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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.
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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 -

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 
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