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Background/Aims: Endoscopic ultrasound (EUS)-guided tissue acquisition is widely utilized as
a diagnostic modality for intra-abdominal masses, but there remains debate regarding which suc-
tion technique, slow pull (SP) or conventional suction (CS), is better. A meta-analysis of reported
studies was conducted to compare the diagnostic yields of SP and CS during EUS-guided tissue
acquisition.

Methods: We conducted a systematic electronic search using MEDLINE/PubMed, Web of Sci-
ence, and the Cochrane Central Register of Controlled Trials to identify clinical studies comparing
SP and CS. We meta-analyzed accuracy, sensitivity, blood contamination and cellularity using
the random-effects model.

Results: A total of 17 studies (seven randomized controlled trials, four prospective studies, and
six retrospective studies) with 1,616 cases were included in the analysis. Compared to CS, there
was a trend toward better accuracy (odds ratio [OR], 1.48; 95% confidence interval [Cl], 0.97 to
2.27; p=0.07) and sensitivity (OR, 1.67; 95% ClI, 0.95 to 2.93; p=0.08) with SP and a significantly
lower rate of blood contamination (OR, 0.48; 95% CI, 0.33 to 0.69; p<0.01). However, there was
no significant difference in cellularity between SP and CS, with an OR of 1.28 (95% ClI, 0.68 to
2.40; p=0.45). When the use of a 25-gauge needle was analyzed, the accuracy and sensitivity of
SP were significantly better than those of CS, with ORs of 4.81 (95% Cl, 1.99 to 11.62; p<0.01)
and 4.69 (95% Cl, 1.93 to 11.40; p<0.01), respectively.

Conclusions: Compared to CS, SP appears to provide better accuracy and sensitivity in EUS-
guided tissue acquisition, especially when a 25-gauge needle is used. (Gut Liver 2021;15:625-
633)

Key Words: Endoscopic ultrasonography; Fine needle aspiration; Slow pull; Suction.

INTRODUCTION

Endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA), first introduced in the early 1990s," is now
established as a safe and reliable technique to obtain the
pathological diagnosis of intra-abdominal lesions. One
meta-analysis of clinical studies on EUS-FNA showed
sensitivity of 85% and specificity of 98% in pancreatic
solid lesions’ but there remains some controversy in EUS-
FNA procedures such as the needle size, the use of stylet
and rapid onsite evaluation.” More recently, EUS-guided

fine needle biopsy (EUS-FNB) using newly developed core
needles™ has emerged as a potentially more effective alter-
native. The application of suction has also been discussed
in terms of quality and quantity of tissue acquisition.”
While high negative pressure may increase cellularity of
the specimen, it can increase blood contamination at the
same time. Slow pull (SP), or capillary suction, technique is
one of options for application of suction during EUS-FNA
or FNB and we previously reported that SP was associated
with better tissue acquisition compared to the conventional
suction (CS) technique, especially when a 25-gauge FNA
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needle was used.’ The usefulness of SP was also reported
in a 25-gauge core biopsy needle.” However, there still re-
mains debate on the best technique among options includ-
ing no suction, slow pull, suction or wet suction' during
EUS-guided tissue acquisition. To address this clinical
question, we conducted a meta-analysis to compare SP and
CS for EUS-guided tissue acquisition of solid lesions.

MATERIALS AND METHODS

1. Study selection

A systematic electronic search using MEDLINE/
PubMed, Web of Science, and the Cochrane Central Reg-
ister of Controlled Trials was conducted independently by
two authors (Y.N. and R.H.). We identified clinical studies
comparing SP and CS for EUS-guided tissue acquisition
that had been reported until January 2020. The key search
words were “endoscopic ultrasonography,” “EUS-FNA,
“fine needle aspiration,” “fine needle biopsy,” “slow pull,”
“capillary” and “suction.” We included fully published
articles and conference abstracts that had involved 220
patients in total and limited the search to English language
(Supplementary Fig. 1). Bibliographies of the identified re-
ports were further screened for additional studies. The lit-
erature search was last performed on 31 January 2020. Dis-
agreements were resolved through discussion with a second
author (T.H.). This study was conducted in compliance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement.

