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Abstract

BACKGROUND & AIMS: There is debate over the type of electrosurgical setting that should be
used for polyp resection. Some endoscopists use a type of blended current (yellow), whereas
others prefer coagulation (blue). We performed a single-blinded, randomized trial to determine
whether type of electrosurgical setting affects risk of adverse events or recurrence.

METHODS: Patients undergoing endoscopic mucosal resection of nonpedunculated colorectal
polyps 20 mm or larger (n = 928) were randomly assigned, in a 2 x 2 design, to groups that
received clip closure or no clip closure of the resection defect (primary intervention) and then to
either a blended current (Endocut Q) or coagulation current (forced coagulation) (Erbe Inc)
(secondary intervention and focus of the study). The study was performed at multiple centers,
from April 2013 through October 2017. Patients were evaluated 30 days after the procedure (n =
919), and 675 patients underwent a surveillance colonoscopy at a median of 6 months after the
procedure. The primary outcome was any severe adverse event in a per patient analysis. Secondary
outcomes were complete resection and recurrence at first surveillance colonoscopy in a per polyp
analysis.

RESULTS: Serious adverse events occurred in 7.2% of patients in the Endocut group and 7.9% of
patients in the forced coagulation group, with no significant differences in the occurrence of types
of events. There were no significant differences between groups in proportions of polyps that were
completely removed (96% in the Endocut group vs 95% in the forced coagulation group) or the
proportion of polyps found to have recurred at surveillance colonoscopy (17% and 17%,
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respectively). Procedural characteristics were comparable, except that 17% of patients in the
Endocut group had immediate bleeding that required an intervention, compared with 11% in the
forced coagulation group (P=.006).

CONCLUSIONS: In a randomized trial to compare 2 commonly used electrosurgical settings for
the resection of large colorectal polyps (Endocut vs forced coagulation), we found no difference in
risk of serious adverse events, complete resection rate, or polyp recurrence. Electrosurgical
settings can therefore be selected based on endoscopist expertise and preference. Clinicaltrials.gov
ID NCT01936948.

Graphical Abstract
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Electrosurgical snare resection represents the standard approach to resecting larger polyps
since its introduction in 1971.1 The underlying mechanism is the conversion of electrical
energy into heat, which enables transection of the polyp base while closing the snare.?
Electrosurgical snare resection, therefore, allows the removal of larger polyps in once piece.
In addition, it may also ablate small residual polyp tissue at the resection margin and seal off
small blood vessels during resection. However, there is little evidence to support these
assumptions.34

Although electrosurgical application is a fundamental aspect of polypectomy, various
currents and settings are clinically used, and there are no accepted standards of practice. As
such, endoscopists typically perform polypectomy the way they were trained. A 2004 survey
found that 46% of US endoscopists used coagulation current and 46% used a type of
blended current.

Several factors affect the ability of electrosurgical snare resection. These include voltage (at
least 200 peak volt), current density, the percent duty cycle with which current is delivered,
tissue impedance, and the snare surface area touching the tissue.6 Coagulation current
delivers a higher voltage and interrupted current (low duty cycle) with a slow rise in heat in
the tissue, resulting in dehydration and shrinkage (desiccation).? This type of current may
coagulate vessels and thereby prevent bleeding but may also cause deeper tissue heat injury
and increase the risk for postpolypectomy syndrome. Cutting current uses lower voltage and
continuous current (100% duty cycle), which leads to rapid heating of cells that then burst
and vaporize, resulting in cleavage of tissue along the snare wire. Two retrospective studies
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found that coagulation current was associated with a greater risk of postprocedure bleeding
and blended current with a greater risk of immediate bleeding.”-8

To date, not a single randomized trial has addressed the effectiveness or safety of different
cautery approaches for polyp resection. We therefore aimed to compare 2 commonly applied
electrosurgical settings: a pure coagulation current (forced coagulation) and a blended or
alternating cut-coagulation current (Endocut Q) delivered by a modern microprocessor-
controlled electrosurgical unit (Erbe Inc, Tiibingen, Germany).

