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Endoscopic ultrasound in interventional pulmonology
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Abstract: Lung cancer is the leading cause of cancer related deaths worldwide. Accurate staging of the
mediastinum is essential to determine the appropriate treatment plan in patients with potentially operable
non-small cell lung cancers (NSCLC). Traditionally, the gold standard test in mediastinal staging has been
cervical mediastinoscopy. However, this procedure is invasive, requires general anesthesia, and is associated
with significant risk. Training in endoscopic ultrasound (EUS) techniques in addition to endobronchial
ultrasound (EBUS) allows for diagnosis and complete staging of lung cancer in a single session, thereby
decreasing healthcare cost, time delays, increased sedation time, and patient discomfort. With its superior
cost-effectiveness and reduced risk profile compared to conventional mediastinoscopy, endoscopic approach
has replaced mediastinoscopy as the initial step in lung cancer staging and diagnosis. Here we discuss the
utility of EUS along with combined EBUS with EUS, and highlight some of the technical aspects of the
procedure. We will review the current role of EUS technique for the evaluation of mediastinal adenopathy
and staging of lung cancer. We will also briefly discuss its use in diagnosing mediastinal infection and

granulomatous lesions in the thoracic cavity.
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Introduction Non-invasive radiological tests including computed
tomography (CT) and PET-CT scans have improved

Lung cancer is the leading cause of cancer related deaths . . .
radiological staging of lung cancer. However, these

worldwide (1). Routine lung cancer surveillance has . . N . .
M ) techniques cannot provide definitive tissue diagnosis and are

associated with high false-positive rates and low sensitivities
and specificities (3-11). Traditionally, the gold standard test
in mediastinal staging has been cervical mediastinoscopy.

resulted in early detection of pulmonary nodules and
masses. Accurate staging of the mediastinum is essential to
determine the appropriate treatment plan in patients with

potentially operable non-small cell lung cancers (NSCLC). However, this procedure is invasive, requires general

Early identification of positive N2 or N3 lymph nodes anesthesia, and is associated with significant risk.

and distant metastases on positron emission tomography- Needle sampling techniques with minimally invasive

computed tomography (PET-CT) in combination with
definitive tissue diagnosis prevents futile thoracotomies.
Early detection of N1 lymph node metastases in candidates
with poor lung function can also guide the decision process
between stereotactic radiosurgery (SBRT) versus concurrent
chemo-radiation (2).
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techniques such as endobronchial ultrasound (EBUS) and
endoscopic ultrasound (EUS), or a combination of both,
are proving to be extremely useful in the diagnosis and
mediastinal staging of lung cancers (12-17). Currently, it is
recommended as the initial approach and may be superior
over surgical staging as the first test in lung cancer staging
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and diagnosis of mediastinal masses, lymphadenopathy, and
metastatic disease (2,18-21).

Here we discuss the utility of EUS along with combined
EBUS/EUS, and highlight some of the technical aspects
of the procedure. We will review the current role of EUS
technique for the evaluation of mediastinal adenopathy and
staging of lung cancer. We will also briefly discuss its use in
diagnosing mediastinal infection and granulomatous lesions
in the thoracic cavity.

Lung cancer staging and guidelines

Lung cancer staging dictates therapy and prognosis. By
identifying N2/N3 lymph nodes and distant metastases,
it prevents futile surgery and identifies patients who
may benefit from neoadjuvant treatment. Staging is also
important in order to identify N1 lymph node metastases in
candidates with poor lung function before planning SBRT
or sub-lobar resection.

Current European Society of Gastrointestinal Endoscopy
(ESGE), European Respiratory Society (ERS), European
Society of Thoracic Surgeons (ESTS), American College
of Chest Physicians (ACCP), and National Comprehensive
Cancer Network (NCCN) guidelines recommend staging
in all central tumors, peripheral tumors >3 cm, lymph
nodes >1 ecm on CT scan, N1 lymph node involvement on
PET-CT, PET positive mediastinal nodes with standardize
uptake value (SUV) >2 even if lymph node size is less than
1 c¢m, and primary tumor on PET even with SUV <2.
Peripheral tumor size <3 c¢m without lymph node
involvement on CT and PET-CT do not require invasive
mediastinal staging (21,22).

