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Background and Aim. A wet suction technique (“wet” technique) has been developed to improve the quality of endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) for sampling various solid lesions. However, no studies have reported
on the wet technique for EUS-FNA for gastrointestinal (GI) subepithelial lesions (SELs). We conducted a pilot randomized
crossover trial to explore whether the wet technique could be useful with regard to tissue adequacy of upper GI-SELs
(UGI-SELs) compared to the conventional EUS-FNA technique (“dry” technique). Methods. Twenty-six patients with UGI-SELs
indicated for EUS-FNA were randomly assigned to the dry-first arm using the dry technique for the first two passes or
the wet-first arm using the wet technique for the first two passes using a cross-over design with a ratio of 1 : 1. The
primary endpoint was the cellularity score of the EUS-FNA specimens rated on a 4-point scale (0-3). The secondary
endpoints were the factors influencing cellularity in each suction technique. Results. The mean cellularity score was 1:65 ± 1:20
for the wet technique and 2:00 ± 0:98 for the dry technique (p = 0:068). Logistic regression analysis showed that higher
cellularity may be related to the final diagnosis of gastrointestinal stromal tumors in the dry technique and the SEL location in
the upper stomach in the wet technique. Conclusion. The wet EUS-FNA technique failed to show a potential for improved
cellularity of specimens compared to the dry technique for UGI-SELs.

1. Introduction

Endoscopic ultrasound- (EUS-) guided fine-needle aspira-
tion (EUS-FNA) is a commonly used method to obtain spec-
imens from gastrointestinal (GI) subepithelial lesions (SELs)
[1]. The diagnostic accuracy of EUS-FNA for upper GI SELs
(UGI-SELs) was reported to be 62.0-93.4% [1–5]; however, it
is lower than that of lymph node or extraluminal masses [6].
In a recent study, the wet suction technique (“wet” tech-

nique) has been reported to be a novel way to enhance the
quality of EUS-FNA specimens [7].

The wet technique involves flushing the needle with
saline to replace the column of air within the lumen of the
needle before needle aspiration, while a conventional EUS-
FNA technique (so-called “dry suction technique; we defined
this as “dry” technique in this article) applies negative pres-
sure suction on an empty needle lumen after the stylet is
removed. Several papers have reported on a wet EUS-FNA
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technique for various solid lesions such as mediastinal, pan-
creatic, nonpancreatic intra-abdominal, or pelvic cavity
masses [7–10] and for liver biopsy [11, 12] with improved tis-
sue adequacy compared to the dry technique. However, no
studies have reported on the use of the wet technique for
UGI-SELs, for which it can be difficult to obtain specimens
compared to lymph node and extraluminal masses.

We hypothesized that the tissue adequacy of the “wet”
technique is superior to that of the dry technique. Therefore,
we conducted a prospective pilot comparison in order to
explore whether the wet technique would present better out-
comes in the specimen quality of UGI-SELs compared to the
dry technique.

2. Patients and Methods

2.1. Study Design. This study was a randomized crossover
trial conducted at Fukushima Medical University Hospital.
Patients with UGI-SELs indicated for EUS-FNA were ran-
domly assigned to the dry-first arm using the dry technique
for the first two passes, or the wet-first arm using the wet
technique for the first two passes in a 1 : 1 ratio. Following a
cross-over design, the pass sequence for the dry-first arm
was dry, dry, wet, and wet. For the wet-first arm, the pass
sequence was wet, wet, dry, and dry. Randomization was per-
formed by sequentially opening numbered opaque envelopes
containing computer-generated group allocation cards in a
random sequence. The operators, assistants, and pathologists
were not blinded.

This study was conducted according to the Declaration of
Helsinki, approved by the Ethics Committee of Fukushima
Medical University (approval No. 2207), and registered in
the University Hospital Medical Information Network (as
UMIN 000017031).

2.2. Patient Acquisition. Patients ≥ 18 years of age referred for
EUS-FNA of UGI-SELs from April 2015 to July 2019 were
offered the opportunity to participate in the study. The inclu-
sion criteria were a SEL of the esophagus or stomach that had
a tumor size of ≥10mm by EUS that could be punctured with
EUS-FNA. The exclusion criteria were as follows: (1) patients
aged ≥85 years, (2) use of antithrombotic drugs that were not
able to be discontinued, (3) lesions that would be difficult to
puncture, (4) presence of a thick blood vessel in the puncture
line, (5) lesions assumed to be outside the GI tract wall, (6) a
lipoma or cyst that could be diagnosed by EUS imaging, and
(7) previous history of puncture of the target lesions before
study entry. Participants were randomly allocated into one
of two arms as described above (the dry-first or wet-first
arms) (Figure 1).

