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Introduction 

Lung cancer is the leading cause of cancer mortality 
worldwide (1). Despite evolving knowledge of lung cancer, 
its molecular genetics and improved ways of detection, the 
overall 5-year survival is still poor at approximately 18% (1). 
Accurate staging of patients with lung cancer is important 
as it determines the treatment and affects the outcome. 
Assessment of patients with non-small cell lung cancer 

(NSCLC) includes non-invasive staging [i.e., computed 
tomography (CT) of the chest, PET-CT, MRI of the 
brain] and invasive staging [mediastinal lymph node (LN) 
sampling].

In lung cancer patients, the role of endobronchial 
ultrasound-guided transbronchial needle aspiration 
(EBUS-TBNA) and mediastinoscopy (Med) centers on 
invasive evaluation, specifically diagnosis and staging. 
The techniques also have a role in lung cancer restaging 
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following neoadjuvant therapy in patients with N2 disease 
considered for a definitive surgical management, and 
detection of lung cancer recurrence.

In this article, we discuss the current role of EBUS-
TBNA and Med in assessment of patients with NSCLC. 

EBUS-TBNA and Med—role in lung cancer staging

Mediastinal staging in patients with NSCLC is a crucial 
step, offering prognostic information and guiding 
management. Detection of mediastinal nodal metastases can 
prevent futile surgeries. The non-invasive staging improves 
detection of intra- and extra-thoracic metastases, however, it 
cannot provide a definitive tissue diagnosis and is associated 
with relatively low sensitivity, specificity and high false 
positive and negative rates (2-8). Thus, CT chest and PET-
CT “positive” results should be confirmed pathologically 
by invasive pre-operative staging (2,9). In addition, invasive 
mediastinal LN staging is indicated in patients with: (I) 
tumors >3 cm in size; (II) central tumors (central third of 
the hemithorax); (III) distinct enlargement or FDG avid N1 
LN (2,9,10). Invasive mediastinal staging is also important 
in non-surgical candidates with clinical Stage IA disease 
considered for stereotactic body radiotherapy (SBRT) or 
ablative therapy [i.e., radiofrequency ablation (RFA)] in 
order to rule out N1 disease which would prelude use of 
these therapies (2). 

Until just over two decades ago, mediastinal LN staging 
was performed with the use of bronchoscopic technique 
of a blind conventional TBNA and surgical invasive 
techniques including: Med, specifically cervical Med 
and less commonly, left anterior mediastinotomy (a.k.a. 
Chamberlain procedure). In addition, extended cervical 
Med, and more recently, video assisted thoracoscopic 
surgery (VATS) and “supermediastinoscopies”, including 
transcervical extended mediastinal lymphadenectomy 
(TEMLA) and video-assisted mediastinal lymphadenectomy 
(VAMLA) have become available (11,12). EBUS-TBNA 
has become available for mediastinal LN staging in the last  
14 years. All surgical techniques require general anesthesia.

Surgical mediastinal LN staging

Med allows access to the upper paratracheal (stations 2R 
and 2L), lower paratracheal (stations 4R and 4L), anterior 
subcarinal (station 7) as well as hilar (stations 10R and 10L) 
LNs. Med cannot access the pulmonary ligament (station 9),  
paraesophageal (station 8), posterior subcarinal (station 7),  

and the aorto-pulmonary window (APW; stations 5 and 6)  
LNs. The video-assisted Med has now replaced the 
traditional Med in majority of thoracic surgery centers, 
increasing procedure safety and diagnostic performance 
in lung cancer staging (2). Anterior mediastinotomy 
(a.k.a Chamberlain procedure) allows access to station 
5 and 6 LNs via the left second intercostal space (13). 
Reported sensitivity and negative predictive value (NPV) 
of anterior mediastinotomy in assessment of AP window 
LNs is 78% and 91% respectively (2). Extended cervical 
Med introduced by Kirschner in 1971, and popularized by 
Ginsburg, allows access to levels 5, 6, 2, 4 and 7 (14-16). 
Reported sensitivity of extended Med ranges from 71% 
to 81% while NPV is 91% (13). VAMLA allows access to 
bilateral paratracheal and subcarinal LNs (17). VAMLA 
sensitivity in lung cancer staging is: 0.96 (95% CI, 0.81–
99.3); specificity, 1 (95% CI, 0.97–1.00); PPV 1 (95% CI, 
0.87–1.00); NPV 0.99 (95% CI, 0.95–0.99); and diagnostic 
accuracy, 0.99 (95% CI, 0.96–0.99). TEMLA is an open 
technique, allowing access to stations 1, 2R, 2L, 3a, 4R, 4L, 
5, 6, 7 and 8 LNs. Large number of nodes can be removed 
(mean 43; range, 26–85) (11,12). Reported sensitivity and 
NPV of TEMLA in detection of mediastinal LN metastases 
is 0.9 and 0.95, respectively. In contrast to other surgical 
mediastinal sampling methods, TEMLA and VAMLA 
offer complete lymphadenectomy (17). However, the 
high rate of complications (6.0–13.2%) make use of both 
VAMLA and TEMLA unpopular given development of 
endoscopic techniques with comparable diagnostic yield but 
much better safety profile and shorter procedure duration 
(11,12,17,18).

In this review, all Med data presented pertains to 
video assisted-cervical Med (the most commonly used 
surgical mediastinal assessment modality), unless specified 
otherwise.

In mediastinal LN staging of primary lung cancer, Med 
yield depends on LN location and operator skills (19,20). 
In a recent systematic review assessing Med performance in 
995 patients with clinical N0 to N3 disease, Med sensitivity 
was 89% and NPV of 92% (2). 

Med is an invasive procedure performed in an operating 
room. It requires general anesthesia. A transverse incision 
is made above the sternal notch to access the paratracheal 
fascia. Video mediastinoscope is then inserted into the 
mediastinum after blunt digital dissection and palpation 
of the mediastinal vessels with further blunt dissection 
to access the mediastinal LNs. Generally, Med is a safe 
procedure, performed in outpatient setting. Reported 
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complication rate is up to 2.5%, including a pneumothorax, 
infection and injury to the major mediastinal vessels (which 
can lead to a life threatening bleeding), peripheral nerves 
(which can result in vocal cord palsy), bronchi and the 
esophagus. Mortality has been reported at 0.08% in relation 
to vascular injury (21). The procedure is contraindicated in 
patients with tracheostomy, severe cervical spine arthritis 
or instability that prohibits neck extension. Mediastinal 
adhesions may make a repeat Med challenging (21-23). 

Endoscopic mediastinal staging with EBUS-TBNA

Introduction of radial probe endobronchial ultrasound (RP-
EBUS) in the early 1990’s, has introduced the idea of less 
invasive mediastinal LN staging in lung cancer (24-27).  
Besides its role in diagnosis of peribronchial lesions (28,29) 
RP-EBUS has been used to guide TBNA in patients 
with mediastinal lymphadenopathy and in lung cancer 
mediastinal LN staging. Diagnostic yield of RP-EBUS 
guided TBNA of mediastinal LNs ranged between 72% and 
80% [in a population with high prevalence of mediastinal 
nodal metastasis (86%)] (27,30). However, it wasn’t until 
the early 2000’s, and introduction of convex probe EBUS 
(CP-EBUS) that mediastinal LN staging in lung cancer has 
undergone a revolutionary change (31,32). 

CP-EBUS is a flexible bronchoscope integrated with 
a convex transducer at the tip which scans parallel to 
the insertion direction of the bronchoscope. The outer 
and inner diameters of the insertion tube are 6.9mm and 
6.2mm, respectively. Incorporation of EBUS at the tip of 
a flexible bronchoscope allows for real-time TBNA of the 
visualized structures (LNs, tumors). The ultrasound probe 
has B-mode and power color Doppler capabilities, allowing 
differentiation of LNs from vascular structures. In addition, 
the newer EU-ME2 processor (Olympus) is equipped with 
the elastography function. Elastography allows for real time 
assessment of LN deformability (which may be altered in a 
pathological LN) taking advantage of the tissue distortion 
caused by the compressions or vibrations generated by the 
heartbeat or vascular pulsations) (33). Elastography may 
offer a useful non-invasive adjunct to endosonographic LN 
assessment, pointing out the areas which are more likely to 
be involved with tumor, for a more directed TBNA (34). 

Similar to Med, CP-EBUS can access station 2R, 2L, 
4R, 4L and 7 LNs. Posteriorly and deep located station 
7 LNs may not be readily accessible to Med, resulting in 
false negative results, but can be easily assessed with EBUS-
TBNA (19,35). EBUS-TBNA can reach N1 LNs, including 

the hilar (station 10), interlobar (station 11) and some of the 
lobar LNs (station 12) which are not accessible by Med. 