2. Data collection
The following data were extracted using a prespecified

898 Records identified
through database searching

data extraction form: study design, EUS-guided tissue
acquisition characteristics (target lesions, the needle size
and type, and suction methods) and EUS-guided tissue
acquisition outcomes (accuracy, sensitivity, blood contami-
nation and cellularity). There were no standard evaluation
methods for the evaluation of blood contamination and
cellularity, and some studies used semiquantitative scores
with variations in the definitions.'”"> Therefore, these out-
come variables were defined according to the original pro-
tocol of each study. Furthermore, we also incorporated the
presence of a visible or histological core as a substitute for
cellularity in some studies if those semiquantitative scores
were not available. The quality of the studies included in
the analysis was assessed using Cochrane Collaboration
Risk of Bias Tool for randomized controlled trials (RCTs)"
and Newcastle-Ottawa scale for non-RCTs."

3. Statistical analyses

Using the data extracted from the studies identified,
summary odds ratios (ORs) of binary outcome variables
(i.e., accuracy, sensitivity, blood contamination and cel-
lularity) comparing SP and CS were computed as means of
the DerSimonian-Laird random-effects model."” Given po-
tential heterogeneity in study populations and endoscopic
procedures between the studies, we utilized the random-
effects model throughout the current study. Statistical
heterogeneity between studies was assessed based on the
Q and I’ statistics."® For the Q statistic, we used a p-value
of 0.10 for statistical significance in view of the low power
of tests for heterogeneity.” The I” statistics of around 25%,
50%, and 75% were considered as suggestive of low-,
moderate-, and high-level heterogeneity, respectively." We
calculated 95% confidence interval (CI) for each summary

A 4

275 Duplications excluded

y

623 Records screened

A 4

y

591 Records excluded by titles and abstracts

32 Articles assessed
for eligibility

15 Articles excluded

A 4

2 Review articles

8 Articles without detailed outcomes
5 Conference abstracts of subsequently published articles

A

17 Studies for a meta-analysis
7 Randomized controlled trials
4 Prospective studies
6 Retrospective studies
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Fig. 1. Flowchart of study selection for
the meta-analysis of slow pull versus
conventional suction techniques for
endoscopic ultrasound-guided tissue
acquisition.
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OR. We assessed potential publication bias using the fun-
nel plot with the Begg rank correlation test'” and the Egger
linear regression test.”” We performed subgroup analyses
stratified by needle size (22-gauge vs 25-gauge) and type
(FNA vs ENB). Subgroup analysis of studies including pan-
creatic lesions alone was also performed. In addition, we
performed a sensitivity analysis limited to seven RCTs.

A two-sided p-value <0.05 was considered statistically
significant. All analyses were performed using R software
version 3.6.3 and the meta package (R Development Core
Team; The R Foundation, Vienna, Austria, http://www.r-
project.org).

RESULTS

1. Search results

The initial search identified a total of 898 publications
and after screening for eligibility, 17 studies with 1,616 cas-
es were included in the analysis; seven RCTs,”™ four pro-
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®|®|®|®|0|®|®|Blinding of outcome assessment

p S =
§58°3
ETR o @
= o E o
8% g g s
22 L55%
Q £ o Q
o Y— _}]_.? g_') 17
S§ o2 90m
835 EY &
Sc£c8¢8s
< m S »n O
Bansal RK (2017)"' @@ /@ @@ @@
Weston BR (2017’ (@ |®|© |® |®|®|®
Lee M (2018)” |@|@ @0 |@|@|®
Saxena P (2018)* (@ |@|@|0|@|®|®
LeeKY (2019)” @ |@|®|@|@|®|®
Cheng S (2020)° @ |®@|®@|®|®|®|®
Y oleleleeee

Di Mitri R (2020

Fig. 2. Risk of bias in randomized controlled trials.
+, low risk of bias; -, high risk of bias; ?, unclear risk of bias.

28-31 8,32-36 (

spective studies,” " and six retrospective studies Fig.
1). The study characteristics are summarized in Table 1
and the risk of bias is shown in Fig. 2 and Table 2. Thirteen
studies included pancreatic lesions alone and four studies
included both pancreatic and non-pancreatic lesions. The
needle size was 25-gauge in one, 22-gauge in 10, 20-gauge
in one, and various in five studies. The needle type was
conventional FNA needles alone in 10, FNB needles alone
in six, and both in one. Selection of SP and CS was ran-
domly allocated in seven RCTs and cross-overed in four
prospective studies. Among six retrospective studies, three
studies were historical cohort comparative studies and no
detailed description on selection of SP and CS was avail-
able in the remaining three studies.

