
Lung cancer: The importance of the mediastinum 
and role of EBUS combined with EUS-B

Introduction

Lung cancer is the 2nd most 
prevalent cancer in men after 
prostate cancer and the 3rd  
most prevalent after breast  
and colorectal in women within 
the European Union. However 
lung cancer is associated with 
the highest mortality in men and 
is predicted to overtake breast 
in women in 2021. The World 
Health Organisation predict the 
worldwide incidence of lung 
cancer to increase by 58% from 
2.2 million in 2020 to 3.5 million  
in 2040.1,2,27 The aim of this  
review is to discuss lung cancer 
staging; overall principles, the 
importance of establishing nodal 
status, the rationale and role of 

EBUS and EUS-B. We will also 
address evolving roles of EBUS  
in the diagnostic work up of  
lung malignancy.

Definitions

EBUS (Endobronchial 
Ultrasound): A flexible 
bronchoscope with an Ultrasound 
attached at the distal end. It allows 
the Interventional pulmonologist 
to visualise and sample structures 
adjacent to the airway not visible 
with standard bronchoscopy.
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EUS (Endoscopic Ultrasound): 
A gastroscope with an 
ultrasound at the distal end. 
Allows the gastroenterologist 
to sample lesions adjacent to 
the gastrointestinal tract under 
ultrasound guidance. The 
gastroscope is larger and longer 
than an EBUS scope so can be 
passed beyond the stomach. 

EUS-B (Endoscopic Ultrasound 
using EBUS scope): When an 
interventional pulmonologist 
passes the EBUS scope down 
the oesophagus to sample and 
visualise structures adjacent 
to the oesophagus and upper 
stomach such as stations, 8, 9 
left lobe of liver and left adrenal 
gland. This additional accessibility 
is particularly important in lung 
cancer staging.

Staging and Principles

Treatment options depend on the 
stage of disease at presentation 
particularly for non-small cell 
lung carcinoma.3,4 For the 
management of intra-thoracic, 
locally confined NSCLC the nodal 
status of the disease is of utmost 
importance. Radical, or curative, 
treatments are options for those 
with N0 and N1 (ipsilateral hilar 
nodes). However, N2 (ipsilateral 
mediastinal nodes), for the most 
part, will exclude upfront radical 
surgical or radiotherapy options. 
For those with N3 disease such as 
contralateral nodes to the primary 
cancer or supraclavicular nodal 
involvement then initial curative 
surgery is not an option.4 Figure 

1. Therefore timely, accurate 
staging prior to the initiation of 
treatment is vital to allow a tailored 
management approach and to 
avoid unnecessary futile surgical 
procedures with their associated 
morbidity and mortality while 
still identifying those suitable for 
radical treatment options.4,5

A key principle in the staging 
process is to perform the 
least invasive and most timely 
investigation that provides the 
most clinical information with 
respect to stage and diagnosis 
in the least number of steps and 
with the least risk to the patient. 
This principle is enshrined in 
all international guidelines.3,5 
For example in a radiological 
T4N2M0 presumed bronchogenic 
carcinoma all efforts should be 
made to sample the thoracic 
node with the highest stage as 
this will provide the histological 
diagnosis and stage the patient 
in one procedure. Likewise, if the 
patient is presumed M1 disease, 
then first attempts should be made 
at sampling the site of metastatic 
disease, if feasible and acceptable 
to the patient and clinical team 
from a risk perspective.3,5

Establishing nodal status

Radiologically, computed 
tomography with contrast 
enhancement and PET are 
key in the staging process for 
bronchogenic carcinoma both for 
identifying metastatic disease but 
also for mediastinal staging.3,6 CT 
has a sensitivity and specificity 
of 51% and 85% respectively, 
while PET has a sensitivity and 

specificity of 84% and 85%. 
Both modalities are non-invasive 
techniques and do not provide 
tissue confirmation. In addition, 
the high false positive rates of both 
techniques mandate that tissue 
confirmation of findings is required 
and of the utmost importance.6,7 

Therefore except for Stage 1A 
disease, CT and PET cannot 
be relied upon to stage the 
mediastinum accurately prior to 
initiation of treatment due to lack 
of sensitivity and specificity.8,9 This 
means in practice the majority 
of patients with suspected 
bronchogenic carcinoma will need 
to undergo histological staging of 
the mediastinum.5,6

