
Introduction
The introduction of endoscopic ultrasound (EUS)-guided tissue
acquisition represents an important breakthrough in the field
of endoscopy and has become an integral part of the diagnostic
and staging algorithms of various diseases of gastrointestinal

tract [1]. Traditionally, EUS-guided tissue sampling was per-
formed with a fine-needle aspiration (FNA) needle. However,
the efficacy of EUS-FNA depends on multiple factors including
the characteristics of the target tissue [2] and the availability of
an on-site cytopathologist [3]. To overcome these limitations of
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ABSTRACT

Background and study aims Despite the widespread use

of endoscopic ultrasound (EUS)-guided tissue acquisition,

the choice of optimal suction technique remains a subject

of debate. Multiple studies have shown conflicting results

with respect to the four suction techniques: Dry suction

(DS), no suction (NS), stylet slow-pull (SSP) and wet suction

(WS). Thus, the present network meta-analysis (NMA) was

conducted to compare the diagnostic yields of above suc-

tion techniques during EUS-guided tissue acquisition.

Methods A comprehensive literature search from 2010 to

March 2022 was done for randomized trials comparing the

aspirated sample and diagnostic outcome with various suc-

tion techniques. Both pairwise and network meta-analyses

were performed to analyze the outcomes: sample ade-

quacy, moderate to high cellularity, gross bloodiness and

diagnostic accuracy.

Results A total of 16 studies (n =2048 patients) were in-

cluded in the final NMA. WS was associated with a lower

odd of gross bloodiness compared to DS (odds ratio 0.50,

95% confidence interval 0.24–0.97). There was no signifi-

cant difference between the various suction methods with

respect to sample adequacy, moderate to high cellularity

and diagnostic accuracy. On meta-regression, to adjust for

the effect of needle type, WS was comparable to DS in

terms of bloodiness when adjusted for fine-needle aspira-

tion needle. Surface under the cumulative ranking analysis

ranked WS as the best modality for all the outcomes.

Conclusions The present NMA did not show superiority of

any specific suction technique for EUS-guided tissue sam-

pling with regard to sample quality or diagnostic accuracy,

with low confidence in estimates.
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FNA needles, fine-needle biopsy (FNB) needles were designed
that allow sampling of core tissue from the target lesion.

Apart from needle type, the proper suction techniques may
impact outcomes of EUS-guided tissue acquisition. Various suc-
tion techniques used in tissue acquisition during EUS include no
suction (NS), dry suction (DS), stylet slow-pull (SSP), and wet
suction (WS). In the DS technique, a 10ml pre-vacuum syringe
is used after removal of stylet, to generate a negative pressure
for tissue acquisition. This improves the cellularity of the sam-
ple but at the cost of blood contamination [4]. The SSP tech-
nique involves slow removal of the stylet during sampling to
generate negative pressure within needle, which is usually 5%
of the force generated with standard suction [5]. Lastly, the
WS technique involves preflushing the needle with saline or he-
parin prior to aspiration. Once the lesion has been punctured, a
syringe prefilled with saline is left attached to the proximal port
and used later for aspiration [6].

In a recent meta-analysis [7], WS technique has been report-
ed to have a higher cellularity compared to DS technique, but
comparable blood contamination and histological accuracy.
With respect to DS versus SSP, two meta-analyses have shown
conflicting results [8, 9]. In lieu of the heterogeneity of outcome
from studies comparing the various methods and dilemma re-
garding the optimal method of tissue acquisition during EUS,
we conducted a systemic review, pairwise meta-analysis and
network meta-analysis (NMA) to compare the various suction
methods (NS, DS, WS, SSP) for EUS-guided tissue acquisition.

Methods
The present systematic review and network meta-analysis is re-
ported as per the Preferred Reporting Items for Systematic Re-
views and Meta Analyses for Network Meta Analyses (PRISMA
NMA) guidelines [10] and registered with PROSPERO
(CRD42022321181).

