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Abstract Study objectives: This systematic review and meta-analysis was conducted to eval- 
uate the accuracy of the combined endobronchial ultrasound-guided transbronchial needle 
aspiration (EBUS-TBNA) and endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) techniques and clarify its current role for the mediastinal lymph node staging of lung 
cancer.
Methods: Medline, Web of Science, Elsevier and Ovid were searched to identify suitable stud- 
ies up to 15th July 2012. Two investigators independently reviewed articles and extracted data.
All EBUS-TBNA plus EUS-FNA studies for the mediastinal node staging of lung cancer were 
systematically reviewed. Sensitivity, specificity and other accuracy measures were pooled using 
random-effect models. Summary receiver operating characteristic curves were used to summa- 
rise overall test performance.
Results: Eight studies met our inclusion criteria. The estimated summary measures for quan- 
titative analysis of EBUS-TBNA plus EUS-FNA for mediastinal nodal staging of lung cancer 
were sensitivity, 0.86 (95% confidence interval [CI], 0.82–0.90); specificity, 1.00 (95% CI, 0.99–
1.00); positive likelihood ratio, 51.77 (95% CI, 22.53–118.94); negative likelihood ratio, 0.15 
(95% CI, 0.09–0.25); diagnostic odds ratio, 416.83 (95% CI, 140.08–1240.31); and area under 
the curve (AUC), 0.99.
Conclusions: The current evidence suggests that the combined technique is more sensitive than 
EBUS-TBNA or EUS-FNA alone. The diagnostic power of this combined technique is accu- 
rate. As an almost completely minimally-invasive examination, EUS-FNA plus EBUS-TBNA 
may replace more invasive methods for evaluating mediastinal node staging of lung cancer.
� 2013 Elsevier Ltd. All rights reserved.
lsevier Ltd. All rights reserved.
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1. Intr oduction 

Lung cancer is one of the most common can cers in
the world and also the most frequent cause of cancer 
death. Treatme nt and pro gnosis dep end on both hist o-
logic al type and stage of disease. Surgery is a promi sing 
treatment for curing lung cancer, especia lly in those 
patie nts with diseas e confined to the lung and hilar 
lymph nodes. How ever, media stina l lymph node s are 
involv ed in 28–38% of non- small cell lung can cers at
the time of diagno sis.1 Ther efore, accurat e staging 
(including mediasti nal node evaluat ion) is crucia l to
guide lun g cancer treat ment. Current scann ing modali -
ties, such as computed tomogra phy (CT) and pos itron 
emission tomogr aphy (PET), althoug h useful , are not 
sufficiently sensi tive or specific to determ ine mediasti nal 
noda l involv ement .2 Bot h media stinoscop y and thora- 
coscop y have been recomm ende d as diagn ostic stan- 
dards for stagin g along with tissue confirmation of
suspect ed meta static med iastinal lymph node s.1 How -
ever, due to their invasiven ess and significant exp ense,
media stinosco py and thoracos copy are not wid ely used 
for media stin al node stagin g.

Endos copic ultr asound -guided fine-needle aspir ation 
(EUS-FNA) and , most recent ly, endob ronchial ultr a-
sound -guide d transb ronchial needle aspirati on (EBUS- 
TBN A)3–7 are promi sing invasi ve imag ing tests gaini ng
accepta nce as lung cancer staging tools . Thes e method s
have been suggest ed as reasonabl e alternati ves to medi- 
astino scopy.3,8–14 Recent studi es have foun d that com- 
bining EBUS -TBNA and EUS-FNA into a single 
proced ure has a higher staging accuracy than either pro- 
cedure alone in patients with confirmed or suspe cted 
lung can cer.3,15–18 Because EBUS-TB NA and EUS -
FNA are complem entary methods for the diagno sis of
media stinal diseas e,6,19–21 they have different access ibili- 
ties to the media stinum.22–24 This meta-anal ysis aims to
systemat ical ly and qua ntitatively evaluat e all publis hed 
studi es asses sing the accuracy of the combined approach 
of EBUS -TBNA and EUS-FNA for the media stin al
node stagi ng of lung cancer.
2. Methods 