ESGE, ERS, and ESTS guidelines recommend a
combination of EBUS/EUS over either test alone in
mediastinal staging of lung cancer (22). Negative findings
on endosonography should be surgically confirmed in
patients with suspicious lymph nodes on either CT or
PET-CT. ACCP lung cancer guidelines recommend EBUS
transbronchial needle aspiration (EBUS-TBNA), EUS fine
needle aspiration (EUS-FNA), or the combination of both
over surgical staging as the initial test for staging of the
mediastinum in NSCLC (21).

Background on EUS

EUS-FNA is a minimally invasive ultrasound-guided FNA
technique that goes through the esophagus. When a linear
EBUS ultrasound scope is used to sample tissue through the
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transesophageal route, the terminology is EUS-B.

The linear convex EUS scope used in EUS is a flexible
scope, which is approximately 13mm in its outer diameter.
It has a wider range of imaging compared with the EBUS
scope. It provides 180° view, which is parallel to the shaft
of the endoscope and obtains images at a depth ranging
from 3 to 8 cm. EUS can also be performed using a
convex EBUS scope (EUS-B). The convex EBUS scope
is a flexible scope with a field of vision between 50° and
80°, which is parallel to the shaft of the endoscope. It can
obtain images at a depth between 2 to 5 cm depending on
the scope used. Figure 1 demonstrates the differences in
appearance of lymph node stations 7, 4L, and 5 via EBUS
and EUS. Although the EUS scope has a better range of
imaging, there is no statistically significant difference in the
yield when comparing the use of the EUS-B versus EUS
scope in sampling mediastinal lymph nodes through the
esophagus (23). There is also no difference between EUS-B
versus EUS in sampling left adrenal metastases (24).
However, conventional EUS scope may be more helpful if
the target lesion is in the right adrenal gland, since the right
adrenal gland cannot be reached with the EUS-B technique.

Technique

The technique of needle aspiration with EUS is similar
to EBUS. Lymph node puncture is achieved with a quick
forward movement advancing the needle. In and out
movements are performed with the needle inside the
lymph node. It is very important to see the needle moving
inside the lymph node and not to move the lymph node
with the needle. Balloons filled with saline can be used
to overcome poor contact between the ultrasound probe
and the esophageal wall. It can assist with obtaining a
clear ultrasound image. Although it can help enhance
image acquisition, it is unclear if this translates into
better diagnostic yield. There are currently no studies
comparing balloon use in improving diagnostic yield with
endosonography. Of note, for patients with latex allergy,
latex-free balloons are available for linear EUS scopes (25).

Lymph node stations and structures accessible
by EUS

EUS-FNA is helpful for accessing lesions close to
the esophagus, including lymph nodes in the inferior
mediastinum and structures below the diaphragm. The
lymph nodes and structures accessible by EUS include
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Figure 1 Appearance of lymph nodes and mediastinal structures on endobronchial ultrasound (EBUS) versus endoscopic ultrasound (EUS).

(A) Station 7 seen with EBUS. Blue arrow pointing to the pulmonary artery (PA). (B) Station 7 seen with EUS. Red arrow pointing to part

of the left atrium (LA), which is seen anterior and distal from the node. Blue arrow pointing to the pulmonary artery. (C) Station 4L (blue

arrow) and station 5 (red arrow) seen with EBUS. Aorta (AO) and pulmonary artery are seen cephalad (right side of the screen) and caudal (left

side of the screen), respectively, from station 4L. Station 5 is anterior and lateral (bottom of the screen) from station 4L and the pulmonary

ligament (not seen). (D) Station 4L (blue arrow) and station 5 (red arrow) seen with EUS. Station 5 is anterior and lateral (bottom of the

screen) to the ligamentum arteriosum (not seen).

lymph nodes in stations 2R, 2L, 3P, 4L, 5, 7, 8, 9, celiac
axis, left lobe of the liver, bilateral adrenal glands, and
spleen (26). Lymph nodes in station 4R can sometimes
be reached if the nodes are large enough (>2 cm). New
techniques to reach the para-aortic station 6 lymph nodes
can also be performed using EUS. This can be done with
or without traversing the aorta (27,28). Table 1 provides an
outline of the lymph node stations and structures accessible
with different diagnostic techniques.

