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tinal tract. This article reviews EMR and focuses on large colorectal
polyps, which constitute the most common indication for EMR. Various

methods of polyp evaluation can help gastroenterologists determine

E-mail: jtabibian@dhs.lacounty.gov copist may be necessary. Techniques for performing EMR include
conventional hot-snare EMR with submucosal injection and electro-
cautery snare removal of colorectal lesions, as well as alternative EMR
techniques such as cold-snare EMR and underwater EMR. Key adverse
events associated with EMR include bleeding, perforation, and post-
polypectomy coagulation syndrome. Finally, as residual or recurrent
polyp formation is possible regardless of EMR technique, this article
addresses the importance of surveillance post-EMR and the patients

who are at highest risk for polyp recurrence.

ndoscopic mucosal resection (EMR) is an endoscopic technique

developed to remove sessile or flat neoplasms of the mucosa of

the gastrointestinal (GI) tract. EMR can be classified a number
of ways. One common means of classification is based on endoscopic
technique, which includes injection-assisted EMR, cap-assisted EMR,
ligation-assisted EMR, and underwater EMR (U-EMR).! Of these, the
most frequently used technique generally is injection-assisted EMR, in
which a lifting solution is injected into the submucosal space to facilitate
safe and complete removal of the lesion while minimizing damage to
deeper layers. The choice of solution for submucosal lift and the method
for lesion removal can vary, as will be discussed.
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and outcomes at each site may vary. EMR in the esopha-
gus is indicated in Barrett esophagus—associated dysplasia
and superficial esophageal cancer.!® For superficial esoph-
ageal cancer, endoscopic submucosal dissection (ESD), a
procedure in which a lesion is removed through deeper
layer dissection, has generally higher en bloc resection
rates and lower recurrence rates than EMR. Notably, for
lesions smaller than 20 mm, there is no difference between
EMR and ESD in recurrence rate, and a longer procedure
time is required for ESD.* EMR in the stomach can be
performed for early gastric cancer and type 1 gastric car-
cinoid, among other indications.! However, as with early
esophageal cancer, EMR has a higher recurrence rate than
ESD for both early gastric cancer® and gastric carcinoid.”
EMR in the small intestine is most often performed for
duodenal adenomas. Of note, EMR and ESD in the duo-
denum are considered higher risk than elsewhere, given
the increased vascularity and relatively thin wall leading
to higher rates of bleeding and perforation.’

The colon is the most frequent site for EMR; indeed,
over the past decade, EMR has become a cornerstone
technique for the removal of large colorectal polyps.®!!
EMR allows for efficient and complete resection of a
polyp, thereby preventing colorectal cancer—related death
and avoiding risks and other drawbacks of surgery."?
Indeed, surgical resection, which was historically standard
treatment for large polyps, is associated with significant
morbidity and mortality,’* whereas EMR has been
demonstrated to be both safe and effective, with high R0
(ie, complete) resection rates.” For large lesions, partic-
ularly in the left colon and rectum, ESD is also a highly
effective option to achieve RO resection.'

This article reviews EMR and focuses on large col-
orectal polyps. It discusses endoscopic evaluation of pol-
yps prior to performing EMR, common EMR techniques
and their respective considerations, adverse events (AEs)
of EMR, and surveillance post-EMR.

Tips for General Gastroenterologists

Prior to performing EMR, the endoscopist must deter-
mine whether EMR is feasible and whether referral to
an endoscopist more experienced in the removal of large
polyps is appropriate. Unsuccessful resection attempts or
extensive biopsying of a lesion can hinder future EMR
attempts. Therefore, prior to attempted resection, careful
polyp evaluation and reflection is essential.

Assessing Polyp Features and Endoscopic Mucosal
Resection Feasibility

After a polyp is identified, the endoscopist must assess
the appropriateness and feasibility of EMR; polyps har-

boring malignancy with submucosal invasion are unlikely

to be completely removed by EMR, and, thus, the area
adjacent to the lesion should be tattooed and referred for
surgical resection or advanced endoscopic techniques (eg,
ESD). Various polyp features, including size, location,
morphology, and surface characteristics, can determine
the likelihood of malignancy and difficulty of resection."