Mediastinoscopy is the historic 
“gold standard” for mediastinal 
staging. Mediastinoscopy is an 
invasive procedure performed in 
theater under general anesthesia. 
It involves an incision above the 
sternal notch, blunt dissection 
of the fascial planes followed by 
insertion of the mediastinoscopy 
alongside the trachea to sample 
the mediastinal nodes.28 Due to the 
invasive nature of this procedure, 
repeat investigations; if required, 
can be fraught with difficulty due 
to fibrosis. While mediastinoscopy 
has been traditionally considered 
the “gold standard” mediastinal 
staging procedure this was  
based mostly on single center 
studies.29 A more recent 
multicenter survey in the United 
states revealed only 47% of 
procedures obtained lymph 
node tissue and the majority only 
sampled one station suggesting 
few centers were actually achieving 
the “gold standard”.9,30

Real time Endobronchial 
Ultrasound transbronchial needle 
aspiration (EBUS-TBNA) which 
is performed under conscious 
sedation has surpassed this 
modality due to less morbidity, 
better diagnostic yield and allows 
access to lymph nodes not 
amenable to mediastinoscopy in 
particular when combined with 
endoscopic ultrasound (EUS-B).10,11 
Figure 2 A meta-analysis revealed 
combined EBUS-TBNA and EUS-B 
has a mean sensitivity of 86% and 
a mean negative predictive value 
of 92%.12

EBUS-TBNA has also been 
shown to be superior to standard 
bronchoscopy and traditional 
TBNA due to the better direct 
visualization of lymph nodes and 
centrally located tumors alongside 
the central bronchi.26

EBUS and EUS-B

EBUS, over the last twenty years, 
has occupied a central role in 
lung cancer staging; particularly 
in establishing the N status. 
Unfortunately, no single mediastinal 
tissue sampling method can 
sample all stations. However as 
mentioned EBUS allows access to 
a greater number of lymph nodes 
than mediastinoscopy.10 In addition 
the combination of both EBUS and 
EUS, and more recently EUS-B 
provides a greater reach than any 
technique alone and potentially 
offers the most accurate staging of 
the mediastinum.

EBUS can sample the mediastinal 
stations 2R, 2L, 4R, 4L, 7 and  
the hilar and intrapulmonary 
stations 10, 11, 12 with varying 
degrees of difficulty.10 These hilar 
and intrapulmonary nodes were not 
traditionally accessible  
by mediastinoscopy.10

EUS-B, as previously described, 
utilizes the EBUS scope via the 
esophagus to the level of the 
stomach. This is different from EUS 
as it is the smaller EBUS scope 
that is used rather than the larger 
gastroscope.12 This can be done 
as part of the EBUS procedure 
and is normally done after the 
endobronchial mediastinal staging 
process.12,13 With EUS-B stations 
2L, 4L and 7 can again be sampled 
but via the oesophagus.14 The 
right sided nodes are not usually 
accessible due to the interposition 
of the trachea. In addition, above 
the diaphragm EUS-B allows 
sampling of para-oesaphageal 
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A Enlarged lymph node at EBUS, heterogeneous 
B Sampling enlarged lymph node under real time US guidance. Lymph node 
overlying vessel 
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masses and lymph node stations 
8 and 9. Below the diaphragm it 
allows sampling of retroperitoneal 
nodes, the celiac trunk, left lobe 
of liver and left adrenal gland, thus 
further increasing the reach of the 
EBUS scope.14 Figure 2

When the two techniques are 
combined all thoracic nodal 
stations can be sampled except 
for stations 5 and 6. These stations 
are usually only accessible by 
an anterior mediastinotomy 
(chamberlain); via an incision 
through the second or third 
intercostal space on the left or 
Video assisted thoracoscopy 
(VATS).14 However a case series of 
14 patients described the sampling 
of station 6 safely via a transaortic 
route using the EBUS probe. This 
saved all 14 individuals a more 
invasive staging procedure. Only 2 
small para-aortic hematomas  
were reported which were of no 
clinical concern.31

EBUS can now be described as a 
diagnostic procedure or a staging 
procedure. For the benefit of this 
article we are concentrating on 
EBUS as a staging endoscopic 
examination when it should 
provide sufficient information to 
make the final treatment decision.