Mediastinal lymph nodes

Although rare, studies have shown that one in 30 patients
may have isolated involvement of an inferior mediastinal
lymph node without concurrent involvement of upper
mediastinal lymph nodes in patients with NSCLC (29).
These inferior lymph nodes in stations 8 and 9 cannot be
accessed with EBUS. Additionally, access of lymph nodes
in the aorto-pulmonary (AP) window and para-aortic area
(stations 5 and 6) is not possible with EBUS (30).

© Shanghai Chest. All rights reserved.

EUS can reliably take needle aspirations from the left
paratracheal (stations 2L, 4L), subcarinal (station 7), and
inferior mediastinal (stations 8, 9) lymph nodes. EUS also
allows for better visualization of lymph nodes in the AP
window and para-aortic area (stations 5, 6). Access to lymph
nodes in station 2R and 4R is limited due to the intervening
trachea, however can sometimes be reached if the lymph
nodes are large enough.

AP window lymph nodes and para-aortic lymph nodes
are not accessible by standard mediastinoscopy. Typically,
Chamberlain procedure (left anterior mediastinotomy),
extended cervical mediastinoscopy, or video-assisted
thoracoscopic surgery (VATS) is needed to reach these
lymph nodes. A new technique to reach the para-aortic
(station 6) lymph nodes without traversing the thoracic
aorta using EUS-FNA have been described (27,28). In a
prior case series of 12 consecutive patients, access of lymph
node in station 6 was performed with the needle passing
through the proximal esophagus into the mediastinum,
directed toward the para-aortic location to reach and enter
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Table 1 Lymph node stations and structures accessible with
different diagnostic techniques

Lymph nodes/structures EBUS EUS CM
1: highest mediastinal X

2R: upper paratracheal right X X

2L: upper paratracheal left X X X

3A: prevascular

3P: retrotracheal X X

4R: lower paratracheal right X X
4L: lower paratracheal left X X

5: subaortic (AP window) X

6: para-aortic X

7: subcarinal X X X
8: paraesophageal X

9: pulmonary ligament X

10: hilar X X
11 interlobar X

Left lobe of liver
Adrenals X

Spleen X

"X" indicates that the lymph node station or structure is
accessible with the specified diagnostic technique. EBUS,
endobronchial ultrasound; EUS, endoscopic ultrasound; CM,
cervical mediastinoscopy.

the para-aortic lymph node without piercing the aorta
or great vessels. Successful cytologic diagnosis of station
6 lymph nodes were obtained in all cases. No morbidity
resulted from the procedure nor was any observed at 30

days after the procedure (29).

Adrenal glands

Lung cancer with metastases to the adrenals are common
(31-33). Isolated adrenal metastasis from lung cancer has
been reported (34). EUS-FNA has been demonstrated to
safely evaluate adrenal gland involvement (31). To reach
the left adrenal gland, the EUS scope is introduced into
the stomach and the left kidney is identified by looking
backwards to the left. The adrenal is identified with bird-
like appearance. To reach the right adrenal gland, the EUS
scope is introduced distally deep into the duodenum. Once
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the right kidney is identified, the scope is slowly withdrawn
above and anterior to the right kidney while scanning for
the adrenal gland. With the ability to evaluate the adrenal
glands with EUS, one can sample both adrenal and lung
lesions in the same session, while simultaneously providing
accurate disease staging (33,35).

Our previous experience with adrenal sampling using
EUS-FNA with 22G needle included a case series of
13 patients. The presence or absence of metastasis was
conclusively established in all 13 patients, providing a
diagnostic yield of 100% (36). This is consistent with
previously reported studies (35,37).

Transvascular biopsy

In a previous retrospective study of 33 consecutive patients
who underwent combined EBUS/EUS mediastinal
staging, transvascular biopsy was performed via EUS in 19
patients and EBUS in 14 patients. In the study, biopsies
via the branches of the pulmonary artery was performed
in 14 patients and biopsies via the aorta was performed
in 19 patients. Overall yield was 73%. No complication
was seen during the immediate post-procedural period.
Median follow-up was 12 months, with no complications
described (38).

