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OBJECTIVE: To perform a systematic review and meta-analysis of prospectively conducted studies
to define diagnostic performance of endobronchial ultrasound-guided transbronchial needle biopsy
(EBUS-TBNB) in mediastinal and hilar lymphadenopathy. METHODS: A comprehensive search
was performed using the Embase, Ovid Medline, Ovid Medline In-Process and Other Non-Indexed
Citations, All Evidence Based Medicine Reviews—Cochrane Database of Systematic Reviews, Amer-
ican College of Physicians Journal Club, Database of Abstracts of Reviews of Effects (DARE),
Cochrane Central Register of Controlled Trials (CCTR), Health Technology Assessment (HTA), and
SCOPUS databases, in the second week of November 2010. Studies were selected in 2 phases by 2
reviewers, independently. Data extraction from each study was performed using a standardized
data extraction form. Quality assessment of study methodology was done using a checklist that was
developed based on a Quality Assessment of Diagnostic Accuracy Studies tool and the nature of the
test. Using the 2 � 2 tables, we computed the sensitivity, specificity, and likelihood ratios. RE-
SULTS: The 14 studies included for quantitative data synthesis had a pooled cohort of 1,658
patients, from 8 different countries. The EBUS-TBNB had excellent pooled specificity of 100%
(95% CI 0.90–1.00) and a positive likelihood ratio of 5.1 (95% CI 2.7–9.7). The pooled sensitivity
was 0.92 (95% CI 0.91–0.93), and the pooled negative likelihood ratio was 0.13 (95% CI 0.09–0.19).
The sensitivity of this intervention was not dependent on rapid on-site evaluation use or size of
needle used. The pooled diagnostic odds ratio was 62.7 (95% CI 25.7–153.0). Only one major
complication was reported, which resulted in early termination of the procedure. CONCLUSIONS:
Evidence of moderate quality confirms the high diagnostic performance of EBUS-TBNB for me-
diastinal and hilar lymphadenopathy, both in malignant and non-malignant conditions. Available
evidence also demonstrates the safety of this procedure. Key words: endobronchial ultrasound-guided
transbronchial needle biopsy; mediastinal lymphadenopathy; diagnostic accuracy. [Respir Care 2012;
57(3):384–391. © 2012 Daedalus Enterprises]

Introduction

Endobronchial ultrasound-guided transbronchial needle
biopsy (EBUS-TBNB) is a relatively new diagnostic pro-
cedure gaining popularity worldwide for the purpose of

investigating mediastinal lymphadenopathy in both malig-
nant as well as non-malignant etiologies.1–3 It is also used
for staging and classification of lung cancer.4
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Diagnosis of mediastinal lymphadenopathy can be made
by both noninvasive and invasive techniques.5,6 Noninva-
sive methods include imaging techniques such as computed
tomography (CT), magnetic resonance imaging (MRI), pos-
itron emission tomography (PET), and PET-CT. However,
these modalities are devoid of sufficient sensitivity, spec-
ificity, and accuracy.7 For definitive etiological confirma-
tion, a pathological specimen is required.8 Hence, invasive
procedures like bronchoscopy, mediastinoscopy, traditional
TBNB and EBUS-TBNB are performed.9,10

Several studies have reported the diagnostic performance
of EBUS-TBNB in mediastinal lymphadenopathy, but there
is no single large multicenter study published to date. In this
project, we aimed to perform a systematic review and meta-
analysis of prospective studies to define diagnostic perfor-
mance of EBUS-TBNB in mediastinal and hilar lymph-
adenopathy, both in malignant and non-malignant etiologies.
We calculated pooled sensitivity, specificity, and likelihood
ratios to report diagnostic accuracy of EBUS-TBNB.

Methods

Eligibility Criteria

We included studies that prospectively defined diag-
nostic performance of EBUS-TBNB in patients with me-
diastinal and hilar lymphadenopathy. Studies were eli-
gible if they had a prospective study design, were based on
original research, reported diagnostic performance of
EBUS-TBNB, and full text was available in English. We
excluded retrospective studies, case reports, studies not
based on original research, studies based on less than 20
patients, and studies where full text was not available in
the English language.

