.

EUS should be performed in referral centres, so pa-
tients should be referred to centres of reference for
a complete endoscopic staging with EBUS/ EUS. All
patients, except those with a known pathologic
esophageal stenosis, might be investigated by EUS,

Shortness of Breath 2013; 2 (4): 157-166

even on an outpatient basis, in mild sedation with
midazolam, or deep sedation with anaesthesia care
based on the internal structure organization, and
complications are very rare.

KEY WORDS: EUS, Ilung cancer, endoscopy ultra-
sound, mediastinal lymph node, staging, FNA, TBNA,
bronchoscopy.

Introduction

Transesophageal endoscopic ultrasound, known by its
acronym from the English language “EUS” (endoscop-
ic ultrasound), is an increasingly available diagnostic
and therapeutic tool with potential wide applications,
both in the gastrointestinal tract and in the medi-
astinum.

Endoscopic ultrasound with EUS is an effective \

radial probe was developgd and safe procedure
in the 1980s for gastroin- available to pulmo-
testinal procedures, but the | pglogist for the
use of EUS by pulmonolo- | study of the media-
gists is quite recent, due to | stinum, although it
the advent of EUS using lin- | was initially develo-
ear echoendoscopes a | ped in the field of ga-
decade later. In particular, | stroenterology as
the ability to sample lymph | method for the as-
nodes and suspected malig- | sessment of the pan-
nancies by fine needle aspi- \ creas. /
ration (FNA) led to its wider

uptake, although service provi-

sion still remains centralised in most areas.

The mediastinum, due to its central location in the
chest, can be easily navigated mostly (middle and pos-
terior mediastinum) by EUS. This method is an effec-
tive and safe procedure available to pulmonologists for
the study of the mediastinum, although it was initially
developed in the field of gastroenterology as method
for the assessment of the pancreas (1).

It was in 1996 that the use of EUS was proposed for
the first time as a diagnostic method for mediastinal le-
sions of unknown etiology (2). The first studies on EUS
for the typing of mediastinal lesions were often con-
ducted by gastroenterologists, who first used the EUS
with radial probe for a paraesophageal 360 degrees
viewing, to pass then, once the suspected lesion was
identified, to the linear probe for ultrasound-guided fine
needle aspiration in real time (3, 4). As the sonograph-
ic criteria of lymph node lesions, such as shape, size,
pattern and demarcation ultrasound, do not differenti-
ate between benign and malignant lesions, it is neces-
sary to sample such lesions when visible, taking into
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account that even small lymph nodes (e.g. 4 mm)
might be sampled (5).

Currently, the EUS is becoming more and more a com-
mon procedure in the hands of pulmonologists for the
diagnosis of central pulmonary neoplasms adjacent to
the esophagus, for the mediastinal staging (and re-
staging) of lung cancer, as well as for the diagnosis of
mediastinal lymph node granulomatous diseases, such
as sarcoidosis and tuberculosis.

Transesophageal ultrasound anatomy of the medi-
astinum

Within the esophageal lumen there are no landmarks
for orientation. Therefore, the investigation with EUS is
guided by ultrasound images, and the detection of var-
ious anatomical structures is mainly based on the rela-
tionship with the structures identified cardio-vascular
ultrasound. The limits of ultrasound for the detection of
mediastinal lymph node stations are based on the clas-
sification of the new map of the mediastinal lymph
nodes of the IASLC 2009 (6, 7).
Transesophageal endoscopic ultrasound is performed
with a linear echoendoscope (Figure 1), consisting of
an endoscope equipped with an ultrasound transducer
at its distal proximity, which gives a real-time viewing,
with a scanning angle variable from 120 to 180°, with
the possibility of colour Doppler viewing for the identi-
fication of vascular structures.
EUS can be performed as an outpatient basis with mild
sedation with intravenous midazolam, or with deep se-
dation with anaesthesia care in relation to the usual
“settings” of the various operating units, always with
the patient lying on his left side. The duration of the
procedure is about 20-30 minutes, including ultra-
sound-guided fine needle aspirations, the so-called
EUS-FNA (endoscopic ultrasound fine-needle aspira-
tion).
The echo-endoscope is introduced through the mouth
(through the use of a mouth-