Similarly, Wallace er a/. described a transvascular
approach in the diagnosis of a 2.6-cm right lower lobe lung
mass with 25G needle via single transaortic pass under
linear EUS visualization (39). Additionally, von Bartheld
et al. retrospectively reviewed the performance and safety
of EUS-guided transaortic approach in 14 patients using
a single pass with a 22G needle and described sensitivity
between 64-75% and specificity of 100% (40). The lower
sensitivity with transvascular approach was thought to
be due to the lower number of passes and the targets
biopsied (41,42).

Central tumors

Transesophageal lung biopsy of a central tumor close to
the esophagus using EUS can be performed safely (43).
A study compared the tolerance, efficacy, and safety of
EBUS-TBNA versus transesophageal EUS-guided FNA
with EBUS scope for the diagnosis of lesions accessible
by both procedures. No difference in accuracy was noted
between the two modalities, but it concluded that EUS
had the advantage of comparable tolerance with fewer
doses of sedatives, shorter procedure time, higher operator
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satisfaction, and fewer oxygen desaturations during the
procedure (44).

Our experience with transesophageal lung biopsy of
central tumors close to the esophagus using EUS-FNA
with a 22G needle included a case series with 20 patients.
Adequate tissue sample was obtained in 19 of 20 patients, all
of which led to a definitive diagnosis, with a 95% diagnostic
yield. This is similar to previously reported studies with
diagnostic yields between 95-100% (43,45-47).

Efficacy of EUS

In one study, the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of EUS-
FNA for cancers of the mediastinum was reported to be
92%, 100%, 100%, and 80%, respectively (48). Two meta-
analysis report pooled sensitivities of EUS-FNA in nodal
staging of NSCLC of 83% and 89% (21,49). A randomized
study of 40 patients by Tournoy ez 4/. compared EUS-FNA
versus surgical mediastinoscopy (50). In their study, the
sensitivity of EUS-FNA was 93% compared with 73% for
surgical staging.

The sensitivity of EUS-FNA for detecting occult
metastases in a radiographically normal mediastinum is
approximately 58% (49). A prospective study evaluated
the role of EUS-FNA in a radiographically normal
mediastinum on CT scan. EUS-FNA identified 2 patients
with N3 disease in 56 patients in this group (51). In another
trial, EUS-FNA identified N2 disease in 5 out of 47 patients
with radiographically normal mediastinum on CT scan (52).

Efficacy of combined EBUS with EUS

Combining EBUS-TBNA with EUS-FNA/EUS-B-
FNA provides a much broader ability to biopsy lymph
nodes compared with conventional mediastinoscopy in
staging NSCLC. It allows for the complete staging of
the mediastinum and allows access to commonly involved
metastatic structures below the diaphragm.

Wallace er al. demonstrated that combined EUS/EBUS
has a sensitivity of 93% for detecting mediastinal lymph node
metastasis (53). In a different study, the sensitivity, specificity,
NPV, and diagnostic accuracy of combined EBUS/EUS/
EUS-B were reported as 91%, 100%, 96%, and 97%,
respectively (54). Further review of literature revealed similar
consistent sensitivities of combined EBUS/EUS (19,20).

The sensitivity of mediastinal nodal staging in patients
with proven or suspected lung cancer is increased when
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EUS/EUS-B-FNA is added to EBUS-TBNA (55). In one
study, the average increase in sensitivity with combined
EBUS-TBNA/EUS-FNA was 21% compared with EUS-
FNA alone and 13% compared with EBUS-TBNA
alone (22). In a separate study of 138 patients who
underwent combined EBUS/EUS, EUS better identified
malignant disease in lymph nodes of stations 5, 6, and 7 (53).
Per Korevaar et 4/., a meta-analysis of 13 studies showed
that adding EUS/EUS-B to EBUS increased sensitivity
by 12% and addition of EBUS to EUS/EUS-B increased
sensitivity by 22%. The mean sensitivity of a combined
approach was 86% with NPV of 92% (56).

