
Diagnostic efficacy of endoscopic ultrasound-guided needle
sampling for upper gastrointestinal subepithelial lesions:
a meta-analysis

Xiao-Cen Zhang1 • Quan-Lin Li1 • Yong-Fu Yu2 • Li-Qing Yao1 • Mei-Dong Xu1 •

Yi-Qun Zhang1 • Yun-Shi Zhong1 • Wei-Feng Chen1 • Ping-Hong Zhou1

Received: 10 April 2015 / Accepted: 3 August 2015 / Published online: 27 August 2015

� Springer Science+Business Media New York 2015

Abstract

Background An increasing number of studies have been

conducted on the use of endoscopic ultrasound (EUS)-

guided needle sampling for upper gastrointestinal subep-

ithelial lesions (SEL). However, reported diagnostic effi-

cacy varies greatly.

Objective To summarize up current evidences on the

diagnostic efficacy of EUS-guided needle sampling for

upper GI SEL.

Method A reproducible strategy was used to search four

databases. Search results were evaluated for eligibility, and

the quality of eligible studies was assessed by QUADAS-2.

Pooled efficacy of EUS-guided needle sampling in upper

GI SEL was calculated. Procedure-related complications,

diagnostic errors, and independent factors related to a

higher success rate were also recorded and analyzed.

Results Seventeen studies, comprising 978 attempts of

EUS-guided needle sampling, were included in a meta-

analysis. Pooled diagnostic rate of EUS-guided needle

sampling was 59.9 %, with a heterogeneity I2 of 55.2 %.

Subgroup analysis showed no difference in diagnostic rate

among fine needle aspiration (FNA), trucut needle biopsy

(TCB), and fine needle biopsy (FNB), or among 19-, 22-,

and 25-G needles. Subgroup analysis and meta-regression

suggested that the cell block method might be correlated

with a higher diagnostic rate. Few severe complications

were reported. Diagnosis errors were rare.

Conclusion EUS-guided needle sampling is a safe, but

only moderately effective method for pathology diagnosis

of upper GI SEL. Choice of FNA/TCB/FNB, or 19 G/

22 G/25 G does not seem to alter the overall diagnostic

rate.

Keywords Endosonography � Biopsy, needle �
Diagnosis � Subepithelial lesion

Endoscopic ultrasound (EUS) can provide details of gas-

trointestinal (GI) wall structures, as well as multiple

characteristics of subepithelial lesions (SEL). Although

EUS is usually sufficient in the diagnosis of lesions such as

lipoma, simple cysts, and varices, pathology examination is

often required for other lesions, especially for hypoechoic

lesions originating from the third and fourth endoscopic

layer proven to be gastrointestinal mesenchymal tumors

(GIMT) under a lot of circumstances and often challenging

to diagnose by EUS alone [1]. With the advent of imatinib

mesylate, one particular type of GIMT—gastrointestinal

stromal tumor (GIST), is drawing spotlight in the past

decade. GIST features gain-of-function of c-kit (CD117)

and is now considered to have universal malignant poten-

tial, regardless of its size [2]. As a result, differentiation of

GIMT from other SEL, and of GIST from other GIMT

(mainly leiomyoma and schwannoma), is crucial in the

diagnosis and treatment of upper GI SEL.

The efficacy and safety of EUS-guided fine needle

aspiration (FNA) have long been proven in pancreatic

lesions [3]. However, its ability to reliably diagnose SEL

has been challenged in recent years [4]. Although earlier
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studies showed promising results [5, 6], prospective studies

with strict requirement for immunohistochemistry (IHC)

tend to give diagnostic rates dismally low [7, 8]. Crude

examination revealed a diagnostic rate varying from 34 [7]

to 91 % [5]. On the other hand, new methods, such as

trucut needle biopsy (TCB) and fine needle biopsy (FNB),

which get larger amount of tissues with preserved histolog-

ical structure, should theoretically lead to more successful

diagnosis. Therefore, a meta-analysis was conducted to

summarize current evidences on this topic and systemically

evaluate the diagnostic rate of EUS-guided needle sampling

for upper GI SEL.

Materials and methods

Defining the terms

Subepithelial lesions (SEL) literally denote any pathological

intraluminal bulge of the GI wall with intact covering

epithelium. We abandoned the commonly used term sub-

mucosal tumor (SMT) since: (1) lesions such as neuroen-

docrine (NET) tumor, lymphoma, and metastatic carcinoma

are not submucosal, but simply subepithelial; (2) non-tu-

morous lesions like ectopic pancreas and inflammatory

granulomas should also be included in the discussion.