e . ™\ piece), and pushed gently
Igﬁnlc"n::rsthf dl:eltt:: until the gastric wall can be
tion ofgMediastingd] _sonographically individugl-
lymph node sta- ized, and the left hepatic
e &1 FRees] G lobe, which presents cra-
the classification of nially the hepatic vein flow-
the new map of the ing into the inferior vena ca-
va, can be depicted. Pro-

mediastinal lymph ’ !
nodes of the IASLC | ceeding to the caudal direc-

2009. tion, as well as the di-
A " aphragm, within the body of
the stomach, oriented posteri-
orly on the left, the spleen can be located, and left kid-
ney, and immediately above, the left adrenal gland,
which can also be sampled with EUS- FNA.
Proceeding proximally to the left hepatic lobe, the infe-
rior vena cava can be identified, which empties in the
right atrium, and between it and the liver the di-
aphragm can be recognized. At this level lymph nodes
station 9 (of inferior pulmonary ligament) can be iden-
tified. Just above it, always moving towards the mouth,
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Figure 1 a, b - Transesophageal endoscopic ultrasound (EUS)
(a), and EUS with linear probe with 22-gauge needle (b).

oriented posteriorly and to the right the azygos vein
and the vertebral column will display, while posteriorly
on the left there is the descending aorta.

Going back again, orienting the front and slightly to the
left, there is the bulb with aortic semilunar valves and
the mitral valve, left atrium, right pulmonary artery at its
origin, the left ventricle and the ascending aorta. The
lymph nodes of station 8 (para-esophageal), when vis-
ible, are located along the left atrium. On top of the left
atrium, one can identify the lymph nodes of station 7
(subcarinal) between the left atrium, pulmonary artery
and right ascending aorta. When present, the lym-
phadenopathy in the 4L is between the right pulmonary
artery and the ascending aorta, and more sideways
lymph nodes station 5 (aorto-pulmonary), separated by
4L from the aorto-pulmonary ligament (Figure 2). The
lymph nodes of station 6 (para-aortic) are located lat-
erally to the ascending aorta and aortic arch, between
the planes through the top and bottom edges of the
aortic arch. Station 6 can also have an approach with
EUS- FNA, consisting in a trans-aortic FNA, that must
be unique, in one-step (8). More difficult is the visuali-
zation of para-tracheal upper left (2L) lymph nodes,
and especially of the right para-tracheal (2R and 4R),
due to the interposition of air in the trachea and
bronchi.
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Figure 2 - Chest CT scan and EUS images of 4L adenopathy, between the right pulmonary artery and
ascendant aorta; adenopathy 5 (aortic-pulmonary window), separated from station 4L by aortic-pulmonary
ligament; and station 6.

Endoscopic ultrasound-guided fine needle aspira-

tion (EUS-FNA)

EUS is able to provide the pulmonologist an ultrasound
guidance for needle aspirates (fine needle aspiration,
FNA) in real time, of lesions in the posterior and medi-
um mediastinum, and lymph node stations accessible,
through the introduction in the operating channel of the
echo-endoscope of a needle 22 - gauge (also available
needles 19 and 25 - gauge, though not used, and the

/ EUS is able to provi-

de an ultrasound
guidance for needle
aspirates in real ti-
me, of lesions in the
posterior and me-
dium mediastinum,
and lymph node sta-
tions accessible,
through the intro-
duction in the opera-
ting channel of the
echo-endoscope of

a needle 22 - gauge

\ placed in suction. /

use of which is not supported
by the data in the literature),
placed in suction. After the
execution of 5-6 aspirations
and removal of the needle
from the operating channel,
via a 10 ml syringe air is
forced through the needle of
the sampling just executed,
so that expels the sample
aspirated onto glass slides.
On average, a fine needle
aspiration is able to obtain
two direct smears - a slide is
dried with 0.95 alcohol for
cytological analysis per-
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formed by the pathologists, while the other is stained
with Diff Quick for the so-called ROSE (rapid-on-site ex-
amination), extemporaneous examination that serves to
verify in real time whether the material obtained is rep-
resentative (9). In addition, samples may be streaked
onto slides and directly included in paraformaldehyde, to
obtain the so-called cell-blocks.