Search Strategy

A comprehensive search strategy was designed and per-
formed by the primary investigator (SC), with input from
the clinical content expert (AM). The electronic search
included the following electronic databases:

• Embase: 1988 to July 2010 week 2

• Ovid Medline: 1996 to July 2010 week 1

• Ovid Medline In-Process and Other Non-Indexed Cita-
tions: July 14, 2010

• All Evidence Based Medicine Reviews—Cochrane Da-
tabase of Systematic Reviews

• American College of Physicians Journal Club

• Database of Abstracts of Reviews of Effects (DARE)

• Cochrane Central Register of Controlled Trials (CCTR)

• Health Technology Assessment (HTA)

• SCOPUS: 1960 to July 14, 2010

The search was performed in the second week of
November 2010 (see the supplementary materials at
http://www.rcjournal.com). The following key words
were used for search with using different operators (AND,
OR, and NOT): “EBUS,” “endobronchial ultrasound,”
“lymph node,” and “lymphadenopathy.” No language re-
strictions were applied to the search strategy, but the search
was limited to adult human subjects. Conference proceed-
ings from the American Thoracic Society, Chest, and the
European Respiratory Society from 2007 to 2009, and
reference lists of eligible articles were hand searched, and
we consulted content experts to identify additional pub-
lished reports (AM).

Study Selection

Two investigators (SC, MN) independently screened the
titles and abstracts of all identified records (phase I) for
predefined inclusion and exclusion criterion. Full text of
records was obtained on agreement between these 2 in-
vestigators on possible inclusion in the review. The same
2 investigators then independently assessed the eligibility
of each full text (phase II). Cohen’s kappa was used to
measure chance-corrected agreement between reviewers
for each phase of study selection. All the disagreements
were resolved by consensus.

Quality Assessment

A methodology quality assessment checklist for this
study was developed considering the QUADAS (Quality
Assessment of Diagnostic Accuracy Studies) tool and the
nature of the diagnostic intervention.11 The QUADAS is a
well validated quality assessment tool that covers the ma-
jority of bias and variability in methodology quality as-
sessment for studies reporting diagnostic performance of a
diagnostic test. Consecutive sampling and prospective study
design were included in the methodology quality assess-
ment checklist to address selection bias.12 Since insuffi-

QUICK LOOK

Current knowledge

Endobronchial ultrasound guided-transbronchial needle
biopsy (EBUS-TBNB) is a common diagnostic tech-
nique in mediastinal and hilar lymphadenopathy.

What this paper contributes to our knowledge

EBUS-TBNB has an acceptable safety profile and aids in
reaching a definitive diagnosis in mediastinal and hilar
lymphadenopathy for malignant and non-malignant
disorders.
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cient and non-representative tissue sampling are the pri-
mary reasons for false negative results of TBNB and depend
on physician experience, we included experience or ex-
pertise level of physician performed EBUS-TBNB for
methodology quality assessment. The experience or exper-
tise level was taken as reported by authors. The quality
assessment criteria used are listed in Table 1. We have
dropped a few of the items from the QUADAS tool. For
example, item 2 in QUADAS (Were selection criteria
clearly described?) was perceived as redundant and more
of a reporting issue than methodology quality, and the first
3 items in our checklist cover subject selection explicitly.
For this systematic review, the reference test was defined
as combination of clinical follow-up, positive index test
results, video-assisted thoracoscopy (VATS), mediastinos-
copy, and open thoracotomy. Since the reference test was
a combination of tests and follow-up, QUADAS item 4
(Is the time period between reference standard and index
test short enough to be reasonably sure that the target
condition did not change between the 2 tests?) was also
not included in our checklist. Two reviewers (SC, MN),
working independently, assessed the quality of included
studies, and disagreements were resolved by consensus.
We dichotomized answers as “yes” and “no/unclear” for
the kappa calculations. Studies scoring less than 50% (ar-
bitrarily defined based on consensus among investigators)
on the methodology quality assessment checklist were ex-
cluded from quantitative data synthesis.

Outcomes

Primary outcomes of interest of this study were num-
ber of true positives, false positives, false negatives, and
true negatives on histological confirmation of tissue sam-
ple obtained from mediastinal or hilar lymphadenopathy
using EBUS-TBNB. These numbers were either reported

as is or were calculated from available data on diagnostic
performance and number of subjects.