Neither EBUS-TBNA nor Med can access prevascular 
(3A), sub-aortic (station 5), para-aortic (station 6), para-
esophageal (station 8) and pulmonary ligament (station 9) 
nodes. 

EBUS-TBNA is a safe procedure, with an average 
complication rate of 1.23% (95% CI, 0.97-1.48%). 
Reported complications include: hemorrhage (0.68%), 
infection (0.19%) (mediastinitis, pneumonia, pericarditis, 
cyst infection, sepsis) pneumothorax (0.03%). EBUS-
TBNA reported mortality is 0.01% (36,37). EBUS-TBNA 
is an out-patient procedure that can be performed safely in 
an endoscopy suite, under conscious sedation (38). 

The first study report of EBUS-TBNA in mediastinal 
LN staging in lung cancer showed sensitivity of 94.5%, 
specificity and PPV of 100%, NPV of 89.5% and diagnostic 
accuracy of 96.3% (31). The prevalence of mediastinal 
nodal metastasis was 63%. In 19% of patients, in addition 
to offering staging information, EBUS-TBNA provided 
diagnostic information, eliminating the need for further 
invasive tests. EBUS-TBNA staging, prevented 29 
mediastinoscopy, eight thoracotomies, four thoracoscopy 
and nine percutaneous LN biopsies, streamlining the 
diagnostic work up (31). Another study of EBUS-TBNA 
staging in a population with high prevalence of mediastinal 
nodal metastasis (98.2%) and mediastinal lymphadenopathy 
confirmed high diagnostic performance of EBUS-TBNA 
with sensitivity, specificity, diagnostic yield and accuracy 
of 94%, 100%, 93% and 94%, respectively. However, 
NPV was only 11% suggesting that in a population of 
patients with high pretest probability of mediastinal nodal 
metastasis, confirmatory Med or other staging procedure 
should be performed to exclude false negatives (39). 

Lung cancer management strategies have now been 
expanded to include non-surgical strategies like SBRT and 
RFA. In addition, tissue-sparing surgery (wedge, sublobar 
resection) have become more popular and may be the 
only treatment option for non-surgical candidates. Post-
SBRT local failure can be as high as 15%. This may be 
due to undetected nodal metastasis in patients undergoing 
treatment under presumption that the clinical stage 
correlates with the pathological stage (2,40-48). In addition, 
lung cancer screening programs have proliferated since the 
recent lung cancer screening recommendations of the U.S. 
Preventative Services Task Force (49). These developments 
may expand the pool of patients with early disease who 
qualify for minimally invasive diagnosis and treatment. 



S86 Czarnecka-Kujawa and Yasufuku. EBUS vs. Med in NSCLC

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

Furthermore, given improved survival in patients with 
single versus multiple N1 LNs involvement, preoperative 
chemotherapy (not currently standard of care because of the 
lack of studies proving benefit) may become an option for 
patients with multiple N1 nodal disease. All of these recent 
developments stress the growing need for invasive nodal 
staging that extends beyond the mediastinum and into 
the hilar, interlobar, and perhaps even the lobar LNs (50). 
Performance of Med and EBUS-TBNA has been assessed 
in patients with clinical N0 disease.

A recent systematic review, showed that yield of video-
assisted Med, unlike that of the traditional Med, is not 
affected by the prevalence of mediastinal nodal metastasis 
(sensitivity of 89% in cN0–3) (2). EBUS-TBNA has 
varying performance in patients with clinical N0 disease. 
Some studies report sensitivity and NPV ranging between  
89–92.3% and 96.3–98.9%, respectively (44,45), while 
others show sensitivity and NPV ranging between  
35–60% and 88.4–93.4% (41,43). There may be a variety 
of reasons for this discrepancy aside from clinical expertise 
of the operator: (I) presence of multiple LNs at a station, 
but only selective LN sampling; (II) LNs inaccessible to 
EBUS-TBNA sampling (i.e., vascular structures in the 
needle path); (III) micrometastases in LNs not sampled 
(i.e., in many studies the lower limit of LN size considered 
for TBNA was 5 mm, with LNs smaller than that not 
sampled); (IV) micrometastases in small LNs which may be 
more challenging to sample. Some authors reported higher 
percentage of non-diagnostic results from LNs smaller than 
5 mm in size, suggesting that this may represent the lower 
limit of EBUS-TBNA accessibility beyond which, adequate 
tissue sampling may be challenging and negative results 
should be interpreted with caution (35). EBUS-TBNA can 
accurately distinguish between the pathological N0 and N1 
disease with sensitivity, specificity, diagnostic accuracy and 
NPV of 73%, 100%, 96.6% and 96.2%, respectively (51). 
Overall, EBUS-TBNA can correctly identify mediastinal 
nodal metastasis in ~1 out of 3 patients with clinical 
N0 disease. Given EBUS-TBNA safety profile and the 

advantage of access to N1 LNs, staging with EBUS-TBNA 
may become an important step in work-up of patients with 
early lung cancer. 

To date systematic reviews and four meta-analysis 
evaluated performance of EBUS-TBNA in lung cancer 
staging (2,52-55). Populations with different prevalence 
of mediastinal nodal metastasis were included (prevalence 
range 33.7% to 99.3%). Data from nearly 3,000 patients 
were analysed, 36 studies, spanning 12 years (from 2002 
to 2012). Overall, EBUS-TBNA demonstrated excellent 
sensitivity and specificity of 0.88–0.93 (95% CI, 0.79–0.94) 
and 1.00 (95% CI, 0.92–1.00), respectively; NPV of 91% 
(range, 83–96%) (2,52-54). 

EBUS-TBNA vs. Med: a comparison of diagnostic 
performance in mediastinal LN staging

EBUS-TBNA performance in mediastinal LN staging 
in lung cancer has also been compared to that of Med, in 
prospective studies (19,20,35) (Table 1) and recently in a 
meta-analysis (56). Populations with moderate and high 
prevalence of mediastinal nodal metastasis were assessed 
(prevalence ranged from 32% to 89%). Yasufuku et al. 
performed a first heard-to-head comparison of EBUS-
TBNA and Med staging in a cohort of 153 patients with 
potentially resectable lung cancer. Sensitivity, NPV, and 
diagnostic accuracy of EBUS-TBNA and Med were 81%, 
91%, 93% and 79%, 90% and 93%, respectively. Specificity 
and the PPV for both staging procedures were 100%. This 
study demonstrated that in expert hands and controlled 
setting, EBUS-TBNA is equivalent to Med in mediastinal 
LN staging (35). Ernst et al .  study showed similar  
results (20). Ninety three percent vs. 82% of patients 
with lung cancer evaluated by EBUS-TBNA and Med, 
respectively, had their pathological stage correctly identified 
(P=0.083). Overall, sensitivity and NPV of EBUS-TBNA 
and Med were 89% vs. 68% and 78% vs. 59%, respectively. 
However, per LN analysis showed that EBUS-TBNA had 
higher diagnostic accuracy (91%) than Med (78%, P=0.007). 

Table 1 Performance characteristics of EBUS-TBNA and Med in mediastinal lymph node staging in patients with lung cancer

Study Year n Prevalence of N2/N3 disease (%)
Sensitivity (%) Negative predictive value (%)

EBUS Med EBUS Med

Ernst et al. (20) 2008 66 89 87 68 78 59

Yasufuku et al. (35) 2011 153 32 81 79 91 90

Um et al. (19) 2015 127 59 88 81 85 79
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There was a discrepancy in diagnostic yield at station 7 (79% 
for Med vs. 98% for EBUS-TBNA, P=0.007). Recently, Um 
et al. demonstrated that EBUS-TBNA can have a superior 
to Med performance in lung cancer staging in a cohort 
of patients with biopsy proven lung cancer (19). EBUS-
TBNA and Med sensitivity and diagnostic accuracy were 
88% vs. 81.3% and 92.9% vs. 89%, respectively (P=0.005). 
No difference was demonstrated between the procedures in 
specificity (100% for both), PPV (100% EBUS-TBNA vs. 
89% Med) and NPV (EBUS-TBNA 85.2% vs. 78.8% Med). 
Similar to the Ernst et al. study, there was a discrepancy 
between the modalities in disease detection at station 7 LN, 
with a non-significant trend towards inferior yield with Med 
than EBUS-TBNA, 75% vs. 82% (P=0.0614). However, 
Med yield at station 4L was significantly lower than that of 
EBUS-TBNA (52.4% vs. 81%, P=0.0270). 