Although there are no pathognomonic sonographic
signs indicating lymph node for benign or malignant,
the lymph nodes with short axis > 1 cm, with crisp
edges and diffuse hypoechoic are most likely to con-
tain metastases.

The lymph nodes that need to be firstly sampled are
those contralateral (N3) to the primary lesion, i.e. those
for which, if positive, you have the worst staging, be-
fore analyzing the lymph nodes in the N2.

Training for EUS

The evidence that EUS is an important method for the
typing of mediastinal lesions are more and more con-
vincing, so much so that this procedure was included
in the recent guidelines on the staging of lung cancer
(10, 11). Therefore, it is now the task of the pulmonary
international community to implement and disseminate
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the use of EUS to the pulmonologist, as a specialist in
diseases of the chest, and therefore responsible for
the application of the methods currently available, and
for the most advanced for the diagnosis and best ther-
apeutic approach. In particular, pulmonologists are the
experts of lung cancer, and therefore they represent
the most suitable doctors in the integration of all clini-
cal information (12).

How do we learn to use EUS? Based on this question,
a study was recently conducted in the Netherlands on
the training and implementation of EUS for the diagno-
sis and staging of lung cancer. The study involved five
hospitals, including four national pulmonology imple-
mentation centers and one expert centre. The study
was preceded by an initial phase of oral presentations
during meetings in order to give information on indica-
tions and usefulness of the method to pulmonologists
and thoracic surgeons (13). The training included nine
doctors, seven pulmonologists without any knowledge
of endobronchial (EBUS) or transthoracic ultrasound,
or transesophageal procedures, and two gastroen-
terologists already experts on radial and linear EUS for
gastroenterological indications (75 procedures each),
but without experience of use of this method for the
staging of lung cancer. Before specific training, the
seven pulmonologists learned by gastroenterologists
of their hospitals to introduce the gastroscope in twen-
ty-five patients. The training included a full day of oral
presentations in the expert centre, and sixteen practi-
cal learning sessions in the expert center, one day a
week, with EUS procedures performed in 3 patients
per session.

After the first 12 sessions, doctors began to perform
EUS in the hospitals where they were regularly work-
ing. Subsequently, four other sessions were performed
in the expert center, at a distance of 9-12 months from
the initial use of this technique in their respective hos-
pitals, for a total of 50 EUS procedures per physician
assisted by experts. The results of this study, which en-
rolled 551 patients for staging of lung cancer with EUS,
showed that physicians who participate to a program of
implementation achieved a sensitivity and diagnostic
accuracy not statistically different compared to experi-
enced centers (83% vs 82% and 89% vs 88%) (13).

Indications and contraindications

The indications to perform EUS are mainly represent-
ed by: a) diagnosis/staging of mediastinal lym-
phadenopathy in EUS-accessible stations (station 4L,
5, 6, 7, 8 and 9) in patients with or suspected carcino-
ma of the lung or extra-thoracic malignancies, b) diag-
nosis of mediastinal or intrapulmonary masses in
anatomical contiguity to the esophagus, c) liver or d)
suspected left adrenal metastases of lung carcinoma
or of extra- thoracic malignancies. The most frequent
indication for the pulmonologist is represented by me-
diastinal diagnosis/staging (and re-staging) of lung
cancer, but also diagnosis of mediastinal benign dis-
eases, which are not infrequent, as it will be later de-
scribed.