Data Extraction and End Points and Synthesis

Data exaction was done using a standardized data ex-
traction form. The following data were extracted: author,
country where study was performed, year of publication,
study design, settings, subject selection, details of index
(EBUS-TBNB) and reference test, diagnostic performance
of index test, complications, feasibility of the index test,
and other remarks made. Primary end points for diagnostic
performance of EBUS-TBNB were true positive, true neg-
ative, false positive, and false negative, on a per-patient
basis. If the data were not available in the original report
or were unclear, we contacted the corresponding author for
clarification. We used the following method for author
contact: first, we sent an e-mail requesting primary data. If
there was no response within 1 week, a second reminder
e-mail was sent.

All the continuous data are presented as either mean
with standard deviation or median with interquartile range,
as reported in the primary study. Categorical data are pre-
sented as percent frequency of occurrence. Using the 2 � 2
tables, we computed sensitivity (true positive rate), spec-
ificity (true negative rate), and the likelihood ratios (the
ratio of the probability of the specific test result in
people who have the disease to the probability in people
who do not) with 95% confidence intervals.9 The diag-
nostic performance of the EBUS-TBNB was assessed us-
ing Meta-DiSc software (Unit of Clinical Biostatistics,
Ramon y Cajal Hospital, Madrid, Spain). Meta-analyses
were performed combining the sensitivities, specificities,
and likelihood ratios of individual studies. Likelihood ra-
tios were pooled using a random effect model (DerSimo-
nian and Laird). Positive likelihood ratios � 10 and neg-
ative likelihood ratios � 0.1 are considered strong
diagnostic evidence.11 The I-square statistic was used to
quantify statistical heterogeneity between studies.

Results

Study Selection

The comprehensive multiple database search pro-
duced 269 records, after de-duplication, 161 records were
screened for study eligibility. Figure 1 demonstrates the
flow of study selection. Phase I identified 25 potentially
eligible studies (kappa � 0.65, 95% CI 0.50–0.81). For
these 25 studies, full texts were obtained from the
Mayo Clinic library. In phase II, a total of 14 studies were
finalized to be included in this systematic review
(kappa � 0.68, 95% CI 0.40–0.96). These 14 studies were
included for methodology quality assessment and quanti-
tative data synthesis.

Table 1. Quality Assessment Criteria*

Was the spectrum of patients representative of the patients who will
receive the test in practice?

Were the patients recruited prospectively?
Were patients recruited consecutively?
Was the execution of the index test described in sufficient detail to

permit replication of the test?
Were the index test results interpreted without knowledge of the

results of the reference standard?
Is the reference standard likely to correctly classify the target

condition?
Was the reference test described explicitly?
Was the training level of the physician performing endobronchial

ultrasound-guided transbronchial needle biopsy reported?
Was the reference standard independent of the index test?

* Each question was answered either yes or no/unclear.
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Characteristics of Included Studies

The 14 studies included for quantitative data synthesis
had a pooled cohort of 1,658 patients, from 8 different
countries. Table 2 describes important characteristics of
the included studies. All the studies were conducted in
urban academic settings. The most commonly used needle
size was 22; two studies used needle size of 19, one study
used 21, and another study did not report the needle
size.15,19,20,21 Study subject selection and reference test
varied between studies. Most studies included patients with
lymph nodal size � 1 cm on CT scan as one of the inclu-
sion criteria for performing EBUS. In most studies, TBNB
was performed under real-time guidance, except in 3 stud-
ies where TBNB was performed after initial localization
using EBUS.17,19,20 In included studies, a major complica-
tion was reported in one patient. This patient had hyper-
emia and edema of the airway and developed stridor and
hypoxia during the procedure, which warranted early ter-
mination of the procedure.16 Minor complications like self-
limiting hemorrhage were reported in 2 patients by Kanoh
et al19 and one patient by Sun et al.23 The number of passes
performed per lymph node was reported in 5 studies.1,13,21-23

The weighted mean number of passes per lymph node
was 2, ranging from 1.2 to 3.8. Rapid on-site evaluation
(ROSE) of the biopsy material was performed in only 5
studies.13–16,22