Recently, a large meta-analysis was conducted comparing 
indirectly diagnostic yield of mediastinal staging with 
EBUS-TBNA to that of Med (56). Ten EBUS-TBNA 
and seven Med studies were included. Outcomes of nearly 
1,000 patients staged were analysed and compared. Overall, 
sensitivity for detection of mediastinal metastasis was 
equivalent between EBUS-TBNA and Med at 0.84 (95% 
CI, 0.79–0.88) and 0.86 (95% CI, 0.82–0.90), respectively 
(P=0.6321). Med was associated with fewer false negatives, 
which in both staging modalities were attributed to metastasis 
in inaccessible LNs (station 5 and 6) and inadequate 
sampling at accessible LNs. Med, was associated with more 
complications (17 vs. 4). EBUS-TBNA related complications 
were minor and resolved without intervention.

These studies confirm that both techniques have similar 
performance in mediastinal LN staging in lung cancer, 
with EBUS-TBNA being less invasive, better tolerated and 
with fewer and only minor complications. These findings 
led to a recent recommendation by the American College 
of Chest Physicians (ACCP) and the European Society of 
Thoracic Surgeons (ESTS) that the endoscopic mediastinal 
staging with EBUS-TBNA or esophageal ultrasound fine 
needle aspiration (EUS-FNA) be the tests of first choice in 
invasive mediastinal LN staging, and that they be followed 
by Med in case of negative results if the index of suspicion 
for metastatic disease is high (2,9).

Combined ultrasonography

Given that neither Med nor EBUS-TBNA can access 
stations 5, 6, 8 and 9 nodes, some authors have advocated 
for a combined approach, and adding EUS-FNA to 

EBUS-TBNA [combined ultrasonography (CUS)] for 
mediastinal LN staging in lung cancer (57,58). EUS-FNA 
is complimentary to EBUS-TBNA and Med in terms of 
mediastinal LN access. It allows access to station 2R, 2L, 
4L, 4R, 5, 7, 8 and 9 LNs. EUS-FNA can also access L 
adrenal, left lobe of the liver and celiac axis, some of which 
are common sites of metastasis from lung cancer. However, 
due to intervening airways, right sided upper paratracheal 
(2R, 2L) and lower paratracheal (4R) LNs may be more 
challenging to access. Detailed performance analysis of 
EUS-FNA in mediastinal LN staging in lung cancer is 
beyond the scope of this review, nonetheless, EUS-FNA 
sensitivity, specificity, PPV and NPV in mediastinal LN 
staging is equivalent to that of EBUS-TBNA at 89%, 
100%, 100% and 86% respectively (2). 

CUS has been shown to improve access to the 
mediastinum (59) and the extended LN sampling that occurs 
with both modalities combined may improve diagnostic yield 
as compared to EBUS-TBNA alone, thank to detection of 
additional metastatic foci (59-61). The concept of CUS was 
first presented by Vilmann et al. (60). Thirty one patients 
with suspected or proven lung cancer underwent CUS. 
A total of 119 lesions were sampled by EUS-FNA (n=59) 
and EBUS−TBNA (n=60). Cancer diagnosis was made 
in 26 EUS-FNA and 28 EBUS-TBNA sampled lesions, 
respectively. Eleven additional cancer diagnoses and three 
samples with suspicious cells were obtained by EBUS-
TBNA that had not been obtained by the EUS-FNA. 
Conversely, 12 additional cancer diagnoses, one suspicious 
and one specific benign diagnosis (sarcoidosis) were found 
by EUS-FNA that had not been picked up by EBUS-
TBNA. Mediastinal involvement was confirmed in 20 of 
the 28 patients in whom a final diagnosis was obtained. The 
accuracy of CUS, for diagnosis of mediastinal metastasis 
was 100% (95% CI, 83−100%). 

Whether two dedicated scopes are used (a dedicated 
EBUS-TBNA scope and a dedicated EUS-FNA scope) 
or EBUS scope following the EBUS-TBNA is used to 
perform transesophageal needle aspiration (TENA), CUS 
sensitivity, NPV and diagnostic accuracy have been shown 
to remain high and perhaps higher than that of EBUS-
TBNA alone (59,61,62). One study reported sensitivity 
and NPV of CUS of 96% vs. EBUS-TBNA alone of 92%, 
in lung cancer staging. However, no p value was provided 
for this difference. Another study showed, again, high 
EBUS-TBNA and CUS sensitivity, NPV and diagnostic 
accuracy of 84.4%, 93.3%, and 95.1% vs. 91.1%, 96.1% 
and 97.2%; P=0.332, P=0.37 9, and P=0.360, respectively 
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but with no statistically significant difference between the 
two approaches (59). The diagnostic yield was not affected 
regardless of whether one or two scopes were used for the 
CUS (59,61,63). However, one scope CUS significantly 
reduced procedure time as compared to the two scope 
approach (25±4.4 vs. 14.9±2.3 min, P=0.001) (63). 

Based on these results, some authors argue for the use 
of CUS in mediastinal LN staging in patients with lung 
cancer and promote the use of EBUS-TENA over EBUS-
TBNA for time-saving purposes (61,62,64,65). However, 
there are some important aspects of these studies that 
need to be taken into consideration before CUS can be 
recommended routinely. Herth et al. reported only three 
cases where positive results were obtained exclusively by 
EBUS-TENA from station 2L, 10L, and 7, all of which 
are accessible by EBUS-TBNA (61). In another study, 
three exclusively positive cases determined by EBUS-
TENA (2.1% of patients) were from station 4L and  
5 (frequently involved together with station 4L which is 
accessible to EBUS-TBNA). Stations 8 and 9 LNs did not 
contribute to increased diagnostic yield by EBUS-TENA 
in that study (59). Overall, prevalence of mediastinal LN 
metastasis in stations inaccessible to EBUS-TBNA is low, 
ranging between 0.19–1.2% for station 8, and 0.83–2.2% 
in stations 5 and 6 (35,58,62). The low prevalence of 
mediastinal metastasis in exclusively EUS-accessible LNs, 
limitations of EUS including underdiagnoses of N3 disease 
in left sided tumors, and N2 disease in right-sided tumors 
(due to decreased diagnostic yield resulting from higher 
rate of false negatives in the R sided LNs due to reduced 
LN visualization through the air-filled trachea) and given 
the equivalent to Med yield of EBUS-TBNA in hands 
of a skilled operator, may be the reasons behind the lack 
of statistically significant difference in diagnostic yield 
when adding EUS-FNA to EBUS-TBNA staging, while a 
statistically significant increase in diagnostic yield has been 
achieved by adding EBUS-TBNA to EUS-FNA (66). 

The use of EBUS through the esophagus to increase 
the yield further or CUS using two scopes may not be 
justifiable form the health economics perspective and 
instead a selective use of CUS should be implemented if 
there is a high index of suspicion of metastasis in EBUS-
TBNA inaccessible LNs. In 2005, Rintoul et al. selectively 
added EUS-FNA to EBUS-TBNA staging in 7 out of  
20 patients subjected to endoscopic staging. Five of those 
patients had additional pathologic diagnosis detected by the 
EUS-FNA that wouldn’t have been obtained with EBUS-
TBNA alone. CUS sensitivity, specificity and accuracy were 

85% (95% CI, 54.6–98.1%), 100% (95% CI, 47.8–100%) 
and 89% (95% CI, 65.3–98.6%), respectively (67). 

A recent prospective study of mediastinal staging 
in patients with lung cancer, compared the yield of 
combined EBUS-EUS and Med with the results of surgical 
lymphadenectomy. CUS and Med approach diagnosed 
additional N2/N3 and M1 disease in 14% of study patients 
that had not been detected by the Med approach, preventing 
inappropriate surgical resections. CUS sensitivity, NPV 
and diagnostic accuracy was 91%, 100%, 96% and 97%, 
respectively. Interestingly, NPV and diagnostic accuracy 
of EBUS alone, CUS and Med compared with mediastinal 
lymphadenectomy at thoracotomy were quite similar (−90%, 
95%CI, −0.84 to 0.95) (68). 

Use of confirmatory Med after negative EBUS-TBNA

A positive result with mediastinal LN staging with EBUS-
TBNA has a significant impact on patient management and 
may result in improved survival (2,24,69-71). However, if 
EBUS-TBNA staging is negative, the question remains 
whether there is a role for a confirmatory Med in this 
setting, and if so, which patients should it be offered to. 

Performance of EBUS-TBNA depends on the operator’s 
skill and prevalence of mediastinal metastasis in the studied 
population. In skilled hands, performance of EBUS-
TBNA has been shown to be equivalent or better than 
that of Med (19,35). In a population with intermediate 
prevalence of mediastinal metastasis (35%), Yasufuku  
et al. showed sensitivity and NPV of EBUS-TBNA of 81% 
and 91%, respectively (35). Combined EBUS-TBNA and 
Med improved sensitivity to 91% and NPV to 96%. This 
represents an overall 5% increase in NPV and number 
needed to treat of 9. In other words, in a population with 
intermediate prevalence of nodal metastasis, both procedures 
would have to be performed in nine patients to detect one 
patient with metastatic disease. In a patient population with 
clinical N0 disease, surgical staging may not contribute 
significantly to improving diagnostic yield. Szlubowski et al. 
demonstrated CUS sensitivity, specificity, diagnostic accuracy, 
PPV and NPV of 68% (95% CI, 48–84%), 98% (95% CI, 
92–100%), 91% (95% CI, 86–96%), 91% (95% CI, 70–99%) 
and 91% (95% CI, 83–96%). TEMLA was performed in  
99 patients whose CUS was negative detecting 9 additional 
cases of mediastinal metastatic disease (8%) (72).