2.1. Search strategy and study selection 

Medli ne (using PubMe d as the search engine), Web 
of Science, Elsevie r and Ovid were searche d to identi fy
suitab le studi es prior to 15th July 2012; no start date
limit was app lied. The search terms wer e “EBU S,”
“TBN A,” “EUS,” “FNA,” “end obronch ial ultr a-
sound ,” “trans bronchial needle aspir ation,” “end o-
scopic ultrasoun d,” “fine-needl e aspir ation,” “lung
cancer,” “media stinal staging,” “sensi tivity and specific-
ity” and “accuracy .” Articles wer e also identi fied by use 
of the related articles ’ functi on in PubMe d; the refer -
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ences of identified arti cles were searche d man ually. If
necessa ry, we contact ed the authors for further study 
details. No language rest rictions wer e impos ed. How- 
ever, confere nce abstracts to journal editor s were 
excluded because of the limited data they con tained .

Studies were included in the meta -analysis if they pro -
vided both the sensi tivity and specificity of the combined 
approach of EBU S-TB NA and EUS-FNA for mediasti -
nal node stagin g of lung cancer. This meta-anal ysis only 
selected studies that included at least 10 lung cancer 
patien ts, since very small studies may be vulnerable to
selection bias. Two reviewer s (R.F.Z. and K.J.Y.) inde- 
pende ntly determ ined study elig ibility, and differing
decisio ns were resol ved by consensus. Publication s pos -
sibly based on the same study (e.g. same authors , inst i-
tution s, period of study) were discus sed by our 
reviewer s (R.F.Z., L.Z. and K.J.Y); only the best-q ual- 
ity study was used .
2.2. Data extrac tion and quality asses sment 

The final set of arti cles was asses sed independ ently by
two revie wers (R.F.Z. and L.Z .). The reviewer s were 
blinded to publica tion details, and disagree ments 
between them were resolved by con sensus. Data 
retrieved from the report s included author, publ ication 
year, parti cipant characteris tics, test method s, sensi tivity 
and specificity data and method ologica l quality.

The STARD (Standards for Report ing Diag nostic 
Accur acy) scorin g guidel ines 25 asses sed the method olog- 
ical qua lity of diagnost ic study report ing. The QUA- 
DAS (Quality Assessm ent for Studies of Diag nostic 
Accur acy) scori ng guidelines 26 assessed the qua lity of
diagnost ic accuracy in prima ry studies by appraising 
use of empirical evidence, expert opin ion and forma l
consensus. In addition , the followin g study design char- 
acterist ics were retrieved: (1) rand om sampl ing of
patien ts; (2) blinded interpreta tion of determ ination 
and refer ence standa rd results; (3) prospect ive data col- 
lection; and (4) reference standar ds.
2.3. Statisti cal analys is

We used standar d method s recommen ded for meta -
analys is of diagn ostic test evaluation s.27 Analyses were 
perfor med using the follo wing stat istical softwar e pro -
grams : STAT A, versi on 10.0 (STATA Corpor ation;
College Station, TX, Unit ed States) and Meta-DiSc 
(XI Cochr ane Col loquium ; Barcelona, Spain). For each 
study, we computed the foll owing measur es of test accu -
racy: sensitiv ity; specificity; positive likel ihood ratio 
(PLR); negati ve likel ihood ratio (NLR); and diagnost ic
odds ratio (DOR). The analysis was based on a sum- 
mary recei ver-ope rator characteris tic (SROC) curve.27,28

A random- effect model was use d to calculate the average 
l JC from ClinicalKey.com by Elsevier on November 30, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 1. Study identification, inclusion and exclusion for meta-analysi s.
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sensitiv ity, specificity and oth er accu racy measur es
across studi es.29

Sensitivi ty was calcul ated by the form ula: true pos i-
tive (n)/(true posit ive (n) + false negati ve (n)) � 100%.
Specificity was calcul ated by the form ula: true negative 
(n)/(true negati ve (n) + false pos itive (n)) � 100%.
Patients positive to eithe r of the two test s were defined
as positive and only patie nts negative to both tests were 
defined as negative.

