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GRAPHICAL ABSTRACT

The use of diluted epinephrine during gastric endoscopic submucosal

dissection: an international randomized controlled trial

Background: Mean (SD) procedure time

« Bleeding during gastric ESD often leads to unclear dissection i
view and a prolonged procedural time. Vasoconstrictive effect of Control arm 68 (45) min Adjusted mean
epinephrine could potentially help reduce such bleeding and is difference:
recommended during resection of large pedunculated colon Epinephrine arm 60 (46) min -7.0 min, P=0.018
polyp.

«  We conducted an international multicenter double blinded RCT 4 45 50 55 60 65 70 (min)

to evaluate the effect of diluted epinephrine in the submucosal
lifting solution during gastric ESD. Mean numbers of intraprocedural
hemorrhage requiring hemostatic forceps

Enrolled patients Control arm 3.0
N=800 1 Adjusted rate ratio:
S Epinephrine arm 1.8 0.59, P<0.001
0 0.5 1 1.5 2 25 3
! | Conclusion
@@=~ =V |- The addition of diluted epinephrine (1:100,000) to a
l : ) submucosal injection solution during gastric ESD
Epinephrine arm Control arm shortened the procedure time and reduced
(N=397) (N=402) intraprocedural bleeding requiring hemostatic forceps.
Primary m-ITT Primary m-ITT » This technique can be recommended as a routine
analysis n=386 analysis n=388 practice for patients undergoing gastric ESD.
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Epinephrine for gastric ESD

Background and Aims: Endoscopic submucosal dissection (ESD) is the standard treatment for early gastric
cancer. Intraprocedural bleeding during gastric ESD may result in prolonged procedure time. Therefore, we
investigated the efficacy of adding diluted epinephrine to a submucosal injection solution to reduce the proced-
ure time in gastric ESD.

Methods: This international, multicenter, randomized controlled trial was conducted across 12 institutions. Pa-
tients with gastric mucosal neoplasia who underwent ESD were eligible. The patients were randomly allocated to
either the epinephrine group (1:100,000 diluted epinephrine—added injection solution) or the control group.
Randomization was stratified according to lesion location, size, and institution. Patients, endoscopists, and asses-
sors were blinded to the treatment allocation. The primary outcome was the procedure time. Secondary out-
comes included the number of intraprocedural hemorrhages requiring the use of hemostatic forceps and
postprocedural adverse events.

Results: A total of 800 patients were enrolled, 774 of whom were included in the final modified intention-to-
treat analysis. A total of 386 and 388 patients were randomized into the epinephrine and control groups, respec-
tively. The mean (SD) procedure time was significantly shorter in the epinephrine group than in the control
group: 60 (46) versus 68 (45) minutes, respectively (P = .018). The number of intraprocedural hemorrhages
requiring hemostatic forceps was significantly lower in the epinephrine group (mean count: 1.8 vs 3.0; P <
.001). There were no significant differences in postprocedural adverse events between the groups.

Conclusions: The addition of diluted epinephrine to the injection solution significantly reduces the procedure

Yip et al

time for gastric ESD. (ClinicalTrials.gov: NCT04032119.) (Gastrointest Endosc 2026;104:387-95.)

INTRODUCTION

Endoscopic submucosal dissection (ESD) for early gastric
cancer (EGC) provides high rates of en bloc and RO resec-
tion."” Large-scale prospective studies have confirmed excel-
lent overall survival in patients with EGC who met the
treatment criteria and underwent gastric ESD, with outcomes
comparable to those of surgical resection.”” ESD is currently
considered the standard treatment for eligible cases of
EGC‘S,G