2. Accuracy of pathological diagnosis

The results of our meta-analysis are summarized in
Table 3. There was a trend toward better accuracy in SP
with OR of 1.48 (95% CI, 0.97 to 2.27; p=0.07) (Fig. 3A).
In an analysis of four RCTs,”*** the accuracy of SP was
significantly better than that of CS with OR of 1.86 (95%
CI, 1.07 to 3.23; p=0.03) (Fig. 3B). There was no significant
publication bias in ORs for accuracy comparing SP versus
CS (Ppege=0.90 and pp,,,=0.88) (Supplementary Fig. 2A).

Table 2. Risk of Bias in Non-Randomized Controlled Trials

Author (year) Selection Comparability Exposure

Iwashita et al. (2012)% ok * **
Nakai et al. (2014)° ot & ik
Goong et al. (2015)* o * ok
Kin et al. (2015)” &0 o e
Chen et al. (2016) ** * **
El Haddad et al. (2016)* ok * ok
Yamakita et al. (2017)® * ok **
Wang et al. (2017)* & S o
Yang et al. (2018)* * * *

Bor et al. (2019)” i ot Ratet

Studies were awarded a maximum of 4 stars for selection, 2 stars for
comparability, and 3 stars for exposure.

Table 3. Summary Odds Ratios Comparing Slow Pull and Conventional Suction Techniques for EUS-Guided Tissue Acquisition (Overall or by Nee-

dle Characteristics)

Studies Accuracy T Sensitivity Sl Blood contamination el Cellularity e
(95% Cl) (95% Cl) (95% CI) (95% Cl)
Overall 1.48(0.97-2.27) 0.07 1.67(0.95-2.93) 0.48(0.33-0.69) <0.01 1.28(0.68-2.40) 0.45
RCT 1.86 (1.07-3.23) 0.03 1.39(0.62-3.12) 0.51(0.31-0.83) <0.01 1.21(0.83-1.75) 0.32
22-Gauge 1.63(0.99-2.67) 0.05 1.74 (0.88-3.45) 0.56 (0.31-1.01) 0.05 1.18(0.78-1.78) 0.44
25-Gauge 4.81(1.99-11.62) <0.01 4.69 (1.93-11.40) 0.38(0.07-2.03) 0.26 1.35(0.10-18.33) 0.82
FNA 1.49 (0.90-2.49) 0.12 1.74 (0.88-3.45) 0.43(0.27-0.68) <0.01 0.85(0.53-1.34) 0.48
FNB 1.49 (0.59-3.79) 0.40 1.17 (0.26-5.29) 0.65(0.36-1.20) 0.17 2.59 (0.84-8.05) 0.10
Pancreas 1.54(1.02-2.32) 0.04 1.51(0.85-2.68) 0.56 (0.38-0.81) <0.01 1.19(0.71-1.99) 0.51

EUS, endoscopic ultrasound; Cl, confidence interval; RCT, randomized controlled trial; FNA, fine-needle aspiration; FNB, fine-needle biopsy.
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3. Sensitivity was no significant difference in sensitivity between SP and
Sensitivity was evaluated in nine studies. Similar to the CS with OR of 1.39 (95% CI, 0.62 to 3.12; p=0.43). There
analysis of accuracy, there was a trend toward a better sen- was no significant publication bias in ORs for sensitivity

sitivity in SP with OR of 1.67 (95% CI, 0.95 to 2.93; p=0.08) comparing SP versus CS (Pp,=0.40 and pp,,,,=0.92) (Sup-
(Fig. 3C). In the analysis of four RCTs,”**** however, there plementary Fig. 2B).

A Slow pull Suction

Study Events Total Events Total Odds ratio OR 95% Cl  Weight
Iwashita T (2012)32 38 40 15 20 —— 6.33 [1.11;36.28] 4.5%
Nakai Y (2014)° 156 186 136 181 e 172 [1.03;2.88] 152%
Goong HJ (2015)*° 45 56 46 56 — 0.89  [0.34;2.30] 9.9%
Kin T (2015)”° 36 40 36 40 — . 1.00  [0.23;4.31] 5.9%
Chen JY (2016)™ 28 31 42 71 % 644 [1.79:23.21] 7.0%
Yamakita K (2017)*° 71 89 77 89 — 061 [0.28;1.37] 11.6%
Lee JM (2018)23 42 48 34 48 ——— 2.88 [1.00; 8.30] 8.8%
Saxena P (2018)** 49 61 42 60 e 175  [0.76;4.05]  11.1%
Bor R (2019)” 67 92 70 92 —— 0.84 [0.43;1.64] 13.3%
Lee KY (2019)” 45 50 40 50 —f— 225  [0.71;7.14] 8.0%
Di Mitri R (2020)°" 51 55 53 55 —_ 0.48  [0.08;2.74] 4.6%
Random effectszmodel 748 762 < 1.48 [0.97;2.27] 100.0%
Heterogeneity: 1'=51%, p=0.02 0.1 05 1 2 10 p=0.07