The term heterog eneit y, when used in relat ion to
meta-anal ysis, refer s to the degree of varia bility in
results across studi es. We used the v2 and Fisher exact 
tests to detect stat istically significant heterog eneit y. In
order to assess the effects of STARD and QUADA S
scores on the diagnost ic ability of EBUS-TB NA and 
EUS-FNA , we included the scores as covaria tes of uni -
variate meta -regressi on analysis (weighted invers e vari- 
ance). We also analys ed the effects of other covari ates 
on DOR (i.e. rando m sampl ing of patie nts, blinded 
interpreta tion of determ ination and refer ence standar d
results, prospect ive data collection). The relative DOR 
(RDOR) was calculated accordi ng to standar d methods 
to analyse the change in diagn ostic precision in the study 
per covariate unit.30 Since publica tion bias is a concern 
in meta -analysis of diagnostic studies, we test ed the 
potential presence of this bias using both funnel plots 
and the Egg er test.31
3. Resu lts 

We conduc ted an indep endent full-text review and 
consider ed eight 3, 15–18, 22–24 quantitati ve analysis 
studies of 822 lung can cer patients using a combined 
EBUS -TBNA and EUS -FNA approach for media stin al
node stagin g of lung cancer (Fig. 1, Table 1). As sho wn
in Table 2, six of the eight studies (75%) had a pro spec- 
tive design; in one study (12.5%), the sampl es were col- 
lected from rand omised patie nts; two studies (25%)
report ed a blind design. The media stinal node staging 
of lung cancer was confirmed both by surger y and 
patien t foll ow-up . The STA RD and QUADA S scores 
of these studies are outli ned in Table 2.
3.1. Diagnost ic accurac y

Fig. 2 shows the For est plot of sensitiv ity and speci- 
ficity for eight assays in evaluat ing the media stin al node 
staging of lung cancer. The sensitiv ity ranged from 0.68 
to 1.00 (mean, 0.86; 95% confidence interval [CI], 0.82–
0.90), whi le specificity ranged from 0.98 to 1.00 (mean,
1.00; 95% CI, 0.99–1.00). The PLR was 51.77 (95%
CI, 22.53–118.94), NLR was 0.15 (95% CI, 0.09–0.25)
and DOR was 416.83 (95% CI, 140.08 –1240.31). The 
sensitiv ity, specificity, PLR, NLR and DOR v2 values
were 28.79 (p < 0.001), 6.75 (p = 0.455), 5.30 
(p = 0.623), 24.11 (p = 0.001) and 8.75 (p = 0.271),
Downloaded for Anonymous User (n/a) at Hospital Ramon y Cajal J
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respectivel y, ind icating a statist ically significant hetero- 
geneity between studi es.

The SROC curve and its respect ive area under the 
curve (AUC) present an overal l best performan ce sum- 
mary and displ ay the tradeoff between sensitiv ity and 
specificity. Unlik e the traditi onal receive r-operator char- 
acteristic (ROC) plot that explore s the effect of variable 
thresho lds on sensitiv ity and specificity in a single study,
each data point in the SRO C plot represen ts a sepa rate 
study. A graph of the SROC curve for the combined 
approach of EBU S-TB NA and EUS-F NA showi ng
true-posit ive rates versus fals e-positi ve rates from indi- 
vidual studi es is seen in Fig. 3. In our study, the AUC 
was 0.99 (weighted AUC, 0.99), indica ting a very high 
level of overal l accuracy .
3.2. Complicati ons 

Only two seri ous complicati ons wer e repo rted. Pneu- 
mothor ax was direct ly relat ed to endo sonography after 
lung biopsy in one patie nt.3 In ano ther patie nt, a lymph 
node abscess developed follo wing EBU S-TBNA ; how- 
ever, EBUS -FNA was not use d for this patient. The 
lymph node abscess resol ved after antibiotic treat- 
ment.16 Most of the proced ures wer e well-toler ated by
the patie nts.
3.3. Multipl e regres sion analys is and publicatio n bias 

The STARD guidelines 25 provided a quality score 
(maximum score: 25) compiled for every study on the 
C from ClinicalKey.com by Elsevier on November 30, 2017.
opyright ©2017. Elsevier Inc. All rights reserved.
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basis of title and introd uction, methods , results and dis- 
cussio n (Tabl e 2). Qual ity scori ng was also done by
QUADA S (maximum score, 14)26 (Table 2). These 
scores were used in the meta -regressi on analys is to assess 
study quality effect on the RDOR for the combined 
approach in the media stinal node stagi ng of lung cancer.
As shown in Table 3, studies with higher quality 
(STARD score, P18; QUADA S score, P11) pro duced 
RDOR values that were not significantly higher than 
studie s with lower qua lity. We also noted that differ-
ences for studi es with or without blind, rand om and pro -
spective designs did not reach statistica l signi ficance.
This finding indica ted that the study design did not sub -
stantial ly affect diagnostic accuracy .