2.3. EUS-FNA. The EUS-FNAs without rapid on-site evalua-
tion [13] were performed with a linear or convex array EUS
gastrovideoscope (GF-UCT260 or TGF-UC260J; Olympus
Corp., Tokyo, Japan) using a 22-gauge needle (Expect™; Bos-
ton Scientific Corp., Marlborough, MA, USA). The wet tech-
nique was performed as previously reported [7, 10]. Briefly, a
stylet was removed from an EUS-FNA needle, then the nee-
dle was flushed with 5mL of saline to replace the column of

air (Figure 2(a)), and a 20mL syringe was attached in a
“locked” position to the needle (Figure 2(b)). Once the SEL
was identified and the intervening blood vessels were
excluded, the needle was punctured into the SEL. Subse-
quently, suction was applied at 20mL (Figure 2(c)), and the
needle moved back and forth within the SEL about 20 times
to collect the sample. Patients received deep sedation and
monitored anesthesia care throughout the procedures. For
the dry technique, the SEL was punctured by the needle with
the stylet and then negative pressure suction was applied to
the empty needle after the stylet was removed. After that,
the dry technique follows the same steps as the wet technique.
All procedures were performed by endoscopists with at least
5-year-EUS-FNA experiences under the supervision of an
experienced endoscopist with over 15 years of EUS-FNA
experiences.

2.4. Outcomes. The primary endpoint was the level of cellu-
larity in the EUS-FNA specimens. Secondary endpoint was
the factor influencing the cellularity in each suction
technique

The specimens, which were obtained by two punctures of
each technique, were combined into one. In other words,
specimens obtained with the same technique of the same
arm were consolidated into one. The area of cellularity in
the cell-block specimens was then measured at the maximum
cross section using a soft imaging microscope (cellSens Stan-
dard 1.11; Olympus Corp.) and evaluated by a medical doctor
who did not participate in the study and was blinded
(Figure 3). The cellularity score was rated using a 4-point
scale as follows: 0 = no cellularity, 1 = sparse cellularity (0–
10,000μm2), 2 =moderate cellularity (10,000–100,000μm2),
and 3 = high cellularity (>100,000μm2). According to Attam
et al., the score was also divided into two categories as fol-
lows: acellular and poor cellularity (score 0 and 1) and mod-
erate and high cellularity (scores 2 and 3) [7].

The factors evaluated for the association with the cellu-
larity categories were as follows: first-pass technique (dry-
first arm vs. wet-first arm), tumor size (<20mm vs.
≥20mm), SEL location (others vs. upper stomach), and final
diagnosis (gastrointestinal stromal tumor (GIST) vs. others,
including cases that were not diagnosed by EUS-FNA). The
final diagnosis was determined based on the EUS-FNA spec-
imens. All patients diagnosed with GIST by EUS-FNA
underwent surgery and were finally diagnosed using surgical
specimens.

2.5. Sample Size Calculation and Statistical Analysis. Based
on a review of the literature regarding suction techniques
for heterogeneous indications [7], we expected that the mean
cellularity scores for the dry and wet techniques would be
1:45 ± 0:76 and 1:82 ± 0:76, respectively, and the correlation
coefficient would be 0.8. Our calculations yielded target sam-
ple sizes of 22, with a power of 0.8 and an α value of 0.1 using
the statistical software EZR (version 1.27; Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [14].
Assuming a 20% dropout or withdrawal rate, we calculated
a final sample size of 26 patients (13 per arm). IBM SPSS Sta-
tistics software (version 21; IBM Corp., Armonk, NY, USA)
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was used for the statistical analysis. Differences between
groups were compared using a Wilcoxon signed-rank test,
chi-squared test, and Fisher’s exact test. In those analyses, a
two-tailed distribution was used. Factors with p values <
0.20 in the univariate analyses were included in amultivariate
logistic regression analysis to assess the significant predictors
of obtaining sufficient specimens (acellular and poor cellular-
ity versus moderate and high cellularity). Statistically signifi-
cant differences were defined as those having p values < 0.1
for the primary endpoint and <0.05 for the secondary
endpoints.

3. Results

3.1. Patient Characteristics and SEL Features. A total of 26
patients with UGI-SELs were enrolled in the study. All par-
ticipants were assessed by EUS-FNA and included in the final
analysis. Patient characteristics are shown in Table 1. The
median age was 68 years (range, 19–83 years), and 38% of
the patients were women. The median size of the SELs was
23mm (range, 13–87mm). The accuracy of EUS-FNA was
92.3% (12/13) in the wet-first arm and 84.6% (11/13) in the
dry-first arm. The features of the SELs, including their loca-
tions and sizes, are also summarized in Table 1. No patient
experienced adverse events from EUS-FNA. In addition,
among the three cases in which the diagnosis was not con-
firmed by EUS-FNA, one case was diagnosed as schwannoma
as a result of surgical resection. The other two cases are under
follow-up, but no change has been observed.