Study Design and Patient Selection

This multicenter, randomized, controlled, single-blinded study enrolled patients with a large
colorectal polyp across 18 medical centers between April 2013 and October 2017. Patients
were randomly assigned in a 2 x 2 factorial design to clip closure of the mucosal resection
defect or no closure and to 1 of 2 electrosurgical settings for snare resection: a combination
of blended and cutting current (Endocut Q) or pure coagulation current (forced coagulation)
using the Erbe Vio 300D electrosurgical unit (Erbe USA Inc., Marietta, GA). The trial was
designed to examine both the effect of clip closure on postprocedure bleeding and the effect
of the electrosurgical setting on overall complications. It was powered based on the clip
closure as the primary study intervention.® The type of electrosurgical setting was the
secondary intervention and is the subject of this report. Although a separate and explorative
analysis of the effect of electrosurgical setting on safety and efficacy outcomes was planned
a priori, only after completion of the trial was it possible to perform a test for interaction
between the 2 interventions. This test showed no interaction (P =.957), and this lack of
interaction allowed us then to pursue an analysis of the electrosurgical setting independent
of the clip intervention.

The randomization list was computer generated, with patients assigned to 1 of 4 groups in
blocks of 8, stratified by center. Assignments were kept in sequentially numbered and
concealed envelopes. The randomization envelope was opened only after a potential study
polyp was assessed during the colonoscopy and before starting endoscopic resection.

Eligible patients included all those who presented for endoscopic mucosal resection (EMR)
of a large (=20-mm) nonpedunculated colorectal polyp. Patients with inflammatory bowel
disease, a known coagulopathy (international normalized ratio >1.5; 50,000 platelets per
L), severe comorbidities (American Society of Anesthesiologists class 1V), or a poor bowel
preparation quality® were excluded. Eligible study polyps included those that were
nonpedunculated and met the minimum size requirements as measured by an open snare
before starting the EMR. Polyps were not eligible if they were not considered amenable to
endoscopic mucosal resection (eg, high suspicion for invasive cancer) or if they were
pedunculated (Paris Ip), subpedunculated (Paris Isp), or ulcerated (Paris I11). The
institutional review boards of each center approved the study, and all patients gave written
informed consent to participate. The study was registered at clinicaltrials.gov
(NCT01936948).
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Preparation for colonoscopy and procedural sedation followed the clinical standard at the
participating center. Periprocedural antithrombotic medications followed professional
society guidelines.11:12 Upon detection of a potential study polyp, the polyp was assessed
for eligibility. If eligible, the patient was randomized, and the polyp was resected according
to group assignment following the principles of the EMR technique.13 Before resection, the
polyp was lifted from the muscularis propria by submucosal injection. The injection solution
contained a solute (eg, normal saline or a viscous solution such as hydroxyethyl starch) and
a contrast agent (eg, methylene blue or indigo carmine). After submucosal injection, the
polyp was then removed by electrosurgical snare resection as assigned by randomization.
The choice of injection solution and snare was at the discretion of the treating endoscopist.
Cautery in both groups was applied following standardized settings in both groups (Endocut
Q [referred to as Endocuf: effect 2, duration 1, interval 4; forced coagulation: effect 2, 25
W). The selection was based first on endoscopists’ clinical preference, as obtained in a
prestudy survey. Different settings were then tested on chicken meat. The final selection
represents frequently used Endocut and forced coagulation settings that best matched with
respect to the observed thermal effect on tissue. Endoscopists were allowed to modify the
setting if cutting was considered not sufficient. If participants had multiple polyps removed,
the same cautery assignment was used for all polyps. All study polyp resection sites were
marked with a tattoo unless the location was easily defined by anatomic landmarks as in the
cecum or rectum. Postprocedure care was at the discretion of the treating endoscopists, who
provided final guidance for timing of restarting antithrombotic medications and dietary
restrictions.