Gastric ESD involves injecting a solution into the sub-
mucosa to expand the submucosal space, which facilitates
the dissection of the submucosa along the surface of the
muscularis propria without causing perforation. However,
because of the abundant vascular networks in the submu-
cosa, including multiple penetrating arteries traversing the
muscularis propria, intraprocedural hemorrhage is one of
the most common adverse events during gastric ESD.
Bleeding during the procedure obscures the endoscopic
view, making it difficult to identify the correct dissection
plane. The need for hemostasis and repeated reestablish-
ment of the dissection plane prolongs the procedure and
may increase the risk of perforation if dissection is per-
formed with a suboptimal view. To mitigate these risks
and facilitate gastric ESD, diluted epinephrine is often
added to the submucosal lifting solution, at the endoscop-
ist’s discretion, to induce vasoconstriction. Although the
usefulness of epinephrine has been demonstrated during
the endoscopic removal of large pedunculated colonic
polyps, its benefit in gastric ESD has not been fully inves-

tigated.” A previous single-center retrospective study by
our group suggested that adding diluted epinephrine to
the injection solution reduced the procedure time during
gastric ESD.”

Therefore, we conducted a randomized controlled trial
to confirm the benefit of adding epinephrine to the sub-
mucosal injection solution during gastric ESD.

PATIENTS AND METHODS

Trial design

This was an international, parallel-group, double-blind,
randomized controlled trial conducted at 12 institutions—
including referral cancer centers, academic hospitals, and
general hospitals—across the Asia-Pacific region (Japan,
Hong Kong, Korea, and Singapore).

Ethics statement

The trial was approved by the Joint Chinese University of
Hong Kong—New Territories East Cluster Clinical Research
Ethics Committee (CUHK-NTEC CREC; Ref. No. 2019.
449) on December 12, 2019, in compliance with the Decla-
ration of Helsinki and the International Conference on
Harmonization Good Clinical Practice guidelines. The study
protocol was approved by the local ethics committees of all
collaborating sites. Minor revisions to the study protocol,
including changes to coinvestigators and study duration,
were made during the study period. The study was regis-
tered at ClinicalTrials.gov (https://clinicaltrials.gov/study/
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NCT04032119) on July 25, 2019. Written informed consent
was obtained from all patients before their participation.

Participants

Adult patients (aged >20 years) with biopsy-proven
gastric mucosal low- or high-grade neoplasia’ who were
scheduled to undergo ESD were assessed for eligibility.
Detailed eligibility criteria are provided in Supplementary
Table 1 (available online at www.gicjournal.org).

Exclusion criteria comprised (1) patients with recurrent
or remnant lesions after previous endoscopic resection;
(2) lesions arising from a surgical anastomotic site; (3) mul-
tiple gastric lesions requiring ESD; (4) marked electrolyte
abnormalities; (5) hemostatic or coagulative disorders; (6)
dual antiplatelets therapy, warfarin, or oral anticoagulants
(a single antiplatelet agent was permitted); (7) vital organ
failure involving the heart, lungs, liver, or kidneys; (8) al-
lergy to components of the injection solutions; and (9)
any condition deemed by the treating physician as unsuit-
able for safe ESD.

Randomization and masking

A web-based randomization program (REDCap) as-
signed patients to undergo gastric ESD with or without
the addition of diluted epinephrine to the submucosal in-
jection solution in a 1:1 ratio, using a computer-generated
sequence with stratification by institution, lesion size (<2
or >2 cm), and location (upper/mid or lower stomach).
Randomization was performed immediately before the
ESD procedure by study personnel who were blinded to
the clinical information. The assigned group was commu-
nicated with a nurse who was not involved in ESD. The
submucosal injection solution containing either diluted
epinephrine or no epinephrine was prepared and deliv-
ered to the endoscopy room. Patients, endoscopists,
and outcome assessors were blinded to the treatment
allocation.

Intervention

The operator performing the ESD procedure was either
an expert endoscopist (experience >50 ESD cases) or a
nonexpert endoscopist (<50 ESD cases) supervised by an
expert. The procedure was conducted according to current
standard practice, including lesion marking, submucosal in-
jection outside the markings, mucosal incision, further sub-
mucosal injection beneath the lesion, and submucosal
dissection for complete lesion removal.'’ When vessels
were identified in the submucosal layer, prophylactic coag-
ulation was performed using either an endoscopic knife or
hemostatic forceps. Generally, oozing hemorrhages were
managed with electrical cauterization via endoknives,
whereas spurting hemorrhages were controlled by hemo-
static forceps coagulation. Upon completion of the proced-
ure, all patients underwent prophylactic coagulation of the
visible vessels at the wound base using coagulation forceps.
Post-ESD defects were not closed. A proton pump inhibitor

was administered orally for 8 weeks after the procedure to
promote ulcer healing.

