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ABSTRACT
Background: Bronchoscopy and EBUS are standard procedures in lung cancer work-up but have 
low diagnostic yield in lesions outside the central airways and hilar/mediastinal lymph nodes. 
Growing evidence on introducing the EBUS endoscope into the oesophagus (EUS-B) in the same 
session as bronchoscopy/EBUS gives access to new anatomical areas that can be safely biopsied.
Objective: To summarize the current evidence of the added value of EUS-B-FNA to bronchoscopy 
and EBUS-TBNA in lung cancer work-up.
Methods: A narrative review.
Results: Few randomized trials or prospective studies are available. Prospective studies show that 
add-on EUS-B-FNA increases diagnostic yield when sampling abnormal mediastinal lymph nodes, 
para-oesophageal lung and left adrenal gland. A large retrospective series on EUS-B-FNA from 
retroperitoneal lymph nodes suggests high diagnostic yield without safety concerns, as do 
casuistic reports on EUS-B-FNA from mediastinal pleural thickening, pancreatic lesions, ascites 
fluid and pericardial effusions. No study has systematically assessed both diagnostic yield, safety, 
patient reported outcomes, adverse events and costs.
Conclusion: The diagnostic value of add-on EUS-B to standard bronchoscopy and EBUS in lung 
cancer work-up appears very promising without safety concerns, giving the pulmonologist access 
to a variety of sites out of reach with other minimally invasive techniques. Little is known on 
patient-reported outcomes and costs. Future and prospective research should focus on effective
ness aspects to clarify whether overall benefits of add-on EUS-B sufficiently exceed overall 
downsides.
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Background

Worldwide, lung cancer is the most frequent cause of 
cancer death, and both lung parenchyma and pleura are 
common sites of metastases from extra-thoracic malig
nancy of almost any kind. The population is growing in 
number and life expectancy, and more patients survive 
their first episode of cancer, thus both the absolute and 
relative population at risk for primary or secondary lung 
cancer will continue to increase [1]. Accurate diagnosis 
and staging is the mainstay of optimal treatment and is 
obtained across all cancer subtypes by a combination of 
advanced imaging and tissue sampling for histopatholo
gical diagnosis [2–4].

Tumor sampling by flexible bronchoscopy and 
same-day endobronchial ultrasound with transbron
chial needle aspiration (EBUS-TBNA) from mediast
inal/hilar lymph nodes is the golden standard in lung 
cancer work-up [5–7]. Staging by EBUS-TBNA revolu
tionised lung cancer work-up when shown to improve 
mediastinal staging and reduce futile thoracotomies 
compared to staging mediastinoscopy [8]. However, 
lung lesions or abnormal lymph nodes may be located 
out of reach of bronchoscopy or EBUS, such as tumors 
close to the pleura, lymph nodes in lower mediastinum 
(stations 8 and 9) or lateral to aorta (stations 5 
and 6) [5].
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Endoscopic ultrasound via the oesophagus (EUS) 
allows fine-needle aspiration (FNA) from lesions adja
cent to the oesophagus, stomach or duodenum with the 
dedicated gastroenterological ultrasound-endoscope 
(EUS-FNA), and from oesophagus and stomach with 
the EBUS endoscope (EUS-B-FNA). Both can be per
formed as same-day procedures following broncho
scopy and EBUS. EUS-B is attractive to 
pulmonologists and administrators since it requires 
little additional training and no additional equipment 
when running an EBUS service, and the number of 
scientific reports on EUS-B is growing [9,10]. The 
aim of this narrative review is to summarize current 
evidence on utility of EUS-B-FNA in lung cancer work- 
up, alone or in combination with EBUS, including 
which structures that can be biopsied.

Endo-ultrasonography in upper 
gastrointestinal tract as part of lung cancer 
work-up: EUS or EUS-B

The evidence on conventional EUS – with the dedi
cated gastroenterological ultrasound-endoscope – in 
the work-up of suspected lung cancer is very solid 
[11]. Most reports on EUS-B repeat evidence already 
established concerning EUS. In the following figure, 
we will highlight technical differences and 

similarities between the EUS and the EBUS endo
scope (Figure 1 and 2).