Information sources and search strategy

MEDLINE, Cochrane Central Register of Controlled Trials (CEN-
TRAL), and Science Direct were searched from 2010 to March
2022 for all relevant studies. A search was made using the key-
words: (EUS OR FNA OR FNB OR "Endoscopic ultrasound" OR
"Fine needle aspiration" OR "Fine needle biopsy") AND (Suction
OR Stylet OR Wet OR "Slow-pull" OR "Heparin"). In addition, the
reference lists of all identified trials, guidelines, and reviews on
the topic were searched for relevant trials.

Study selection

The titles and abstracts of the retrieved search records were in-
dependently screened by two reviewers for inclusion and exclu-
sion criteria, followed by full text examination of potential eligi-
ble citations. Any disagreement was resolved through discus-
sion. Studies included in this NMA were randomized controlled
trials (RCTs) fulfilling the following PICO criteria: 1) Patients-
EUS-guided tissue acquisition of solid lesions including pancre-
atic lesion, lymph nodes and submucosal lesions; 2) Interven-
tion-four suction techniques which include DS, WS, SSP and
NS; 3) Comparison-Other suction techniques; and 3) Out-

comes-adequacy of sample, moderate to high cellularity, gross
bloodiness and diagnostic accuracy. Due to non-standardiza-
tion of evaluation of blood contamination and cellularity, out-
come variables were defined according to the original protocol
of each study. Single-arm studies, studies with sample size <10,
conference abstracts and studies involving persons <18 years of
age were excluded from the analysis.

Data extraction

Data extraction was performed independently by two investi-
gators, and discrepancies were resolved by a third reviewer.
Data collection was done under the following headings: study
author and year, country, type of study, number of patients,
types of intervention, outcomes, and adverse events.

Risk of bias in individual studies and confidence
in cumulative evidence

The risk of bias was assessed by two independent reviewers
using the Cochrane risk-of-bias tool for randomized trials (RoB
2). The assessment of the certainty of the evidence for all eva-
luable outcomes, was done using the Confidence in Network
Meta Analysis (CINeMA) web application and the Grading of Re-
commendations Assessment, Development and Evaluation
(GRADE) approach for NMA.

Statistical analysis

Pairwise meta-analysis was performed using a random effect
model in RevMan software (version 5.4.1, Cochrane Collabora-
tion). Dichotomous variables were analyzed using the risk ratio
and Mantel-Haenszel test. Network meta-analysis was per-
formed using Stata 17.0 software package (Stata Corp LP, Col-
lege Station, Texas, United States) and MetaInsight [Complex
Review Support Unit (CRSU) network meta-analysis (NMA)
web-based app] using a Bayesian random effect model. The
comparative efficacy of any two treatments was modeled as a
function of each treatment relative to the reference treatment
(DS in this study, as it is the most common method used).
Treatment estimates were calculated as odds ratios (ORs) for
binary outcomes, along with their 95% confidence interval
(CI). The pooled ORs from the NMA were compared with cor-
responding ORs from a pairwise meta-analysis of direct com-
parisons to assess the inconsistency between direct and indir-
ect comparisons. Wald test was performed to assess for global
inconsistency. Relative ranking of interventions for various out-
comes was calculated as their surface under the cumulative
ranking (SUCRA). Publication bias was assessed by examining
the funnel plot asymmetry. The certainty or quality of evidence
was evaluated based on the GRADE (Grading of Recommenda-
tions, Assessment, Development and Evaluations) framework,
which is the most widely adopted tool for grading the quality
of evidence and for making recommendations.