A Staging EBUS procedure should 
be performed in a systematic 
way. Sampling is often guided by 
the morphological appearance 
of the nodes identified during the 
initial nodal mapping phase at 
the beginning of the procedure.14 
Sonographic characteristics such 
as size, shape, border definition, 
vascularity and necrosis help 
predict malignant involvement 
and guide which nodes need to 
be sampled to increase diagnostic 

yield.15 Figure 3 When sampling 
nodal stations, samples furthest 
away from the primary should 
be sampled first to avoid falsely 
upstaging the patient from tumor 
cells remaining within the needle.14 
As per ESTS guidelines; 3 lymph 
node stations should be sampled 
4L, 4R and 7 at a minimum when 
practical. As is the practice in our 
unit these should be sampled 
sequentially in a stepwise manner 
from highest to lowest stage  
(N3->N2->N1).14

Two randomized control trials have 
been pivotal for the establishment 
of combined EBUS and EUS-B 
(EBUS/EUS-B) as the standard 
in staging for intra thoracic lung 
cancer as well as some oligo-
metastatic lung cancer.16,17

The ASTER study showed that 
upfront combination of EBUS  
and EUS-B followed by surgical 
staging (mediastinoscopy 
if indicated) for those with 
radiologic suspicion for nodal 
disease is superior to upfront 
surgical mediastinal staging 
or EUS or EBUS alone with a 
sensitivity of 94% for nodal 
metastatic disease and a negative 
predictive value of 93% (ASTER). 
Upfront combination EBUS and 
EUS-B reduced the number of 
unnecessary mediastinoscopies 
by 47% and futile thoracotomies 
from 18% to 7%. From the 
EBUS/EUS-B group, of the 11 
who subsequently underwent 
mediastinoscopy only 1 person 
had malignant mediastinal 
involvement.16

The lung-BOOST trial explored 
the upfront use of EBUS/EUS-B 
compared to conventional 
diagnosis and staging (CDS) 

in those with suspected stage 
I-IIIA lung carcinoma on CT. 
CDS consisted of bronchoscopy 
+/- CT guided biopsy. The 
sensitivity of EBUS/EUS in this 
trial was 92% (95% CI 78–98). 
The negative predictive value of 
EBUS-TBNA was 90% (72–97). 
Upfront EBUS +/- EUS B (when 
indicated) shortened the median 
time to treatment decision from 
index CT from 29 days to 14 days 
compared to CDS (p<0.0001). A 
post hoc analysis revealed the 
median survival was longer in 
the EBUS/EUS group compared 
to the CDS group 503 days vs 
312 days (P = .0382). Postulated 
reasons for the increased survival 
in this cohort include the shorter 
time to treatment initiation and 
the possible better selection of 
surgical candidates in the EBUS/
EUS group. The lung BOOST 
trial also showed a reduction in 
futile thoracotomies in the EBUS/
EUS group vs CDS 29% vs 
76% and resulted in less overall 
investigations to stage and 
diagnose lung cancer.17

It is important to note that  
these trials did not completely 
obviate the need for 
mediastinoscopy. If there was 
ongoing high clinical concern  
for malignant nodal involvement 
post EBUS/EUS-B subjects 
proceeded to mediastinoscopy 
prior to surgery.16,17

EBUS T status

While defining the nodal status 
of lung cancer is the most 
established role of EBUS it also 
has a critical role in defining T 
status of intra-thoracic tumors.