160

EUS-FNA might represent the

/ EUS-FNA might re- \ first diagnostic approach for
presentthefirstdia- | mediastinal lesions of the
gnostic approach | mggle and posterior medi-
for mediastinal le- | ,qinym and/or in cases of
sions of the middle | .o ts with severely com-
(ai:'laiti‘:l%?;e::;/;?ier; promised lung function who
cases of’patients f:annot tolerate bronchpscop-
with severely com- | © procedures. For lesions of
promised lung func- the anterior and superior me-
tion who cannot to- diastinum the approach with
bronchoscopy with EBUS-

lerate bronchosco-
pic procedures. TBNA, or CT-guided fine-
AN /' needle aspiration is more ap-
propriate. Obviously, in centres
where neither EUS nor EBUS methods are available,
the diagnosis is still performed with invasive procedures
such as mediastinoscopy and surgical thoracoscopy.
In patients with suspected lung cancer and presence of
mediastinal lymphadenopathy on CT scan, evidence of
tissue invasion neoplastic lymph nodes is essential for
the diagnosis and staging of
the disease at the same / Another indication )
time, by the mean of a single of EUS-FNA is the
procedure, with a strong im- diagnosis of media-
pact on invasive surgical stinal masses and
staging. Thus, in case of benign granuloma-
positivity for mediastinal tous lymphadeno-
metastases at EUS-FNA pathy, e.g. tuberco-
surgery is not required, with | losis, and sarcoido-
obvious effects on costs, in- | Sis, with a sensiti-
vasiveness and possible | Vity inthe detection
complications (14). EUs- | ©oflymphnodalnon-
FNA might also be used in | Recrotizing granu-
some cases for staging of lomas of about 87%.
distant metastasis (M1), as in
the presence of suspected metastases to the left lobe of
the liver and/or to the left adrenal gland (15). Further in-
dications to EUS-FNA are represented by the presence
of pulmonary lesions adjacent to the esophagus (8, 16-
18). More difficult is the diagnosis with EUS-FNA of me-
diastinal lymphoproliferative processes, because of the
frequent need in these cases for histological samples
obtained by extensive surgical techniques (19).
Another indication of EUS-FNA is the diagnosis of medi-
astinal masses and benign granulomatous lym-
phadenopathy, e.g. tuberculosis (20-22), and sarcoido-
sis, with a sensitivity in the detection of lymph nodal
non-necrotizing granulomas of about 87% (23).
The contraindications to EUS-FNA are fundamentally
represented by a status of known current bleeding or
obstruction of the esophagus, and the suspicion that the
lesion to be sampled is a cystic lesion, because of the
high risk of infection and mediastinitis in these cases
(24, 25). Therefore, if the lesion is anechoic under ultra-
sound visualization, with a suspicious of liquid contents,
then it should not be sampled with FNA.

EUS-FNA for the diagnosis of neoplastic disease

Mediastinal staging of non-small cell lung cancer
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(NSCLC) certainly represents the most frequent indi-
cation to EUS-FNA for pulmonologists. Thus, the treat-
ment of metastatic NSCLC is

/ The addition of EUS \ determined by a careful and

investigation to sur- accurate staging of the dis-
gical mediastino- | €ase, and in case of radio-