Favors Favors

suction slow pull

B Slow pull Suction

Study Events Total Events Total Odds ratio OR 95% ClI Weight
Lee JM (2018)23 ” 42 48 34 48 — 2.88  [1.00; 8.30] 26.5%
Saxena P (201285) 49 61 42 60 S B 1.75 [0.76; 4.05] 41.2%
Lee KY (2019) 45 50 40 50 —— 225 [0.71;7.14] 22.3%
Di Mitri R (2020)27 51 55 53 55 T 0.48 [0.08; 2.74] 10.0%
Random effects2model 214 213 - 1.86  [1.07; 3.23] 100.0%

H . = 0, = r T T 1 =
Heterogeneity: '=3%, p=0.38 01 05 1 2 10 p=0.03
Favors Favors
suction slow pull

C Slow pull Suction

Study Events Total Events Total Odds ratio OR 95% ClI  Weight
Iwashita T (2012)32 37 39 15 20 —-—-— 6.17 [1.08; 35.35] 7.2%
Nakai Y (20124)8 141 171 115 160 . 1.84 [1.09; 3.10] 19.3%
Kin T (2015) * - 34 38 35 38 — 0.73 [0.15; 3.50] 8.3%
Chen JY (2016) 15 17 17 43 P —— 11.47 [2.32; 56.65] 8.1%
Weston BR (2017)22 14 22 15 20 — 0.58 [0.15; 2.21] 10.1%
Lee JM (2018)23 34 40 26 40 ——— 3.05 [1.03; 9.02] 12.5%
Saxena P (2018)24 45 55 38 55 T 2.01 [0.82; 4.91] 14.7%
Yang L (2018)*° . 18 23 133 158 —_— 068  [0.23;1.99] 12.6%
Di Mitri R (2020) 50 54 48 50 e 0.52 [0.09; 2.98] 7.2%
Random effects model 459 584 —— 1.67 [0.95;2.93] 100.0%

YR 2= 0, — r T T 1 -
Heterogeneity: I'=53%, p=0.03 0.1 05 1 2 10 p=0.08

Favors Favors
suction  slow pull

Fig. 3. Comparison of the results of pathological diagnoses between slow pull and conventional suction techniques. (A) Accuracy (overall. (B) Ac-
curacy (randomized controlled trials). (C) Sensitivity (overall). The odds ratio (OR) (center of the gray square) for slow pull compared with conven-
tional suction techniques is presented for each study along with its 95% confidence interval (Cl; horizontal line). The summary OR based on the
meta-analysis via the random-effects model is presented at the bottom of each panel (center of the black diamond) along with its 95% CI (width of
the black diamond). The p-value for the Q-statistic for between-study heterogeneity is shown.
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4. Blood contamination and cellularity

In an analysis of eight studies with available data on
blood contamination, SP was associated with a signifi-
cantly lower rate of blood contamination compared to CS
with OR of 0.48 (95% CI, 0.33 to 0.69; p<0.01) (Fig. 4A).
The analysis of five RCTs**** revealed similar results
with OR of 0.51 (95% CI, 0.31 to 0.83; p<0.01). There was
no significant publication bias in ORs for blood contami-
nation comparing SP versus CS (pp.,=0.32 and py,,=0.24)
(Supplementary Fig. 2C). In an analysis of 13 studies with
available data on cellularity, there was no significant dif-
ference between SP and CS with OR of 1.28 (p=0.45)
(Fig. 4B). This null finding was consistently observed in
an analysis of six RCTs (OR, 1.21; 95% CI, 0.83 to 1.75;
p=0.32).”” There was no significant publication bias in
ORs for cellularity comparing SP versus CS (pp,,,=0.54 and

Prgger=0.72) (Supplementary Fig. 2D).