Diagnostic rate, defined as the percentage of diagnostic

results among all sampling attempts, was chosen to be the

major measurement of this review. Sensitivity was not used

because SEL contains both malignant and benign lesions,

leading the term sensitivity ambiguous, if not misleading.

A result was considered diagnostic when a clear pathology

could be tagged to the target lesion. Many studies used

‘suspicious’ to describe a cytological diagnosis of spindle

cell/mesenchymal tumor without further IHC staining.

These results were counted non-diagnostic in the analysis

because differentiating GIST from other types of GIMT is

one of the major reasons why sampling is done. All

‘atypical,’ as well as descriptive results were also counted

non-diagnostic for their doubtful significance.

Sampling attempt, rather than number of lesions, was

used as denominator of the rate. This strategy was adopted

because repeated attempts by multiple needles, or the same

needle on separate occasions, typically resulted in an

increased success rate, drawing in bias when the rate is

pooled. What this review presents is diagnostic rate from

one attempt. For example, 40 lesions, which were sampled

by both FNA and TCB, or 22- and 25-G needles inde-

pendently, would be counted 80 attempts in calculation.

Failed attempts, in which sampling was not actually done

due to technical reasons, were also included in the

denominator. Of note is that one procedure usually con-

tained multiple punctures of the lesions, and one puncture

typically contained many back and forth movement of the

needle. These were all considered one attempt as long as no

change of needle occurs.

Gold standard

In this review, surgery histology and needle sampling

cytology with IHC/immunocytochemistry (ICC) when

needed were accepted as the gold standard. If needle

sampling finds the lesion benign, a minimum follow-up of

6 months is required.

Sampling methods

Only EUS-guided needle samplings, more specifically FNA,

TCB, and FNB, were analyzed in this review. Although

methods such as bite-on-bite biopsy [9], unroofing biopsy

[10], single-incision needle-knife biopsy (SINK) [11],

mucosal incision with a fixed flexible snare (MIF) biopsy

[12], retract-ligate-unroof biopsy [13], or endoscopic sub-

mucosal resection (EMR) [14] for mucosa muscularis

lesions seem to give promising results, these methods are

generally used by single centers and thus do not provide

enough data for analysis. Choosing only needle sampling

also enhances the homogeneity of studies included.

Search strategy

We searched PubMed, EMBASE (through Ovid),

Cochrane Library, and ClinicalTrial.gov systematically.

The search term used for EMBASE was: [(FNA or FNB or

TCB or TNB or needle aspiration or biopsy or sampling).ti.

or exp needle biopsy/or exp aspiration biopsy/] and [(EUS

or endosonography or endoscopic ultrasonography or

EUS).ti. or exp endoscopic echography/] and [(submucosa*

or subepithelial or mesenchyma* or spindle or stroma* or

GIST or leiomyoma or mural or intramural).mp. or GIST/

or gastrointestinal tumor/or leiomyoma/or stomach tumor/

or submucosa/or esophagus tumor/] and (diagnos* or sen-

sitivity or accura* or adequa* or yield).mp. and (article or

conference paper).pt. not (varices or lung or pancrea* or

node* or nodal or liver or spleen or cancer* or carcinoma*

or adenocarcinoma* or celiac ganglia or a case).ti. (search

done on December 31, 2014). A similar strategy was used

for other databases. Only studies published after 2000 were

analyzed. No language restriction was used. A recursive

search of study references was also done (Fig. 1).

Study quality assessment

Included studies were assessed for their risk of bias and

applicability using revised Quality Assessment of Diag-

nostic Accuracy Studies (QUADAS-2) [15]. This was done
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by two reviewers independently, and disagreement was

solved by discussion with a senior reviewer (Table 1).

Data extraction

Study details, including bibliographic data, number of

diagnostic sampling and total attempts of sampling, details

of method/device, and study design, were extracted.

Diagnostic errors and serious complications were recorded

as well. Data extraction was done by two reviewers inde-

pendently (Table 2).

Outcome measurements

The major outcome measurement was the pooled diag-

nostic rate of EUS-guided needle sampling in GI SEL. I2

was used to quantify study heterogeneity. Secondary out-

comes were procedure-related complications, diagnostic

errors, and independent factors related to a higher success

rate.

