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ABSTRACT

Background and study aims This study compared proce-

dure-related outcomes of conventional and underwater

endoscopic submucosal dissection (ESD) for superficial

colorectal neoplasms (SCNs).

Patients and methods In this single-center, randomized

controlled trial, patients with SCNs meeting the indications

of the Japanese guidelines for ESD were randomly assigned

to undergo conventional ESD (CESD) or underwater ESD

(UESD) performed by an expert. The primary endpoint was

dissection speed, defined as the specimen area per ESD

time.
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Introduction
Endoscopic submucosal dissection (ESD) is a minimally invasive
procedure for resecting superficial colorectal neoplasms
(SCNs), with conventional ESD (CESD) for SCNs performed
with CO2 insufflation [1]. CESD does however have disadvanta-
ges, such as visual field impairment due to halation and post-
ESD coagulation syndrome (PECS) [2]. Moreover, if the lesion is
on the gravity side, gravity obstructs the opening of the muco-
sal flap, and fluid collects around the lesion, impairing the visu-
al field.

Underwater ESD (UESD) using saline is a newly developed
method that offers a magnified visual field without halation,
heat-sink effect, and buoyancy [3]. A retrospective study re-
vealed that UESD improved the speed of submucosal dissection
and decreased PECS compared with CESD in the resection of
SCNs [4]. We hypothesized that UESD would expedite submu-
cosal dissection compared with CESD. Therefore, we conducted
a randomized controlled trial (RCT) comparing CESD and UESD
among patients with SCNs, with dissection speed as the pri-
mary end point.

Methods
Study design and study population

This was a prospective, single-center (Shonan Fujisawa Tokush-
ukai Hospital, Kanagawa, Japan), parallel two-arm (with 1:1 al-
location ratio), open-label RCT. Computer-based block rando-
mization was performed using a block size of four without stra-
tification. This RCT was approved by the institutional review
board on 20 August 2019.

Patients with SCNs, diagnosed during preoperative endos-
copy as potentially mucosal or slightly submucosal invasive car-
cinoma, for which en bloc resection with snare endoscopic mu-
cosal resection would be difficult to perform, were selected for
eligibility for the study and to undergo ESD [5]. We included
patients meeting the following criteria: age 20–94 years; no re-
current lesion after an endoscopic treatment; no complication
of inflammatory bowel disease; lesion not extending to the ap-
pendix or ileum; and written informed consent provided by the
patient. Patients meeting the following criteria were excluded:
pregnant or potentially pregnant women; lactating women;
previous enrollment in this study; and deemed ineligible for a
specific reason.

End points

The primary end point was dissection speed. The predefined
secondary end points were ESD time; en bloc resection; com-
plete resection; post-ESD bleeding; perforation; PECS; mucosal
flap creation time; quantity of saline; quantity of submucosal
injection solution; frequency of hemostasis; recovery time after
active bleeding; variations in white blood cell (WBC) count, C-
reactive protein (CRP) level, and sodium level between the day
of ESD and the day after; subgroup analysis for dissection speed
and ESD time according to the positional relationship between
the lesion and the direction of gravity (gravity side vs. nongrav-
ity side), submucosal fibrosis (absence vs. presence), and lesion
location (rectum vs. left colon vs. right colon).

Definitions

Dissection speed was defined as the specimen area per ESD
time; ESD time was the time from the first injection to the com-
pletion of submucosal dissection. The interval times were re-
corded by an independent observer and double-checked using
video recordings. The number of interventions and times relat-
ed to the end points were also measured using video record-
ings. The specimen area was calculated using the ellipse formu-
la. Complete resection was defined as en bloc resection with
pathologically negative lateral and vertical margins.

Perforation was diagnosed on endoscopy if a type IV or V in-
jury according to the Sydney classification of deep mural injury
[6] was observed, or radiographically if the presence of free air
was observed. Post-ESD bleeding was defined as that requiring
endoscopic intervention to achieve hemostasis. PECS was de-
fined as local abdominal pain occurring around the ESD site
within 4 days postoperatively without definite evidence of per-
foration [2].