EUS endoscope and lung cancer

EUS systems were developed for gastroenterology in 
early 1980s [12], and the conventional curvilinear gas
trointestinal ultrasound-endoscope has been the instru
ment of choice. Pentax and Olympus are the main 
producers of radial and linear EUS endoscopes. 
Linear EUS endoscopes are the most widely used, 
e.g. the TGF-UC180J (Olympus Optical, Tokyo, 
Japan): length 125 cm, working channel width 
3.7 mm, ultrasonic window angle 180 degrees, high 
resolution (5–12 MHz), a handle similar to that of 
a gastroscope with wheels allowing 180°–90° flexibility 
up-down and 90°–90° right–left, manoeuvrability of 
the needle with an ‘elevator’ allowing the operator to 
change the angle of the needle without changing the 
position of the transducer, and insufflation of water in 
the oesophagus through the endoscope to lower the 
risk of perforation. The Pentax EG34-J10U (Pentax 
Medical, Tokyo, Japan) has approximately same speci
fications. Usually, a 22 G needle with a maximal length 
of 80 mm for real-time biopsy is used, but 25 G and 
19 G are also available.

Figure 1. Image of the EUS echo-endoscope (a) and the EBUS echo-endoscope (b).
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In 1996, it was suggested that EUS-FNA could be 
a useful diagnostic tool for mediastinal lesions, as the 
gastrointestinal tract traverses through the mediasti
num [13]. Due to its outer diameter, conventional 
EUS scopes are only suitable for use in the gastroin
testinal tract. Over the years, many publications 
described the use of conventional EUS for diagnosing 
and staging of lung cancer. EUS can be used to diag
nose para-oesophageally located lung tumors [14–18]. 
Besides, EUS has a high specificity and negative pre
dictive value (NPV) for the T4 assessment of a primary 
lung tumor and offers further value to chest CT scan 
[19]. Another important indication for EUS-FNA is 
mediastinal nodal staging in patients with proven or 
suspected lung cancer [5,20,21]. In a randomized study, 
Larsen et al. found that addition of routine-EUS-FNA 
to standard work-up in routine clinical practice 
improved selection of surgically curable patients with 
NSCLC [22]. In a non-randomized study, EUS-FNA 
was superior to mediastinoscopy in the examination of 
para-tracheal- and subcarinal-regions of patients con
sidered for resection of lung cancer [23]. These results 
are in accordance with a randomized study showing 
that EUS-FNA, when added to mediastinoscopy, 
improves the preoperative staging of lung cancer due 
to the complementary reach of EUS-FNA in detecting 
mediastinal lymph node metastases and the ability to 

assess mediastinal tumor invasion [24]. Also, for 
assessment of distal metastases e.g. located in the left 
adrenal gland (LAG) or liver in a lung cancer staging 
setting, the conventional EUS scope has proven its 
usefulness [17,18].

The curvilinear endobronchial ultrasound, 
EBUS, endoscope

The curvilinear EBUS endoscope was developed in the 
early 2000s. Most EBUS endoscopes are 60 cm long, 
working channel width 2.2 mm, ultrasonic window 
angle of 50°–60°, lower resolution than EUS (7.5–12  
MHz), with a handle similar to that of a bronchoscope 
allowing 120°–90° flexibility in one dimension (up- 
down), an inflatable balloon to improve contact between 
transducer and bronchial wall, no ‘elevator’ to improve 
needle manoeuvrability, no insufflation of water. Most 
often, a 22-gauge needle with a maximal length of 40  
mm for real-time biopsy is used, but other sizes for 
example 25, 21 and 19 G are also available [25–27].

The ultrasound transducer on the tip prevents the 
operator from looking straight ahead: the EB19-J10U 
from Pentax (Pentax Medical, Tokyo, Japan has a 45° 
oblique viewing angle and the BF-UC180F from 
Olympus (Olympus Optical, Tokyo, Japan) has a 35° 
oblique viewing angle. Furthermore, the tip angulation 
is inferior when comparing with a flexible broncho
scope, which reduces manoeuvrability. An EBUS endo
scope with a 10° forward oblique view exists (Fujifilm) 
[28] but a randomized study failed to show any super
iority compared to 35° endoscope [29].