As previously mentioned, polyp size is one of the most
important risk factors for malignancy. In a large prospec-
tive study, invasive carcinoma was not found in adenomas
5 mm or smaller, although polyps 6 mm to 15 mm, 16
mm to 25 mm, 26 mm to 35 mm, and larger than 35
mm had a 2%, 19%, 43%, and 76% risk of invasive carci-
noma, respectively.'® Location also plays a role in resection
difficulty, with right colonic lesions more difficult to resect
owing to decreased scope mobility, higher frequency of
sessile morphology, and the relative thinness of the right
colonic wall. Polyp morphology provides information
regarding the malignancy risk and submucosal invasion;
in the Paris classification, polyps are morphologically
categorized as pedunculated (Ip), sessile (Is), flac (0-Ila
[slightly elevated], 0-1Ib [flat], 0-Ilc [slightly depressed]),
or ulcerated (0-1IT)."” Polyps that have a depressed com-
ponent (0-IIc) or are 0-Is or 0-Ia+ls are associated with
higher rates of submucosal invasive cancer.'®

Polyp surface patterns can be classified by various
means. In the Narrow-Band Imaging International
Colorectal Endoscopic (NICE) classification, polyps are
categorized as hyperplastic or sessile serrated polyps (type
1), conventional adenomas (type 2), or deep submucosal
invasive cancer (type 3) based on color, associated vessels,
and surface patterns.”” A multicenter, prospective study
found that the NICE classification identified lesions with
deep invasion with a sensitivity and specificity of 58% and
96%, respectively, and had a positive predictive value and
negative predictive value of 42% and 98%, respectively.?
In the Kudo classification, polyps are classified based
on the following pit patterns: round (type I), papillary/
stellar (type II), small tubular or round (type II1-S), large
tubular or round (type III-L), gyrus/branchlike (type IV),
nonstructured/amorphous (type V-I), or with a decrease
of amorphous pits (type V-N). Types I and II polyps are
considered benign, whereas types III through V polyps
are considered as showing dysplastic changes.” In a pro-
spective, multicenter study, types III and IV patterns were
associated with a 4% and 5% risk of invasion, respectively;
type V had a 56% risk of invasion.?

A composite method of assessing difficulty of polyp
resection is the Size, Morphology, Site, Access (SMSA)
scoring system.” In the SMSA system, points are given
based on size (1-9 points), morphology (1-3 points), site
(1-2 points), and access (1-3 points). Polyps are then
assigned a total score, with corresponding levels of com-

plexity: level 1 (4-5 points), level 2 (6-9 points), level 3
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Figure. Three different endoscopic mucosal resection (EMR) methods for removal of colorectal polyps. Adapted from

Yamashina et al.”

(10-12 points), or level 4 (>12 points). Using this scoring
system and the context of his or her own EMR experience
and skill set, an endoscopist can estimate polypectomy
difficulty, predict which polyps are at increased risk of
failed EMR, and refer a case to a more experienced endos-

copist or surgeon if necessary.*#*

Knowing When to Refer

Once EMR is determined to be appropriate, the endos-
copist must decide either to proceed with removing the
polyp or to refer the case. Incomplete polyp removal is
resource inefficient and makes future attempts at EMR
more difficult; as a result, one should aim to completely
remove a polyp on the first actempt. For this reason, for
resecting polyps 20 mm or larger, the US Multdi-Society
Task Force (USMSTF) recommends that the endoscopist
be experienced in advanced polyp resection techniques.?
There is considerable institution-specific variability
regarding whether an individual who is experienced in
polyp resection techniques is an advanced endoscopist or
experienced general gastroenterologist.

Endoscopic Mucosal Resection Techniques

In the colon, the 3 most common techniques for removal
of large nonpedunculated polyps are hot-snare EMR
(HS-EMR), cold-snare EMR (CS-EMR), and U-EMR,
as shown in the Figure. Both HS-EMR and CS-EMR are

variations of injection-assisted EMR wherein submucosal
injection is used to create a cushion that lifts the polyp
and separates it from the muscularis propria. The polyp is
then removed with a snare; in HS-EMR, this is performed
with electrosurgical cautery, whereas no cautery is used in
CS-EMR. In U-EMR, no submucosal injection is needed.
Instead, water immersion is used to float the mucosa and
submucosa away from the muscularis propria.?” Typically,
the lesion is then removed by HS resection, although
theoretically CS could also be used.