The increase in sensitivity of diagnosing and staging
mediastinal nodes is also true when the EUS portions
of the exam is performed using a convex probe EBUS
scope (EUS-B). A trial of patients with NSCLC who
underwent EBUS and EUS in the same procedure using the
bronchoscope rather than an EUS endoscope demonstrated
sensitivities of 89% with EUS-B alone, 92% with EBUS-
TBNA alone, and 96% with combined EBUS-EUS-B (55).

A prospective trial of 166 patients comparing combined
EBUS/EUS versus mediastinoscopy showed that combined
EBUS/EUS was diagnostic for N2/N3/M1 disease in 14%
of patients whom standard mediastinoscopy findings were
negative; preventing futile thoracotomy and invasive VATS
procedure (54). This was further validated in a separate
multicenter randomized study comparing combined EBUS/
EUS with surgical staging, which also demonstrated that
endosonography was more sensitive than surgical staging in
N2/N3 lymph node disease (57).

It is important to recognize that EBUS and EUS should
not be considered competitive, but rather complementary.
Combined EBUS/EUS/EUS-B can potentially replace
surgical staging in patients with NSCLC. Consequently, it
is important for the provider to choose the best approach
depending on the available resources, expertise, and biopsy
target location of interest.

Role of combined EBUS/EUS in accessing a
radiologically normal mediastinum

In a prospective trial that looked at combined EBUS
and EUS-B for NSCLC staging in radiologically normal
mediastinum on CT and PET-CT with clinical N1 disease,
the overall sensitivity, accuracy, and NPV were 67%, 81%,
and 73 %, respectively. In this trial, all patients with negative
results underwent subsequent mediastinoscopy. By adding
mediastinoscopy, the sensitivity and NPV improved to 73%
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and 91%, respectively (58).

In another study by Szlubowski ez /., 120 patients with
radiologically normal mediastinum underwent combined
EBUS/EUS followed by transcervical extended mediastinal
lymphadenectomy (TEMLA) for negative results. In the
99 patients who underwent TEMLA, metastases were
diagnosed in 9 patients. NPV of combined EBUS/EUS in
this patient population is 91% (59). The authors concluded
that in a radiologically normal mediastinum, surgical
exploration of the mediastinum can be omitted if the results
of the biopsy done for staging of NSCLC are negative by
combined EBUS/EUS (59,60).

Role of combined EBUS/EUS in restaging the
mediastinum after chemo-radiotherapy

Select studies have addressed the issue of restaging the
mediastinum by endosonography in order to verify
mediastinal lymph node clearance after chemo-radiotherapy
for stage IITA-N2 non-bulky NSCLC in patients
being considered for surgery after neoadjuvant chemo-
radiotherapy (61,62). Needless to say, it is important to
identify patients who respond to chemo-radiotherapy since
they may benefit from subsequent surgery.

In one study, the sensitivity of EUS-FNA alone for
restaging the mediastinum after chemo-radiation is
approximately 44% with a false-negative rate of 58% (63).
Szlubowski et al. evaluated the utility of combined EBUS/
EUS-B in restaging the mediastinum after chemotherapy in
106 patients. In this study, metastasis was diagnosed in 17%
of patients via subsequent TEMLA in patients with negative
biopsy specimen via initial combined EBUS/EUS-B.
The authors concluded that endosonographic biopsy is
generally more difficult and less sensitive compared with
initial staging due to post-inflammatory adhesions and
fibrosis (64,65).

Currently, ESGE/ERS/ESTS guidelines suggest
that restaging after neoadjuvant chemo-radiation may
be performed by EBUS-TBNA and/or EUS-B-FNA
for detection of persistent nodal disease, but if negative,
subsequent invasive surgical mediastinal staging is
indicated before radical surgery is attempted (grade C
recommendation) (22).

Role of combined EBUS/EUS in diagnosis of

granulomas and infections

Combined EBUS/EUS has excellent yield when assessing
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granulomas in patients with sarcoidosis. The lymph node
architecture is typically not destroyed and the hilum
can be visualized. The diagnostic accuracy of combined
EBUS/EUS is much higher at 80% compared with
conventional bronchoscopic biopsies at 53% in patients
with sarcoidosis (66).