scopy was able to logical absence of distant
increase the sensiti- metastasis (M1), the nodal
vity for mediastinal | mediastinal staging (N) be-
lymph node meta- | comes crucial to the choice
stases up to 93%, of patient’s treatment, to
being able to avoid | settle between surgical ap-
unnecessary thora- proach or chemo/radiother-
cotomy in 1 case | apy approach. “Tissue is the
\_out of 6. / issue” is the fundamental
basis for the mediastinal
staging of NSCLC, since it is known that CT/PET scan
has a high negative predictive value for mediastinal
lymph nodes (although the problem of nodal “micro-
metastases “ remains, and cannot be assessed by this
investigation), but has a low positive predictive value,
so the tissue sampling becomes crucial in the case of
PET positive mediastinal lymphadenopathy. A system-
atic literature review and meta-analysis published by
Micames et al. (26) showed that in lymphadenopathy
with a minor axis at chest CT > 1 cm the sensitivity and
specificity of EUS-FNA in nodal staging of NSCLC is of
90% and 97% respectively, while the sensitivity is re-
duced to 58% when the major nodal axis is <1 cm.
The most recent guidelines on nodal staging of lung
cancer report endoscopic and transbronchial ultra-
sound (EUS and EBUS) as a viable and valid minimal-
ly invasive alternative to the “classical” surgical staging
with mediastinoscopy (10, 11), with a consequent re-
duction in the needs for surgical approach up to 2/3 of
patients. One of the fundamental studies that provided
evidence in this sense, was published by Annema et al.
in 2005, an important work on the impact of the EUS
procedure for the mediastinal nodal staging of NSCLC
(14). Out of a total number of 242 procedures, this
study showed that in 70% of cases it was possible to
avoid surgical procedures, since in 49% of cases EUS-
FNA demonstrated a N2 nodal staging, a 8% was
SCLC, 5% had a T4N2, a T4NO was shown in 4%, N3
in 3%, and 1% had a diagnosis of non-malignancy.
Moreover, the addition of EUS investigation to surgical
mediastinoscopy was able to increase the sensitivity
for mediastinal lymph node metastases up to 93%, be-
ing able to avoid unnecessary thoracotomy in one case
out of 6 (27). Additional findings were published later,
confirming the high sensitivity of EUS (93%) in the me-
diastinal nodal staging of NSCLC, with no difference as
compared to surgical staging (73%, p = ns) (28).
The study that perhaps represents the most helpful
work to clarify the role of ultrasonography (EUS +
EBUS) for the mediastinal staging of NSCLC as com-
pared to surgical mediastinoscopy, was the multicen-
tre, randomized ASTER trial, evaluating 241 patients
with suspected unresectable NSCLC, as indicated by
CT and PET (29). The primary objective of the study
was to determine the sensitivity of the 2 methods (EUS
+ EBUS vs surgical mediastinoscopy) for staging
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N2/N3. The patients were divided into 2 arms with a
randomization 1:1: A) EUS + EBUS, and if negative
surgical mediastinoscopy (arm 1, 123 cases), and B)
surgical mediastinoscopy (arm 2, 118 cases). When
the samples were positive, patients were sent to
chemo/radiotherapy protocols, while all negative cases
underwent mediastinoscopy (arm 1) and surgery (arm
1 and arm 2). The final results showed no statistically
significant difference of sensitivity for N2/N3 between
the two methods, with a sensitivity of 85% for
EBUS+EUS and of 79% for mediastinoscopy, respec-
tively. However, there was a significant reduction of un-
necessary thoracotomies in patients of arm 1 in favour
to EUS/EBUS procedure (7% in the EUS + EBUS
group vs 18% in the mediastinoscopy group, p = 0.02)
(29).

Staging of NSCLC in the absence of mediastinal
lymphadenopathy at CT and/or CT/PET

Only few published data are available on EUS-FNA
sampling of lymph nodes not enlarged on CT and PET
negative, since almost all studies evaluated enlarged
lymph nodes. However, in consideration of the issue of
known nodal micrometastases in lymph nodes not en-
larged at CT and PET negative (which can be as high
as 20%), there are some very interesting findings pub-
lished in a retrospective study and a prospective study
(30, 31). The retrospective study, which included 69
patients with NSCLC in the absence of CT lym-
phadenopathy, showed at EUS-FNA advanced disease
in 25% of cases, with a sensitivity and specificity of 61
and 98%, respectively (30). In the prospective study,
which evaluated 76 patients with NSCLC and absence
of mediastinal lymphadenopathy at chest CT, a diagno-
sis of advanced disease (T4 or N3) was found by EUS-
FNAin 12% of cases (31). These data highlight the rel-
ative limits of imaging currently available in mediastinal
nodal staging of NSCLC, and the need for further
prospective studies.