Publicat ion bias was detected by using the Egger test .
The Egger test resul t was not significant (p = 0.104). The 
funnel plots for publica tion bias (Fig. 4) also showe d
symm etry. Thes e resul ts did not show publica tion bias.
4. Discuss ion 

Histologi c evaluation of media stinal lymph node s in
lung cancer is essent ial to both stage the disease accu -
rately and to plan treatment . Med iastinoscopy , a surgi -
cal procedure requir ing general anaesthe sia, is the 
current diagnost ic standar d for staging media stin al
lymph nodes; even with a negati ve predictive value of
89% and a pos itive predictive value of 100%, it has lim -
itations .32 Med iastinoscopy is best suited for sampling 
lymph node s in the pretr acheal and paratrache al
regions , but it is limit ed in access ing the infer ior and 
poster ior med iastinum and the aortopul monary regions .
Althou gh gen erally safe, med iastinoscopy has a 2% risk 
of major morbi dity and a 0.08% risk of mort ality; it also 
has a substa ntially greater cost than either EUS-FNA or
EBUS -TBNA .14,32–35 Hence, EBU S-TB NA and EUS- 
FNA have emerg ed as alte rnatives for prim ary media s-
tinal staging because of their high diagnost ic accu racy,
access to node s beyond the reach of the mediasti noscope 
and low morbi dity.4,5,11 ,14 Previous studi es have sho wn
that both endo scopic techno logies are indivi dually sup e-
rior to media stinoscop y.10,36 The advan tages of EBUS -
TBNA combined with EUS-FNA have been report ed
by several studies.3,16,17

In the present syst ematic revie w, eight tri als used the 
combined techni que to evaluate the media stinal lymph 
node stagin g of lung cancer (table 2). In additi on, the 
individ ual diagnost ic power of EBUS -TBNA or EUS -
FNA was also provided amon g seven tri als.15–18,22–24

The combined techn ique had more diagnost ic accuracy 
than EBUS -TBNA or EUS-FNA alone. Annem a and 
collea gues also sho wed that EBU S-TBNA combined 
with EUS-FNA had great er test power than media sti- 
noscop y alone.3 Bot h EBUS -TBNA and EUS -FNA 
have shown excellent sensitiv ity and positive predict ive 
value in lung cancer staging. In addition to med iastinal 
l JC from ClinicalKey.com by Elsevier on November 30, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.



Table 2
Characte ristics of included studies.

Study/ye ar Blind design Random Prospe ctive Reference standard Quality score 

Standards for Reporting 
Diagnostic Accuracy 
(STARD)

Quality Assessmen t for 
Studies of Diagnostic 
Accuracy (QUADAS)

Rintoul et al.22/2005 No No Yes Surgery and follow-up 16 10
Vilmann et al.23/2005 Unknow n No Yes Surgery and follow-up 16 11
Wallace et al.24/2008 Yes No Unkno wn Surgery and follow-up 23 11
Herth et al.17/2010 Unknow n No Unkno wn Surgery and follow-up 15 9
Hwangbo et al.16/2010 Unknow n No Yes Surgery 18 9
Annema et al.3/2010 Unknow n Yes Yes Surgery 20 12
Szlubow ski et al.18/2010 Unknow n No Yes Surgery 15 7
Ohnishi et al.15/2011 Yes No Yes Surgery 18 12