Patients randomized to the epinephrine group under-
went the procedure with the addition of epinephrine to
the injection solution at a standardized final concentration
of 1:100,000, whereas those in the control group received
the injection solution without epinephrine. The same so-
lution was used throughout the procedure, including the
initial lifting for mucosal incision and additional lifting dur-
ing submucosal dissection. To ensure generalizability, in
addition to the inclusion of epinephrine in the submuco-
sal injection solution, all other procedural elements were
evaluated according to the standard practices of each
participating institution. These included the components
of the injection solution, choice of endoscopic knives
and accessories, and use of traction techniques. In partic-
ular, other components of the injection solution, such as
glycerin or hyaluronic acid, were allowed according to
the institutional setting to ensure the generalizability of
the results to a wide range of clinical practices. A monthly
monitoring report was issued to track study progress and
adverse event incidence. Study group meetings were held
every 6 months to ensure compliance with the study
protocol.

Outcomes

The primary outcome was ESD procedure time,
defined as the duration from the initiation of the mucosal
incision to complete detachment of the resected spec-
imen. The time required for prophylactic coagulation of
the visible vessels in the ESD defect after resection was
excluded.

Secondary outcomes included intraprocedural hemor-
rhagic events, defined as significant bleeding requiring the
use of coagulation forceps during the procedure. Additional
secondary outcomes included maximum intraprocedural
blood pressure and pulse, as well as the incidence of grade
2 or higher postprocedural adverse events according to the
Common Terminology Criteria for Adverse Events (version
5.0; https://ctep.cancer.gov/protocoldevelopment/electro
nic_applications/docs/CTCAE_v5_ Quick Reference 5x7.
pdf), recorded up to 30 days after the procedure.

Statistical analysis and sample size estimation

Sample size estimation was based on our previous
retrospective study, which assumed a mean (SD) ESD pro-
cedure time of 80 (50) minutes in the epinephrine group
and 90 (60) minutes in the control group.” It was calcu-
lated that 788 patients would be required to detect a sig-
nificant difference with a power of 0.8 and a 2-sided «
error level of 0.05. After accounting for potential dropouts,
the final target sample size was 800 patients.

Primary analysis was conducted using the intention-to-
treat (ITT) principle. A secondary post hoc analysis was con-
ducted using the per-protocol method. The primary out-
comes were compared using multiple regression analysis
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N=800

Patient recruitment into database (Mar 2020 — Jan 2023)

Excluded =1

- Duplicate entry

N=799

Randomization

|
l

|

: Epinephrine arm
Exclusion: n=11 N=397

3 Consent withdrawal

Control arm
N=402

Exclusion: n=14

2 Multiple lesions detected

2 Beyond ESD indication

1 Lesion could not be identified
1 EMR performed instead

9 Consent withdrawal

1 Multiple lesions detected
1 Beyond ESD indication

1 EMR performed instead

1 Procedure cancelled - N
1 Unknown reason Primary mITT analysis

N=386

2 Procedure cancelled

Primary mITT analysis
N=388

Exclusion: n=2
2 Use of direct oral anticoagulant

Exclusion: n=7

5 Use of direct oral anticoagulant

2 Use of combination antiplatelet +
DOAC

Per-protocol analysis
N=384

Per-protocol analysis
N=381

Figure 1. Participant flow diagram. DOAC, Direct oral anticoagulant; £5D, endoscopic submucosal dissection; m/77T, modified intention-to-treat.

adjusted for prestratified variables. Secondary outcomes
were analyzed using Poisson regression, logistic regression,
or multiple regression, depending on the type of variable.
An interim analysis was not performed. Posthoc subgroup
analyses were performed to evaluate the effect of diluted
epinephrine during gastric ESD on lesion location, size,
presence of ulcers, institution, endoscopist experience,
type of knife, traction technique, and antiplatelet agent use.