Therefore, in a patient population with clinical N0 
disease and low prevalence of mediastinal nodal metastasis, 
confirmatory Med following negative EBUS-TBNA 
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staging, may not be justifiable. Annema et al. compared 
the yield of CUS and Med combined to that of Med in a 
population of patients with high prevalence of mediastinal 
nodal metastasis (49%) (58). Sensitivity for detecting N2 
and N3 disease was 79% (95% CI, 66–88%) in Med arm, 
85% (95% CI, 74–92%) in CUS arm (P=0.47) and 94% 
(62/66; 95% CI, 85–98%) for the CUS strategy followed by 
Med (P=0.02). Evaluating sonography (CUS) and surgical 
components (Med) separately, showed sensitivity and NPV 
of 85% and 85% for CUS and 79% and 86% for Med. 
This demonstrated that Med and CUS staging may be 
equivalent but that CUS approach followed by Med in CUS 
negative cases in a patient population with high prevalence 
of mediastinal nodal metastasis has higher than Med alone 
sensitivity and results in fewer unnecessary surgeries (7% 
in CUS and Med arm vs. 18% in the Med alone arm, 
P=0.02). Adding Med to CUS increased sensitivity and 
NPV of staging by 9% (94%) and 11% (93%), respectively 
indicating that with rising prevalence of mediastinal nodal 
metastasis, confirmatory Med may be of value and that the 
decision about confirmatory testing should be made on a 
case by case basis. (Post hoc analysis of survival data from 
this trial has recently been reported, showing no survival 
advantage in the CUS and Med arm as compared with 
the Med alone arm. This may be explained by insufficient 
powering of the study to detect survival difference) (73). 

Cost-effectiveness of EBUS-TBNA and Med in 
mediastinal LN staging in primary lung cancer

Multiple studies explored costs, cost-benefit and cost-
effectiveness of EBUS-TBNA and Med in lung cancer 
staging (74-79). In 2006, Meyers et al. evaluated cost 
effectiveness of mediastinal LN staging with Med in patients 
with clinical Stage I disease (by PET and CT). Prevalence 
of N2 disease was 5.6% (74). The results showed that 
routine Med in this patient population is not cost-effective. 
If neoadjuvant therapy in N2 disease is assumed to convey 
a survival benefit over adjuvant chemotherapy (suggested 
by some studies) (69-71), then invasive staging may be cost-
effective in this patient population (80). Routine Med is, 
however, cost-effective once the prevalence of mediastinal 
nodal metastasis exceeds 10% (74). Five years following 
Meyers et al. study, Steinfort et al. performed a decision 
analysis comparing costs of mediastinal LN staging in lung 
cancer, in which they incorporated EBUS-TBNA into the 
model. Other strategies included: Med, EBUS-TBNA 
followed by Med (if endoscopic staging was negative) 

and conventional TBNA (75). In a population with high 
prevalence of mediastinal nodal metastasis EBUS-TBNA 
followed by Med was the least costly strategy, suggesting 
a clear role for confirmatory Med in some patients, while 
advocating for EBUS-TBNA as the test of first choice in 
invasive staging. All studies demonstrate that EBUS-TBNA 
sensitivity and prevalence of mediastinal nodal metastasis 
are important factors in deciding on the most cost-effective 
staging modality. Recent study showed that if the EBUS-
TBNA sensitivity of at least 25% cannot be achieved, Med 
should be the preferred staging strategy. Cost comparison 
between Med and EBUS-TBNA showed that the needle 
based technique is less expensive than Med if the staging 
procedure is performed in the endoscopy suite while it is 
more expensive than Med if performed in the operating 
room, however, it generates less waste than Med (75,81).

EBUS-TBNA and Med—role in lung cancer 
diagnosis

EBUS-TBNA has also been shown to be a useful modality 
in diagnosis of primary lung cancer (82-85). Peribronchial 
lesions adjacent to large central or segmental airways of 
the lower lobes can be accessed with EBUS-TBNA with 
sensitivity and diagnostic accuracy ranging between 82% 
and 97.2% (82-85). NPV is quite low at 23% (95%CI, 
5–53%), indicating that negative results in patients with 
high pretest probability of lung cancer, should be evaluated 
with other modalities (83). Only minor complications have 
been reported including self-limited atrial fibrillation (83).  
Importantly, no pneumothoraces or bleeding were 
reported. 

Endobronchial biopsy and percutaneous lung biopsy 
are two commonly utilized modalities for diagnosis of lung 
lesions suspicious for cancer. Beside exposure to radiation, 
percutaneous, CT-guided lung biopsy, carries a risk of 
pneumothorax and or hemoptysis of 30–40% (86,87). 
Percutaneous lung biopsy in centrally located lesions is 
more expensive and with lower yield than transbronchial 
biopsy (87,88). Flexible bronchoscopy may be a useful 
diagnostic modality if the lesion has an endobronchial 
component, but without it, diagnostic yield has been 
reported at 0% (83). 

Current CP-EBUS can only assess paratracheal and 
peribronchial areas located around the main and segmental 
airways of lower lobes. Majority of lung cancers occur in 
the right upper lobe and tumors of left upper lobe and 
lingula are not uncommon. Recently, Wada et al. reported 
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on performance of a prototype thin convex probe-EBUS 
(TCP-EBUS) in a porcine lung (89). The TCP-EBUS 
has a smaller external diameter of 5.9 mm and grater 
bending angle of 170° up than the current CP-EBUS  
(6.9 mm external diameter and 120° up angulation). Thanks 
to these characteristics, the TCP-EBUS on average has a 
14.7 mm greater endoscopic visibility range and a 16.0 mm 
greater maximum reach than the current CP-EBUS. The 
TCP-EBUS visualized 1 to 3 distal bifurcations further 
than the current CP-EBUS, accessing the segmental 
airways of the left upper lobe and the tracheobronchus 
(intubation of which, requires significant scope angulation, 
not possible with the current CP-EBUS). Adequate nodal 
tissue was sampled from lobar and segmental LNs (89). 
Improved airway access and ability to sample upper and 
lower lobe peribronchial tissue and segmental LNs are 
expected in human lung, given larger than pig’s airway 
diameter. Performance of the prototype TCP-EBUS offers 
a promising improvement to diagnosis of peribronchial 
tumors. In addition, it would improve the assessment 
of intrathoracic LNs, moving the lung cancer staging 
beyond the mediastinum and into the segmental and lobar 
regions and into the upper lobes. This could prove useful 
in planning treatment for ablative therapy and sublobar 
resection candidates. In addition, the ability to safely access, 
sample and accurately diagnose lung cancer in patients 
with centrally located lesions by EBUS-TBNA opens up a 
possibility of accomplishing both, obtaining tissue diagnosis 
from the primary tumor and mediastinal staging in a single 
procedure, reducing overall costs of the diagnostic work up 
and accelerating patient’s access to appropriate definitive 
therapy. 

In the era of personalized medicine, determining 
molecular signature of lung cancer has become the standard 
of care. EBUS-TBNA samples provide sufficient quantity 
and quality material for molecular testing. Reported 
adequacy of EBUS-TBNA samples for molecular diagnosis 
ranges from 77% to 98% (90,91). EBUS samples have 
one of the lowest insufficiency rates (4%) for EGFR and 
KRAS mutational analysis (compared with CT-FNA, 7.5%; 
ultrasound guided/superficial FNA, 10%) and can provide 
sufficient tissue quantity for multigene testing (i.e., p53 
mutation, BRAF and PIK3CA) (90,92). 

Med can also be used in assessment of primary lung lesions 
assessing for presence and the extent of mediastinal tumor 
invasion (T component). In mediastinal staging studies, 
Med has been shown to correctly identify mediastinal tumor 
invasion, preventing futile thoracotomies (58). 

