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ABSTRACT

Aims: Endoscopic submucosal dissection (ESD) is an established technique for the curative resection of large colorectal lesions;
however, intraoperative bleeding remains a major technical challenge. Electrosurgical coagulation modes are modifiable
procedural factors that may influence bleeding control and procedural efficiency. This study aimed to compare the clinical
outcomes of Swift and Spray coagulation modes during colorectal ESD.

Methods: This retrospective, single-center study included 594 consecutive patients who underwent colorectal ESD between
January 2021 and December 2025. Patients were divided into the Spray and Swift coagulation groups according to the coagulation
mode used during submucosal dissection. Procedural characteristics, intraoperative and delayed bleeding, perforation rates, and
other adverse events were analyzed and compared between groups.

Results: Baseline patient and lesion characteristics were comparable between the two groups. The mean procedure time was
significantly shorter in the Spray coagulation group compared with the Swift coagulation group (42.2+23.7 vs 51.7+31.9 minutes,
p<0.001). The mean number of hemostatic forceps applications was also significantly lower in the Spray group (1.53+2.00 vs
2.58+2.63, p<0.001). Intraoperative bleeding occurred more frequently in the Swift group, whereas rates of delayed bleeding,
perforation, and local recurrence were low and did not differ significantly between groups.

Conclusion: Both Swift and Spray coagulation modes can be safely used during colorectal ESD. However, Spray coagulation
is associated with shorter procedure time and reduced intraoperative bleeding, suggesting practical advantages in technically
demanding procedures. These findings, derived from a large single-center cohort, support the clinical relevance of coagulation
mode selection. Prospective multicenter studies are warranted to confirm these results.
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INTRODUCTION

Endoscopicsubmucosal dissection (ESD) hasbeenincreasingly
adopted for the curative treatment of large benign colorectal

represents one of the most critical determinants of procedural
success.” Although coagulation modes of electrosurgical

lesions and early-stage colorectal cancer."” Compared with
surgical resection, ESD is an organ-preserving, minimally
invasive technique that provides better post-procedural
quality of life.*

In contrast to conventional endoscopic mucosal resection
(EMR), ESD enables en bloc resection irrespective of lesion
size, allows effective treatment of lesions with submucosal
fibrosis, and is associated with lower local recurrence rates.””

Despite these advantages, ESD is associated with a higher risk
of procedure-related adverse events than EMR.® Intraoperative
bleeding is the most frequently encountered complication and
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knives are routinely used for hemostasis and management of
visible vessels, severe bleeding cannot always be adequately
controlled by knife-based coagulation alone."

In addition, colorectal ESD is technically more challenging
than gastric ESD because of the thin colonic wall, anatomical
angulations, limited maneuverability, and the frequent
presence of submucosal fibrosis, all of which substantially
increase the risks of bleeding and perforation."""* Therefore,
the technical equipment and energy settings used during
colorectal ESD play a crucial role in procedural safety and
clinical outcomes.'*"*
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During ESD procedures, two main electrosurgical modes are
used: cutting modes for mucosal incision and coagulation
currents for submucosal dissection and hemostasis.'®
Electrosurgical generators and coagulation modes directly
influence dissection efficiency, hemostatic effectiveness,
thermal injury, and procedure duration.'”"

Although various coagulation modes are widely used in daily
practice, clinical studies directly comparing their effects on
colorectal ESD outcomes remain limited."”” In particular, data
directly comparing Swift and Spray coagulation modes are

scarce.”?!

The present study aimed to compare Swift and Spray
coagulation modes commonly used during colorectal ESD
with respect to procedure time, bleeding profile, and clinical
outcomes.

METHODS
Ethics

Permission for this study was obtained from the Ethics
Committee for Non-interventional Clinical Researches at
Aydin Adnan Menderes University (Date: 16.10.2025, Decision
No: 13). All procedures were carried out in accordance with
the ethical rules and the principles of the Declaration of
Helsinki.

Study Design and Patient Selection

This retrospective, single-center study included 594
consecutive patients who underwent colorectal ESD at our
tertiary referral center between January 2021 and December
2025.

Patients aged >18 years who underwent ESD for colorectal
lesions and whose medical records clearly documented
the coagulation mode used during the procedure (Swift or
Spray coagulation) were included. Only patients with at
least 12 months of follow-up and complete documentation
of procedural outcomes and complications were eligible for
analysis.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: age >18 years; colorectal
lesions treated by ESD; clearly documented coagulation
mode; availability of at least 12 months of follow-up data; and
complete documentation of complications.