The main data analysis was conducted by Toshio Shi-
mokawa using statistical software (IBM SPSS Statistics
version 28.0; IBM Corp, Armonk, NY, USA). Statistical sig-
nificance was set at P < .05.

RESULTS

From June 2020 to January 2023, 799 patients were
recruited and randomized. Of these, 386 and 388 patients
in the epinephrine and control groups, respectively, un-
derwent ESD with the allocated submucosal injection solu-
tion and were included in the primary modified ITT
analysis. Twenty-five patients were excluded from the pri-
mary analysis because of consent withdrawal (7 = 12),
multiple lesions (z = 3), ESD not performed because it
exceeded the indication criteria (z = 3), EMR performed
instead (z = 2), or other reasons (z = 3). The modified
CONSORT flowchart is presented in Figure 1.

The baseline demographic and lesion characteristics of
the recruited patients are presented in Table 1. The median
age of the patients was 72 years (range, 31-94 years), with a
predominance of male patients (73%). Sixty-seven (17%)
and 58 (15%) patients in the epinephrine and control groups,

respectively, were receiving antiplatelet agents. A total of 365
lesions (46%) were located in the lower stomach, whereas
the remaining lesions were located in the upper or middle
stomach. Most of the lesions (87%) were <2 cm in size.
More than half of the procedures were performed by expert
endoscopists. An insulated-tip knife (IT Knife 2, KD-611L,
Olympus Corp, Tokyo, Japan) was the predominant choice
of endoscopic knives, followed by needle-type knives (Flush-
Knife BT-S, DK2620]1, Fujifilm Corp, Tokyo, Japan; DualKnife
J, KD-655, Olympus) and scissor-type knives (ClutchCutter,
DP2618DT, Fujifilm). Traction techniques were used in
approximately one-fourth of the procedures. A detailed
description of the composition of the injection solution
and the preferred knife used at each institution is provided
in Supplementary Table 1. The mean (SD) histologic spec-
imen sizes were 35 (14) and 34 (12) mm in the epinephrine
and control groups, respectively. Adenocarcinomas were
found in 342 (89%) and 334 (86%) specimens in the epineph-
rine and control groups, respectively. The procedural details
and pathologic data are summarized in Table 2.

Primary outcome

The mean (SD) procedure times were 60 (46) and 68
(45) minutes in the epinephrine and control groups,
respectively, with a crude mean difference (95% CI)
of —8.1 (=15 to —1.6) minutes (P = .014). After multivar-
iate regression analysis, the addition of diluted epineph-
rine to the submucosal injection solution significantly
reduced the procedure time, with an adjusted mean differ-
ence (95% CI) of —7.0 (=13 to —1.2) minutes (P = .018)
(Table 3).
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TABLE 1. Patient and lesion characteristics

Treatment (N = 386)

Control (N = 388)

Age, median (range) 72 (31-94) 73 (37-90)
Sex
Male 270 (70%) 294 (76%)
Female 114 (30%) 93 (24%)
Use of antiplatelet agents
Aspirin 36 (9.4%) 34 (8.8%)
Clopidogrel 14 (3.6%) 7 (1.8%)
None 317 (83%) 328 (85%)
Other 17 (4.4%) 17 (4.4%)
Comorbidities
DM 67 (17%) 63 (16%)
HT 152 (39%) 159 (41%)
Coronary artery disease 31 (8.0%) 28 (7.2%)
Cerebrovascular disease 20 (5.2%) 23 (5.9%)
Others 36 (9.3%) 28 (7.2%)
Heart rate before ESD (mm Hg), median (range) 71 (41-108) 72 (43.0-120)

Systolic blood pressure before ESD (mm Hg), median (range)

136 (86-192)

134 (63-205)

Tumor longitudinal location

Upper 60 (16%) 73 (19%)
Middle 133 (32%) 155 (40%)
Lower 195 (51%) 160 (41%)

Tumor circumferential location

Anterior wall 54 (14%) 65 (17%)
Posterior wall 75 (19%) 68 (18%)
Lesser curvature 167 (43%) 182 (47%)
Greater curvature 90 (23%) 73 (19%)
Endoscopic lesion size
>2 cm 56 (15%) 42 (11%)
<2 cm 330 (86%) 346 (89%)
Institution