The mucosal flap creation time was described as the time
from the first mucosal incision on the side to create the muco-
sal flap to the time that the endoscope tip could completely
enter the submucosal space. The frequency of hemostasis was
the number of times hemostatic forceps were required. The re-
covery time after active bleeding indicated the interval from
when hemostasis was initiated to the resumption of ESD (sub-
mucosal injection, mucosal incision, or submucosal dissection).
The gravity direction was determined as the side where fluid
accumulation occurred, with the positional relationship of the
lesion being classified as either gravity side or nongravity side

Results We analyzed the data of 69 and 70 CESD and UESD

cases, respectively; however, no significant differences

were found in median dissection speed (17.4 and 19.9

mm2/min, respectively; P=0.19). Multiple regression analy-

sis revealed that the suitable positional relationship be-

tween the lesion and the direction of gravity (nongravity

side for CESD and gravity side for UESD) was independently

and positively associated with dissection speed (P<0.001).

En bloc resection was achieved without perforation in all

cases. The incidence of post-ESD coagulation syndrome

was not significantly different between the two groups

(4.3% vs. 2.9%, respectively; P=0.68).

Conclusions UESD did not expedite dissection speed in

the overall patient population. CESD and UESD may be

complementary in the colorectum depending on the posi-

tional relationship between the lesion and the direction of

gravity.
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(intermediate and opposite to the gravity side). The degree of
submucosal fibrosis was classified as: F0, absence; F1, mild; or
F2, severe [7]. The degree of submucosal fatty tissue was clas-
sified as: grade 0, absence; grade 1, mild; or grade 2, severe [8].
The degree of endoscope maneuverability was categorized as
good or poor.

Colorectal ESD perioperative settings

The patients were hospitalized on the day before ESD. Blood
tests were performed on the day of the ESD and the day after.
A chest radiograph was also performed on the day after ESD.

All ESD procedures were performed by a single endoscopist
(M.N.) who had an accumulated experience of >900 ESD proce-
dures, including >50 UESD procedures for SCNs, at the begin-
ning of the trial. A therapeutic endoscope (PCF-H290ZI or GIF-
Q260J; Olympus, Tokyo, Japan) with a tapered hood (DH-28GR
or DH-29CR; Fujifilm, Tokyo, Japan) and a straight-needle elec-
trosurgical knife (DualKnife, KD-650L; Olympus) was used for
ESD. Monopolar (Coagrasper, FD-411QR; Olympus) and bipolar
hemostatic forceps (Tighturn, RH8C40; Zeon Medical, Tokyo,
Japan) were used for CESD and UESD, respectively. A VIO300D
(ERBE Elektromedizin GmbH, Tübingen, Germany) was used as
the electrosurgical generator. Hyaluronic acid (0.4%; MucoUp;

Boston Scientific, Marlborough, Massachusetts, USA) was used
for submucosal injection.

In both intervention groups, the operator was allowed to
change the default ESD method or electrosurgical knife only
when this was required to prioritize patient safety when experi-
encing technical difficulties, such as submucosal fibrosis, poor
endoscope maneuverability, difficulty in securing the visual
field, and perforation. Traction devices were not used.

ESD procedure

The UESD procedure was performed as previously reported
(▶Fig. 1; ▶Video 1) [3], with saline used to create the under-
water conditions. Whenever possible, the patient’s posture
was adjusted to set the lesion on the gravity side. Submucosal
dissection was performed in underwater conditions, and sub-
mucosal injection and mucosal incision were performed under
gas (CO2) or underwater conditions. If the visual field was lost
because of bleeding, underwater conditions were switched to
gas conditions. Hemostasis was then performed using hemo-
static forceps or a knife while pressing the bleeding point using
the hood tip.When hemostasis was achieved, saline replace-
ment was performed.

In CESD, all procedures not specific to CESD were conducted
as described in the UESD procedure. Whenever possible, the

▶ Fig. 1 Endoscopic images of underwater endoscopic submucosal dissection (UESD) showing: a a laterally spreading tumor located in the
cecum (granular type, 32mm in diameter) sprayed with indigo carmine; b mucosal incision using a straight-needle-type electrosurgical knife
being performed while confirming the marking dots around the lesion; c underwater conditions, which offer a magnified visual field without
halation and a wider gap in the incised mucosa as it is opened by the water pressure despite the presence of submucosal fibrosis; d bipolar
hemostatic forceps being applied, which can coagulate vessels even in saline immersion conditions; e visual field impairment that is caused by
air bubbles generated by energizing the electrosurgical knife; f the defect with no evidence of perforation after en bloc resection of the lesion.
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patient’s posture was adjusted to place the lesion on the side
opposite to the direction of gravity.