Exclusion criteria included: age <18 years; cases treated with
EMR or other resection techniques; and incomplete medical
records or follow-up data.

Endoscopic Procedure

All procedures were performed under general anesthesia or
deep sedation by endoscopists experienced in colorectal ESD
(=200 colorectal ESD procedures).

All ESD procedures were performed using a single-channel
endoscope (Fujinon, Tokyo, Japan). A disposable distal
attachment cap was routinely used to facilitate submucosal
dissection.

For submucosal dissection, IT knife, Hook knife, Dual knife,
and Flush knife were used in both groups, with knife selection
based on lesion location and morphology. A third-generation
high-frequency electrosurgical generator (VIO 3; ERBE,
Tiibingen, Germany) was used in all cases.

EndoCut mode was applied for mucosal incision (effect 1,
duration 2). Submucosal dissection was performed using
either Swift or Spray coagulation modes (effect 5). Hemostatic
forceps (FD-411R; Olympus, Tokyo, Japan) were applied when
necessary.

Circumferential marking was performed outside the lesion
margins in all cases. For submucosal injection, a sodium
hyaluronate and sodium alginate solution containing a small
amount of indigo carmine was used.

Following circumferential mucosal incision, submucosal
dissection was continued until complete resection of the
lesion was achieved.

The number of hemostatic forceps applications was defined
as the total number of forceps uses required to achieve active
hemostasis during ESD. Prophylactic coagulation of visible
vessels larger than 1 mm, performed to reduce the risk of
bleeding, was not included in this count.

Procedure time was defined as the interval from the initial
mucosal incision to complete removal of the lesion.

RESULTS
A total of 594 patients were included in the final analysis.

Baseline demographic and lesion characteristics were
comparable between the Spray and Swift coagulation groups.
The mean age was 62.6x11.7 years in the Spray group and
61.9£11.3 years in the Swift group (p=0.396). Male sex
predominated in both groups (66.3% vs 68.6%, p=0.656). The
use of antiplatelet and anticoagulant medications was similar
between groups (p=0.893) (Table 1).

Table 1. Baseline characteristics and lesion features according to coagulation
mode

Variable Soft Swift p-value
Age (years) 62.6+11.7 61.9+11.3 0.396
Male sex (%) 66.3 68.6 0.656
Anticoagulant use (%) 32.0 314 0.893
Lesion size (mm) 38.3£14.8 37.6+£14.3 0.599

Values are presented as mean+SD or percentage. Continuous variables were compared using Student’s

t-test; categorical variables were compared using the Chi-square or Fisher’s exact test

Lesion distribution across colonic segments was comparable
between groups, with no statistically significant differences
observed. The most frequent lesion locations in both groups
were the sigmoid colon and rectum (Supplementary Tables 1-4).

Mean lesion size was 38.3+14.8 mm in the Spray group and
37.6+14.3 mm in the Swift group (p=0.599).

Procedure time was significantly shorter in the Spray group
(42.2423.7 vs 51.7+31.9 minutes, p<0.001). The number of
hemostatic forceps applications was significantly lower in the
Spray group (1.53£2.00 vs 2.58+2.63, p<0.001) (Table 2).
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Supplementary Table S1. Detailed lesion location distribution

Location

Cecum
Ascending colon
Transverse colon
Descending colon
Sigmoid colon

Rectum

Values are presented as percentages

Supplementary Table S2. Association between knife type and intraoperative

bleeding

Knife type No bz;e):ding Ble(elii)ing Total (n) Bleeding rate (%)
Dual knife 214 197 411 47.9
Flash knife 11 6 17 353
IT knife 19 29 48 60.4
Hook knife 28 40 68 58.8

Soft (%)
9.7
16.3
11.1
16.3
25.1
214

Swift (%)
5.15
16.5
14.4
15.9
26.3
21.6

Bleeding was defined as active bleeding requiring endoscopic hemostasis during ESD

Supplementary Table S3. Detailed histopathological distribution

Pathology

Tubular adenoma
Tubulovillous adenoma
Villous adenoma
Hyperplastic polyp
Serrated lesion
Neuroendocrine tumor
Lipoma
Adenocarcinoma
Intramucosal carcinoma