Mediastinal nodal re-staging of NSCLC
Patients initially NSCLC stage 1ll (N2/N3) who after
chemo/radiotherapy become NO, may benefit from sur-
gical treatment, which represents the current therapeu-
tic indication of these selected cases. EUS might be in-
dicated in these patients for mediastinal re-staging af-
ter treatment with neo- adju-

vant chemo/radiotherapy.

However, the sensitivity and / Sensitivity and the \
the false-negative rate of | false-negative rate of
EUS-FNA in the mediastinal | EUS-FNA for media-
nodal re-staging of NSCLC | Stinal restaging were
stage Il still has a few limi- | 44and 58%, respecti-
tations that must be taken | Vely, showing that
into account. In one series thnsfplrc;cedure Is ':°t
of 58 patients with stage IlI :is:nuofol:‘l;?iaaz)t(icn:;
NSCLC with histological ev- metastases. and sur-
idence of N2/N3, EUS-FNA ’

ical re-staging is in-
has detected at the re-stag- gicated in tﬁe gbsen-
ing the persistence of

ce of mediastinal me-
N2/N3 lymph node metas- | tastases at EUS-FNA. |
tases in 15 patients (26%).
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Of the 43 patients without persistent mediastinal
metastases at EUS, 33 patients subsequently under-
went surgical verification of the mediastinal nodes in
whom persistent metastases (yN2/N3) were found in
19 patients (58%), and loco-regional downstaging
(yNO) was achieved in the other 14 (42%). The preva-
lence of persistent nodal metastases in the 48 patients
who could be analyzed was 71%. Sensitivity and the
false-negative rate of EUS-FNA for mediastinal restag-
ing were 44 and 58%, respectively (32), showing that
this procedure is not useful for the exclusion of medi-
astinal metastases, and surgical re-staging is indicated
in the absence of mediastinal metastases at EUS-FNA.
Previous data had shown better results, but in a small-
er series of patients (19 consecutive patients) and with
a lower staging N1-N2 (33). EUS-FNA was used in the
re-staging after induction chemotherapy in all 19 pa-
tients with NSCLC, and previous evidence of tissue ip-
silateral hilar lymph node metastases (N1) or subcari-
nal (N2). The positive predictive value, negative pre-
dictive value, sensitivity, specificity and the diagnostic
accuracy of EUS-FNA in the re-staging mediastinal
lymph nodes were, 100, 67, 75, 100 and 83%, respec-
tively (33).

Figure 3 - Patient 74 year-old, male, former smoker, with evidence at chest CT scan of an intra-pulmonary para-mediastinal

Diagnosis of mediastinal or intrapulmonary mass-
es

EUS-FNA might be used as the method for diagnosis
in selected patients with intrapulmonary neoplasms lo-
calized in the vicinity of the esophagus (Figure 3). A
retrospective study published in 2004 (16), including
patients with lung masses confined to the parenchyma
or extended to the mediastinum who underwent EUS-
FNA, after a previous non-diagnostic bronchoscopy
and/or CT-guided biopsy. In these cases, the diagnos-
tic yield for EUS-FNA was 100%, in the absence of
complications. The following year, a prospective study
was published (17), which included patients with sus-
pected lung cancer adjacent to or near the esophagus
(less than 1 cm) already subject to a non-diagnostic
bronchoscopy, none of the patients having mediastinal
nodal enlargement at the CT scan of the chest. The ra-
tionale behind the work was the high percentage of
failures diagnostic bronchoscopy in central pulmonary
neoplasms (30%) (34), associated with invasiveness
and the risk of complications of alternative methods
used in these cases, as CT-guided biopsy with pneu-
mothorax in 25-45% of cases (35, 36). The diagnostic
yield obtained was 97%, with no complications. In the