Primary Outcome and Definitions

The primary outcome was the rate of any intraprocedure or postprocedure severe adverse
events. Intraprocedure adverse events were defined as those occurring during the procedure.
Postprocedure adverse events were defined as those occurring after the patient left the
endoscopy unit and up to 30 days after the procedure. Severe adverse events were defined as
clinically significant adverse events that were a threat of permanent disability or death that
required hospitalization, blood transfusion, a colonoscopy, or surgery.1* In addition, any
postpolypectomy syndrome was also considered a severe adverse event, even if treated as on
an outpatient basis. Postprocedure adverse events were ascertained by phone call or during a
clinic visit at least 30 days after the procedure and by review of medical records.

Secondary outcomes of interest were the proportion of polyps completely excised per visual
inspection and the rate of recurrence at first surveillance colonoscopy at all resection sites
that were identified. Recurrence was defined as biopsyproven recurrence of neoplasia at the
prior resection site. Endoscopists were instructed to sequentially examine the resection site
with white light and image-enhanced endoscopy (eg, NBI) and to obtain biopsy specimens.
In some instances, biopsies were deferred because of the lack of any visible tissue that could
represent polyp regrowth (ie, flat scar without identifiable tissue that could represent polyp
tissue). This approach has been shown to have a sensitivity of 93%.1° We present recurrence
of all EMR resection sites that were available for evaluation and, in addition, provide results
of all resection sites that were identified.
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We further assessed procedural characteristics that reflect the ease, safety, and efficiency of
resection, including proportion of polyp removed en bloc, need for adjunctive therapy to
remove residual polyp tissue, intraprocedural bleeding during resection of the polyp, and
time of resection. /ntraprocedure bleeding was defined as bleeding that occurred during
resection of the polyp and that required treatment (eg, clipping, soft coagulation to ablate a
blood vessel, epinephrine injection).

The primary analysis was performed based on an intention to treat analysis. Primary and
secondary outcomes are presented as absolute risks and comparison between groups as
absolute risk difference with a 95% confidence interval (95% CI). We compared severe
adverse events between groups, and all outcomes are presented as proportions using the
chisquared test or the Fisher’s exact test where appropriate. Baseline characteristics are
presented as means with standard deviation for normally distributed variables and as
medians with interquartile range (IQR) for nonnormally distributed variables. Comparison of
means was performed with the Student ¢test and of medians with the Kruskal-Wallis test. A
2-sided Pvalue of <.05 was considered a significant difference.

We further performed a per protocol analysis among all patients who underwent the
allocated intervention. Finally, we examined whether a possible effect of cautery setting was
affected by periprocedural antithrombotic use, presence of multiple polyps, polyp location
(proximal vs distal), polyp size, or clip closure using the Mantel-Haenszel test for
interaction.

The sample size calculation was based on the primary intervention—the comparison of
postprocedure bleeding events between the clip group and the no-clip group.® The calculated
required number of patients to be randomly assigned to the clip vs no-clip group was 920.
For the secondary comparison of Endocut vs forced coagulation, this sample size of 920
patients would show a 5% absolute difference (eg, 10% vs. 5%) in the rate of severe adverse
events as significant at a power of 0.79. For clarity of presentation, results were rounded in
the text; tables and figures provide more precision.

All coauthors had access to the study data and reviewed and approved the final manuscript.

A total of 928 patients were randomly assigned equally to the Endocut and forced
coagulation groups, 919 patients completed the 30-day follow-up, and 675 patients
completed their first surveillance colonoscopy after a median of 6 months (Supplementary
Figure 1). Patient baseline characteristics were similar between groups with the exception of
a greater proportion of patients in the Endocut group with more than 1 study polyp (Table 1).
Characteristics of study polyps were also similar between groups. The overall median size
was 30 mm (IQR, 22-35), and two thirds of polyps were located at or proximal to the
hepatic flexure (Table 2). In the Endocut group, slightly more polyps lifted completely with
submucosal injection compared to the forced coagulation group (83% vs 78%; £=.060). In
both groups, a similar proportion of resection defects were closed with clips.
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Six polyps in the Endocut group (1.2%) were removed by forced coagulation, and 8 polyps
in the forced coagulation (1.6%) group were removed by Endocut. For another 14 polyps in
the forced coagulation group, the setting was switched to Endocut during the resection
(2.9%). Reasons for changing the setting varied and included personal preference for the
given polyp or, in the majority of cases, difficulty in removing the polyp with the initial
setting.