Results
Study characteristics and risk of bias within studies

A total of 511 studies were identified from various databases
and manual reference searching. After removal of duplicate
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studies, 310 studies were screened out of which 27 were asses-
sed for eligibility. Finally, 16 RCTs [11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26] with 2048 patients were included
in the meta-analysis. ▶Fig. 1 shows the PRISMA diagram for
study selection. ▶Table 1 summarizes the characteristics of
the included studies. Eight studies were crossover studies [11,
15, 17, 19, 20, 21, 22, 23] while the rest eight were parallel stud-
ies [12, 13, 14, 16, 18, 24, 25, 26]. Majority of the studies [13,
14, 15, 16, 17, 18, 19, 20, 22, 24, 25, 26] included pancreatic le-
sions only, while 4 studies included extrapancreatic lesion in-
cluding lymph nodes and subepithelial lesions [11, 12, 21, 23].
FNA needle was used in nine studies [11, 12, 13, 14, 16, 17, 21,
23, 26] among which seven studies used 22G needles [11, 13,
16, 17, 21, 23, 26] and two studies used other size needles [12,
14]. Seven studies used FNB needle [15, 18, 19, 20, 22, 24, 25],
among which only one study used 20G needles [18] and the
rest used 22G needles. ROSE was available in only four studies
[11, 14, 16, 24]. The number of needle passes was two in the
majority of the studies [11, 12, 15, 17, 19, 20, 21, 23]. Six studies
[15, 16, 20, 23, 24, 25] hadmoderate risk of bias while 10 studies
had low risk of bias [11, 12, 13, 14, 17, 18, 19, 21, 22, 26] (Sup-
plementary Fig. 1). The definitions of various outcomes used
in the included studies in shown in Supplementary Table 1.

Direct meta-analysis
Dry suction vs. no suction

Five studies [12, 14, 15, 19, 26] reported data on DS vs. NS.DS
was associated with better cellularity (4 RCTs; OR =1.42, 95%
CI [1.02–2.00]; I2 = 0.0%, P=0.81), but at the cost of higher
risk of gross bloodiness (4 RCTs; OR =1.92, 95%CI [1.31–2.81];
I2 = 0.0%, P=0.82). There was no difference between DS and NS
with respect to sample adequacy (4 RCTs; OR =1.49, 95%CI
[0.53–4.18[; I2 = 87%, P=0.000) or diagnostic accuracy (2
RCTs; OR =0.96, 95%CI [0.63–1.45]; I2 = 0.0%, P=0.37). There
was no difference in subgroups based on the location of lesion
(Supplementary Fig. 2a), but on subgroup analysis based on
needle type, DS was associated with a higher sample adequacy
with the use of FNB needle (Supplementary Fig. 2b).

Dry suction vs. wet suction

Six studies [11, 12, 20, 21, 23, 24] compared the outcomes of DS
vs. WS. There was no difference between DS and WS for sample
adequacy (6 RCTs; OR=0.60, 95%CI [0.27–1.34]; I2 = 72%, P=
0.003), gross bloodiness (5 RCTs; OR=1.93, 95%CI [0.85–
4.36]; I2 = 69%, P =0.01), moderate to highly cellular sample (6
RCTs; OR=0.67, 95%CI [0.28–1.58]; I2 = 81%, P=0.000), and di-
agnostic accuracy (3 RCTs; OR=0.76, 95%CI [0.50–1.16]; I2 =
0.0%, P=0.92). There was no difference in subgroups based on
either the location of lesion (Supplementary Fig. 3a) or the
type of the needle used (Supplementary Fig. 3b).

Dry suction vs. stylet slow-pull

Seven studies [13, 15, 16, 17, 22, 24, 25] reported data compar-
ing DS vs. SSP. No significant difference was observed between
the two groups with respect to sample adequacy (5 RCTs; OR =
0.95, 95%CI [0.45–1.99]; I2 = 44%, P=0.13), gross bloodiness (2

RCTs; OR =1.19, 95%CI [0.32–4.45]; I2 = 0.0%, P=0.56), moder-
ate to highly cellular sample (5 RCTs; OR =0.88, 95%CI [0.38–
2.05]; I2 = 70%, P=0.009), and diagnostic accuracy (4 RCTs; OR
=1.11, 95%CI [0.57–2.16]; I2 = 21%, P=0.28) (Supplementary
Fig. 4). There was no difference in subgroups based on the
type of the needle used.