Med and EBUS-TBNA in lung cancer re-staging 
and recurrence

Neoadjuvant chemoradiation followed by surgery in lung 
cancer patients with N2 disease may offer survival advantage 
over definitive chemoradiation, if the mediastinum can be 
down-staged to N0/N1 preoperatively (93-95). Both Med 
and EBUS-TBNA have been used for mediastinal restaging 
(41,96-102). However, performance of both Med and 
EBUS-TBNA in restaging is worse than in original staging. 
This is due to LN and mediastinal scarring that results 
from neoadjuvant therapy and prior Med. In the past, 
the prevailing thought was that prior manipulation of the 
mediastinum may make a repeat Med impossible. However, 
multiple studies have reported feasibility of repeated Med 
for restaging with 98–100% planned procedures completed 
(97,100), low morbidity (1.9%) (100) but unfortunately 
also a death reported in one study due to perioperative 
bleeding (97). One of the largest series was reported by 
De Waele et al. (97), 104 patients were restaged with Med 
after neoadjuvant therapy. Med sensitivity, specificity, 
and diagnostic accuracy were 71%, 100% and 84%,  
respectively (97). Med prevented 20 futile thoracotomies 
by detection of persistent N2/3 disease. Patients without 
nodal metastasis proceeded to surgical resection with 
median survival of 28 months (95% CI, 15–41 months). 
Survival in patients with positive and false-negative Med was  
14 months (95% CI, 8–20 months) and 24 months (95% CI, 
3–45 months), respectively. This suggests that Med is also able 
to provide a prognostic information. Other studies reported 
similar performance characteristics for Med with sensitivity 
of 61–83%, diagnostic accuracy of 84–91% and NPV of 85% 
(96-98,100). One, study however, showed very low sensitivity 
and diagnostic accuracy of Med, 29% and 60%, respectively, 
which was presumed to be due to inadequate sampling of 
station 7 LN in majority of patients (99). 

Sensitivity and NPV of EBUS-TBNA for mediastinal 
restaging has shown to be lower than in initial mediastinal 
staging, ranging between 50% and 77%. This is thought 
to be attributable to LN necrosis and fibrosis (101-104). 
However, the procedure is safe with no complications 
reported.

EBUS-TBNA has been evaluated in patients with 
new mediastinal lymphadenopathy following treatment 
of lung cancer (105). PET-CT is not highly reliable in 
assessment of patients suspected to have cancer recurrence. 
False positives are common and can be related to post 
inflammatory mediastinal changes due to surgery or 
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related to chronic bronchitis due to smoking (105,106). 
Pathological confirmation of positive imaging is, therefore, 
important. In one study, EBUS-TBNA mediastinal LN 
sampling was performed in patients with progressive 
mediastinal lymphadenopathy following initial treatment of 
NSCLC (105). Cancer recurrence and a new primary cancer 
were diagnosed in 64% and 25% of patients, respectively. 
Patients diagnosed with early new lung cancer, following 
EBUS-TBNA staging proving no mediastinal involvement, 
underwent surgery with curative intent. Patients with 
recurrence and new small cell lung cancer obtained 
appropriate therapy. A recent study reported a 100% 
sensitivity, specificity, PPV and NPV of EBUS-TBNA 
for assessment of mediastinal LN in patients following 
treatment of lung cancer (107). These results show that 
EBUS-TBNA can be used to obtain a definitive diagnosis 
of newly developed mediastinal and hilar abnormalities after 
primary therapy in patients with lung cancer. Diagnostic 
accuracy of EBUS-TBNA in such setting is 95.1%. Added 
benefit is that the procedure can be repeated safely without 
additional risk to the patient, even if the mediastinum had 
previously been assessed by Med. 

Due to adhesions that occur following LN dissection 
during lung cancer resection, confirming cancer recurrence 
with Med meets the same challenges as using Med for 
restaging after neoadjuvant therapy (108,109). 

At present there is insufficient evidence to clearly define 
the role of surgical and endoscopic modalities in patients 
with advanced lung cancer and considered for trimodality 
therapy and in setting of suspected recurrent lung cancer. 
Given better performance of Med when performed for 
the first time, and equivalent performance of Med and 
EBUS-TBNA in primary mediastinal staging, it appears 
that saving Med for re-staging after neoadjuvant therapy 
and staging initially with EBUS-TBNA might be the most 
cost-effective staging approach in lung cancer patients 
considered for a curative resection. However, if EBUS-
TBNA is performed for restaging, a confirmatory Med 
should be performed in the event of negative EBUS-
TBNA (9). Given excellent performance characteristic 
of EBUS-TBNA in diagnosis of lung cancer recurrence 
and the potential challenges of Med, EBUS-TBNA 
should be used for initial evaluation of new mediastinal 
lymphadenopathy in patients with prior lung cancer.

Conclusions and future directions 

Lung cancer diagnosis and management have undergone 

significant changes over the past decade with introduction 
of the minimally invasive endoscopic techniques. EBUS-
TBNA offers an accurate and cost-effective means of 
mediastinal evaluation at all stages of lung cancer, from 
the original mediastinal staging to detection of disease 
recurrence. Quality data on performance of EBUS-
TBNA in mediastinal LN staging in lung cancer led 
to a recent recommendation from the ACCP and 
ESTS to use the needle based techniques for the initial 
mediastinal staging (2,9). Currently, endoscopic staging is 
recommended for patients with distinct mediastinal or N1 
LN enlargement on CT chest, or FDG avidity on PET, 
in central tumors and all patients with T2 tumors (2).  
When combined with EUS-FNA, EBUS-TBNA offers 
nearly complete assessment of the mediastinum and 
may have higher diagnostic accuracy than the previous 
gold standard, Med in patients with metastatic disease in 
EBUS-TBNA-inaccessible LNs. When performed by a 
skilled bronchoscopist EBUS-TBNA can not only provide 
mediastinal LN staging but also, in some patients, offer 
diagnosis of the primary tumor including information on 
its molecular profile (110,111). 

Practice of medicine has evolved in many specialities 
with focus on minimally invasive diagnosis and treatment 
as well as personalized treatments of disease. At present, 
lung cancer is being treated not only with surgery but also 
with therapies like RFA, SBRT. Sublobar resections may 
become standard of care for T1a tumors (112) and are the 
only surgical option for patients with significantly impaired 
lung function (40). In this setting, development of a TCP-
EBUS scope opens up a possibility of not only reaching 
further into the airways and sampling the more distant and 
upper lobe N1 LNs, but also, personalized therapy where a 
tumor-specific treatment could be delivered to a metastatic 
LN or a primary lung tumor, using a real time ultrasound 
imaging (113,114). 

Even though many centers globally have acquired 
endoscopic ultrasound technology, it is unlikely that Med 
will be eliminated from the armamentarium of invasive 
tests used in lung cancer patients. Instead, a combination 
of endoscopic and surgical assessments will become the 
standard of care, depending on the unique clinical scenario. 
This will allow highest diagnostic yield at all stages of the 
disease and as a result, most optimal patient management. 
For example, Med is recommended as a confirmatory test 
in patients with negative needle-based staging in patients 
with high pretest probability of mediastinal metastasis 
and it should be the test of first choice for mediastinal 
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restaging, following neoadjuvant therapy (especially if 
EBUS-TBNA was used to stage mediastinum initially). 
In addition, despite the recent change in the guidelines 
and a shift to the minimally invasive endosonography for 
staging, acquisition of this technology in many thoracic 
surgery and pulmonology centers is hindered by the lack of 
EBUS-TBNA expertise and limited resources. Therefore, 
Med is still the test of first choice in many thoracic surgery 
programs worldwide for mediastinal staging, restaging 
and diagnosis of disease recurrence. For these reasons, it 
important that thoracic surgeons get adequate training in 
both Med and the needle based techniques like EBUS-
TBNA or EUS-FNA and that the focus of lung cancer 
diagnosis and treatment be on a multidisciplinary approach 
with a close collaboration of the radiologists, thoracic 
surgeons, pulmonologists, pathologists and oncologists to 
ensure the optimal patient management at all stages of the 
disease.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. 
CA Cancer J Clin 2016;66:7-30.

2. Silvestri GA, Gonzalez AV, Jantz MA, et al. Methods 
for staging non-small cell lung cancer: Diagnosis and 
management of lung cancer, 3rd ed: American College 
of Chest Physicians evidence-based clinical practice 
guidelines. Chest 2013;143:e211S-50S.

3. De Wever W, Ceyssens S, Mortelmans L, et al. Additional 
value of PET-CT in the staging of lung cancer: comparison 
with CT alone, PET alone and visual correlation of PET 
and CT. Eur Radiol 2007;17:23-32.

4. Darling GE, Maziak DE, Inculet RI, et al. Positron 
emission tomography-computed tomography compared 
with invasive mediastinal staging in non-small cell lung 
cancer: results of mediastinal staging in the early lung 
positron emission tomography trial. J Thorac Oncol 
2011;6:1367-72.

5. Fischer B, Lassen U, Mortensen J, et al. Preoperative 

staging of lung cancer with combined PET-CT. N Engl J 
Med 2009;361:32-9.