5. Subgroup analyses by needle size or type

We performed exploratory analyses stratified by needle
size or type to identify any subgroup with different out-
comes by SP versus CS (Table 3). In an analysis of EUS-
FNA or -FNB using a 22-gauge needle, ORs of accuracy,
sensitivity, blood contamination and cellularity were 1.63
(p=0.05), 1.74 (p=0.11), 0.56 (p=0.05) and 1.18 (p=0.44).
When a 25-gauge needle was analyzed, ORs of accuracy,
sensitivity, blood contamination and cellularity were 4.81
(p<0.01), 4.69 (p<0.01), 0.38 (p=0.26) and 1.35 (p=0.82).
The subgroup analyses of EUS-FNA and EUS-FNB were
also performed. When FNA needles were analyzed, ORs of
accuracy, sensitivity, blood contamination and cellularity
were 1.49 (p=0.12), 1.74 (p=0.15), 0.43 (p<0.01) and 0.85

A Slow pull Suction
Study Events Total Events Total Odds ratio OR 95% Cl  Weight
Nakai Y (2014)8 95 186 110 181 T 0.67 [0.45; 1.02] 21.7%
Chen JY (2016)™ 5 9 31 47 71 : 021  [0.08052] 10.4%
Bansal RK (2013?) 9 100 30 100 —&— 0.23 [0.10; 0.52] 12.2%
Wang R (2017% 7 34 46 115 —— 0.39 [0.16; 0.97] 10.5%
Lee JM (2018)23 11 48 21 48 —& 0.38 [0.16; 0.92] 11.0%
Lee KY (2019) 525 15 50 21 50 — T 0.59 [0.26; 1.35] 11.9%
Cheng S (2020) 18 44 19 44 s 0.91 [0.39;2.12] 11.5%
Di Mitri R (2020 11 55 14 55 — = 073  [0.30;1.80] 10.7%
Random effectszmodel 548 664 - 0.48 [0.33;0.69] 100.0%
it |S= 0, = r T T 1

Heterogeneity: '=43%, p=0.09 01 05 1 2 10 p<0.01

Favors Favors

slow pull suction
B Slow pull Suction
Study Events Total Events Total Odds ratio OR 95% Cl  Weight
washita : . . .29; 22. .8%
Iwashita T (2012)% 123 156 19 80 11.97 [6.29; 22.75 8.8%
Nakai Y (2014)8 2 97 186 130 181 - | 0.43 [0.28; 0.66] 9.3%
Goong HJ (20153g 53 56 54 56 — 0.65 [0.11; 4.07] 5.3%
Chen JY (2016) 22 31 44 71 I 1.50 [0.60; 3.73] 8.1%
El Haddad R (2013)3“ 42 47 31 51 P — 5.42 [1.83;16.03] 7.5%
Bansal RK (2017) ” 81 100 84 100 T 0.81 [0.39; 1.69] 8.6%
Weston BR (2017) 20 29 19 27 — 0.94 [0.30; 2.93] 7.4%
Wang R (2017;25 24 34 99 115 — 0.39  [0.16; 0.96] 8.1%
Lee JM (2018) ” 46 48 48 48 0.19 [0.01; 4.10] 3.0%
Saxena P (2018) 37 61 28 60 e 1.76 [0.86; 3.63] 8.6%
Bor R (2019)312 49 92 46 92 i 114 [0.64;2.03] 9.0%
Lee KY (2019) 526 36 50 30 50 —|-v—'— 1.71 [0.74; 3.96] 8.3%
Cheng S (2020) 14 44 13 44 — 1.1 [0.45; 2.76] 8.1%
Random effectszmodel 934 975 # 1.28 [0.68; 2.40] 100.0%
Heterogeneity: 1"=87%, p<0.01 0.01 0.1 1 10 100 p=0.45

Favors Favors

suction slow pull

Fig. 4. Comparison of specimen quality between slow pull and conventional suction techniques. (A) Blood contamination (overall). (B) Cellularity.
The odds ratio (OR) (center of the gray square) for slow pull compared with conventional suction techniques is presented for each study along with
its 95% confidence interval (Cl; horizontal line). The summary OR based on the meta-analysis is presented at the bottom of each panel (black dia-
mond) along with its 95% Cl (upper and lower limits). The p-value for the Q-statistic for between-study heterogeneity is shown.
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(p=0.48). Meanwhile, when FNB needles were used, ORs
of accuracy, sensitivity, blood contamination and cellular-
ity were 1.49 (p=0.40), 1.17 (p=0.84), 0.65 (p=0.17) and
2.59 (p=0.10), suggesting SP technique provided more cel-
lularity in specimens obtained by FNB needles, compared
to CS technique. The subgroup analysis of studies includ-
ing pancreatic lesions alone revealed that ORs of accuracy,
sensitivity, blood contamination and cellularity were 1.54
(p=0.04), 1.51 (p=0.16), 0.56 (p<0.01) and 1.19 (p=0.51).