Statistical analysis

Diagnostic rate with corresponding 95 % confidence

interval was used as effect size, and all analyses were based

on the logit-transformed rate to stabilize the variance.

Heterogeneity among studies was assessed by Cochrane’s

Q test and Higgins’ I2, which reflect the percentage of

variation between studies that is due to heterogeneity rather

than chance. Values of 25, 50, and 75 % show low, mod-

erate, and high degrees of heterogeneity, respectively [16].

If no obvious heterogeneity among studies was detected,

fixed-effect model was used; otherwise, the DerSimonian

and Laird random-effect model was used to estimate the

pooled diagnostic rate [17]. To account for heterogeneity,

subgroup analysis and meta-regression were performed to

assess the influence of study design, technical details, and

lesion features. Publication bias was assessed by the funnel

plot, the Egger’s test, and the nonparametric trim and fill

method [18]. Rate pooling and subgroup analysis were

done in R3.1.2 (R Foundation for Statistical Computing,

Vienna, Austria) with metaprop, a command designed

specifically for meta-analysis of single proportions. Meta-

regression was done in STATA/SE 12.0 (Stata Corpora-

tion, College Station, TX, USA) with the metareg

command.

Result

Study inclusion and assessment

As shown in Fig. 1, our research yielded 43 studies in total

for eligibility assessment. Two studies were excluded

because they contained overlapping samples with other

included studies, 6 studies were excluded because they

evaluated only lesions already diagnosed by EUS-guided

needle sampling, and 18 studies were excluded for a lack of

detail which precluded reliable data extraction. Seventeen

studies [7, 8, 19–33] were included in the final analysis.

QUADAS-2 of included studies shows an overall high

quality in terms of risk of bias and applicability.

Fig. 1 Flowchart of study

screening. *Search results from

Cochrane Library and

ClinicalTrial.gov were

processed separately. No

relevant study was identified

after removal of duplicate
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Pooled diagnostic rate

A total of 978 sampling attempts were included in this

meta-analysis. The pooled diagnostic rate of EUS-guided

needle sampling for upper GI SEL was 59.9 %

(54.8–64.7 %). For inter-study heterogeneity, Cochrane’s

Q was 35.73 and I2 was 55.2 % (22.7–74.1 %) (Fig. 2).

Publication bias

Visual inspection of the funnel plots did not indicate

apparent publication bias (Fig. 3). It was confirmed by

Egger’s test (p = 0.59). After trim and fill method was

performed, the adjusted pooled diagnostic rate was 59.4 %

(54.3–64.5 %), which was very close to the previous

59.9 % (54.8–64.7 %). Therefore, there is no evidence that

our study was affected by publication bias.

Heterogeneity among studies

The pooled diagnostic rate had an I2 of 55.2 %, suggesting

heterogeneity among studies. Thus, we further investigated

potential source of heterogeneity by subgroup analysis and

meta-regression.

Subgroup analysis showed no evidence that different

needle types (FNA, TCB, FNB), or needle sizes (19, 22,

Table 1 QUADAS-2 for included studies

Study Risk of bias Applicability

Patient

selection

Index

test

Reference

standard

Flow and

timing

Patient

selection

Index

test

Reference

standard

2014 Akahoshi, K. L L L H H L L

2014 Kim, G. H. L H L H L L L

2012 Eckardt, A. J. L L L H L L L

2011 Watson, R. R. L L L L L L L

2011 Camellini, L. L H L L L L UC

2011 Julio Iglesias-Garcia L L L L L L UC

2011 Lee, J. H. L H L L L L L

2011 Suzuki, T. L L L L L L L

2011 DeWitt, J. H L L H L L L

2010 Fernandez-Esparrach, G. L L L L L H L

2010 Philipper, M. H L L L L L L

2010 Mekky, M. A. L L H L L L L

2009 Polkowski, M. L L L L L L L

2009 Imazu, H. L L L L L L L

2009 Hoda, K. M. L H L L L L L

2009 Yoshida, S. L L L H L H L

2004 Arantes, V. L L H H L L L

Unclear was reserved for studies that evaluated both subepithelial lesions and other lesions, which typically provided less information pertinent to