6. Herder GJ, Kramer H, Hoekstra OS, et al. Traditional 
versus up-front [18F] fluorodeoxyglucose-positron 
emission tomography staging of non-small-cell lung 
cancer: a Dutch cooperative randomized study. J Clin 
Oncol 2006;24:1800-6.

7. Cerfolio RJ, Bryant AS, Ojha B, et al. Improving the 
inaccuracies of clinical staging of patients with NSCLC: 
a prospective trial. Ann Thorac Surg 2005;80:1207-13; 
discussion 1213-4.

8. Tournoy KG, Maddens S, Gosselin R, et al. Integrated 
FDG-PET/CT does not make invasive staging of the 
intrathoracic lymph nodes in non-small cell lung cancer 
redundant: a prospective study. Thorax 2007;62:696-701.

9. De Leyn P, Dooms C, Kuzdzal J, et al. Preoperative 
mediastinal lymph node staging for non-small cell lung 
cancer: 2014 update of the 2007 ESTS guidelines. Transl 
Lung Cancer Res 2014;3:225-33.

10. Darling GE, Dickie AJ, Malthaner RA, et al. Invasive 
mediastinal staging of non-small-cell lung cancer: a clinical 
practice guideline. Curr Oncol 2011;18:e304-10.

11. Kuzdzał J, Zieliński M, Papla B, et al. Transcervical 
extended mediastinal lymphadenectomy--the new 
operative technique and early results in lung cancer 
staging. Eur J Cardiothorac Surg 2005;27:384-90; 
discussion 390.

12. Kużdżał J, Szlubowski A, Grochowski Z, et al. Current 
evidence on transcervical mediastinal lymph nodes 
dissection. Eur J Cardiothorac Surg 2011;40:1470-3.

13. Passlick B. Initial surgical staging of lung cancer. Lung 
Cancer 2003;42 Suppl 1:S21-5.

14. Ginsberg RJ, Rice TW, Goldberg M, et al. Extended 
cervical mediastinoscopy. A single staging procedure for 
bronchogenic carcinoma of the left upper lobe. J Thorac 
Cardiovasc Surg 1987;94:673-8.

15. Freixinet Gilart J, Garcia PG, de Castro FR, et al. Extended 
cervical mediastinoscopy in the staging of bronchogenic 
carcinoma. Ann Thorac Surg 2000;70:1641-3.

16. Semik M, Netz B, Schmidt C, et al. Surgical exploration 
of the mediastinum: mediastinoscopy and intraoperative 
staging. Lung Cancer 2004;45 Suppl 2:S55-61.

17. Call S, Obiols C, Rami-Porta R, et al. Video-Assisted 
Mediastinoscopic Lymphadenectomy for Staging 
Non-Small Cell Lung Cancer. Ann Thorac Surg 
2016;101:1326-33.

18. Kuzdzał J, Zieliński M, Papla B, et al. The transcervical 
extended mediastinal lymphadenectomy versus cervical 



S93Journal of Thoracic Disease, Vol 9, Suppl 2 March 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

mediastinoscopy in non-small cell lung cancer staging. Eur 
J Cardiothorac Surg 2007;31:88-94.

19. Um SW, Kim HK, Jung SH, et al. Endobronchial 
ultrasound versus mediastinoscopy for mediastinal nodal 
staging of non-small-cell lung cancer. J Thorac Oncol 
2015;10:331-7.

20. Ernst A, Anantham D, Eberhardt R, et al. Diagnosis 
of mediastinal adenopathy-real-time endobronchial 
ultrasound guided needle aspiration versus 
mediastinoscopy. J Thorac Oncol 2008;3:577-82.

21. Toloza EM, Harpole L, Detterbeck F, et al. Invasive 
staging of non-small cell lung cancer: a review of the 
current evidence. Chest 2003;123:157S-66S.

22. Pearson G, Cooper J, Deslauriers J, et al. Mediastinoscopy. 
Thoracic Surgery 2nd ed. New York: Churchill 
Livingstone; 2002:98-103.

23. Lemaire A, Nikolic I, Petersen T, et al. Nine-year 
single center experience with cervical mediastinoscopy: 
complications and false negative rate. Ann Thorac Surg 
2006;82:1185-9; discussion 1189-90.

24. Czarnecka K, Yasufuku K. The role of endobronchial 
ultrasound/esophageal ultrasound for evaluation of the 
mediastinum in lung cancer. Expert Rev Respir Med 
2014;8:763-76.

25. Czarnecka K, Yasufuku K. Interventional pulmonology: 
focus on pulmonary diagnostics. Respirology 
2013;18:47-60.

26. Yasufuku K. Current clinical applications of endobronchial 
ultrasound. Expert Rev Respir Med 2010;4:491-8.

27. Herth F, Becker HD, Ernst A. Conventional vs 
endobronchial ultrasound-guided transbronchial needle 
aspiration: a randomized trial. Chest 2004;125:322-5.

28. Herth FJ, Ernst A, Becker HD. Endobronchial 
ultrasound-guided transbronchial lung biopsy in solitary 
pulmonary nodules and peripheral lesions. Eur Respir J 
2002;20:972-4.

29. Paone G, Nicastri E, Lucantoni G, et al. Endobronchial 
ultrasound-driven biopsy in the diagnosis of peripheral 
lung lesions. Chest 2005;128:3551-7.

30. Herth FJ, Becker HD, Ernst A. Ultrasound-guided 
transbronchial needle aspiration: an experience in 242 
patients. Chest 2003;123:604-7.

31. Yasufuku K, Chiyo M, Sekine Y, et al. Real-time 
endobronchial ultrasound-guided transbronchial needle 
aspiration of mediastinal and hilar lymph nodes. Chest 
2004;126:122-8.

32. Yasufuku K, Chhajed PN, Sekine Y, et al. Endobronchial 
ultrasound using a new convex probe: a preliminary 

study on surgically resected specimens. Oncol Rep 
2004;11:293-6.

33. Available online: http://www.olympus-europa.com 
[September 17 2016].

34. Xu W, Shi J, Zeng X, et al. EUS elastography for the 
differentiation of benign and malignant lymph nodes: a 
meta-analysis. Gastrointest Endosc 2011;74:1001-9; quiz 
1115.e1-4.

35. Yasufuku K, Pierre A, Darling G, et al. A prospective 
controlled trial of endobronchial ultrasound-guided 
transbronchial needle aspiration compared with 
mediastinoscopy for mediastinal lymph node staging of 
lung cancer. J Thorac Cardiovasc Surg 2011;142:1393-
400.e1.

36. Asano F, Aoe M, Ohsaki Y, et al. Complications associated 
with endobronchial ultrasound-guided transbronchial 
needle aspiration: a nationwide survey by the Japan Society 
for Respiratory Endoscopy. Respir Res 2013;14:50.

37. von Bartheld MB, Annema JT. Endosonography-related 
mortality and morbidity for pulmonary indications: a 
nationwide survey in the Netherlands. Gastrointest Endosc 
2015;82:1009-15.

38. Yarmus LB, Akulian JA, Gilbert C, et al. Comparison 
of moderate versus deep sedation for endobronchial 
ultrasound transbronchial needle aspiration. Ann Am 
Thorac Soc 2013;10:121-6.

39. Herth FJ, Eberhardt R, Vilmann P, et al. Real-time 
endobronchial ultrasound guided transbronchial needle 
aspiration for sampling mediastinal lymph nodes. Thorax 
2006;61:795-8.

40. Crabtree TD, Denlinger CE, Meyers BF, et al. Stereotactic 
body radiation therapy versus surgical resection for stage 
I non-small cell lung cancer. J Thorac Cardiovasc Surg 
2010;140:377-86.

41. Shingyoji M, Nakajima T, Yoshino M, et al. Endobronchial 
ultrasonography for positron emission tomography 
and computed tomography-negative lymph node 
staging in non-small cell lung cancer. Ann Thorac Surg 
2014;98:1762-7.

42. Choi YS, Shim YM, Kim J, et al. Mediastinoscopy in 
patients with clinical stage I non-small cell lung cancer. 
Ann Thorac Surg 2003;75:364-6.

43. Ong P, Grosu H, Eapen GA, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration for 
systematic nodal staging of lung cancer in patients with N0 
disease by computed tomography and integrated positron 
emission tomography-computed tomography. Ann Am 
Thorac Soc 2015;12:415-9.



S94 Czarnecka-Kujawa and Yasufuku. EBUS vs. Med in NSCLC

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

44. Herth FJ, Ernst A, Eberhardt R, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration of 
lymph nodes in the radiologically normal mediastinum. 
Eur Respir J 2006;28:910-4.

45. Herth FJ, Eberhardt R, Krasnik M, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration of 
lymph nodes in the radiologically and positron emission 
tomography-normal mediastinum in patients with lung 
cancer. Chest 2008;133:887-91.