CGH (Singapore) 1 2
FUCH (Japan) 55 49
IPCH (Japan) 22 25
Kochi RCH (Japan) 9 13
Kyoto RCH (Japan) 5 3
KUGH (South Korea) 18 18
MGH (Japan) 22 24
NCH (Japan) 2 4
OICI (Japan) 192 196
PWH (Hong Kong SAR) 16 14
SKH (Japan) 3 4
WRCH (Japan) 41 36

CGH, Changi General Hospital; DM, diabetes mellitus; FUCH, Fukuoka University Chikushi Hospital; HT, hypertension; IPCH, Ishikawa Prefectural Central Hospital; Kochi RCH,
Kochi Red Cross Hospital; KUGH, Kosin University Gospel Hospital; Kyoto RCH, Kyoto 2nd Red Cross Hospital; MGH, Machida Gastrointestinal Hospital; NCH, Nara City Hospital;
OICl, Osaka International Cancer Institute; PWH, Prince of Wales Hospital; SKH, Sapporo Kinentou Hospital; WRCH, Wakayama Red Cross Hospital.
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TABLE 2. ESD procedure and pathologic data
Treatment (N = 386) Control (N = 388)
Endoscopists
Nonexpert (<50 cases) 143 (37%) 146 (38%)
Expert (>50 cases) 243 (63%) 242 (62%)
Knife
Insulated-tip knife 307 (80%) 298 (77%)
Needle-type knife 77 (20%) 86 (22%)
Scissors-type knife 1 (0.3%) 1 (0.3%)
Others 1 (0.3%) 3 (0.8%)
Use of the traction technique 115 (30%) 100 (26%)
Final histology
Adenocarcinoma 342 (89%) 334 (86%)
High-grade dysplasia 11 (2.8%) 12 (3.1%)
Low-grade dysplasia 23 (6.0%) 33 (8.5%)
Others 10 (2.6%) 9 (2.3%)
Mean histologic lesion size (mm, SD) 15 (13) 13 (11)
Mean histologic specimen size (mm, SD) 35 (14) 34 (12)
Histologic finding of ulcer 30 (7.8%) 18 (4.7%)
Positive HM 3 (0.8%) 6 (1.6%)
Positive VM 8 (2.1%) 11 (2.9%)
RO resection 370 (97%) 368 (97%)
HM, Horizontal margin; VM, vertical margin.
TABLE 3. Outcome analysis
Epinephrine Control
group group Adjusted analysis P value
Procedure time, min, mean (SD) 60 (46) 68 (45) MD (95% Cl): .018
—7.0 (—13 to —1.2)*
No. of bleeding events requiring the use 1.8 3.0 RR (95% Cl): 0.59 (0.54-0.65)} <.001
of hemostatic forceps, count, mean
Adverse events
Delayed hemorrhage, n (%) 21 (5.5%) 11 (2.8%) OR (95% Cl): 0.53 (0.25-1.1)% .096
Intraprocedure perforation, n (%) 10 (2.6%) 6 (1.5%) OR (95% Cl): 0.54 (0.19-1.5)% 245
Cardiovascular event, n (%) 1 (0.3%) 0 (0%) N/A N/A
Cerebrovascular event, n (%) 0 (0%) 0 (0%) N/A N/A
Other adverse events, n (%) 3 (0.8%) 1 (0.3%) OR (95% Cl): 0.33 (0.03-3.3)f .346
Maximum systolic blood pressure, mm Hg (controlling for baseline) 148 (26) 145 (25) MD (95% Cl): 3.6 (0.1-7.1) .042
Maximum heart rate, beats per min (controlling for baseline) 82 (19) 82 (20) MD (95% Cl): 0.03 (—2.6 to 2.7) 979

MD, Mean difference; N/A, not applicable; OR, odds ratio; RR, risk ratio.

*Multiple regression analysis with stratification factors (including institutional stratum, tumor location, and lesion size) as covariates.

tPoisson regression was used (adjusted for stratification factors as covariates).

fLogistic/multiple regression analysis with stratification factors (including institutional stratum, tumor location, and lesion size).