Primary Outcome: Severe Adverse Events

The rates of severe adverse events in the Endocut and forced coagulation groups were 7.2%
and 7.9%, respectively (P=.762) (Figure 1). There was no significant difference in the
occurrence of intraprocedure or postprocedure events or in the types of severe adverse events
(Table 3). For instance, postprocedure bleeding was observed in 5.0% in the Endocut group
and 5.7% in the forced coagulation group, occurring at a median of 2 days (IQR, 1-8) and
2.5 days (IQR, 1-7) after the procedure, respectively. More patients had a perforation in the
Endocut group than in the forced coagulation group (6 vs 3 patients), but this difference was
not significant (P = .320). The proportion of patients requiring a repeat colonoscopy (for
control of bleeding), blood transfusion, or surgery did not differ between groups.

There were 2 deaths; both occurred in the Endocut group. One patient underwent clip
closure and developed postprocedure bleeding after restarting anticoagulation. The patient
then developed a myocardial infarction and subsequently died of multiorgan failure. The
second patient was found dead at his home 18 days after the colonoscopy, without a clear
cause of death.

Complete Resection and Polyp Recurrence

Visibly complete polyp removal was achieved for 96% of polyps in the Endocut group and
95% in the forced coagulation group. Among all 857 (92%) patients who were eligible for
surveillance (Supplementary Figure 1), a similar proportion in each group underwent a first
surveillance colonoscopy (79%). Endoscopists documented identification of resection sites
in 91%. Overall polyp recurrence was observed in 17% at all previous EMR resection sites
in either group (Figure 1). When restricting recurrence to identified sites, the rates were 18%
and 19% in the respective groups (Table 4). Although most recurrences were
macroscopically visible, histologic recurrence without visible polyp tissue was found
slightly more frequently in the Endocut group than in the forced coagulation group (6.0% vs
3.1%; P=.07).

Performance Characteristics

Overall performance characteristics were similar between both groups (Table 5). Most
lesions were removed piecemeal, 90% with Endocut and 87% with forced coagulation.
Small residual tissue islands after initial snare resection were slightly less frequent with
Endocut than with forced coagulation (35% vs 41%; P=.041), yet adjunctive resection
techniques to remove any residual tissue did not differ between the groups. For instance, any
ablative method was used for 24% of polyps in either group.
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Intraprocedural bleeding that required treatment occurred more frequently during resection
with Endocut than with forced coagulation (17% vs 11%; £ =.006). In the majority,
bleeding was treated by a cauterizing method, and clips were placed in only 2.9% and 2.1%
in the Endocut and forced coagulation groups, respectively. The median resection time was
slightly shorter in the Endocut group compared to the forced coagulation group (17 vs 18
minutes; P=.058).

Per Protocol and Subgroup Analyses

The allocated intervention was applied in 454 patients (97.8%) with 505 study polyps in the
Endocut group and in 432 patients (93.1%) with 461 study polyps in the forced coagulation
group. The per protocol analysis did not show any difference with respect to severe adverse
events, complete resection, or rate of recurrence (Supplementary Table 1).