3.1.1. Cellularity. For both techniques, all patients underwent
EUS-FNA as per the protocol. The mean cellularity score was

1:65 ± 1:20 and 2:00 ± 0:98 for the wet and dry techniques,
respectively (p = 0:068). The p value of the primary endpoint
exceeded the prespecified significance level of 0.1. The pro-
portion of moderate and high cellularity specimens was sig-
nificantly higher with the dry technique than with the wet
technique (77.0% vs. 61.5%; p = 0:018; Table 2). Regarding
the first-pass technique (study arm), there were no differ-
ences in the mean cellularity scores between the specimens
obtained by the wet and dry techniques in the dry-first arm;
however, the wet technique yielded lower mean cellularity
scores when used as the first-pass technique (p = 0:031;
Table 3).

3.2. Factors Influencing Cellularity. Logistic regression analy-
sis showed that the SEL location of the upper stomach was an
independent factor associated with moderate and high cellu-
larity with the wet technique (adjusted odds ratio: 0.125; 95%
confidence interval: 0.018–0.858; p = 0:034). Furthermore, a
final diagnosis of GIST was an independent factor associated
with moderate and high cellularity with the dry technique
(adjusted odds ratio: 9.079; 95% confidence interval: 1.012–
81.485; p = 0:049). Other factors such as the first-pass tech-
nique (study arm) and size of the SEL were not significant
(Table 4).

4. Discussion

This study is the first prospective comparison of the wet and
dry techniques of EUS-FNA for UGI-SELs. Based on the
results of previous studies [7–12], in which the wet technique
of EUS-FNA resulted in a better total volume of aspirate and
better specimen adequacy, we hypothesized that the tissue

Upper GI SELs (n = 70)

Randomization (n = 26)

EUS-FNA
Allocated to Dry-first arm
the first 2 passes are DRY

the second 2 passes are
WET (n = 13)

EUS-FNA
Allocated to Wet-first arm
the first 2 passes are WET

the second 2 passes are
DRY (n = 13)

Analysis (n = 26)

No agree with the the participation
in the current study (n = 18)

Exclusion (n = 26)
✓ 85 years or older patients (n = 3)
✓ Antithrombotic drugs cannot be stopped (n = 7)
✓ Difficult to puncture the lesion by EUS-FNA (n = 10)
✓ Puncturing is assumed to be outside the GI tract wall (n = 4)
✓ Lipoma or cyst can be diagnosed with only EUS image (n = 1)
✓ The second time puncture (n = 1)

Pathological assessment

Informed consent (n = 44)

Figure 1: Flowchart illustrating the randomization and recruitment process of the study. GI: gastrointestinal; SEL: subepithelial lesion; EUS-
FNA: endoscopic ultrasound-guided fine-needle aspiration; DRY: dry technique; WET: wet technique.
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adequacy of the wet technique would also be superior to the
dry technique for UGI-SELs. However, the superiority of
the wet technique over the dry technique could not be dem-
onstrated for UGI-SELs. The results were contrary to our
expectations. Furthermore, in the wet-first arm, even if the
wet technique was used as the first-pass technique, the mean
cellularity result was insufficient than that of the dry tech-
nique as a second pass.

In this study, there were two reasons why the wet tech-
nique did not show superiority in EUS-FNA of UGI-SELs.

One reason was that the lesion moved with the gastric wall
during the puncture of SELs, and the needle could not be
moved smoothly inside the lesion, which prevented us from
taking advantage of the WET method, which is the mainte-
nance of suction pressure. Another reason may be the stiff-
ness of the SELs. Of the 26 patients in this study, 25 had
gastric SELs, of which the most common was GIST, followed
by leiomyoma. GISTs and other mesenchymal tumors are
stiffer than pancreatic tumors and enlarged lymph nodes,
for which the superiority of the WET method over the

(a) After the stylet of the needle was removed, saline was injected into the needle to replace the column of air

(b) A locked suction syringe with

20mL of negative pressure was
attached to the needle

(c) After the subepithelial tumor was punctured, the

lock on the syringe was opened. The saline flowed
into the suction syringe due to the negative pressure