Methodology Quality Assessment

The score obtained by each study on the quality assess-
ment checklist is described in Table 1. All the studies
prospectively enrolled a consecutive cohort of patients. In
all the studies, the results of EBUS-TBNB were inter-
preted without knowledge of the results of the reference
standard. Except for 3 studies where the reference standard
was independent of the index test, EBUS-TBNB was part
of the reference standard in all the studies.1,9,23 In one
study, the reference standard was unclear.15

Diagnostic Performance of EBUS-TBNB

The EBUS-TBNB had pooled specificity of 1.00 (95% CI
0.90–1.00) and the pooled sensitivity was 0.92 (95% CI
0.91–0.93) ranging from 69.0% in the study by Wallace
et al4 to 100% in the study by Garwood et al16 (Table 3).
The pooled positive likelihood ratio was 5.1 (95% CI 2.7–
9.7), and the pooled negative likelihood ratio was 0.13
(95% CI 0.09–0.19) (Fig. 2). The pooled diagnostic odds
ratio was 62.7 (95% CI 25.7–153.0).

Heterogeneity and Subgroup Analysis

On I-square statistics, specificity (chi-square � 0.00,
P � 1.00) and positive likelihood ratio (Cochran Q �
12.5, P � .49) did not demonstrate significant hetero-
geneity, and negative likelihood ratio showed marginal
inconsistency (Cochran Q � 24.1, P � .03) (see Fig. 2),
but the sensitivity had shown significant heterogeneity
(I-square � 71.4%, chi-square � 50.6, P � � .001). To
investigate heterogeneity, subgroup analysis was done by
grouping studies based on needle size and ROSE. Pooled
sensitivity was higher in the studies that used ROSE
than those that did not (0.94, 95% CI 0.91–0.96, versus
0.92, 95% CI 0.90–0.94). This difference did not, how-
ever, reach statistical significance, P � .14. There was no
difference in sensitivities obtained by using 19 or 21 ver-
sus 22 gauge needles. The study by Wallace et al4 has
reported sensitivity of 0.69. In this study, patients with
suspicion of lung cancer on CT were enrolled irrespec-
tive of mediastinal lymphadenopathy. The results of this
study contributed to the heterogeneity in pooled sensitiv-
ity, but exclusion of this study did not eliminate the het-
erogeneity completely. Another subgroup analysis was
performed based on subjects with benign versus predom-
inantly malignant etiologies for lymphadenopathy. Only
2 studies16,24 have included patients only with benign eti-
ology of lymphadenopathy. The pooled sensitivity in this
group was 0.93 (0.86–0.97), with pooled positive likeli-
hood ratio of 7.2 (1.2–43.0) versus 0.92 (0.90–0.93) and
4.9 (2.4–9.9), respectively, for studies including predom-
inantly malignant etiologies. This comparison is not opti-

Fig. 1. Schematic presentation of study selection flow.
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mal, as one group had 2 studies versus 12 in the other
group. At the same time, a predominantly malignant eti-
ology group of studies has included benign conditions.

Discussion

We conducted a comprehensive systematic review and
meta-analysis of studies that defined diagnostic perfor-

mance of EBUS-TBNB in mediastinal and hilar lymph-
adenopathy, prospectively. The studies included in this
analysis were ranked medium to high on a quality assess-
ment criteria checklist, indicating that the primary studies
were of moderate to good methodological quality. Pooled
analysis of diagnostic performance demonstrated that the
EBUS-TBNB is 100% specific and 92% sensitive for his-

Table 2. Characteristics of Included Studies

First Author Year Country
Quality

Assessment
Score

Needle
Size n

Mean
or

Median
Age (y)

Subject Inclusion Reference Test

Yasufuku13 2004 Japan 6 22 70 64 All patients having mediastinal and/or hilar
lymphadenopathy of � 1 cm and with
known or suspected malignancy

Combination of EBUS-TBNB, surgical
results, and/or clinical follow-up

Ernst9 2009 United States 9 22 188 56 All patients with lung masses suspicious
for cancer and lymphadenopathy limited
to a hilum

Histopathological examination on
thoracotomy, thoracoscopy, or during
clinical follow-up for 6 months

Fielding14 2009 Australia 5 22 68 65 All patients referred with a pulmonary
mass and hilar or mediastinal lymph
node on CT