Secondary outcomes

The number of intraprocedural bleeding events requiring
the use of hemostatic forceps was significantly lower in the
epinephrine group (mean: 1.8 vs 3.0), with an adjusted rate ra-
tio (95% CI of 0.59 [0.54-0.65]; P < .001). No significant differ-

ences were observed in other postprocedural adverse events,
including delayed hemorrhage, intraprocedural perfora-
tion, or cerebrovascular or cardiovascular events. A statisti-
cally significant increase in the maximum systolic blood
pressure was observed in the epinephrine group, with an
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Variables Mean difference (95%Cl)
Overall =1 -7.0 (-12.8,-1.2)
Size 1
<=2cm (n=676) —e—! -5.8 (-11.5, 0.0)
>2cm (n=98) L 2 ! -22.4 (-44.6, -0.1)
Location |
Upper/Middle (n=419) —— -5.4 (-14.5,3.7)
Lower (n=355) —— -10.6 (-17.2, -4.1)
Hospital volume !
Low-volume (n=112) —_— -7.0 (-24.6, 10.6)
High-volume (n=662) —e— 6.7 (-12.8,-0.6)
Expertise :
Novice (n=289) —— -5.9 (-15.0, 3.2)
Expert (n=485) —e— -7.3 (-14.4,-0.2)
Knife |
Insulated tip knife (n=605) —e—| -6.6 (-13.1,-0.2)
Needle type knife (n=169) '—0—:—‘ -4.8 (-16.8,7.1)
Antiplatelet |
Not used (n=645) ——! -8.4 (-14.8, -2.0)
Used (n=129) —_— 0.0 (-13.3, 13.4)
Traction H
Not used (n=559) —— -8.2 (-14.5, -1.9)
Used (n=215) ——— -7.5(-20.1, 5.0)
Ulcer finding H
Negative (n=726) —e— -8.6 (-14.3, -3.0)
Positive (n=48) *—! -6.6 (-39.4, 26.3)
0

-50

50
procedure time (min)

Figure 2. Forrest plot on the subgroup analyses of the primary outcome.

adjusted mean difference of 3.6 mm Hg. No differences
were found in maximum heart rate during the procedure
(Table 3). There were no cases of delayed perforation in
either group, and no patients required salvage surgery for
adverse events. One patient died within 30 days of the
ESD procedure due to suicide.

For the sensitivity analysis, per-protocol analyses were
performed after excluding patients taking oral anticoagu-
lants or multiple antiplatelet agents. The procedure times
were 60 and 68 minutes for the epinephrine and control
groups, respectively (mean difference: —6.9 minutes;
P .02), and the number of intraprocedural bleeding
events was 1.8 and 3.0 (risk ratio, 0.59; P < .001), which
was nearly identical to the findings from the modified
ITT analysis.

Posthoc subgroup analyses demonstrated that the
benefit of diluted epinephrine was consistent across all sub-
groups (Fig. 2). The shortening of the procedure time was
more obvious in larger lesions as well as in lesions in the
lower part of the stomach. In particular, there was a similar
trend of improvement for both high- and low-volume cen-
ters and among expert and novice endoscopists.

DISCUSSION

In the current study, we demonstrated that adding
1:100,000 epinephrine to the submucosal injection solu-
tion shortened the overall procedure time by approxi-
mately 10%. To our knowledge, this is the first and
largest international randomized trial to date investigating

ESD techniques for EGC. Compared with a large multi-
center cohort study published in Japan, the patient and
lesion characteristics in our trial were highly comparable. '
Approximately 40% of the lesions were located on the
lesser curvature of the stomach, and approximately 80%
were located in the middle or lower third. In our study,
the RO resection rate exceeded 97%, which is comparable
to the previously reported findings. The incidence of ma-
jor adverse events, including delayed hemorrhage and in-
traprocedural and delayed perforations, was similar to
that reported in the literature, suggesting that our study re-
flects general endoscopic practice.