Statistical analysis
In our pilot study, the mean dissection speed of the UESD group
was 2.9 mm2/min faster than that of the CESD group, with a
common SD of 5.8mm2/min. To ensure a power of 80% with a
5% two-sided error, we required 126 participants. Therefore,
the final sample was 140 participants to allow for a dropout
rate of approximately 10%.

We performed an intention-to-treat (ITT) analysis, except for
a patient for whom the ESD procedure was discontinued. Multi-
ple regression analysis was performed to identify the factors
that affected dissection speed. The exploratory variables in-
cluded: submucosal fibrosis and endoscope maneuverability,
which have been identified as factors contributing to the diffi-
culty of colorectal ESD [9]; the ESD method; suitable positional
relationship between the lesion and the direction of gravity
(nongravity side for CESD and gravity side for UESD); lesion lo-
cation; and submucosal fatty tissue.

All statistical analyses were performed using R version 4.3.1
(R Foundation for Statistical Computing, Vienna, Austria). Cate-
gorical variables were analyzed using Fisher’s exact test and are
presented as numbers and percentages. Continuous variables
are expressed as median (interquartile range), and differences
between the groups were analyzed using the Mann–Whitney U
test. All tests were two-sided, and differences between vari-
ables were considered statistically significant at P<0.05.

Results

Overall outcomes

▶Fig. 2 presents the flowchart for patient enrollment. Between
26 November 2019 and 11 October 2023, 140 patients were
enrolled in the study and randomly assigned to the CESD or
UESD groups. In the CESD group, one patient was excluded
from the analysis as ESD was discontinued because of a mus-
cle-retracting sign [10]. The baseline characteristics were well
balanced between the two groups (▶Table1).

Three cases were temporarily converted to UESD in the CESD
group, whereas four were temporarily converted to CESD in the
UESD group. Procedure-related outcomes are shown in ▶Table
2. The median dissection speed for the CESD and UESD groups
were 17.4 and 19.9mm2/min, respectively (P=0.19). No signif-
icant differences were found in complete resection, post-ESD
bleeding, perforation, PECS, mucosal flap creation time, and
endoscope maneuverability between the two groups. There
were trends toward a higher frequency of hemostasis and long-
er recovery time after bleeding in the UESD group. The median
variation in WBC count between the day of ESD and the follow-
ing day was significantly lower in the UESD group than in the
CESD group.

We also performed a per-protocol analysis for procedure-
related outcomes in patients who received the allocated treat-
ment, and the results were similar to those of the ITT analysis
(Table 1s, see online-only Supplementary material).

Subgroup analysis

Tables 2s and 3s present the results of the subgroup analysis.
The UESD group demonstrated significantly faster dissection
speed for gravity-side lesions, whereas the CESD group demon-
strated significantly faster dissection speed for nongravity-side

Video 1 Underwater endoscopic submucosal dissection
(UESD) is performed for a laterally spreading tumor (granular
type, 32mm in diameter) located at the cecum.
Online content viewable at:
https://doi.org/10.1055/a-2445-4970

Excluded:
▪ Refused (n = 9) 
▪ Outwith selection criteria (n = 17) 

Patients with SCNs (n = 166)

Randomized (n = 140)

Withdrawal:
▪ Discontinuation of
 ESD (n = 1)

Assigned to CESD group
(n = 70)

Assigned to UESD group
(n = 70)

Analyzed
(n = 70)

Analyzed
(n = 70)

▶ Fig. 2 Flowchart of patient enrollment and group allocation.
SCN, superficial colorectal neoplasm; ESD, endoscopic submucosal
dissection; CESD, conventional ESD; UESD, underwater ESD.
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lesions. For rectal lesions, the UESD group had a significantly
faster dissection speed than the CESD group.

Multivariate analysis

Table4s shows the results of multiple regression analysis (F sta-
tistic; P<0.001; adjusted R2 =0.41; all variance inflation factors
were <1.3). Endoscope maneuverability, the lesion being in a
suitable position with respect to gravity, and submucosal fibro-
sis were independently associated with dissection speed.