Other

Soft % (n)
56.9 (199)
26.3 (92)
2.29 (8)
6.29 (22)
1.43 (5)
0.86 (3)
0.57 (2)
4.29 (15)
0.86 (3)
0.29 (1)

Values are expressed as percentage and number of lesions

Supplementary Table S4. JNET classification distribution

JNET category Soft % (n)
Type 2A 79.43 (278)
Type 2B 15.43 (54)
Type 3 0.29 (1)
NET 343 (12)
SEL 1.43 (5)

JNET indicates Japan NBI Expert Team classification

Table 2. Procedural outcomes and bleeding-related results

p-value

0.00076

Variable Soft
Procedure time (min) 42.2+23.7
Intraoperative bleeding (%) 443
Coagulation forceps usage 1.53+2.00
Bleeding intervention required (%) 1.71

51.7£31.9

2.58+2.63

Swift % (n)
55.7 (108)
24.7 (48)

1.03 (2)
4.12 (8)
0.52 (1)
0(0)
1.55 (3)
5.67 (11)
4.64 (9)
2.06 (4)

Swift % (n)
80.41 (156)

17.53 (34)
1.03 (2)
0(0)
1.03 (2)

0.00048
0.000002
0.162

Intraoperative bleeding was defined as bleeding requiring endoscopic hemostasis during ESD
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Intraoperative bleeding occurred more frequently in the
Swift group. However, the need for additional endoscopic
intervention due to bleeding was low and comparable between
groups.

Rates of delayed bleeding, perforation, and local recurrence
were low and did not differ significantly between groups
(Table 3).

Table 3. Complications and clinical outcomes

Outcome Soft (%) Swift (%) p-value
Perforation 4.29 4.12 1.000
Delayed perforation 1.43 1.55 1.000
Infection 1.14 1.55 1.000
ICU requirement 1.71 2.06 1.000
Replacement requirement 1.71 2.58 0.714
Recurrence 1.71 3.09 0.456

ICU: Indicates intensive care unit. Complication rates were compared using Fisher’s exact test.

DISCUSSION

Colorectal ESD is an advanced therapeutic endoscopic
technique that enables en bloc and curative resection of
large colorectal lesions but remains technically demanding
and associated with a substantial risk of complications,
particularly intraoperative bleeding.

The findings of this study indicate that the choice of
coagulation mode is a modifiable technical factor that can
significantly influence procedural efficiency and bleeding
control. Intraoperative bleeding occurred more frequently in
the Swift coagulation group and was accompanied by a higher
number of hemostatic interventions.

Increased bleeding during submucosal dissection may impair
visualization of the dissection plane, prolong procedure time,
and increase technical difficulty. The shorter procedure time
observed in the Spray coagulation group may therefore be
explained by improved hemostasis and maintenance of a
clearer operative field.

The differences between coagulation modes may be attributed
to their distinct energy delivery characteristics. Swift
coagulation delivers higher-voltage energy with combined
cutting and coagulation effects, whereas Spray coagulation
provides a more homogeneous, non-contact energy
distribution that facilitates effective surface coagulation while
minimizing deep thermal injury.

Importantly, despite differences in intraoperative bleeding,
rates of delayed bleeding, perforation, and other major
adverse events were low and comparable between groups.
This highlights the importance of operator experience and
appropriate energy settings in ensuring procedural safety.

Limitations

This study has several limitations. First, its retrospective
and single-center design may limit generalizability. Second,
procedural decisions were operator dependent, introducing
potential bias. Third, all procedures were performed using a
single electrosurgical generator, which maylimit extrapolation
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of the findings. Finally, the absence of randomization may
have resulted in unmeasured confounding factors.

CONCLUSION

Both Swift and Spray coagulation modes can be safely used
during colorectal ESD with high procedural success rates.
However, Spray coagulation is associated with shorter
procedure time and reduced intraoperative bleeding,
suggesting practical advantages in technically demanding
procedures.

What is New
« This study provides a direct comparison of Swift and Spray
coagulation modes in colorectal ESD.

o It demonstrates that coagulation mode selection is a
modifiable factor influencing procedural efficiency.

o Spray coagulation was associated with shorter procedure
time and reduced intraoperative bleeding.

« This represents one of the largest single-center analyses
evaluating coagulation modes in colorectal ESD.
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