this review

Signaling questions: (1) Risk of bias-patient selection: Could the selection of patients have introduced bias? Low risk, consecutive patients

undergoing EUS-guided needle sampling. High risk, patients who fulfilled certain additive criteria, e.g., patients whose diagnosis is confirmed by

surgery histology. (2) Risk of bias-index test: Could the conduct or interpretation of the index test have introduced bias? This item was tailored

specifically for studies which include subgroups. When multiple needle types/sizes, etc., were used in the same study, variable crossover from the

usage of one device to another was judged high risk of bias, while no crossover or fixed crossover in which multiple devices were used constantly

for all lesions were considered low risk of bias. (3) Risk of bias-reference standard: Could the reference standard, its conduct, or its interpretation

have introduced bias? Low risk, study used gold standard included in the introduction section of this review. High risk, unclear or different

standard. (4) Risk of bias-flow and timing: Could the patient flow have introduced bias? Low risk, all patients included in the final analysis;

patient flow described clearly; enough information given for data extraction; no ambiguity or inconsistency of figures exists. High risk, otherwise.

(5) Applicability-patient selection: Are there concerns that the included patients and setting do not match the review question? Low risk, only

upper gastrointestinal subepithelial lesions included, or data specific for subepithelial lesions could be extracted. Selection criteria of patients

compatible with the common practice. High risk, rectal, epithelial, or extraluminal lesions included as well. Selection criteria of patients

significantly different from the common practice. (6) Applicability-index test: Were there concerns that the index test, its conduct, or its

interpretation differs from the review question? High risk, methods/devices used deviate significantly from the common practice. Low risk,

otherwise. (7) Applicability-reference standard: Were there concerns that the target condition as defined by the reference standard did not match

the question? High risk, classification of GIMT on cytology alone. Low risk, diagnosis of GIMT based on IHC

H high risk of bias, L low risk of bias, UC unclear
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25 G) have different diagnostic rate. Nor was difference

detected when the data were grouped by the following

criteria: whether only SEL were included, sample size,

geographical location of the study center, whether rapid on-

site pathological evaluation (ROSE) was used, and whether

only stomach lesions were included, the lesion size and

depth. It also showed that using the cell block method

might lead to a higher diagnostic rate (p = 0.08). However,

this finding was not supported by the overlapping 95 % CI

between subgroups (Table 3).

To further elucidate the role of the cell block method,

meta-regression was done. Both univariate and multivariate

with ROSE were performed, as the cell block method and

ROSE are both pathology processing methods, and inter-

action between them might exist. However, results are still

equivocal (univariate coefficient = 0.48, p = 0.086; mul-

tivariate coefficient = 0.82, p = 0.061) (Table 4).

Meta-regression was also done to investigate the relation

between mean needle pass and diagnostic rate, with no

significant relation found (FNA, coefficient = -0.30,

p = 0.772; TCB, coefficient = 0.23, p = 0.406) (Table 4).

Complications

Among the 17 studies included in this review, only three

severe complications were reported. Polkowski et al. [30]

reported two septic complications: one on an ulcerated

tumor that eventually turned out to be a left liver lobe

hepatoma invading the stomach (mistaken for an SMT on

EUS) and the other on a 45-mm-large GIST. Eckardt et al.

[21] reported one death resulted from multi-organ failure

developed after complications caused by FNA of a large

centrally necrotic GIST. Notably, all three complications

occurred in large and/or ulcerated tumors and were all

caused by 19-G needles (TCB by Polkowski, FNA by

Eckardt).

Bleeding after needle sampling was frequently reported.

Nevertheless, minor bleeding was usually manageable

conservatively or endoscopically. Compared to sepsis,

bleeding as a complication is harder to define. Current data

do not allow us to calculate a well-based complication rate

due to the low incidence and variability in interpretation.

Diagnostic error

A diagnostic result does not by nature mean that the

diagnosis is correct, although a diagnosis of malignancy or

a particular type of GIMT after IHC confirmation is gen-

erally considered final by most studies, and by this review.

Misdiagnosis of malignancy, or misclassification of GIMT

after IHC staining does exist, but these cases are quite rare.