In additional subgroup analyses, we examined whether cautery outcomes were different in
selected subgroups of patients or polyps. Periprocedural antithrombotic medications,
presence of more than 1 large polyp, polyp size (<40 mm vs =40 mm), proximal polyp
location, clipping of the mucosal defect, or prior resection attempts did not significantly
affect the effect of electrosurgical setting on the occurrence of severe adverse events
(Supplementary Table 2), complete resection, or recurrence (test for interaction not
significant, data not shown). There was a nonsignificant tendency of a greater risk of
recurrence for polyps with prior resection attempts that were removed with forced
coagulation (8/39 polyps; 20.5%) compared to those removed with Endocut (7/51; 13.7%).

Discussion

This randomized trial compared 2 commonly used electrosurgical settings for polyp
resection, a combination of a blended and cutting current (Endocut Q) and a pure
coagulation current (forced coagulation). The study found no difference in the rate of severe
adverse events, complete resection, or risk of recurrence. There were a few differences in
performance characteristics with either method. Most notably, Endocut more frequently
caused intraprocedural bleeding that required treatment than forced coagulation (17% vs
11%). In contrast, small residual tissue islands were more frequently described in the forced
coagulation group than in the Endocut group. Furthermore, there was a slight difference in
the resection time favoring Endocut. However, these procedural differences did not affect
overall safety and efficacy.

In our study, Endocut more frequently resulted in intraprocedural bleeding that required
treatment, in most cases with a cauterizing method, yet neither of the 2 settings showed a
convincing benefit in complete polyp removal, complications, or recurrence. The greater
intraprocedural bleeding risk with Endocut suggests that the blended phase between the
cutting pulses was not sufficient to seal bleeding vessels. It is possible that a different mode
for this phase may result in less frequent bleeding, and future investigation into different
settings may be worthwhile.

The greater risk of intraprocedural bleeding with Endocut may affect the field of view during
resection and raise concerns about a greater risk of recurrence, as suggested by a previous
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study.® Although we did not find a difference in recurrence between the 2 groups, our study
cannot completely exclude this possibility. Other factors that we did not examine may play a
modifying role and conceal a potential impact of bleeding during resection and recurrence.
A more detailed examination of factors associated with recurrence would be valuable.

Of note, the imbalance in baseline characteristics with respect to the presence of multiple
large polyps had no effect on the main outcomes. Furthermore, in none of the subgroup
analyses on antithrombotics, polyp size, proximal location, multiplicity of polyps, prior
resection attempts, or clipping of the mucosal defect did we find differences in main safety
or efficacy outcomes between electrosurgical settings. There was a tendency of a greater risk
of recurrence for polyps with prior resection attempts that were removed with forced
coagulation compared to Endocut; however, the numbers are small, and other polyp and
procedure factors may confound this observation.

We observed more perforations in the Endocut group than in the forced coagulation group (6
vs 3 perforations). Although the study was underpowered to show such difference as
significant, an increased risk of perforation with Endocut may be real (type 2 error). To
provide proof, a far larger study would be needed, which is unlikely to happen. Endoscopists
using Endocut should therefore be aware of this potential risk and ensure that no muscularis
propria is entrapped in the snare before electrosurgery is applied.

Both the Endocut and forced coagulation currents were delivered using the Erbe generator.
We did not consider it feasible to use more than 1 generator in the study. Erbe delivers
microprocessor-controlled current that adjusts for tissue resistance. In this regard, our study
does not simulate older uncontrolled comparisons of blended and forced coagulation
currents in which the actual currents delivered reflect the power settings dialed into the
generator by the clinician.”8 Thus, in older generators, a power setting of 20 W will deliver
20 W regardless of tissue resistance. Given this, we cannot say based on this study that
current delivered by the Erbe generator and current delivered by a fixed power generator
have equal safety. In fact, in one study, the use of microprocessor-controlled electrosurgical
units decreased the risk of postprocedure bleeding complications, when compared to older
units, 17 supporting the use of microprocessor-controlled processors for polyp resection.