Network meta-analysis
Adequacy of sample

Thirteen studies [11, 12, 13, 14, 15, 16, 19, 20, 21, 23, 24, 25, 26]
reported data on sample adequacy from four interventions.
There was no difference between the various modalities on net-
work estimate (Supplementary Table 2). Meta-regression was
conducted taking the needle type into account as there was
significant difference between FNA and FNB on pairwise meta-
analysis. On meta-regression, there was no significant differ-
ence in ORs of adequacy when adjusted for either of the needle
types (Supplementary Fig. 5). As the direct meta-analysis did
not show any significant difference based on location of the le-
sion on subgroup analysis, meta-regression was not performed
taking lesion location into consideration.
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▶ Fig. 1 PRISMA flowchart for study selection and inclusion pro-
cess. From: Hutton B, Salanti G, Caldwell DM et al. The PRISMA ex-
tension statement for reporting of systematic reviews incorporat-
ing network meta-analyses of health care interventions: checklist
and explanations. Ann Intern Med 2015; 162: 777–784.
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A SUCRA plot was generated from the ranking plot. Ranking
based on SUCRAs accounts better for the uncertainty in the es-
timated treatment effects. WS was ranked first (SUCRA 85.4)
with the maximum probability of obtaining an adequate sam-
ple followed by SSP (SUCRA 51.9), DS (SUCRA 46.4) and NS (SU-
CRA 16.3) (▶Fig. 2a). The certainty of evidence for the SUCRA
ranking was moderate.

Moderate to high cellularity

Eleven studies [11, 12, 13, 15, 17, 19, 21, 22, 23, 24, 25] report-
ed on the outcome of moderate to high cellularity. On network
estimate, there was no significant difference between the stud-
ies with respect to moderate to high cellularity of sample (Sup-
plementary Table 3). On meta-regression, there was no signif-
icant difference in ORs of cellularity when adjusted for either of
the needle types (Supplementary Fig. 6).

On SUCRA analysis, WS was ranked first (SUCRA 77.2) with
the maximum probability of obtaining a moderate to highly cel-
lular sample followed by SSP (SUCRA 75.0), DS (SUCRA 37.8)
and NS (SUCRA 10.1) (▶Fig. 2b). The certainty of evidence for
the SUCRA ranking was moderate.

Gross bloodiness

Ten studies [11, 12, 14, 15, 17, 18, 19, 20, 21, 24] reported data
on gross bloodiness of sample from four interventions. On net-
work estimate, only WS had a significantly lower odds of gross
bloodiness compared to DS (OR=0.50, 95%CI [0.24–0.97])
(Supplementary Table4). Meta-regression was performed to
study the effect of type of needle on bloodiness of sample.
When adjusted for the effect of FNB needle, both WS (OR=
0.35, 95%CI [0.13–0.85]) and NS (OR=0.38, 95%CI [0.15–
0.92]) were better than DS with respect to gross bloodiness.
However, on adjusting for FNA needle, there was no difference
between the interventions on network estimates (▶Fig. 3).

On SUCRA analysis, WS was ranked first (SUCRA 80.3) with
the maximum probability of obtaining an adequate sample fol-
lowed by NS (SUCRA 77.5), SSP (SUCRA 23.6) and DS (SUCRA
18.5) (▶Fig. 2c). The certainty of evidence for the SUCRA rank-
ing was moderate.

Diagnostic accuracy

Nine studies [14, 15, 17, 18, 19, 20, 21, 23, 25] reported data on
diagnostic accuracy of sample from four interventions. On net-
work estimate, there was no significant difference between the
studies with respect to diagnostic accuracy (Supplementary
Table5). Meta-regression did not show any significant differ-
ence in ORs of adequacy when adjusted for either of the needle
types (Supplementary Fig. 7). On SUCRA analysis, WS was
ranked first (SUCRA 80.2) with the maximum probability of di-
agnostic accuracy followed by NS (SUCRA 45.0), DS (SUCRA
41.6) and SSP (SUCRA 33.1) (▶Fig. 2d). The certainty of the evi-
dence for the SUCRA ranking was low.