A previous randomized study evaluating clip line—
assisted traction during gastric ESD failed to demonstrate
an overall reduction in procedure time."* The traction tech-
nique was only effective in a subset of patients with tumors
located in the greater curvature, where gravity did not facil-
itate dissection. In contrast, epinephrine is readily available
and requires only a simple dilution step for addition to the
submucosal injection solution during ESD. We believe
that the vasoconstrictive effect of epinephrine contributed
to a smoother procedure. Reduced bleeding during both
mucosal incision and submucosal dissection may facilitate ac-
curate identification of the incision and dissection planes
because less time is needed for cleansing and suctioning
when the visual field is not obscured by blood. This was sup-
ported by one of our study outcomes, which showed fewer in-
stances of intraprocedural hemorrhage requiring hemostatic
forceps cauterization. Importantly, the addition of diluted
epinephrine shortened the procedure time to a larger effect
among lesions >2 cm in size (—22.39 vs —5.77 minutes).
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However, this difference was not statistically significant
because of the small sample size. This suggests that in difficult
procedures involving large lesions, the effect of epinephrine
could be more pronounced. Although there was a statistically
significant numerical increase in the maximum systolic blood
pressure of 3.6 mm Hg, we did not consider this finding clin-
ically relevant. After adjusting for baseline values, the increase
in blood pressure was similar between the epinephrine and
control groups (26 and 25 mm Hg, respectively). No differ-
ences in cardiovascular or cerebrovascular adverse events
were observed between the 2 groups. Moreover, we did not
observe an increase in excessive postprocedural pain after
ESD with an epinephrine-containing injection solution. This
finding differs from that of a previous small randomized study
that reported significant pain associated with epinephrine use
during colonic EMR.

Recently, new image enhancement modes using a special
spectrum of light, such as Red Dichromatic Imaging (RDI,;
Olympus Medical Corporation) and Amber Color Imaging
(ACI; Fujifilm Corp), have been developed. These modal-
ities highlight the bleeding point, thereby potentially
reducing the time for hemostasis and procedure time.">"*
However, a recent randomized controlled trial did not
demonstrate the benefit of RDI in reducing the time
required for hemostasis and the ESD procedure.'” Because
these modes were not available during the study period, we
could not evaluate the effect of diluted epinephrine under
RDI or ACI modes.

Although not statistically significant, a higher incidence
of delayed hemorrhage was observed in the epinephrine
group. Although prophylactic coagulation of visible vessels
over the postresection wound is routinely performed, this
could be overlooked because of the vasoconstrictive effect
of epinephrine. It remains imperative that careful examina-
tion and coagulation of visible vessels should be performed
during all gastric ESD procedures. The latest technologies,
such as RDI/ACL, """ or artificial intelligence—assisted coag-
ulation, may further improve the accuracy of prophylactic
coagulation. ' Moreover, emerging evidence also suggests
that complete closure of the ESD wound in high-risk pa-
tients may reduce the risk of delayed hemorrhage, which
could also potentially further mitigate the risks involved in
patients with large defects, renal impairment, and those
receiving high-risk medications."”

Our study has several strengths. This international ran-
domized trial was conducted across 12 institutions in 4 Asian
countries. The participating centers varied in annual ESD
case volumes, ranging from low to high, according to a
recent large-scale Korean nationwide database study.'® We
included both novice and expert endoscopists and allowed
procedural variation in the choice of endoscopic knife and
use of counter-traction techniques. The large sample size
helped minimize selection bias, thereby enhancing the

generalizability of our findings to patients undergoing gastric
ESD in routine clinical settings.'” The benefit of adding
diluted epinephrine was consistently observed in almost all
subgroups, especially among high- and low-volume centers
and expert and novice endoscopists, indicating that adding
epinephrine may be an acceptable universal strategy during
gastric ESD.