In addition, the amount of thermal injury delivered to the tissue is a function of the speed of
snare transection, that is, the faster the transection, the lesser the thermal injury. Speed of
transection can be controlled by factors other than current type or setting. For example,
closing the snare tightly before applying current will increase the current density in the snare
and result in a more rapid transection and less thermal injury compared to a loose grip on the
tissue with a slow mechanical closure of the snare. This aspect of thermal injury was not
controlled for but could have been used by study investigators to control thermal injury with
each individual polyp resection.

Although polyp resection overall is moving toward cold snare resection without using any
cautery, it will likely continue to be needed for larger polyps.18-23 Although we have not
included polyps <20 mm in size, it seems unlikely that the results would differ because we
have not found a difference when stratified by polyp size. We also did not include
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pedunculated polyps. Because these polyps have a greater risk of immediate bleeding, we
may infer from our study that it may be safer to apply a coagulation current with a lower risk
of immediate bleeding to these polyps.

Several limitations should be noted. It is possible that a different Endocut or forced
coagulation setting would yield different results. The selected settings (Endocut: effect 2,
duration 1, interval 4; forced coagulation: effect 2 at 25 W) were based first on our
endoscopists’ clinical practice. The survey of our study endoscopists showed that the
fraction of endoscopists using the 2.1.4 setting before the study was the same as the fraction
using the setting of 3.1.6. According to a recent review issued by the manufacturer, both
settings are within the recommended range.2 In our in vitro testing, the thermal effects of
the 2.1.4 setting and forced coagulation current seemed similar, although in clinical practice,
anecdotal experience shows that Endocut at a variety of settings provides faster tissue
transection generally as well as better cutting through fibrotic tissue than forced coagulation
current. The observation that, in 5% of polyps randomly assigned to the forced coagulation
group, the physician used Endocut for a portion of the resection is consistent with the more
effective cutting properties of Endocut. We did not enforce how the Endocut current was
used. When the yellow pedal is depressed, cutting current is delivered first, and some
clinicians tap the yellow pedal repeatedly so that the current does not cycle into the
coagulation phase. Although different current settings for Endocut or different methods of
application might produce a different result, the study design did compare a current with a
significant cutting component to pure forced coagulation current. A further limitation is that
the results are representative of endoscopists with sufficient experience to be considered
local experts, because patients were recruited through referral from other colleagues.
Although all endoscopists were instructed to be the primary endoscopist to perform the
resections, trainees might have participated in polyp resection, which could have affected the
outcome. We also did not have data on first surveillance colonoscopy in approximately one
fifth of patients, yet this proportion was similar to previous studies.18:2> Finally, the study
was underpowered to draw strong conclusions on low event outcomes such as perforation or
postpolypectomy syndrome.

In summary, to our knowledge, this is the first randomized study that compared 2 commonly
used electrosurgical settings for the resection of large (=20-mm) nonpedunculated colorectal
polyps. Overall, polyp resection with Endocut or forced coagulation did not differ with
respect to severe adverse events, complete resection rate, or polyp recurrence. This study
therefore supports an individual approach based on endoscopist preference.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT YOU NEED TO KNOW
BACKGROUND AND CONTEXT

There is debate over the type of electrosurgical setting that should be used for polyp
resection. Some endoscopists use a type of blended current (yellow) whereas others
prefer coagulation (blue).

NEW FINDINGS

In a randomized trial to compare 2 commonly used electrosurgical settings for the
resection of large colorectal polyps (Endocut vs forced coagulation), we found no

difference in risk of serious adverse events, complete resection rate, or poly recurrence.

LIMITATIONS
Larger prospective studies are needed to confirm these findings.
IMPACT

Electrosurgical settings can therefore be selected based on endoscopist expertise and
preference

Gastroenterology. Author manuscript; available in PMC 2021 July 07.
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25% -

Endocut
B Forced Coagulation
20% -
16.5% 17.4%
15% -
10% -
7.2% 7-9%
5% -
0% -
Severe Adverse Events Recurrence
Figure 1.

Rate of immediate and postprocedure severe adverse events (per patient analysis) and polyp
recurrence at first surveillance colonoscopy (per polyp analysis).
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