46. Coughlin M, Deslauriers J, Beaulieu M, et al. Role of 
mediastinoscopy in pretreatment staging of patients with 
primary lung cancer. Ann Thorac Surg 1985;40:556-60.

47. Luke WP, Pearson FG, Todd TR, et al. Prospective 
evaluation of mediastinoscopy for assessment of carcinoma 
of the lung. J Thorac Cardiovasc Surg 1986;91:53-6.

48. Hoffmann H. Invasive staging of lung cancer by 
mediastinoscopy and video-assisted thoracoscopy. Lung 
Cancer 2001;34 Suppl 3:S3-5.

49. Lung Cancer: Screening. Available online: http://www.
uspreventiveservicestaskforce.org/uspstf/uspslung.htm 
[Accessed September 20, 2016].

50. Czarnecka K, Yasufuku K. Endobronchial ultrasound-
guided transbronchial needle aspiration for staging patients 
with lung cancer with clinical N0 disease. Ann Am Thorac 
Soc 2015;12:297-9.

51. Yasufuku K, Nakajima T, Waddell T, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration for 
differentiating N0 versus N1 lung cancer. Ann Thorac 
Surg 2013;96:1756-60.

52. Adams K, Shah PL, Edmonds L, et al. Test performance 
of endobronchial ultrasound and transbronchial needle 
aspiration biopsy for mediastinal staging in patients with 
lung cancer: systematic review and meta-analysis. Thorax 
2009;64:757-62.

53. Gu P, Zhao YZ, Jiang LY, et al. Endobronchial ultrasound-
guided transbronchial needle aspiration for staging of 
lung cancer: a systematic review and meta-analysis. Eur J 
Cancer 2009;45:1389-96.

54. Dong X, Qiu X, Liu Q, et al. Endobronchial ultrasound-
guided transbronchial needle aspiration in the mediastinal 
staging of non-small cell lung cancer: a meta-analysis. Ann 
Thorac Surg 2013;96:1502-7.

55. Sehgal IS, Dhooria S, Aggarwal AN, et al. 
Endosonography Versus Mediastinoscopy in Mediastinal 
Staging of Lung Cancer: Systematic Review and Meta-
Analysis. Ann Thorac Surg 2016;102:1747-55.

56. Ge X, Guan W, Han F, et al. Comparison of 
Endobronchial Ultrasound-Guided Fine Needle 

Aspiration and Video-Assisted Mediastinoscopy 
for Mediastinal Staging of Lung Cancer. Lung 
2015;193:757-66.

57. Hu LX, Chen RX, Huang H, et al. Endobronchial 
Ultrasound-guided Transbronchial Needle Aspiration 
versus Standard Bronchoscopic Modalities for Diagnosis 
of Sarcoidosis: A Meta-analysis. Chin Med J (Engl) 
2016;129:1607-15.

58. Annema JT, van Meerbeeck JP, Rintoul RC, et al. 
Mediastinoscopy vs endosonography for mediastinal 
nodal staging of lung cancer: a randomized trial. JAMA 
2010;304:2245-52.

59. Hwangbo B, Lee GK, Lee HS, et al. Transbronchial and 
transesophageal fine-needle aspiration using an ultrasound 
bronchoscope in mediastinal staging of potentially 
operable lung cancer. Chest 2010;138:795-802.

60. Vilmann P, Puri R. The complete ''medical'' 
mediastinoscopy (EUS-FNA + EBUS-TBNA). Minerva 
Med 2007;98:331-8.

61. Herth FJ, Krasnik M, Kahn N, et al. Combined 
endoscopic-endobronchial ultrasound-guided fine-needle 
aspiration of mediastinal lymph nodes through a single 
bronchoscope in 150 patients with suspected lung cancer. 
Chest 2010;138:790-4.

62. Liberman M, Sampalis J, Duranceau A, et al. 
Endosonographic mediastinal lymph node staging of lung 
cancer. Chest 2014;146:389-97.

63. Szlubowski A, Soja J, Kocon P, et al. A comparison of the 
combined ultrasound of the mediastinum by use of a single 
ultrasound bronchoscope versus ultrasound bronchoscope 
plus ultrasound gastroscope in lung cancer staging: 
a prospective trial. Interact Cardiovasc Thorac Surg 
2012;15:442-6; discussion 446.

64. Hegde PV, Liberman M. Mediastinal Staging: 
Endosonographic Ultrasound Lymph Node Biopsy or 
Mediastinoscopy. Thorac Surg Clin 2016;26:243-9.

65. Vilmann P, Clementsen PF, Colella S, et al. Combined 
endobronchial and esophageal endosonography for the 
diagnosis and staging of lung cancer: European Society 
of Gastrointestinal Endoscopy (ESGE) Guideline, in 
cooperation with the European Respiratory Society (ERS) 
and the European Society of Thoracic Surgeons (ESTS). 
Endoscopy 2015;47:545-59.

66. Kang HJ, Hwangbo B, Lee GK, et al. EBUS-centred 
versus EUS-centred mediastinal staging in lung cancer: a 
randomised controlled trial. Thorax 2014;69:261-8.

67. Rintoul RC, Skwarski KM, Murchison JT, et al. 
Endobronchial and endoscopic ultrasound-guided real-



S95Journal of Thoracic Disease, Vol 9, Suppl 2 March 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

time fine-needle aspiration for mediastinal staging. Eur 
Respir J 2005;25:416-21.

68. Liberman M, Duranceau A, Grunenwald E, et al. 
Initial experience with a new technique of endoscopic 
and ultrasonographic access for biopsy of para-aortic 
(station 6) mediastinal lymph nodes without traversing 
the aorta. J Thorac Cardiovasc Surg 2012;144:787-92; 
discussion 792-3.

69. Yang CF, Kumar A, Gulack BC, et al. Long-term 
outcomes after lobectomy for non-small cell lung cancer 
when unsuspected pN2 disease is found: A National 
Cancer Data Base analysis. J Thorac Cardiovasc Surg 
2016;151:1380-8.

70. Aggarwal C, Li L, Borghaei H, et al. Multidisciplinary 
therapy of stage IIIA non-small-cell lung cancer: long-
term outcome of chemoradiation with or without surgery. 
Cancer Control 2014;21:57-62.

71. Darling GE, Li F, Patsios D, et al. Neoadjuvant 
chemoradiation and surgery improves survival outcomes 
compared with definitive chemoradiation in the treatment 
of stage IIIA N2 non-small-cell lung cancer. Eur J 
Cardiothorac Surg 2015;48:684-90; discussion 90.

72. Szlubowski A, Zielinski M, Soja J, et al. A combined 
approach of endobronchial and endoscopic ultrasound-
guided needle aspiration in the radiologically normal 
mediastinum in non-small-cell lung cancer staging--a 
prospective trial. Eur J Cardiothorac Surg 2010;37:1175-9.

73. Kuijvenhoven JC, Korevaar DA, Tournoy KG, et al. Five-
Year Survival After Endosonography vs Mediastinoscopy 
for Mediastinal Nodal Staging of Lung Cancer. JAMA 
2016;316:1110-2.

74. Meyers BF, Haddad F, Siegel BA, et al. Cost-effectiveness 
of routine mediastinoscopy in computed tomography- and 
positron emission tomography-screened patients with stage 
I lung cancer. J Thorac Cardiovasc Surg 2006;131:822-9; 
discussion 822-9.

75. Steinfort DP, Liew D, Conron M, et al. Cost-benefit of 
minimally invasive staging of non-small cell lung cancer: 
a decision tree sensitivity analysis. J Thorac Oncol 
2010;5:1564-70.

76. Sharples LD, Jackson C, Wheaton E, et al. Clinical 
effectiveness and cost-effectiveness of endobronchial 
and endoscopic ultrasound relative to surgical staging in 
potentially resectable lung cancer: results from the ASTER 
randomised controlled trial. Health Technol Assess 
2012;16:1-75, iii-iv.

77. Rintoul RC, Glover MJ, Jackson C, et al. Cost 
effectiveness of endosonography versus surgical staging 

in potentially resectable lung cancer: a health economics 
analysis of the ASTER trial from a European perspective. 
Thorax 2014;69:679-81.

78. Harewood GC, Pascual J, Raimondo M, et al. 
Economic analysis of combined endoscopic and 
endobronchial ultrasound in the evaluation of patients 
with suspected non-small cell lung cancer. Lung 
Cancer 2010;67:366-71.

79. Luque M, Diez FJ, Disdier C. Optimal sequence of tests 
for the mediastinal staging of non-small cell lung cancer. 
BMC Med Inform Decis Mak 2016;16:9.