Figure 2: Wet technique of endoscopic ultrasonography-guided fine-needle aspiration.
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DRY method has been demonstrated. GISTs and schwanno-
mas have been proven to have high stiffness on EUS-
elastography as assessed by UGI-SELs [15, 16]. In fact, in this
study, one of the three cases that could not be diagnosed due
to the small amount of specimens collected was a schwan-
noma, which was confirmed by surgically resected specimen.
In EUS-elastography, leiomyoma is also reported to be
harder than ectopic pancreas, although not so hard as GIST

or schwannoma [16]. Due to the hardness of SEL, even if
puncture is possible, it may be difficult to obtain inadequate
specimens using only the force of aspiration, which is

70296.34 𝜇m2

19602.42 𝜇m2

100076.94 𝜇m2

188960.25 𝜇m2

77268.58 𝜇m2

64852.35 𝜇m2

200 𝜇m

Figure 3: Measurement of cellularity area in the cell-block specimens. The specimens which were obtained by two punctures of each
technique were combined into one. The area was then measured at the point of the maximum cross section using a soft imaging microscope.

Table 1: Patient characteristics (n = 26).

Sex∗
Male 16 (61.5)

Female 10 (38.5)

Age∗ (years)
<70 15 (57.7)

≧70 11 (42.3)

Location∗

Esophagus 1 (3.8)

Upper stomach 15 (57.7)

Middle stomach 7 (27.0)

Lower stomach 3 (11.5)

Size∗ (mm)
<20 15 (57.7)

≧20 11 (42.3)

Final diagnosis of EUS-FNA∗

GIST 18 (69.2)

Leiomyoma 3 (11.5)

Cancer 1 (3.8)

Aberrant pancreas 1 (3.8)

Unknown 3 (11.5)

Diagnostic accuracy
Dry-first arm 11/13 (84.6)

Wet-first arm 12/13 (92.3)

EUS-FNA: endoscopic ultrasound-guided fine-needle aspiration; GIST:
gastrointestinal stromal tumor. ∗n (%).

Table 2: Quantity of cellularity in the EUS-FNA specimens.

DRY
(n = 26)

WET
(n = 26)

p
value

First pass, number (%) 13 (50.0) 13 (50.0)

Specimen cellularity score, number (%)

0 3 (11.5) 7 (26.9)

1 3 (11.5) 3 (11.5)

2 11 (42.3) 8 (30.8)

3 9 (34.6) 8 (30.8)

Cellularity score, mean ± SD 2:00 ± 0:98 1:65 ± 1:20 0.068

Moderate and high cellularity∗,
n (%)

20 (77.0) 16 (61.5) 0.018

Acellular and poor cellularity∗∗,
n (%)

6 (23.0) 10 (38.5)

EUS-FNA: endoscopic ultrasound-guided fine-needle aspiration; DRY: dry
technique; WET: wet technique; SD: standard deviation. ∗Specimen
cellularity scores of 2 and 3. ∗∗Specimen cellularity scores of 0 and 1.

Table 3: Specimen cellularity of each technique in each arm.

DRY (n = 13) WET (n = 13) p value

Dry-first arm∗ 1:92 ± 1:19 1:92 ± 1:25 >0.999
Wet-first arm∗ 2:08 ± 0:10 1:39 ± 1:20 0.031

DRY: dry technique; WET: wet technique; SD: standard deviation. ∗Mean
± SD.
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considered to be the reason why the advantages of the WET
method could not be properly utilized. In addition, the
inadequate overall diagnostic accuracy of 88% in the pres-
ent study may have influenced the failure to demonstrate
the significance of the WET method. In an analysis of fac-
tors associated with the diagnostic accuracy of EUS-FNA
for gastrointestinal SEL [17], it has been reported that
concomitant use of ROSE and more than three punctures
improve it.

We then evaluated the factors for sampling adequacy in
each method. GIST as the EUS-FNA diagnosis with the dry
technique and the upper stomach as the location with the
wet technique were found to be significant factors to obtain
the adequate sample in the multivariate analysis. Previous
reports have also shown that the diagnostic accuracy of
EUS-FNA for GIST is higher than that for leiomyoma and
schwannoma [18, 19]. Compared to leiomyoma and schwan-
noma, GISTs often have heterogeneous internal echogenicity
on EUS. This indicates that the internal histology and cell
arrangement of GISTs are not homogeneous. This suggests
that the specimen adequacy by aspiration is higher in GISTs
than in leiomyoma or schwannoma because of the possibility
of lower cell-cell connectivity. However, compared with pan-
creatic tumors and lymph nodes, the specimen adequacy is
still low. Next, the reason why the sampling adequacy of
the upper stomach was higher than that of the other sites
may be attributed to the fact that the EUS scope can easily
be placed close to the lesion, which facilitates subsequent
puncture. In addition, when the needle is moved in the lesion
located in the upper stomach after puncture, the gastric wall
can be avoided from escaping. In the case of the middle stom-
ach or lower stomach, it may be difficult to approach the
lesion, and the gastric wall may be affected by movement
during puncture, making it impossible to obtain samples in
the SEL even if puncture can be performed.