Discussion
The hypothesis that UESD expedites submucosal dissection
compared with CESD could not be demonstrated in this study.
This result could be attributed to two possible reasons. First, in
the UESD group, the recovery time after active bleeding tended
to be longer with a higher frequency of hemostasis. Second, air
bubbles generated by mainly submucosal dissection during
UESD impaired the visual field, particularly when they accumu-
lated in the hood. Once air bubbles were trapped inside the
hood, operators had to remove them to secure the visual field;
however, this step was occasionally challenging and time-con-
suming. Because the coagulation mode (e. g. Swift coagulation)
generates more air bubbles than the cut mode (e. g. Endocut I),
there can be a hesitation to apply coagulation mode for submu-
cosal dissection, resulting in insufficient coagulation of vessels.
Such an event would increase the frequency of hemostasis in
the UESD group.Nevertheless, the increase in dissection speed
(2.5 mm2/min), even with these issues, may be clinically rele-
vant, and further advancements in underwater devices or tech-
niques could enhance dissection speed. Novel solutions for air

bubble removal have recently been reported [11, 12, 13, 14]
and the use of gel immersion may also facilitate the manage-
ment of bleeding [15]; however, these solutions need to be va-
lidated in further studies.

The results of subgroup and multiple regression analyses
imply the possible complementarity of the two techniques de-
pending on the positional relationship between the lesion and
the direction of gravity. On the gravity side, UESD may be
more advantageous than CESD as complete submergence is
easily achieved. Furthermore, buoyancy favorably opens the
mucosal flap and provides natural traction on the dissection
plane. Conversely, gravity will droop the mucosal flap and cause
visual field impairment owing to fluid collection when perform-
ing CESD. On the nongravity side, CESD may be more advanta-
geous than UESD as it prevents visual field impairment due to
fluid collection. Furthermore, gravity can help open the muco-
sal flap and provide natural traction, especially when the lesion
is on the side opposite the direction of gravity. Performing
UESD causes air bubbles to accumulate and form air pockets
around the lesion, causing difficulty in maintaining the under-
water conditions. Moreover, buoyancy working against gravity
will hinder the opening of the mucosal flap.

Although the gravity direction can be adjusted by changing
the patient’s posture, this step can alter endoscope maneuver-
ability or the approach angle to the lesion, occasionally causing
difficulties. Consequently, selecting the most suitable posture
for the patient based on the positional relationship between
the lesion and the direction of gravity is difficult. Indeed, 23%
of patients in the CESD group underwent ESD on the gravity
side, and 20% in the UESD group underwent ESD on the non-
gravity side. In clinical practice, endoscopists can use either
UESD or CESD depending on the situation. Therefore, UESD
can be performed as a rescue therapy for CESD [16].

Faster dissection speed was observed in the UESD group for
rectal lesions; however, this result may be unimportant be-
cause the endoscope maneuverability or the approach angle
to the lesion is less affected within the rectum by changing the
patient’s posture.

Factors that make CESD challenging include not only lesions
on the gravity side but also submucosal fibrosis and poor endo-
scope maneuverability [9]. UESD may facilitate safe and effec-
tive submucosal dissection even where there is severe submu-
cosal fibrosis [17] and a degassed colorectal lumen is expected
to improve endoscope maneuverability; however, UESD was
not associated with faster dissection speed for lesions with sub-
mucosal fibrosis and did not demonstrate an improvement in
endoscope maneuverability. Combining UESD and traction de-
vices [18] or the pocket-creation method (PCM) [19] may how-
ever be effective because traction devices help open the narrow
submucosal space, and the PCM can improve endoscope man-
euverability. Internal traction devices that do not require rein-
sertion are easy to apply in the colorectum, and those made of
mild elastic material (e. g. double clip and rubber band [20])
may provide sufficient traction force in the collapsed colorectal
lumen in UESD.

▶ Table 1 Baseline characteristics of the patients who were analyzed
in the conventional (CESD) and underwater endoscopic submucosal
dissection (UESD) groups.

CESD

n=69

UESD

n=70

Age, median (IQR), years 71 (63–78) 71 (61–79)

Sex, female, n (%) 31 (44.9) 38 (54.3)

Tumor size, median (IQR), mm 26 (23–31) 25 (20–30)

Lesion location, n (%)

▪ Rectum 11 (15.9) 8 (11.4)

▪ Left colon 12 (17.4) 15 (21.4)

▪ Right colon 46 (66.7) 47 (67.1)

Morphology, n (%)

▪ Flat and/or depressed1 39 (56.5) 34 (48.6)

▪ Elevated2 30 (43.5) 36 (51.4)

IQR, interquartile range.
1 Laterally spreading tumors (nongranular type) are included in this cate-
gory.
2 Laterally spreading tumors (granular type) and 0-I are included in this ca-
tegory.
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▶ Table 2 Comparison of procedure-related outcomes between the conventional (CESD) and underwater endoscopic submucosal dissection (UESD)
groups.