Combination of EBUS-TBNB, surgical
sampling at thoracotomy, and
radiological follow-up

Garcia-Olivé15 2009 Spain 5 21 171 63 All patients referred for lung cancer staging
who had short axis diameter of � 1 cm
on CT in a month prior

Unclear

Garwood16 2007 United States 5 22 50 60 Consecutive patients who were suspected
to have sarcoidosis, based on chest
radiograph or CT, without clinical
suspicion of malignancy or infection

Combination of histology samples (obtained
by EBUS-TBNB, transbronchial lung
biopsy, endobronchial biopsy, and
supraclavicular lymph node biopsy)
revealing characteristic granulomas or
clinical/radiologic follow-up consistent
with sarcoidosis

Herth17 2003 United States 7 22 242 60 All patients with hilar or mediastinal
lymphadenopathy of unknown origin or
needing lung cancer staging, especially
to exclude N3 nodes

Combination of EBUS-TBNB and surgical
biopsy

Herth18 2006 Germany 7 22 502 59 All patients with hilar or mediastinal
lymphadenopathy who had diagnosis of
enlarged lymph nodes of unknown origin
or needed lung cancer staging, especially
the exclusion of N3 nodes

Combination of EBUS-TBNB and surgical
biopsy

Kanoh19 2005 Japan 6 19 25 64 All patients who presented with hilar
and/or mediastinal lymphadenopathy

Combination of surgical resection and
EBUS-TBNB

Plat20 2006 Belgium 7 ND 24 65 All patients with fluorodeoxyglucose
(FDG)–positron emission tomography
(PET) positive lymph nodes

Combination of EBUS-TBNB, surgical
sampling through mediastinoscopy, and
clinical follow-up

Tremblay21 2009 Canada 5 19 24 40 All patients �16 y old with CT-confirmed
mediastinal or hilar adenopathy (short
axis, � 1 cm), clinically suspected
sarcoidosis

Combination of EBUS-TBNB and benign
clinical course with decisions not to
pursue more invasive diagnostic testing

Vilmann1 2005 Denmark 6 22 31 61 All patients who were referred for staging
of lung cancer or diagnosis of
mediastinal lesion based on suspected
lung cancer

Thoracotomy and clinical follow-up

Wallace4 2008 United States 6 22 138 69 All patients who had known or suspected
lung cancer on the basis of lung or
mediastinal abnormality on CT and had
no proven extra-thoracic metastasis,
irrespective of lymph node size

Combination of EBUS-TBNB
mediastinoscopy/thoracoscopy, open
surgical biopsy, or any mode of
histological confirmation

Wong22 2007 Japan/Germany 6 22 65 45 All patient with hilar or mediastinal lymph
node enlargement (short axis � 1 cm)
suggesting sarcoidosis

Combination of mediastinoscopy, clinical
follow-up, and video-assisted
thoracoscopic surgery

Sun23 2010 China 7 22 22 60 All patients whose CT revealed mediastinal/
hilar lymph node enlargement (� 1 cm)
and/or intrathoracic peritracheal or
peribronchial masses

Combination of thoracotomy,
mediastinoscopy, or thoracoscopy, or by
clinical follow-up

EBUS-TBNB � endobronchial ultrasound-guided transbronchial needle biopsy
CT � computed tomogram
ND � no data
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tological confirmation of diagnosis in mediastinal and hi-
lar lymphadenopathy. Significant inconsistency existed in
the sensitivity of EBUS-TBNB, which was not found to be
dependent on ROSE use or size of needle used. The se-
lection of patients based on presence of mediastinal or
hilar lymphadenopathy on radiographic examination
seemed to be associated with higher sensitivity, but a de-
finitive conclusion could not be made since only one study
had an un-selected population. The existence of hetero-
geneity despite subgroup analysis based on ROSE and
needle size indicates the presence of other derivers of

inconsistency in the results. These potential derivers could
be number of passes per lymph node, location, and lymph
nodes. Analysis considering these variables was not pos-
sible in this review due to inconsistency in reporting of
results.