Polkowski et al. [30] reported one schwannoma and one

Fig. 2 Forest plot for pooled

diagnostic rate. n diagnostic

sampling, N total sampling

attempts, Proportion diagnostic

rate, W (fixed) weight by fixed-

effect model, W (random)

weight by random-effect model

Fig. 3 Funnel plot of included studies
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Table 3 Investigation of

heterogeneity by subgroup

analysis

Grouping criteria Subgroup k Pooled rate 95 % CI I2 (%) p

Evaluate SEL only Yes 14 0.59 0.54–0.64 58.2 0.47

No 3 0.66 0.48–0.80 44.9

Sample size[40 Yes 12 0.59 0.54–0.65 58.7 0.71

No 5 0.62 0.47–0.76 54.9

Sample size[60 Yes 6 0.59 0.54–0.64 33.5 0.78

No 11 0.61 0.52–0.69 64.5

Geographical location Asia 7 0.62 0.55–0.68 45.6 0.20

Europe 6 0.53 0.43–0.63 57.2

USA 4 0.66 0.56–0.74 45.0

Needle type FNA 14 0.56 0.49–0.63 66.2 0.12

FNB 2 0.76 0.58–0.88 0.0

TCB 5 0.60 0.51–0.70 41.5

Needle size 19 7 0.60 0.52–0.68 39.9 0.49

22 9 0.62 0.57–0.67 12.6

25 2 0.48 0.21–0.76 48.0

Mixed/unknown 4 0.49 0.31–0.67 85.2

ROSE Yes 7 0.61 0.57–0.66 0 0.43

No 9 0.57 0.45–9.67 72

The cell block method used Yes 9 0.63 0.58–0.67 11 0.08

No 6 0.50 0.38–0.63 72.4

Stomach lesions only Yes 8 0.60 0.54–0.65 37.9 0.80

No 6 0.58 0.45–0.70 74.7

Lesion size \2 cm/any/UC 6 0.59 0.51–0.66 65.7 0.88

[1 cm 2 0.64 0.40–0.82 79.4

[2 cm 6 0.58 0.49–0.66 49.9

Lesion depth 2, 3, 4/UC 8 0.55 0.47–0.63 54.5 0.18

3, 4/3, 4, 5 3 0.58 0.50–0.66 53.6

4 3 0.70 0.56–0.81 67

k number of studies/subgroups. Evaluation of SEL only, sample size, and geographical location were

assessed on the study level (thus add-up k = 17). Since TCB gives core samples, most studies did not

process TCB material cytologically (although this can be done with flushed ‘leftover’ materials). As a

result, we did not regard TCB as a candidate for the cell block method or ROSE, which are both cytological

processing approaches. And results from TCB were not used for the subgroup analysis of these two

covariates. For needle type, size, ROSE, and the cell block method, subgroups within the same study were

treated as separate studies in calculation (thus add-up k = 21 22, 16, 15, respectively). For reason given in

Table 2, subgroup analysis for stomach lesion only, lesion size, and lesion depth used studies which only

evaluated SEL

Table 4 Investigation of

heterogeneity by meta-

regression

Covariate Univariate regression Multivariate regression

Coef p Coef p

Pathology processing method Cell block used 0.48 0.086 0.82 0.061

ROSE used 0.17 0.570 -0.43 0.291

Mean needle passa FNA -0.30 0.772

TCB 0.23 0.406

Coef meta-regression coefficient factor
a Two studies that reported only median needle pass were not included in the analysis
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malignant lymphoma misinterpreted as CD117-negative

GIST. Akahoshi et al. [20] reported one leiomyoma mis-

diagnosed as GIST.

A diagnosis of benignancy is more prone to error, due to

the possibility that material we get does not come from the

target lesion, or from the ‘bad part’ of the target lesion.

Mekky et al. [28] reported one GIST misdiagnosed as

benign inflammatory granuloma. Interestingly, report of

misdiagnosis of benignancy was not very common, pre-

sumably because many such results were not recognized

during follow-up. In this review, a diagnosis of ectopic

pancreas, lipoma, inflammatory granuloma, fibroma, or

hematoma, etc. was considered successful diagnosis.

However, there are few ways to confirm these findings,

especially for inflammatory type of lesions.