CESD

n=69

UESD

n=70

P value

Dissection speed, median (IQR), mm2/min 17.4 (13.3–24.2) 19.9 (14.4–24.6) 0.19

ESD time, median (IQR), minutes 55.5 (33.9–75.4) 48.3 (33.8–66.3) 0.38

Mucosal flap creation time, median (IQR), minutes 4.2 (1.8–8.3) 3.5 (2.1–6.5) 0.29

Positional relationship, n (%) <0.001

▪ Gravity side 16 (23.2) 56 (80.0)

▪ Nongravity side 53 (76.8) 14 (20.0)

Saline used, median (IQR), mL 100 (50–210) 900 (613–1590) <0.001

Submucosal injection solution used, median (IQR), mL 45 (30–59) 33 (25–50) 0.06

Hemostasis requirements1 0.25

▪ 0 47 (68.1) 40 (57.1)

▪ 1 17 (24.6) 16 (22.9)

▪ 2 4 (5.8) 10 (14.3)

▪ 3 0 (0.0) 2 (2.9)

▪ 4 1 (1.4) 2 (2.9)

Recovery time, median (IQR), minutes2 2.5 (1.9–4.1) 3.3 (2.3–4.0) 0.17

Poor endoscope maneuverability, n (%) 36 (52.2) 39 (55.7) 0.74

Submucosal fibrosis, n (%) >0.99

▪ F0 43 (62.3) 44 (62.9)

▪ F1 21 (30.4) 22 (31.4)

▪ F2 5 (7.2) 4 (5.7)

Submucosal fatty tissue, n (%) 0.78

▪ Grade 0 38 (55.1) 42 (60.0)

▪ Grade 1 15 (21.7) 12 (17.1)

▪ Grade 2 16 (23.2) 16 (22.9)

Use of second knife, n (%) 0 (0) 1 (1.4) >0.99

Conversion to the other method, n (%) 3 (4.3) 4 (5.7) >0.99

Specimen size, median (IQR), mm 35 (31–44) 37 (32–41) 0.66

Pathology, n (%) 0.04

▪ Adenoma or SSL 34 (49.3) 39 (55.7)

▪ Intramucosal carcinoma 21 (30.4) 27 (38.6)

▪ Carcinoma with submucosal invasion 14 (20.3) 4 (5.7)

En bloc resection, n (%) 69 (100) 70 (100) NA

Complete resection, n (%) 67 (97.1) 70 (100) 0.25

Adverse events, n (%)

▪ Post-ESD bleeding 2 (2.9) 0 (0) 0.25

▪ Perforation 0 (0) 0 (0) NA

▪ PECS 3 (4.3) 2 (2.9) 0.68
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Prevention methods for PECS have not yet been established,
although the heat-sink effect of UESD may prevent PECS by re-
ducing thermal damage [4]. In this study, the variation in WBC
between the day of ESD and the following day was significantly
lower in the UESD group, which may be reflective of the heat-
sink effect; however, no significant difference was found in the
incidence of PECS between the CESD and UESD groups. Possible
reasons for this finding are the trend toward a higher frequency
of hemostasis in the UESD group and the insufficient sample
size.

This study has several limitations. First, our study used a sin-
gle operator who performed all ESD procedures and focused
mainly on the dissection speed; however, complete resection
without adverse events (successful ESD) could be a more signif-
icant factor. Therefore, a multicenter RCT is warranted, and the
composite end point of dissection speed and successful ESD
should be considered. Second, the statistical nonsignificance
of the primary end point may be owing to a lack of statistical
power as the sample size originally intended for a parametric
test was assessed using a nonparametric test. Therefore,
increasing the sample size might have addressed this issue.

In conclusion, our findings suggest that UESD does not ex-
pedite dissection speed in the overall patient population. CESD
and UESD may be complementary in the colorectum depending
on the positional relationship between the lesion and the direc-
tion of gravity.
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