Fig. 2. Forest plot of estimates of sensitivity and specificity for quantitat ive analysis of endobr onchial ultrasoun d-guided transbronch ial needle 
aspiratio n (EBUS-TBNA) plus endoscopic ultrasoun d-guided fine-needle aspiratio n (EUS-FNA) for mediastinal lymph node staging. = point 
estimates of sensitivity and specificity from each study; error bars = 95% confidence interval (CI). Pooled estimates for the combined approac h were 
as follows: sensitivity , 0.86 (95% CI, 0.82–0.90); specificity, 1.00 (95% CI, 0.99–1.00).
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stations, EBU S-TB NA can also acce ss hilar lymph 
nodes in the same setting, and EUS -FNA can access 
perieso phageal diseas e sites.17 The major advantage of
the combined EBU S-TB NA and EUS -FNA techni que 
is the increa sed access ibility to the mediasti nal lymph 
nodes. Thus , EBU S-TB NA and EUS-FNA are comple- 
menta ry techni ques, and their combined use theoret i-
cally enables complete evaluat ion of the media stinu m.
Conse quently , this complemen tary approach may be
the reason that this combined techni que has a greater 
Downloaded for Anonymous User (n/a) at Hospital Ramon y Cajal J
For personal use only. No other uses without permission. C
diagnost ic accuracy than EBU S-TBNA or EUS-FNA 
alone. The present meta-anal ysis has sho wn that the 
mean sensi tivity of EBUS -TBNA plus EUS-FNA assay 
is 0.86, the mean specificity is 1.00 and the AUC is 0.99,
indicating a very high level of accuracy .

The DOR is a singl e indica tor of test accu racy 37 that
combines sen sitivity and specificity data into a singl e
number. The DOR is the ratio of the pos itive test result 
odds in the patient with diseas e relative to the pos itive 
test result odds in the patient without diseas e. The 
C from ClinicalKey.com by Elsevier on November 30, 2017.
opyright ©2017. Elsevier Inc. All rights reserved.



Fig. 3. Summar y receiver-o perator characteri stic (SROC) curves for endobron chial ultrasoun d-guided transbronch ial needle aspiration (EBUS-
TBNA) plus endosc opic ultrasoun d-guided fine-needle aspiration (EUS-FNA) assays. = each study in the meta-analysi s (size of each study is
indicated by size of the solid circle); red line = weighted regression ; and blue line = unweighte d regressi on. SROC curves summarise the overall 
diagnostic accuracy.

Table 3
Weighted meta-regres sion of the effects of methodologic al character- 
istics and study design on diagnostic accuracy of EBUS- 
TBNA + EUS-FN A*.

Covariate s Studies, no. Coefficient RDOR p-Value 

STARD P 18 4 1.785 5.96 0.190 
QUADAS P 11 4 3.477 32.37 0.496 
Blind 2 �1.127 0.32 0.543 
Random 1 �1.348 0.26 0.585 
Prospective 6 �2.338 0.10 0.122 

* EBUS-TB NA: endobron chial ultrasoun d-guided transbronch ial 
needle aspiration; EUS-FNA: endoscopic ultrasound-gu ided fine-nee-
dle aspiration.

R. Zhang et al. / European Journal of Cancer 49 (2013) 1860–1867 1865
DOR value ranges from 0 to infinity, with high er values 
indica ting bette r discr imin atory test perfor mance. A
DOR of 1.0 indicates that a test does not discr imin ate 
betwe en patien ts with the disorde r and those withou t
it. In the present meta -analysis , we found that the mean 
DOR was 416.83 , indica ting a very high level of overal l
accuracy .