In the past, for those with 
central tumors abutting airways 
but without macroscopic 
endobronchial invasion detectable 
on CT or standard bronchoscopy 
decision regarding T stage was 
quite difficult. Prior to EBUS 
this would have to be clarified 
with thoracotomy or VATS with 
associated increased morbidity.18,19 
However with the use of EBUS, 
primary cancer adjacent to the 
airway can be identified using the 
ultrasound probe and sampling 
can be obtained under real 
time ultrasound guidance. This 
institution has previously reported 
a case where this principle was 
used in a patient who presented 
with severe airflow obstruction, 
meaning that a percutaneous 
approach or surgical diagnostic 
approach was associated with 
significant increase risk of 
morbidity. CT scan demonstrated 
a small but spiculated lesion 
located posterior to the Bronchus 
intermedius causing mild 
compression but no invasion. 
This was confirmed at EBUS and 
TBNA confirmed adenocarcinoma. 
The patient underwent lobectomy 
which was well tolerated with final 
pathology pT1aN0.20 This role of 
EBUS has also been reported as 
viable in studies by Tourney et al 
and Nakajima et al.21, 22

EBUS also has a complimentary 
role with CT in assessing T4 status 
elsewhere in the thoracic cavity. 
T4 is defined based on the size 
of the tumor or on invasion of 
certain structures including the 
mediastinum, great vessels and 
heart. Invasion of these structures 
can often be difficult to ascertain 
on CT, however invasion can 
often be directly visualized using 

Figure 3
A Enlarged lymph node at EBUS, heterogeneous

B Sampling enlarged lymph node under real time US guidance. Lympn node overlying vessel
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the EBUS probe. Figure 4 is an 
example from our unit of a patient 
with tumor invasion into the left 
atrium confirmed with EBUS. 
Invasion of the mediastinum 
confirmed on EBUS equates to a 
T4 status regardless of size of the 
primary tumor and in most cases, 
obviates the need for futile surgery. 
Our institution has shown as part 
of a multi-centre retrospective 
study that EUS-B in combination 
with CT has a high specificity 
and positive predictive value for 
establishing theT4 status of  
intra-thoracic lung tumors but  
in particular those located  
para-esophageal.23, 24, 32

EBUS M status

As part of the mediastinal 
assessment procedure metastatic 
disease to the left adrenal, celiac 
nodes and left lower lobe of 
the liver can be assessed using 
EUS-B.14, 25 The same scope that 
is used for EBUS can be passed 
down the esophagus to the 
stomach (after mediastinal staging) 
and if suspicious lesions are 
identified in these sites they can 
be sampled.14, 25 

The most recent addition of 
the TNM staging highlights 
the important role of radical 
management of oligometastatic 
disease as these patients often 
have a longer survival than patients 
with more widespread metastasis 
if treated radically.33, 34, 35 The ability 
to sample the adrenal gland in this 
manner is particularly important 
as it is a common site for oligo-
metastatic disease. Radiological 
studies and post mortem studies 
have confirmed isolated adrenal 
metastases in 1.6 to 3.5% and 3 
to 7% of patients with NSCLC.36 
Standard CT thorax or PET-
CT will often identify adrenal 
abnormalities due to the loss of 
the normal “seagull” shape of the 
gland or increased uptake. Normal 
adrenal gland will also appear 
like a seagull during EUS-B. 

Pathological glands will appear 
enlarged and heterogeneous. Fig 
5 However, malignant involvement 
must never be presumed based 
on radiological findings and 
must always be confirmed 
histologically as false positives 
are common in the form of benign 
adenomas.26 If presumed involved 
on imaging criteria alone many 
individuals could be excluded from 
undergoing curative treatment due 
to a false assumption of oligo-
metastatic disease.14

Conclusion

In summary, when staging those 
with suspected intrathoracic 
lung cancer we must focus on 
performing the least invasive 
and most timely investigation 
that provides the most clinical 
information with respect to stage 

and diagnosis in the least number 
of steps and with the least risk to 
the patient. 

Initial imaging should consist  
of CT and subsequent PET 
for those without evidence of 
metastatic disease.

Despite a significant and growing 
body of evidence supporting 
the primary role for EBUS many 
centres still rely on investigations 
such as bronchoscopy and CT 
guided biopsy prior to staging 
the mediastinum thus increasing 
the time to a treatment plan and 
overall number of investigations 
which can negatively affect  
patient outcomes.
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A lung mass with atrial invasion on mediastinal windows on CT 
B FDG avid primary mass with extension into left atrium 
C Ultrasound confirmation of tumor into left atrium via pulmonary vein 
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A Lung mass with strial invasion on mediastinal windows on CT

B FDG avid primary mass with extension into left atrium

C Ultrasound confirmation of tumour into left atrium via pulmonary vein