Discussion

Up to now, there has been no consensus on the diagnosis

and management of GI SEL. With the rapid accumulation

of evidence on biological behavior of GIST, and devel-

opments of less traumatic methods such as needle sam-

pling, EMR, and endoscopic submucosal dissection (ESD),

practitioners tend to take a more aggressive attitude toward

SEL than before [34, 35]. Although EUS can give impor-

tant information regarding certain features of SEL, its

ability to differentiate non-tumorous lesions from subep-

ithelial tumors is less than satisfactory [1, 36]. And when it

comes to hypoechoic lesions originating from the fourth

echo layer, EUS alone is almost of no value in differenti-

ating GIST from other GIMT if high risk features, such as

heterogeneity, irregular border, and rapid growth, are not

present. In face of this, tissue diagnosis is recommended by

many guidelines for certain SEL [2, 37, 38].

Many studies have been done in order to evaluate the

diagnostic efficacy of EUS-guided needle sampling for GI

SEL. However, success rate reported varies greatly. Further

examination shows that relevant studies often use varying

terms, such as sensitivity, diagnostic rate, yield, success

rate, and have a different definition for a sampling attempt

being ‘successful.’ Patient selection criteria are also not the

same and further exacerbate heterogeneity between studies.

The lack of global standard poses challenge when readers

want to decide how effective EUS-guided needle sampling

really is, and furthermore, to formulate a diagnostic algo-

rithm. In addition, although only incidentally reported,

severe complications after EUS-guided needle sampling do

exist [21, 30], leading this procedure potentially costly

more than financially.

As a result, it might be valuable to systemically analyze

current evidence on this topic. Since significant hetero-

geneity exists between studies, direct pooling is

meaningless. Maximizing comparability of individual

studies was the key issue here, and we tried to solve the

problem on three levels: (1) We chose diagnostic rate, with

clear definition, as the major measurement for pooling and

extracted raw data from studies rather than using the

reported efficacy measurements directly. (2) Possible

source of heterogeneity were investigated by subgroup

analysis and meta-regression.

The pooled diagnostic rate of 978 sampling attempts

from 17 studies was 59.9 %, (54.8–64.7 %), not surpris-

ingly somewhat midway between the extremes. To call this

figure high or low is pointless without a prior expectations,

or assessment of the particular clinical scenario. Diagnostic

efficacy has to be weighted with the potential impact of

sampling result on patient management. For example, a

fourth-layer hypoechoic lesion that measures 0.8 cm in

length probably will not undergo surgery even if proven to

be GIST, yet still requires periodical follow-up when pro-

ven to be leiomyoma. Here, tissue sampling has little

impact on the management plan. In contrast, tissue sam-

pling can be extremely useful under certain circumstances,

e.g., before initiating imatinib mesylate in unresectable

GIST, deciding on or against the performance of surgery

[38], or lowering follow-up frequency in confirmed lipoma/

ectopic pancreas.

Furthermore, potential ways to increase diagnostic rate

of EUS-guided needle sampling were investigated by

subgroup analysis and meta-regression. Needle type has

been investigated by multiple studies as potential influ-

encing factors for the efficacy of EUS-guided sampling.

Our meta-analysis did not show evidence that the choice of

different types of needle (FNA, FNB, TCB) has impact on

the final diagnostic rate (p = 0.12). Some writers attribute

this finding to the fact that TCB gives larger sample for

histology examination but are technically more demanding

[8], while the opposite goes true for FNA. A new device,

FNB, attempts to combine merits of both TCB and FNA

and seemed to give higher diagnostic rate (pooled

rate = 0.76). Since only two studies [19, 25], involving 30

lesions, evaluated this new method, power to detect dif-

ference is low. Further studies might shed more light on its

effectiveness compared with the traditional FNA and TCB.

Similar to needle type, different needle size [19, 22, 25]

also did not show any detectable disparity in their diag-

nostic rate (p = 0.49). And the same logic may apply here:

Larger needle is harder to use, while smaller needle gets

too little material. In addition, meta-regression failed to

detect relation between mean needle pass and diagnostic

rate (FNA, p = 0.772; TCB, p = 0.406). However, this

figure was missing for multiple studies and individual

approach might bring significant heterogeneity, so current

data can hardly lead to the conclusion that increasing

needle pass cannot increase the diagnostic rate.
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Subgroup analysis and meta-regression of two cytolog-

ical processing approaches, ROSE and the cell block

method, detected no correlation of the former and sug-

gested possible correlation of the latter. Previous studies on

ROSE led to positive results, with most studies focusing on

pancreatic, lung, and thyroid lesions [39–41]. Unlike these

lesions, SEL commonly require a large amount of tissue

and intact histological structure for diagnosis. Thus, simply

making sure adequacy of cytological specimen might not

be enough. In addition, majority of studies without ROSE

involved macroscopic assessment of the sampled material

by endoscopists. Nevertheless, it might be too early to

conclude that in the case of SEL, macroscopic evaluation

of specimen by endoscopists is as effective as microscopic

evaluation done by pathologists. We look forward to future

studies done on this topic. In comparison, the cell block

method involves collection and centrifugation of ‘leftover’

material in fluid, which is later processed as a histological

specimen. According to our knowledge, no previous study

has been designated for assessment of this method in SEL.