nodule (16x19mm) at the apico-posterior segment of the left upper lobe, and 4L adenopathy, both positive at CT/PET scan.
At EUS investigation, evidence of left para-tracheal adenopathy 8x8 mm (4L), and of a upper intra-pulmonary left para-tra-
cheal hypo-echogenic area of 16x11 mm, compatible with the left intra-pulmonary para-mediastinal nodule. EUS-FNA per-
formed on both sites (4L adenopathy and intra-pulmonary nodule) documented cancer cells either on the nodule and

adenopathy (N2 NSCLC).
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only case of failure diagnosis was a non-Hodgkin lym-
phoma. In 2006, other authors have proposed EUS-
FNA in the diagnosis of advanced lung cancer (37). In
this prospective study, patients not amenable to surgi-
cal treatment were included. The main objective was to
evaluate the diagnostic yield of EUS-FNA focused on
different structures/organs, pulmonary lesions in the
vicinity of the esophagus, mediastinal lymph nodes, liv-
er or left adrenal metastases. In the group of patients
in which the lesion was sampled pulmonary diagnostic
accuracy was 68%. The sampling of the lung mass in
this series resulted in complications in two cases:
chest pain resolving spontaneously, and self-limiting
haemoptysis. In the 9 patients with massive pulmonary
diagnosis was obtained in 77% of cases (7 of 9).

Staging M1 (suspected liver metastases or the left
adrenal gland)

The liver and adrenal glands are privileged sites of
metastatic spread in patients with lung cancer. Liver
and adrenal metastases were diagnosed by EUS-FNA
in a prospective study published in 2008, demonstrat-
ing the high sensitivity of this technique for staging M1
(88). The abdomen CT and PET have a limited positive
predictive value for the diagnosis of metastases of the
adrenal glands, respectively
62% and 81% (39). Tradi-
tional techniques for obtain-
ing tissue samples from the
left adrenal gland are the
CT guided percutaneous
needle aspiration and la-
paroscopic adrenalectomy, procedures are not free
from complications (pneumothorax, bleeding). The left
adrenal gland can be seen and sampled in real-time
with needle aspiration through the stomach during
transesophageal endoscopic ultrasonography (40). A
recent study showed a sensitivity of 86% for EUS- FNA
in the diagnosis of adrenal metastases (41). In 29% of
patients surveyed it was benign tissue. The procedure
did not cause complications, even though in the litera-
ture a case of bleeding after EUS-FNA of the left adre-
nal gland is described (42).

A recent study sho-
wed a sensitivity of
86% for EUS-FNA in

the diagnosis of
adrenal metastases.

Applications for research of genetic mutations
Samples obtained by EBUS-TBNA from metastatic
mediastinal lymph nodes in patients with NSCLC might
be suitable not only for diagnosis and sub-typing, but
also for genetic research somatic mutations in EGFR
and K-RAS (43-45), this research being currently
aimed to a targeted chemotherapy approach, such as
with inhibitors of tyrosine kinase, since approximately
10% of patients with adenocarcinoma have the muta-
tion for EGFR. Similarly, it was recently demonstrated
in 43 patients with NSCLC that EUS-FNA lymph nodal
samples are suitable for genetic research, and that in
these cytological specimens it is possible to find the
same genetic mutations in K-RAS, EGFR, BRAF and
PIK3CA found from histological samples obtained from
the primary tumour (46).

Therefore, minimally invasive techniques are now
available, such as EBUS-TBNA and EUS-FNA being
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able to give in one time the diagnosis, the typing, stag-
ing, and genotyping of lung cancer with a single diag-
nostic procedure.

EUS-FNA for the diagnosis of non-neoplastic dis-
eases

The reactive lymphadenopathy and granulomatous
diseases (e.g. sarcoidosis, tuberculosis, histoplasmo-
sis) are some of the benign diseases that might occur
in the mediastinum, and that might be assesses by
EUS investigation. Published studies have shown that
EUS-FNA s in these situations an alternative non-inva-
sive diagnostics.