The SROC curve and the DOR are not easy to inter -
pret and use in clinical practi ce.38 Thus, we also pre- 
sented both PLR and NLR as diagnostic accuracy 
measur es becau se likelihood ratios are consider ed more 
meani ngful clini cally.39 The likelihood ratio incorpo -
rates both the sensi tivity and specificity of the test and 
provides a direct estimat e of how much a test resul t will 
chang e the odds of having a disease. The PLR indica tes 
how much the odds of the diseas e increase when a test is
posit ive. And the NLR indica tes how much the odds of
the diseas e decreas e when a test is negati ve. Likeli hood 
ratios of >10 or <0.1 generate large and often conclusiv e
shifts from pretes t to pos ttest prob ability (indicating 
high accu racy).In the presen t study, a PLR value of
51.77 suggest ed that lung cancer patie nts with media sti- 
nal lymph node involv ement have an approxim ately 52- 
fold greate r chance of having a pos itive combined end o-
sonog raphy assay as compared with con trols. Thi s pro b-
ability is high enough to confirm the presence of lung 
cancer in the media stin al lymph node s. On the other 
hand , the present meta -anal ysis foun d a NLR value to
be 0.15. Thus , if the combined endoson ography assay 
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result is negative for any individ ual, the prob ability of
this indivi dual having mediasti nal lymph node involve -
ment is 15%; this prob ability is not low enough to rule 
out media stinal lymph node metastas es. In some tri -
als16,17 of the present meta -analysis , the combined trans -
bronch ial and transesoph ageal app roach used a much 
less invasive singl e ultr asound bronchosco pe. This may 
be a more practical and con venient app roach because 
it is sim pler, less costly and less time-cons uming. How -
ever, a bron choscope cann ot access some lymph node 
stations. Also , conventi onal EUS -FNA can reach other- 
wise inacces sible extra thoraci c diseas e sites such as the 
left adrenal area; a bronchosco pe is not long enough 
to reach that region. How ever, EUS has bette r image 
l JC from ClinicalKey.com by Elsevier on November 30, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.



Fig. 4. Funnel graph for the assessmen t of potential publicatio n bias in endobronch ial ultrasoun d-guided transbron chial needle aspiration (EBUS-
TBNA) plus endoscopic ultrasound-gu ided fine-needle aspiratio n (EUS-FNA) assays. The funnel graph plots the log of the DOR against the 
statistica l error (SE) of the log of the DOR (an indicator of sample size). = each study in the meta-analysi s; centre line = SDOR. The result of the 
Egger test for publication bias was not significant (p = 0.104).
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quality and a wider scan ning plane than the EBU S. The 
EUS needle also has an elevat or functi on, wher eas the 
EBUS needle does not. These issue s may influence the 
pooled diagnost ic accuracy of this combined approach.
Thus, the value of NLR may be overestim ated when 
using a single ultraso und broncho scope.

An exploration of the reasons for heteroge neity 
rather than a singl e summ ary measur e computa tion is
an impor tant goal of meta -anal ysis.40 In our meta -anal -
ysis, both STA RD and QUADA S scores wer e used in
the meta-reg ressio n analys is to assess the effect of
RDOR study qualit y. Stud ies with higher quality (i.e.
STARD sco re of P18 or QUADA S score of P11) were 
not obs erved to have bette r test perfor mances than those 
with low er quality. How ever, we fou nd a stat istically 
significant heterogen eity for sensi tivity and NLR among 
the studi es analysed.

Some limit ations of this meta -anal ysis sho uld be
acknowl edged. First , some of the indivi dual studi es ana-
lysed have a small num ber of cases, which may affect
statistica l power . A secon d limitation was that EBUS- 
TBNA and EUS-FNA wer e performed in different
orders at multiple inst itutions and with different
patien ts. No sufficient detai ls were provided in the 
included trials. Conse quently , it is hard to confirm
whether perfor ming EBU S-TBNA and EUS-FNA in
different orders could lead to multiple level s of diagn os- 
tic power . In add ition, various inclus ion criteri a were 
used for the patie nts, such as confirmation or suspic ion 
of lung cancer and radiol ogically normal or abno rmal 
media stinal diagnostic imag ing. All of these various cri- 
teria may cause heterog eneit y in the trials.
Downloaded for Anonymous User (n/a) at Hospital Ramon y Cajal J
For personal use only. No other uses without permission. C
5. Conc lusions 

Thi s is the first meta -analy sis asses sing the combined 
approach of EBU S-TB NA and EUS-FNA for media sti- 
nal node staging of lun g can cer. The current evidence 
suggests that the combined techni que is more sensi tive 
than EBU S-TBNA or EUS-FNA alone. The diagn ostic 
power of this combined techni que is accurat e. As an
almost complet ely minimal ly-invasi ve examin ation,
EBUS-T BNA plus EUS-FNA may replac e more inva- 
sive method s for evaluating med iastinal node stagi ng
of lun g cancer. Thi s combined end oscopic approach is
strongly recomm ended before surgery or invasive surgi- 
cal staging to avoid futile thoracot omies.
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