The diagnostic yield of EBUS-TBNB had shown to in-
crease with number of passes, till 3–5 passes per lymph
node, with minimal increase thereafter.16,25 Hence, 3 passes
per lymph node should be an acceptable practice. EBUS-
TBNB possesses all the advantages (mortality and mor-
bidity associated with surgery exploration and use of gen-
eral anesthesia, time, etc) of being minimally invasive
when compared to surgical intervention like mediastinos-
copy or thoracotomy. Amount of sedation required was
marginally higher for EBUS-TBNB than standard TBNB
and added a few extra minutes in the procedure.17,20,21

EBUS-TBNB has extremely high patient satisfaction
among bronchoscopic interventions. In a recent study,
where patient satisfaction was measured by patient will-
ingness to return for the procedure if required in the future,
on a self administered questionnaire, after 3– 4 hours
of procedure, 98% choose “definitely return” and 2%
“probably.”25

Strength and Limitations

Strengths of this study include a search strategy that
involved 5 electronic databases, searching the bibliogra-
phies of included articles, and contact with content ex-
perts. This minimized the potential for publication bias,
but we cannot exclude it completely, and no tests were
attempted to quantify publication bias. We also used sound
methodology in conducting the review, including assess-
ment of inter-rater reliability for study selection. The study

Table 3. Sensitivity and Specificity of Individual Studies and Pooled

First Author Sensitivity 95% CI Specificity 95% CI

Yasufuku13 0.971 0.901–0.997 1.000 0.001–1.000
Ernst9 0.930 0.884–0.962 1.000 0.025–1.000
Fielding14 0.912 0.818–0.967 1.000 0.001–1.000
Garcia-Olivé15 0.942 0.895–0.972 1.000 0.001–1.000
Garwood16 1.000 0.916–1.000 1.000 0.631–1.000
Herth17 0.860 0.804–0.905 1.000 0.590–1.000
Herth18 0.936 0.911–0.956 1.000 0.001–1.000
Kanoh19 0.870 0.751–0.946 1.000 0.001–1.000
Plat20 1.000 0.839–1.000 1.000 0.292–1.000
Tremblay21 0.958 0.789–0.999 1.000 0.001–1.000
Vilmann1 0.857 0.637–0.970 1.000 0.631–1.000
Wallace4 0.690 0.529–0.824 1.000 0.962–1.000
Wong22 0.875 0.768–0.944 1.000 0.025–1.000
Sun23 0.967 0.885–0.996 1.000 0.001–1.000

Pooled 0.918 0.903–0.931 1.000 0.971–1.000
Heterogeneity chi-square

� 50.65
Degrees of freedom� 13
P � .001

Heterogeneity chi-square
� 0.00

Degrees of freedom� 13
P � 1.00

Inconsistency (I-square)
� 74.3%

Inconsistency (I-square)
� 0.0%

Fig. 2. Positive and negative likelihood ratios for each study and pooled values. LR � likelihood ratio.
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is limited by the relatively small number of studies in-
cluded in the review. We have performed subgroup anal-
ysis based on ROSE and needle size, but subgroup anal-
ysis based on lymph node size, station, and number of
passes was limited by inconsistency in reporting.

External Validity, Clinical Implications, and
Future Research

The review included 14 validation studies conducted
in 8 different countries, encompassing 1,658 patients. That
the statistical estimates were derived from a large sample
size including different patient populations suggests a high
degree of external validity of the findings in this review.
One of the major limitations of existing evidence on di-
agnostic accuracy of EBUS-TBNB is that most studies
have included the results of the index test into the refer-
ence standard test. This overestimates the diagnostic per-
formance. In the future, further studies are required in
which the diagnostic performance of EBUS-TBNB is com-
pared to the gold standard, histopathological confirmation
of diagnosis. Also, a blinded multicenter randomized con-
trolled trial will be helpful in accurate estimation of the
diagnostic performance on EBUS-TBNB.

Conclusions

Evidence of moderate quality confirms excellent per-
formance and safety profile of EBUS-TBNB in reaching a
definitive diagnosis in mediastinal and hilar lymphadenop-
athy for other malignant and non-malignant disorders.
Diagnostic performance was independent of ROSE by a
cytopathologist and needle size used. The presence of in-
consistency in sensitivity between different studies man-
dates a methodologically sound large multicenter random-
ized controlled trial for more accurate estimation of
diagnostic performance.
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