The oesophageal route versus the tracheal 
route

Recent guidelines suggest that optimal mediastinal sta
ging is performed as lymph node sampling both from 
the endobronchial route and via the oesophagus [5,30]. 
Many central structures can be reached by both routes, 
but EBUS provides unique access to hili and structures 
anterior to the large airways, whereas the oesophageal 
route (EUS or EUS-B) is excellent for the left and lower 
para-oesophageal structures plus structures under the 
diaphragm [31]. A combination of the procedures can 
give a full staging of the patient with lung cancer. Thus, 
in the majority of cases, choosing one method over the 
other is not the issue. However, when a choice is 
possible, EBUS is associated with more coughing and 
longer procedure duration – perhaps due to interpos
ing cartilage rings between needle and target – and 
more frequent oxygen desaturation episodes [32].

Figure 2. Overview of structures that can be reached by EBUS, 
EUS/EUS-B or both.
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EUS-FNA versus EUS-B-FNA

The EUS endoscope is overall technically superior – 
e.g. length, US window, flexibility, manoeuvrability, 
needle length – to the EBUS endoscope (Figure 1). So 
theoretically, it should be superior concerning diagnos
tic yield. However, there are no randomized studies 
showing a better diagnostic outcome or a reduced 
rate of complications when performing EUS-FNA 
compared with EUS-B-FNA [18].

Therefore, there are obvious practical and logistical 
advantages in performing both tracheal and oesopha
geal ultrasound with the use of one single endoscope, 
compared to training and costs associated with pur
chasing a dedicated EUS endoscope. The control han
dle of the EUS endoscope do not resemble and is more 
complicated (reflecting the technical advantages) than 
EBUS handles, thus even experienced pulmonologists 
are novices with the EUS endoscope but already famil
iar with the EBUS endoscope, and just have to learn 
new landmarks to perform EUS-B-FNA [33,34]. Same- 
day EBUS-TBNA and EUS-B-FNA therefore offers 
several advantages. In the following, the utility of 
EUS-B-FNA from various anatomical sites are 
discussed.

EUS-B and mediastinal lesions

Mediastinal staging of the lower paratracheal (stations 
4 R and 4 L) and subcarinal (station 7) lymph nodes in 
a potentially resectable lung cancer is usually 

performed using EBUS [4,5]. Mediastinal staging can 
also be done via EUS-B (Figures 3–5); however, station 
4 R can be hidden behind the trachea [35].

Following EBUS-TBNA in the mediastinal staging, 
the accessibility to mediastinal nodal stations increased 
by adding EUS-B-FNA [36]. A systematic endobron
chial ultrasound combined with an oesophageal inves
tigation (EUS-B) using the same EBUS bronchoscope 
increases the sensitivity for mediastinal nodal staging 
by 5% compared with a systematic EBUS procedure 
and by 9% compared with a PET-CT targeted EBUS 
procedure [37]. The ASTER study showed that 
complete endosonography (ie. EBUS-TBNA and EUS- 
FNA) followed by surgical staging (ie. mediastino
scopy) in absence of metastases at endosonography 
resulted in greater sensitivity for mediastinal nodal 
metastases compared with surgical staging alone (78% 
vs 85%) [8]. Guidelines recommend EUS or EUS- 
B-FNA in combination with EBUS-TBNA in the 
work-up of lung cancer when an indication for tissue 
verification of mediastinal nodal disease based on ima
ging is present due to a 20% risk of missed N2/N3 
disease with imaging alone [5]. Lower mediastinal 
lymph node stations [8] and [9] are positioned adjacent 
to the oesophagus and out of reach by EBUS, but can 
easily be targeted via EUS-B (Figure 2 and 6).