Publication bias, network coherence, sensitivity analysis
and quality of evidence

There was no evidence of publication bias, which was assessed
qualitatively based on the symmetry in the funnel plot for all
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the studies reporting various outcomes (Supplementary Fig.
8). The global Wald test for diagnostic accuracy yielded a chi2

(0) = 0.00, and the P value could not be calculated, indicating in-
coherence or significant heterogeneity. There was no evidence
of network coherence for the other outcomes (Supplementary
Table6). Sensitivity analysis was conducted with exclusion of
studies including non-pancreatic lesions and exclusion of stud-
ies with available ROSE (▶Table 2) which did not show any
change compared to overall analysis. The summary of findings
for treatment comparisons with quality of evidence based on
the GRADE framework is shown in Supplementary Table 7.

Discussion
EUS-guided tissue acquisition plays an essential role in diagnos-
ing pathology related to pancreatic masses and lymph nodes.
Multiple suction techniques have been evaluated to improve di-
agnostic adequacy and accuracy, which will, in turn, improve
patient outcomes. The present NMA showed no significant dif-

 Odds ratio (95 % CrI)
Compared with DS
NS 0.54 (0.25, 1.1)
SSP 0.96 (0.40, 2.2)
WS 0.50 (0.24, 0.98)

a Bayesian forest plot for gross bloodiness

 Odds ratio (95 % CrI)
Compared with DS
NS 0.38 (0.15, 0.92)
SSP 0.75 (0.29, 1.9)
WS 0.35 (0.13, 0.85)

b  Bayesian forest plot for gross bloodiness from 
meta-regression adjusted for FNB needle

 Odds ratio (95 % CrI)
Compared with DS
NS 0.63 (0.28,1.4)
SSP 1.3 (0.47, 3.4)
WS 0.57 (0.27, 1.2)

c  Bayesian forest plot for gross bloodiness from 
meta-regression adjusted for FNA needle
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1
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1
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4

▶ Fig. 3 Bayesian Forest plot for diagnostic accuracy. a Unadjusted.
b Adjusted for the effect of FNB needle. c Adjusted for effect of FNA
needle.
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▶ Fig. 2 Radial surface under the cumulative ranking analysis (SU-
CRA) and network plot for all the outcomes. a Sample adequacy. b

Moderate to high cellularity. c Gross blood contamination. d Diag-
nostic accuracy. The number beside the suction techniques indicate
SUCRA values. DS, dry suction; NS, no suction; SSP, slow stylet pull;
WS, wet suction.
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ference between the suction methods concerning sample ade-
quacy, moderate to high cellularity, and diagnostic accuracy.
WS was better compared to DS, with a lower odd of bloodiness.
But this difference was not significant when adjusting for the ef-
fect of the FNA needle on the outcome, thus indicating a similar
rate of gross blood contamination with various suction tech-
niques when using an FNB needle. Based on SUCRA, WS was
ranked as the best suction method for all the study outcomes.

A previous meta-analysis by Nakai et al. [8] reported that SSP
was likely to provide lower blood contamination but similar cel-
lularity and diagnostic accuracy compared to DS.However, ran-

domized trials, studies using 25G needle and studies involving
pancreatic lesions showed higher diagnostic accuracy with SSP
than DS on sensitivity analysis. Capurso et al. [9] analyzed only
RCTs and showed that SSP had similar adequacy and diagnostic
accuracy but a lower rate of blood contamination compared to
DS. The present meta-analysis did not show any significant dif-
ference between SSP and DS in pairwise and NMA. This indi-
cates the non-superiority of SSP over DS, although SSP may re-
sult in reduced blood contamination. It may be because the
force used in the aspiration may have led to a higher amount
of blood contamination with DS.

▶Table 2 Summary of findings with sensitivity analysis.