The current study has several limitations. First, aside from
procedure time and intraprocedural bleeding events, we did
not demonstrate differences in other clinically important
outcomes, such as RO resection rates or postprocedural
adverse events. Given the low incidence of adverse events af-
ter gastric ESD, a prospective study powered to detect such
differences requires an impractically large sample size. Sec-
ond, we did not quantify the volume of intraprocedural
bleeding because accurate estimation was not feasible
because of extensive water flushing and the tendency for a
substantial volume of blood to drain into the duodenum
without being suctioned during gastric ESD. Instead, the
number of bleeding events requiring coagulation forceps
was used as a surrogate measure. Third, we did not record
the total volume of injection solution used during each pro-
cedure. This was based on the assumption that the volume
depended primarily on the lesion size rather than on the
addition of diluted epinephrine. Furthermore, intraproce-
dural injection via a water-jet knife or scope-based water
flushing may dilute the epinephrine concentration. Howev-
er, we assumed that any changes in the epinephrine concen-
tration because of these additional injections had a minimal
effect on the study outcomes. Fourth, we were unable to
calculate the dissection speed, which is commonly quoted
as an outcome measure in various ESD studies, because of
the lack of the short-axis size of the specimens. However,
we believe that the potential bias arising from the different
lesion sizes between the 2 groups was minimized because
of the large sample size and stratification by lesion size
before randomization. Subgroup analysis also showed that
the benefit of epinephrine was consistent regardless of
lesion size. Finally, although the operator was blinded to
the addition of epinephrine to the injection solution,
mucosal blanching was sometimes observed after injection
of the epinephrine-added solution, revealing the type of so-
lution used during ESD, which could potentially lead to bias
in the endoscopists. Another consideration is that the pro-
portion of patients taking antiplatelet agents, particularly
nonaspirin antiplatelet agents, was low, and patients receiving
anticoagulants were excluded. Therefore, it was difficult to
assess the effects of epinephrine in this group of patients.

In conclusion, the addition of diluted epinephrine to a
submucosal injection solution during gastric ESD shortened
the procedure time and reduced intraprocedural bleeding.
This technique can be recommended as a routine practice
for patients undergoing gastric ESD.
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SUPPLEMENTARY TABLE 1. Standard settings for gastric ESD at each institution

Hospital

CGH (Singapore)

Standard setting

Solution: hypromellose solution
Dye: none
Preferred knife: needle-type knife

FUCH (Japan)

Solution: sodium alginate
Dye: indigo carmine

Preferred knife: insulated-tip knife (85%), needle-type knife

(13%), and scissor-type knife (2%)

IPCH (Japan)

Solution: sodium alginate
Dye: indigo carmine
Preferred knife: insulated-tip knife

Kochi RCH (Japan)

Solution: sodium hyaluronate
Dye: indigo carmine
Preferred knife: needle-type knife

Kyoto RCH (Japan)

Solution: sodium hyaluronate
Dye: indigo carmine
Preferred knife: needle-type knife

KUGH (South Korea)

Solution: normal saline solution
Dye: indigo carmine
Preferred knife: insulated-tip knife

MGH (Japan)

Solution: sodium hyaluronate
Dye: indigo carmine
Preferred knife: insulated-tip knife

NCH (Japan)

Solution: glycerin
Dye: none
Preferred knife: needle-type knife

OICl (Japan)

Solution: sodium hyaluronate
Dye: none

Preferred knife: insulated-tip knife (91%) and needle-type knife (9%)

PWH (Hong Kong SAR)

Solution: normal saline solution + hyaluronic acid

Dye: none

Preferred knife: needle-type knife (54%) and insulated-tip knife (46%)

SKH (Japan)

Solution: sodium hyaluronate
Dye: indigo carmine
Preferred knife: insulated-tip knife

WRCH (Japan)

Solution: sodium hyaluronate
Dye: indigo carmine

Preferred knife: needle-type knife (85%) and insulated-tip knife (15%)

CGH, Changi General Hospital; FUCH, Fukuoka University Chikushi Hospital; IPCH, Ishikawa Prefectural Central Hospital; Kochi RCH, Kochi Red Cross Hospital; KUGH, Kosin
University Gospel Hospital; Kyoto RCH, Kyoto 2nd Red Cross Hospital; MGH, Machida Gastrointestinal Hospital; NCH, Nara City Hospital; OIC/, Osaka International Cancer
Institute; PWH, Prince of Wales Hospital; SKH, Sapporo Kinentou Hospital; WRCH, Wakayama Red Cross Hospital.
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