EUS-B-FNA and lung lesions

In a retrospective study, adding EUS-B-FNA to 
bronchoscopy and EBUS-TBNA increased the 

Figure 3. EUS-B image of mediastinal lymph node station 7.
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diagnostic yield for diagnosing lung cancer in patients 
with para-oesophageal lung tumors from 51% to 91% 
[14]. An observational prospective study reported that 
the diagnostic accuracy of EUS-B-FNA from para- 
oesophageal pulmonary lesions was 95.3% [38]. 
According to the European guidelines, it is possible 
to biopsy lung tumors ‘immediately adjacent to the 
oesophagus’ with EUS-B-FNA (Figure 7) [5]. 
Christiansen et al. defined this term more precisely 

in a prospective study of 70 patients with lung tumors 
and showed that ‘immediately adjacent’ most often 
means less than 31 mm when measured at CT [39]. 
In this study, she also showed that the probability of 
achieving a biopsy depended on both the distance and 
the size of the tumor and was possible to predict the 
probability of success with a biopsy index formula 
[39]. The study also indicated that the operator 
could move the oesophagus closer to the target with 

Figure 4. EUS-B image of mediastinal lymph node station 4 R.

Figure 5. EUS-B image of mediastinal lymph node station 4 L.
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the endoscope. The biopsy index formula still needs to 
be validated in larger multi centre studies. Moreover, 
a prospective systematic registration of side effects as 
pneumothorax, bleeding and other side effects when 
performing EUS-B-FNA is needed. An alternative 
procedure for biopsying intrapulmonary lesions is 
percutaneous lung biopsy, and in contrast to EUS- 
B-FNA, systematic data from percutaneous lung 

biopsy guided by computed tomography (CT) has 
been presented and the risk of pneumothorax may 
be up to 30% and increases with the distance to the 
lesion, lesion size <20 mm and presence of emphy
sema [40]. No randomized studies comparing EUS- 
B-FNA and CT guided lung biopsy exists. 
Furthermore, it would be interesting to compare the 
costs when comparing the two techniques.

Figure 6. EUS-B image of mediastinal lymph node station 8.

Figure 7. EUS-B image of a lung tumor in the left upper lobe being biopsied.
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EUS-B-FNA and liver lesions

Liver metastases at the time of lung cancer diagnosis 
affects 5% of patients with NSCLC, and 25% of patients 
with SCLC [41,42]. The first EUS-B-FNA from a liver 
metastasis was described in 2015 [43] and was followed 
by larger series [44]. EUS-B gives access to lesions in 
the left liver lobe (Figure 8). However, in analogy with 
the biopsy index formula for EUS-B-FNA from lung 
tumors, one should ask how big the influence of the 
distance from the stomach and the size of the suspected 
liver metastasis is. In addition, data concerning adverse 
events and costs should be systematically collected. 
Adverse events with the larger EUS endoscope are  
<1% [45,46]. Feasibility, diagnostic yield or adverse 
event rate associated with EUS-B-FNA from suspected 
metastatic liver lesions have never been systematically 
assessed. A single-institution retrospective study 
reported that EUS-B-FNA of liver lesions was diagnos
tic in 96% of the 24 cases [47].

EUS-B-FNA and left adrenal gland

The adrenal glands are common sites of lung cancer 
metastases but adrenal masses are also commonly 
found in patients with potentially resectable lung can
cer with a prevalence of up to 4–7% [48]. 

Approximately, two-thirds of these masses are benign 
adenomas [49]. Therefore, pathological verification of 
a suspicious adrenal gland is mandatory for correct 
TNM classification and for correct treatment of the 
patient. The use of EUS-B to visualize the left adrenal 
gland (Figure 9) was first described by Meena et al. in 
2015 [50]. EUS-B-FNA of the LAG is a safe and feasible 
procedure when a trans-gastric approach is used [51]. 
In a retrospective study, EUS-B-FNA of 47 left adrenal 
glands was diagnostic in 89% of the cases [47]. 
A systematic review also concluded that both EUS 
and EUS-B guided FNA have good performance and 
safety when sampling the left adrenal gland in patients 
with lung cancer [52]. In a randomized study, the 
success rate was the same for EUS-B-FNA and EUS- 
FNA of the left adrenal gland [18]. The length of the 
relatively short EBUS-scope, compared with the EUS- 
scope, was not a limiting factor, yet inability to visua
lize LAG was observed with EUS-B in 2 out of 44 cases 
(0 out of 44 in EUS). In clinical practice, EUS should be 
considered when EUS-B do not allow for LAG 
visualization.