The advantage of the wet technique is that a needle filled
with water aspirates the tissue for a much longer distance
than a needle filled with air [10], but for a hard tumor like
a SEL, an adequate tissue specimen could not be obtained
with only uniform suction pressure. Therefore, the results
of this study suggest that another method should be chosen
instead of the aspiration method in order to obtain sufficient
tissue under EUS-guidance for UGI-SELs. Recently, a
method of EUS-guided tissue acquisitions by using a needle
capable of cutting out tissue (Procore™, Acquire™, Shark-
core™, etc.) has been termed EUS-guided fine-needle biopsy
(EUS-FNB) [20–25]. In a comparative study of EUS-FNA
and EUS-FNB for pancreatic lesions, the diagnostic accuracy
was the same for both methods at 83.3%, but fewer punctures
were reported for EUS-FNB (FNB vs. FNA, 1.11 vs. 1.83,
respectively; p < 0:05) [20]. In addition, EUS-FNB was supe-
rior in the evaluation of sample quality by pathologists [20].
In a comparative study of 19G FNA and 22G FNB needles,
which also included gastric SELs, the 22G FNB needle had
a better sampling adequacy (FNB vs. FNA, 67.4% vs. 94.1%,
respectively; p = 0:032) [21]. In a comparative study between
EUS-FNA and EUS-FNB, which included other gastric SELs,
a higher tissue sampling volume was reported for EUS-FNB
[22, 23]. Even in a study that focused on SELs, EUS-FNB
had higher diagnostic accuracy than EUS-FNA (FNB vs.
FNA, 88.03% vs. 77.19%, respectively; p = 0:030) and fewer
punctures (FNB vs. FNA, 2.94 vs. 3. 55, respectively; p =
0:003) have been reported [24]. As a technique without
EUS-guidance, mucosal incision biopsy has been reported
[17, 26]. However, although this method has the same diag-
nostic accuracy as EUS-FNA, it is more invasive to the
patient and the procedure is more complicated.

This study has several limitations. First, this study was
conducted at a single institution. Second, several unexper-
ienced endoscopists performed the EUS-FNAs, though all

Table 4: Univariate and multivariate analyses of factors influencing the moderate and high cellularity of EUS-FNA specimens.

(a) Analysis of the specimen cellularity obtained by DRY

Variable factor
Univariate analysis∗

p value
Multivariate analysis∗∗

OR (95% CI), p value

Study arm (dry-first arm vs. wet-first arm) 0.322

Tumor size (<20 vs. ≧20mm) 0.509

SEL location (others vs. upper stomach) 0.183 0.514 (0.056–4.697), 0.555

Final diagnosis (GIST vs. others∗∗∗) 0.028 9.079 (1.012–81.485), 0.049

(b) Analysis of the specimen cellularity obtained by WET

Variable factor
Univariate analysis∗

p value
Multivariate analysis∗∗

OR (95% CI), p value

Study arm (dry-first arm vs. wet-first arm) 0.107 4.614 (0.662–32.141), 0.123

Tumor size (<20 vs. ≧20mm) 0.412

SEL location (others vs. upper stomach) 0.032 0.125 (0.018–0.858), 0.034

Final diagnosis (GIST vs. others∗∗∗) 0.230

EUS-FNA: endoscopic ultrasound-guided fine-needle aspiration; SEL: subepithelial lesion; GIST: gastrointestinal stromal tumor; DRY: dry technique; WET:
wet technique; OR: odds ratio; CI: confidence interval. ∗Chi-squared test or Fisher’s exact test. ∗∗Multivariate logistic regression analysis (acellular and poor
cellularity; cellularity scores of 0 and 1 vs. moderate and high cellularity; scores of 2 and 3). ∗∗∗Including cases which were not diagnosed by EUS-FNA.
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EUS-FNAs were performed under supervision by an experi-
enced endoscopist. Third, the pathologists evaluating EUS-
FNA specimens were not blinded. Finally, the FNB needle
was not commercially available at the beginning of this study.

5. Conclusion

The wet technique of EUS-FNA was not more effective than
the dry technique for UGI-SELs. The higher cellularity was
related to the final diagnosis of GIST in the dry technique
and the SET location in the upper stomach in the wet
technique.
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