DISCUSSION

SP technique was originally reported to reduce the
amount of blood contamination in tissue specimens ob-
tained via EUS-FNA and thereby increase the diagnostic
yield of pancreatic masses.” However, an experimental
study failed to demonstrate differences in the suction force
between SP technique and no suction.” Furthermore,
there are some factors that may affect outcomes of EUS-
guided tissue acquisition other than suction such as the
needle size and the needle type. Since the first report of
SP technique,” there have been a few studies comparing
SP and CS with conflicting results. In this meta-analysis
of SP and CS for EUS-guided tissue acquisition, the accu-
racy of SP tended to be higher with significantly less blood
contamination. Furthermore, in the analysis of four RCTs,
SP was associated with approximately 2-fold higher likeli-
hood of accurate pathological diagnosis compared to CS.
Meanwhile, the sensitivity of SP tended to be high but the
tendency was less prominent in the analysis of four RCTs.

Our previous study suggested that SP might provide
better diagnostic yield when a 25-gauge FNA needle was
used. In this meta-analysis, we conducted subgroup analy-
ses by the needle size. ORs of accuracy and sensitivity
comparing SP to CS appeared higher in 25-gauge needles
than those in 22-gauge needles (Table 3). However, as
revealed by the wide range of the corresponding 95% CI,
the number of studies included in the subgroup analysis of
a 25-gauge needle was limited and it is difficult to draw a
solid conclusion.

In an experimental study using FNB needles,” the
amounts of tissue obtained by no suction, SP and CS were
significantly different, while another bench-top experi-
mental study using FNA needles did not reveal significant
differences in the suction force between no suction and
SP** In our meta-analysis of clinical studies, SP seems to
work both in FNA and FNB needles with similar ORs of
accuracy and sensitivity but SP was likely to provide better
cellularity when combined with FNB needles. However, the
definition of cellularity among studies, especially between

FNA and FNB needles, might differ and the results need
to be interpreted with caution. Meanwhile, there has been
increasing interest in genome profiling for precision medi-
cine and EUS-FNB is expected to provide better samples
for genome profiling.” Thus, the best suction technique to
obtain tissue adequate for genome profiling during EUS-
FNB should be further explored.

Less blood contamination in SP seems consistent across
all the subgroups examined but there were no significant
differences in cellularity between SP and CS. This discrep-
ancy might be due to the various definitions of this out-
come variable in the included studies. While most studies
evaluated blood contamination based on semiquantitative
analyses with 3 to 4 degrees, cellularity was evaluated both
by semiquantitative analyses and by the presence of core.
To allow inter-study integration or comparison, we need
standardization of reporting systems for EUS-guided tissue
acquisition so that these scores represent a good correla-
tion with the diagnostic yield.

The inclusion of various studies is the strength of our
meta-analysis, but there are some limitations. First of all,
while accuracy and sensitivity are robust outcomes, there
are no standard criteria for definitions of blood contami-
nation and cellularity as described above. Furthermore,
definition of malignancy was not necessarily described in
some papers and might differ among studies. Heterogene-
ity of these criteria for outcomes can affect the results of
our meta-analysis. In addition, the amount of suction dif-
fers from 5- to 20-mL in the CS group. During EUS-FNA
using a 25-gauge needle, high negative pressure of 50-mL
suction was associated with more suitable tissue specimens
for pathological examinations.” There is no RCT com-
paring different amounts of CS between 5- to 20-mL but
clinical outcomes might differ by suction techniques. Our
meta-analysis focused on the suction technique but a va-
riety of factors, such as the size and type of needles as well
as target lesions, can affect clinical outcomes. Thus, inter-
pretation of our meta-analysis should be interpreted with
caution.

In conclusion, SP provided significantly less blood con-
tamination but the superiority of accuracy and sensitivity
did not reach statistical significance in our meta-analysis.
In subgroup analyses, SP showed better accuracy in RCTs,
25-gauge needles and pancreatic lesions.
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