Certain characteristics of the lesions are also analyzed.

While there is study showing diagnostic rate higher for

gastric lesions than those in the esophagus or duodenum

[22], this did not lead to overall difference in studies that

evaluate gastric lesions only and those that evaluate the full

upper GI tract (p = 0.80). Nor was larger lesion size

(p = 0.88) or deeper lesion depth (p = 0.18) found to be

related to a higher rate of sampling success.

Study design (SEL only or not), sample size (threshold

of 40 or 60), and geographical location of institution (Asia,

Europe, and USA) were grouping criteria commonly used

in meta-analysis. No difference between subgroups was

found here.

Other factors may also have contributed to the hetero-

geneity between studies. The instinct is that endoscopists’

experience influences success rate of the procedure. How-

ever, this is not supported by previous studies [30, 42].

Pathologists’ experience in GIMT diagnosis or local epi-

demiology might play a role as well.

Putting conservatively, no significant influencing factor

on the diagnostic rate of EUS-guided sampling for upper

GI SEL has been identified by this review, probably

because of the small total sample size and limited power of

subgroup analysis. Meanwhile, we believe role of the cell

block method in cytological evaluation for SEL might be

interesting areas to investigate in future studies.

To see it in another way, diagnostic rate of different

subgroups seems fairly close. Whether this indicates the

existence of some inherent limitations of needle sampling

in SEL as a whole cannot be judged from current data. Our

conjecture is that some lesion characteristics, such as par-

ticular location, elasticity, or histological heterogeneity of

tissue within a tumor, naturally render the lesion resistant

to tissue acquirement, and these limitations cannot be

solved by altering technical details.

Except for the diagnostic rate, severe complications

were also recorded. Only 3 occurred in the 17 studies

included in this review, all being sepsis. In addition, all

occurred in large and/or ulcerated lesions sampled by a

19-G needle. Based on these, antibiotic prophylaxis before

sampling of large/necrotic lesions may be considered.

However, to say that large/necrotic lesions are the major

risky zone for large bore needle sampling might be a bit too

hasty. After all, severe complications have also been

reported in tumors without these features. For instance, Liu

et al. reported one case of tumor rupture caused by 22-G

FNA of a homogeneous, hypoechoic, and approximately

36 mm 9 35 mm GIST without detectable internal blood

flow [43]. Inoue et al. reported one case of life threatening

delayed bleeding 9 days after TCB of a 30 9 26 mm GIST

[44]. Overall, EUS-guided needle sampling is safe. Nev-

ertheless, it seems we cannot reliably predict and prevent

the occasional life-threatening complications, except for

antibiotic prophylaxis for large/necrotic lesions.

In conclusion, EUS-guided needle sampling is a safe,

but only moderately effective method of tissue diagnosis

for upper GI SEL. Altering sampling device or pathology

processing method does not markedly improve the diag-

nostic efficacy, but the utility of the cell block method and

macroscopic assessment of specimens might be interesting

areas to explore. Heterogeneity between studies still exists

after subgroup analysis, suggesting that under-recognized

factors might have influenced the rate. Furthermore, except

for asking ‘does it work,’ we may also want to ask the

question ‘are there better ways.’ Taking the diagnostic

uncertainties into consideration, this method may further

lose points when compared to other modalities, such as

direct EMR/ESD. Unlike needle sampling, which leaves

the wounded lesion in situ, EMR/ESD enables complete

histology examination while bringing definite resolution of

the lesion. Nevertheless, safety of these approaches is still

under debate, and the potential risk of over-diagnosis/over-

treatment should not be ignored. In short, decision on

whether to perform EUS-guided needle sampling should

only be made after full assessment of necessity, risk, and

potential clinical impact of the procedure, with local

experience of its success rate and possible alternatives

taken into account.
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