Techniques and outcomes Odds ratio for overall analysis Analysis of only pancreatic

lesion

Exclusion of studies with ROSE

Sample adequacy

DS vs. NS 1.45 (0.60–3.52) 1.00 (0.51–2.07) 1.65 (0.49–5.33)

DS vs. SSP 0.94 (0.36–2.51) 1.11 (0.56–2.28) 1.01 (0.23–4.39)

DS vs. WS 0.62 (0.26–1.49) 0.75 (0.15–3.72) 0.65 (0.18–2.36)

NS vs. SSP 0.64 (0.19–2.24) 1.11 (0.42–2.97) 1.64 (0.29–9.02)

NS vs. WS 0.42 (0.13–1.37) 0.73 (0.13–4.26) 0.39 (0.08–2.00)

SSP vs. WS 0.66 (0.19–2.25) 0.66 (0.12–3.81) 0.64 (0.09–4.47)

Moderate to high cellularity

DS vs. NS 1.47 (0.63–3.52) 1.68 (0.61–4.56) 1.44 (0.58–3.55)

DS vs. SSP 0.68 (0.33–1.72) 0.69 (0.30–1.69) 0.67 (0.26–1.79)

DS vs. WS 0.65 (0.35–1.29) 0.76 (0.15–3.68) 0.59 (0.22–1.61)

NS vs. SSP 0.46 (0.17–1.29) 0.41 (0.14–1.31) 0.47 (0.15–1.45)

NS vs. WS 0.44 (0.16–1.33) 0.45 (0.07–2.86) 0.41 (0.12–1.41)

SSP vs. WS 0.97 (0.33–2.91) 1.10 (0.20–5.68) 0.89 (0.22–3.37)

Gross bloodiness

DS vs. NS 1.85 (0.95–3.99) 1.91 (1.00–4.23) 2.06 (0.97–4.83)

DS vs. SSP 1.04 (0.53–2.03) 1.02 (0.50–2.11) 0.99 (0.43–2.18)

DS vs. WS 2.00 (1.03–4.14) 3.05 (0.96–9.35) 2.88 (1.33–6.13)

NS vs. SSP 0.56 (0.19–1.61) 0.53 (0.19–1.34) 0.48 (0.15–1.34)

NS vs. WS 1.08 (0.42–2.69) 1.59 (0.37–5.76) 1.39 (0.48–3.56)

SSP vs. WS 1.92 (0.65–5.77) 3.00 (0.77–10.83) 2.91 (0.96–8.90)

Diagnostic accuracy

DS vs. NS 0.99 (0.52–1.98) 1.00 (0.51–2.07) 1.40 (0.45–4.29)

DS vs. SSP 1.09 (0.57–2.19) 1.11 (0.56–2.28) 1.75 (0.73–4.23)

DS vs. WS 0.74 (0.37–1.43) 0.75 (0.15–3.72) 0.74 (0.38–1.42)

NS vs. SSP 1.10 (0.43–2.80) 1.11 (0.42–2.97) 1.24 (0.30–5.36)

NS vs. WS 0.74 (0.28–1.85) 0.73 (0.13–4.26) 0.53 (0.15–1.93)

SSP vs. WS 0.67 (0.25–1.67) 0.66 (0.12–3.81) 0.43 (0.14–1.26)

DS/NS/SSP/WS, dry suction/no suction/slow stylet pull/wet suction.
The table shows odds of an outcome with the first suction technique mentioned in each row compared to the second technique.
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Ramai et al. [7] conducted a meta-analysis comparing WS
and DS and showed higher specimen adequacy with WS (OR =
3.18, 95%CI: [1.82–5.54]) but similar blood contamination and
diagnostic accuracy between the two methods. This is ex-
plained by the fact that a water column enhances tissue aspira-
tion due to fluid dynamics and allows greater volumes of tissue
to be aspirated within a given simulation time compared to a
column of air [27]. The current NMA showed a lower risk of
blood contamination with WS than with DS. It is possible that
the presence of the saline solution eliminates the “empty space”
in the needle lumen for the red blood cells to flow into, and
thereby reduces the degree of bloodiness [11]. However, this su-
periority of WS is not seen on adjusting for the impact of the FNA
needle. Thus, using either of the techniques with an FNB needle
may not lead to a difference in the rate of blood contamination.