There are a few reports saying that it is possible to 
reach the right adrenal gland with the transduodenal 
approach using the EUS endoscope [5,53], but there 
are no data showing that we can reach the right adrenal 
gland with EUS-B-FNA.

Figure 8. EUS-B image of the liver.
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EUS-B-FNA from other structures

EUS-B-FNA also makes it possible to biopsy retroper
itoneal lymph nodes (Figures 2 and 10) [45], pleura 
[54] and difficult-to-assess posterior mediastinal struc
tures [55], to aspirate ascites [56] and pericardial fluid 
(Figure 11) [57] and pancreas [58,59].

EUS-B-FNA and respiratory impairment

A complication to EBUS-TBNA may be respiratory dys
function, since the endoscope partly obstructs the lumen in 
the airways [60]. However, endoscopy using the oesopha
geal route may diminish this risk. This applies to both 
EUS-B-FNA [61–64] and EUS-FNA [32]. In their rando
mized study, Oki et al. demonstrated that EUS-B-FNA was 
associated with shorter duration of the procedure, lower 
doses of Midazolam, less frequent oxygen desaturations 
and lower scores of cough than EBUS-TBNA [32]. These 
findings make it likely that the operator should prefer the 
oesophageal route over the tracheal route when the task is 
to biopsy a lesion that is located close to both the central 
airways and to the oesophagus in a patient with respiratory 
impairment. Although this assumption seems obvious and 
logical, we have limited data to support it in the literature.

Figure 9. EUS-B image of the left adrenal gland.

Figure 10. EUS-B image of a retroperitoneal lymph node being 
biopsied.
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What do the patients say?

We have limited knowledge with respect to the 
patient’s experiences and opinions in connection with 
EUS-B-FNA. A small study suggests that the patients 
are satisfied with the procedure, when conscious seda
tion is used [65]. In a larger prospective study on 
transnasal EUS-B, 99% were willing to repeat the pro
cedure if necessary [66]. Thus, at least on the same 
level as for bronchoscopy or EBUS [67,68].

Training and Education

In contrast to what is the case for bronchoscopy and 
EBUS-TBNA, we still have to practice EUS-B-FNA on 
patients, since no simulation-based educational pro
gram exists despite a huge and increasing need. Both 
a simulator and a training program for EBUS-TBNA is 
available [69], recommended in the international 
guidelines [5], and offered by the European 
Respiratory Society [70]. A validated assessment tool 
for competences in EUS-FNA exists [71,72] but not for 
EUS-B-FNA. Since no EUS-B simulator has been 
developed it is still not possible to develop an evidence- 
based EUS-B training program in which simulator 
training is integrated in the training and competency 
assessment. Development of an EUS-B simulator is 
thus warranted if EUS-B training should reach 
same standards as is the case for bronchoscopy and 
EBUS.

Directions for future research

Future studies should focus on effectiveness aiming at 
all aspects of lung cancer work-up: diagnostic yield, 

patients’ perspectives, adverse events, costs, number 
of visits to finalize diagnostic work-up, time to final 
diagnosis and time to treatment start. This will ensure 
that benefits and downsides of EUS-B are elucidated to 
ensure a robust evidence base on which the use of 
EUS-B can be further integrated into future interna
tional guidelines on lung cancer work-up.

When we one day have an EBUS endoscope with 
a 0° viewing angle and optimal manoeuvrability, the 
operator will hopefully be able to perform broncho
scopy, EBUS-TBNA and EUS-B-FNA with one single 
endoscope in one session.

Until then, we may soon change the name of the 
EBUS endoscope to EBOUS, endobronchial & oesopha
geal ultrasound endoscope, as the endoscope has utility 
beyond EBUS only.

Conclusion

There are many arguments for using the EBUS endo
scope both in the trachea and in the oesophagus in the 
diagnosis and staging of lung cancer patients. Addition 
of the oesophageal approach increases the sensitivity 
for mediastinal nodal staging, it gives access to biopsy 
distal metastases for example retroperitoneal lymph 
nodes, the left adrenal gland and the left liver lobe, 
and it makes it possible to biopsy para-oesophageal 
lung tumors. In patients with respiratory impairment, 
the oesophageal approach may spare the patient from 
aggravation.
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