80. Czarnecka K, Rochau U, Sirbert U, et al. Cost-effectiveens 
of invasive mediastinal staging in non-small cell lung 
cancer. Baltimore, MD: American Association for Thoracic 
Surgery annual meeting; 2016.

81. Andrade RS, Podgaetz E, Rueth NM, et al. Endobronchial 
ultrasonography versus mediastinoscopy: a single-
institution cost analysis and waste comparison. Ann 
Thorac Surg 2014;98:1003-7.

82. Nakajima T, Yasufuku K, Fujiwara T, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration for 
the diagnosis of intrapulmonary lesions. J Thorac Oncol 
2008;3:985-8.

83. Tournoy KG, Rintoul RC, van Meerbeeck JP, et al. EBUS-
TBNA for the diagnosis of central parenchymal lung 
lesions not visible at routine bronchoscopy. Lung Cancer 
2009;63:45-9.

84. Lee JE, Kim HY, Lim KY, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration in the 
diagnosis of lung cancer. Lung Cancer 2010;70:51-6.

85. Verma A, Jeon K, Koh WJ, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration for the 
diagnosis of central lung parenchymal lesions. Yonsei Med 
J 2013;54:672-8.

86. Geraghty PR, Kee ST, McFarlane G, et al. CT-guided 
transthoracic needle aspiration biopsy of pulmonary 
nodules: needle size and pneumothorax rate. Radiology 
2003;229:475-81.

87. Cox JE, Chiles C, McManus CM, et al. Transthoracic 
needle aspiration biopsy: variables that affect risk of 
pneumothorax. Radiology 1999;212:165-8.

88. Steinfort DP, Liew D, Irving LB. Radial probe EBUS 
versus CT-guided needle biopsy for evaluation of 
peripheral pulmonary lesions: an economic analysis. Eur 
Respir J 2013;41:539-47.

89. Wada H, Hirohashi K, Nakajima T, et al. Assessment 
of the new thin convex probe endobronchial ultrasound 
bronchoscope and the dedicated aspiration needle: a 



S96 Czarnecka-Kujawa and Yasufuku. EBUS vs. Med in NSCLC

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

preliminary study in the porcine lung. J Bronchology 
Interv Pulmonol 2015;22:20-7.

90. Billah S, Stewart J, Staerkel G, et al. EGFR and KRAS 
mutations in lung carcinoma: molecular testing by using 
cytology specimens. Cancer Cytopathol 2011;119:111-7.

91. Santis G, Angell R, Nickless G, et al. Screening for EGFR 
and KRAS mutations in endobronchial ultrasound derived 
transbronchial needle aspirates in non-small cell lung 
cancer using COLD-PCR. PLoS One 2011;6:e25191.

92. Nakajima T, Yasufuku K, Nakagawara A, et al. Multigene 
mutation analysis of metastatic lymph nodes in non-
small cell lung cancer diagnosed by endobronchial 
ultrasound-guided transbronchial needle aspiration. Chest 
2011;140:1319-24.

93. Zieliński M, Hauer L, Hauer J, et al. Non-small-
cell lung cancer restaging with transcervical extended 
mediastinal lymphadenectomy. Eur J Cardiothorac Surg 
2010;37:776-80.

94. Van Meerbeeck JP, Van Schil PE, Senan S. Reply: 
Randomized controlled trial of resection versus 
radiotherapy after induction chemotherapy in stage 
IIIA-N2 non-small cell lung cancer. J Thorac Oncol 
2007;2:1138-9.

95. Betticher DC, Hsu Schmitz SF, Totsch M, et al. 
Mediastinal lymph node clearance after docetaxel-cisplatin 
neoadjuvant chemotherapy is prognostic of survival in 
patients with stage IIIA pN2 non-small-cell lung cancer: a 
multicenter phase II trial. J Clin Oncol 2003;21:1752-9.

96. De Waele M, Hendriks J, Lauwers P, et al. Nodal status 
at repeat mediastinoscopy determines survival in non-
small cell lung cancer with mediastinal nodal involvement, 
treated by induction therapy. Eur J Cardiothorac Surg 
2006;29:240-3.

97. De Waele M, Serra-Mitjans M, Hendriks J, et al. Accuracy 
and survival of repeat mediastinoscopy after induction 
therapy for non-small cell lung cancer in a combined series 
of 104 patients. Eur J Cardiothorac Surg 2008;33:824-8.

98. Rami-Porta R, Mateu-Navarro M, Serra-Mitjans M, et al. 
Remediastinoscopy: comments and updated results. Lung 
Cancer 2003;42:363-4.

99. De Leyn P, Stroobants S, De Wever W, et al. Prospective 
comparative study of integrated positron emission 
tomography-computed tomography scan compared with 
remediastinoscopy in the assessment of residual mediastinal 
lymph node disease after induction chemotherapy for 
mediastinoscopy-proven stage IIIA-N2 Non-small-cell 
lung cancer: a Leuven Lung Cancer Group Study. J Clin 

Oncol 2006;24:3333-9.
100. Marra A, Hillejan L, Fechner S, et al. Remediastinoscopy 

in restaging of lung cancer after induction therapy. J 
Thorac Cardiovasc Surg 2008;135:843-9.

101. Nasir BS, Bryant AS, Minnich DJ, et al. The efficacy of 
restaging endobronchial ultrasound in patients with non-
small cell lung cancer after preoperative therapy. Ann 
Thorac Surg 2014;98:1008-12.

102. Kunst PW, Lee P, Paul MA, et al. Restaging of mediastinal 
nodes with transbronchial needle aspiration after induction 
chemoradiation for locally advanced non-small cell lung 
cancer. J Thorac Oncol 2007;2:912-5.

103. Herth FJ, Annema JT, Eberhardt R, et al. Endobronchial 
ultrasound with transbronchial needle aspiration for 
restaging the mediastinum in lung cancer. J Clin Oncol 
2008;26:3346-50.

104. Shingyoji M, Nakajima T, Nishimura H, et al. Restaging 
by endobronchial ultrasound-guided transbronchial needle 
aspiration in patients with inoperable advanced lung 
cancer. Intern Med 2010;49:787-90.

105. Anraku M, Pierre AF, Nakajima T, et al. Endobronchial 
ultrasound-guided transbronchial needle aspiration in 
the management of previously treated lung cancer. Ann 
Thorac Surg 2011;92:251-5; discussion 5.

106. Verhagen AF, Bootsma GP, Tjan-Heijnen VC, et al. 
FDG-PET in staging lung cancer: how does it change the 
algorithm? Lung Cancer 2004;44:175-81.

107. Yamamoto T, Sakairi Y, Nakajima T, et al. Comparison 
between endobronchial ultrasound-guided transbronchial 
needle aspiration and 18F-fluorodeoxyglucose positron 
emission tomography in the diagnosis of postoperative 
nodal recurrence in patients with lung cancer. Eur J 
Cardiothorac Surg 2015;47:234-8.

108. de Cabanyes Candela S, Detterbeck FC. A systematic 
review of restaging after induction therapy for stage IIIa 
lung cancer: prediction of pathologic stage. J Thorac 
Oncol 2010;5:389-98.

109. Meersschaut D, Vermassen F, Brutel de la Riviere A, 
et al. Repeat mediastinoscopy in the assessment of 
new and recurrent lung neoplasm. Ann Thorac Surg 
1992;53:120-2.

110. Ost DE, Niu J, S Elting L, et al. Quality gaps and 
comparative effectiveness in lung cancer staging and 
diagnosis. Chest 2014;145:331-45.

111. Almeida FA, Casal RF, Jimenez CA, et al. Quality gaps 
and comparative effectiveness in lung cancer staging: 
the impact of test sequencing on outcomes. Chest 



S97Journal of Thoracic Disease, Vol 9, Suppl 2 March 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 2):S83-S97jtd.amegroups.com

2013;144:1776-82.
112. Koike T, Kitahara A, Sato S, et al. Lobectomy Versus 

Segmentectomy in Radiologically Pure Solid Small-
Sized Non-Small Cell Lung Cancer. Ann Thorac Surg 
2016;101:1354-60.

113. Celikoglu F, Celikoglu SI, Goldberg EP. Bronchoscopic 

intratumoral chemotherapy of lung cancer. Lung Cancer 
2008;61:1-12.

114. Mehta HJ, Begnaud A, Penley AM, et al. Restoration 
of Patency to Central Airways Occluded by Malignant 
Endobronchial Tumors Using Intratumoral Injection of 
Cisplatin. Ann Am Thorac Soc 2015;12:1345-50.

Cite this article as: Czarnecka-Kujawa K, Yasufuku K. The 
role of endobronchial ultrasound versus mediastinoscopy for 
non-small cell lung cancer. J Thorac Dis 2017;9(Suppl 2):S83-
S97. doi: 10.21037/jtd.2017.03.102