While WS was ranked first for accuracy based on SUCRA, a
statistically significant difference was not seen in different suc-
tion techniques. A variation in the definition of outcomes and
needle gauge could explain this finding. Compared to the 19G
or 22G needle, the 25G needle has high flexibility and a smaller
diameter, making it easier to handle [28]. Other studies have
reported that a 20G ProCore needle has better diagnostic accu-
racy and histological yield than a 25G needle [29, 30]. European
society of gastrointestinal endoscopy recommends using a 22-
G or 25-G needle due to unreliable results with other needles
[31]. In their recent NMA, Han et al. concluded that FNB needles,
particularly 22-G, offer the highest diagnostic performance
compared to FNA needles in sampling pancreatic masses [32].
However, in another NMA, Facciorusso et al. [33] showed no dif-
ference in the diagnostic performance based on needle type
(FNA vs. FNB) or gauge (19G vs. 22G vs. 25G) for solid pancreatic
lesions. Findings remained similar in sensitivity analysis based on
the availability of ROSE and the use of the fanning technique.

In a recent NMA on the diagnostic performance of end-cut-
ting FNB needles [34], Franseen needles and fork-tip needles
outperformed reverse-bevel needles and FNA needle for both
sample adequacy and diagnostic accuracy. However, compar-
ing FNB needle size, 25G Franseen and 25G Fork-tip needles
were not superior to 22G reverse-bevel needles. Also, none of
the FNB needles were superior when ROSE was available. Thus,
multiple factors can affect the final adequacy and accuracy of a
sample obtained via EUS-guided sampling.

The study's main strength is that we used NMA with rigorous
methodology to analyze various RCTs and previous meta-analy-
ses, which included all types of suction methods used during
EUS tissue acquisition. Because we included only RCTs, we are
able to satisfy the condition of transitivity needed for NMA.
Also, considering the various sampling techniques practiced
and two previous meta-analyses have shown conflicting results
with respect to DS versus SSP, this NMA helps clarify the choice
for endoscopists.

There were a few limitations to the study, most of them in-
herent in any meta-analysis and that warrant further discus-
sion. First, the definitions of "blood contamination" and "cellu-
larity" were not uniform in all the studies. Hence, the results
need to be interpreted with caution. Second, the effect of the
number of passes used during EUS-guided tissue acquisition

could not be analyzed, which may affect the sensitivity of the
tissue acquisition. Zhou et al. [25] demonstrated a significant
increase in diagnostic accuracy with an increase in the number
of passes. After three passes with DS and four passes with SSP,
there was no further increase in diagnostic accuracy. However,
most of the included studies in this analysis used two passes
which may have led to a suboptimal outcome. Third, there was
variation in the study design with half being crossover and half
being parallel. While the type of estimates was the same, they
were derived using different techniques, and especially the es-
timates of standard error were different. Fourth, there was a
slight difference in the size and type of the needle used. Among
FNB needles, Franseen needles and Fork-tip needles have been
shown to be superior to reverse-bevel needles and FNA needles
for both sample adequacy and diagnostic accuracy [34]. This
difference in needle type may contribute to the heterogeneity
of outcomes. Fifth, all studies did not describe whether they
used the fanning technique or not. Sixth, the location of lesions
(solid pancreatic lesions, submucosal lesions, or lymph nodes)
may dictate the type of suction needed. Lastly, there was signif-
icant heterogeneity in the NMA for the outcome of diagnostic
accuracy.

Conclusions
To conclude, WS was associated with lower odds of bloodiness
than DS and was ranked as the best method for all the out-
comes. However, there was a lack of sufficient literature evi-
dence to prove the unequivocal superiority of one suction tech-
nique over the other during EUS-guided tissue acquisition.
There is a need for development of standard reporting guide-
lines for samples obtained using EUS.As the practice of EUS-
guided tissue acquisition has shifted toward increasing the use
of FNB needles, there is a need to study the effect of various
suction techniques on tissue adequacy and diagnostic accuracy
using newer generation end-cutting needles.
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