Role of FNA cytology in diagnosing infection
has expanded due to the increase in number of
immunocompromised patients and increasing role of
endosonographic FNA where infection is a major cause
of illness. A previous retrospective study evaluated the
utility of EBUS/EUS-FNA in diagnosing pulmonary
coccidioidomycosis in 13 patients. In the study, combined
EBUS/EUS led to the diagnosis in 9 cases, and 4 cases
were diagnosed via EBUS or EUS individually. The
study found that the mean time to diagnosis of pulmonary
coccidioidomycosis was shorter with EBUS/EUS
(1.6 days) compared with BAL (6.3 days), with P value
of 0.003. No complications were noted in the study.
The study concluded that combined endosonography
facilitated early and accurate diagnosis of pulmonary
coccidioidomycosis (67).

Role of EUS in SBRT

In patients requiring SBRT, EUS can assist with placement
of fiducials within the target lesions in the lung parenchyma
close to the esophagus. In a previous case series, fiducial
placement using EUS was described in 6 patients using a
19G needle. No significant complications were noted (37).

Benefits of endoscopic techniques

In experienced hands, mediastinal staging with combined
EBUS/EUS can be performed as an outpatient day case
under conscious sedation without decreasing the diagnostic
yield (68). Compared with traditional mediastinal staging
with cervical mediastinoscopy, endoscopic techniques are
less invasive and results in lower morbidity, more cost
savings, and reduces patient discomfort.

Complications related to endosonographic needle
aspiration include mediastinitis, sepsis, abscess, esophageal
perforation, pneumothorax, mediastinal hematoma. The
complication rate of endosonographic biopsy (EBUS/EUS)
techniques is approximately 0.05% (69). No mortality has
been reported in the literature (70,71). This is significantly
lower and far less severe compared with the complication
rate associated with conventional surgical biopsy. A
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meta-analysis of 5,687 patients by Toloza er al. showed
that major morbidity after mediastinoscopy was seen in
approximately 2%, including recurrent laryngeal nerve
palsy (0.05%), hemorrhage (0.32%), tracheal injury (0.09%),
and pneumothorax (0.09%) (72). Mortality with surgical
mediastinoscopy has been reported to occur in 0.08%,
typically related to major vascular injury (73).

While the overall cost of mediastinoscopy is
approximately $12,000, the cost of EBUS/EUS done
as a combined procedure in endoscopy under moderate
sedation is approximately $4,000 (74). Furthermore, in
the Assessment of Surgical sTaging versus Endoscopic
Ultrasound in Lung Cancer (ASTER Study) by Rintoul
et al., the cost-effectiveness analysis showed that use of
combined EBUS/EUS mediastinal staging had lower mean
cost and greater mean quality-adjusted life years (75).
Since then, multiple other studies have validated the cost-
effectiveness of endosonographic staging (76,77).

Training and competency

Expertise and skill of the endoscopist directly impacts the
specimen obtained for cytologic interpretation. Systematic
training in mediastinal endosonography should be based
on knowledge of anatomy, performance on simulators, and
supervised performance on patients. Diagnostic yield is highly
operator-dependent and learning curve shows substantial
variation between individual operators. ATS, ERS, and
ACCP recommend 40 procedures for initial competence and
20 procedures per year to maintain competency. Yield and
skill of the operator continue to improve after performing
approximately 140 procedures (78-82).

Conclusions

EUS/EUS-B combined with EBUS provides the ability to
completely stage the mediastinum and distant metastases
that is not attainable with mediastinoscopy, including
structures below the diaphragm. The two techniques
(EBUS and EUS/EUS-B) should not be considered as
competitive, but rather complementary to each other in
order to improve mediastinal staging and diagnosis in
thoracic malignancy.

We believe that combined EBUS/EUS/EUS-B is the
new gold standard in the initial mediastinal staging of
NSCLC when performed by an experienced operator.
Training in EUS techniques in addition to EBUS allows
for diagnosis and complete staging of lung cancer in a
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single session, thereby decreasing healthcare cost, time
delays, increased sedation time, and patient discomfort.
With its superior cost-effectiveness and reduced risk profile
compared to conventional mediastinoscopy, endoscopic
approach has replaced mediastinoscopy as the initial step in
lung cancer staging and diagnosis (2,19,21,22).
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