The diagnosis of sarcoidosis is based on clinical suspi-
cion and radiological, and histological confirmation of
non-caseating granulomas, together with exclusion of
other diseases with similar clinical and radiological
presentation, such as tuberculosis and lymphoprolifer-
ative processes. Studies published in the recent years
have shown that in patients with sarcoidosis EUS-FNA
lymph node is a viable and safe procedure, with a di-
agnostic yield of > 82% for the identification of non-
caseating granulomas (47-50). The diagnostic yield ris-
es to 94% in stage | sarcoidosis when EUS- FNA nee-
dle aspirates are performed with a needle 19-gauge,
rather than of 22-gauge (51), and the average sensitiv-
ity for the detection of granulomas is 87% with 22-
gauge fine needle aspiration considering together both
cytological samples and cell blocks, with a yield of 92%
in stage |, and 77% in stage ll, 33% of samples with a
negative cytology but positive cell block (52), empha-
sizing the high diagnostic yield of EUS in stage | sar-
coidosis. The number of rec-

ommended needle aspira-

tions are equal to 4 for each [/ In patients with sar- "\
lymph node (23). coidosis El!S-Fl‘_lA
In patients with mediastinal | !YmPph node is a via-

masses of unknown atiolo- | 216 S SERIOCCLr
and no history of | ’
gy and no istory ot NG | o1y of > 82% for the

malignancy, sampling with
EUS-FNA has shown in
about 50% of cases a be-
nign disease, such as be-
nign lymphadenopathy, histo-

plasmosis, leiomyoma, sarcoidosis and teratoma (53).
Tuberculosis is another granulomatous disease that
most often comes in the differential diagnosis of sar-
coidosis, and the sensitivity of the diagnostic methods
varies depending on different endemicity of the dis-
ease. An Indian retrospective study was recently pub-
lished, conducted in a tertiary care center in an area
with a high prevalence of tuberculosis in 269 patients
with mediastinal lymphadenopathy who underwent
EUS-FNA (54). In 206 cases (76.5%) a cytological di-
agnosis of granulomatous lymphadenitis was obtained,
but only in 36.8% of cases it was possible to establish
with certainty a diagnosis of tuberculosis (Ziehl
Neelsen positive), while in only 7 cases (3.2%) a defi-
nite diagnosis of sarcoidosis was possible, in the ab-
sence of a definitive typing of granulomatous lym-

identification of non-
caseating granulo-
mas.
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phadenitis in 123 cases (60%). Thus, these results
showed that in areas with a high prevalence of tuber-
culosis there is still a very high dilemma in the differen-
tial diagnostic between tuberculosis and sarcoidosis
(54). Another recent Indian study, a prospective one,
has evaluated 60 patients with mediastinal lym-
phadenopathy and suspected tuberculosis, in the ab-
sence of parenchymal lung lesions: EUS-FNA obtained
a final diagnosis in 42 patients (32 tuberculosis, 6 sar-
coidosis, and 4 Hodgkin’s lymphoma) (54). Of the re-
maining 18 cases, 14 were nevertheless treated for tu-
berculosis based on clinical and cytological findings,
while in 4 cases a mediastinoscopy was performed.
The diagnostic accuracy, sensitivity and specificity of
EUS-FNA in this study were respectively 93%, 71%
and 100% (55).

Complications

Complications from EUS-FNA are very rare (about 1%)
(56), and include infection, bleeding, esophageal per-
foration and posterior pharyngeal, more frequent in

cystic lesions compared to
/ Complications from \ solid lesions (14% vs 0.5%)
EUS-FNA are very (57). The use of EUS-FNA
rare and include in- needles Of 19G, 22G, and
fection, bleeding, | 25G shows a similar per-
esophageal perfo- centage of complications
ration and posterior | (56). The complications re-
pharyngeal, more | ported in the pulmonology
frequent in cystic | case reports include rare
lesions compared | cases of severe mediastini-

\ to solid lesions. / tis following sampling of be-
nign cystic lesions (24, 25,
58), and a recent case of medi-

astinum-esophageal fistula after-needle aspirate of a
tuberculous lymphadenopathy (59).
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