Submucosal Injection

Submucosal injection is performed using a retractable
injection needle through the working channel of an
endoscope. For large lesions, multiple injections along the
perimeter of a lesion may be needed to achieve satisfac-
tory lift.® A static or dynamic technique can be used for
the injection; in the dynamic technique, an injection is
done while the needle position is redirected.”” Submuco-
sal injection may be targeted to optimize visualization and
resection (eg, injecting the proximal aspect of the polyp to
shift its surface toward the colonoscope).

There are a variety of substances that can be used for
submucosal injection, as summarized in Table 1. Normal
saline (NS) is the most commonly used substance; other
agents have been shown in animal studies,”** retrospec-
tive studies,” and randomized controlled trials (RCTs)>*4
to have benefit vs NS with regard to longer duration of
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Table 1. Submucosal Agents Used During EMR

ey Cushion 5
Agent Description Duration® Advantages Disadvantages Efficacy (vs NS)
NS 0.9% NS in water + * Widely available * Low duration N/A
* Inexpensive of submucosal
* Negligible damage e fiom
to specimen
* Nontoxic
Glycerol Hypertonic solution ++ * Does not damage | * Limited * Longer submucosal elevation vs NS
(10% glycerql and resected specimen ava%lability inthe | o Retrospective study: EMR of 10-19 mm flat lesions
5% fructose in NS) * Relatively United States with glycerol had higher en bloc resection rate and
inexpensive complete resection rate®
DW Hypertonic solution ++ * Relatively * Significant tissue | ® RCT: EMR with 50% DW had smaller volumes, fewer
(concentrations inexpensive damage at higher | injections, higher en bloc resection rate, and longer
<15% in NS) concentrations persistence of cushion®
* Increased risk of | ® Meta-analysis: DW and NS equally effective in
postpolypectomy | complete resection rate and complications*
syndrome
Hypertonic | 3% sodium chloride ++ * Inexpensive * Possible tissue N/A
saline * Widely available damage and local
inflammation
Albumin Colloidal solution ++ * Widely available * Expensive * Porcine study: Greater mucosal elevation with albumin
vs NS
SG Colloidal solution ++ * Widely available ¢ Contraindicated | * RCT: EMR of >20 mm polyps with SG had higher
with similar oncotic « Inexpensive in patients SRQ, fewer resections and injections, lower injection
pressure to albumin « Nontoxic with gelatin volume, and shorter duration®
hypersensitivity | o Meta-analysis: SG and NS equally effective in complete
resection rate. SG had a trend toward decreased
postpolypectomy bleeding®
HPMC Cellulose derivative + * Widely available * Moderately * Porcine study: Greater mucosal elevation with HPMC?!
with vis‘coelastic expensive * Mongrel study: Longer duration of mucosal elevation®
properties * Can cause * RCT: EMR of >15 mm sessile polyps showed no
antlgcn-amlbody difference in SRQ or other outcomes®
reactions
FM Solution from human e * Relatively * Viral contam- * Mongrel study: Longer duration of mucosal elevation®
cc?agul?tion. proteins inexpensive ination and * RCT: EMR of gastric lesions with FM had no differ-
with high viscosity aSSOC‘at_ed_ ences in en bloc resection or recurrence but FM had
transg}lssmn 2 shorter procedure time and lower injection volume®
possible * Meta-analysis: FM and NS equally effective in complete
resection rate. FM had a trend toward decreased
postpolypectomy bleeding®
HA Glycosaminoglycan bt * Nontoxic * Expensive * Porcine study: Greater mucosal elevation with HA®
with high viscosity * No potential * Can stimulate * RCT: EMR of polyps 220 mm with SH was associated
and alcgrctention antigen-antibody growth of with easier submucosal injection with similar injection
.ca%ablllty%Usz:)allgH reaction residual tumor time and adverse events®®
;21;;2:10 Ut cells * RCT: EMR of polyps <20 mm with HA had higher
rates of complete resection and longer mucosal
elevation®

* Meta-analysis: SH and NS equally effective in complete
resection rate and complications®

HES Colloidal volume et * Relatively N/A * RCT: EMR of colorectal LST with a diameter of
expanding solution inexpensive >30 mm with HES had lower injection volume, longer
submucosal elevation, and shorter procedure time*

* Meta-analysis: HES and NS equally effective in
complete resection rate. HES had a trend toward
decreased postpolypectomy bleeding®

Eleview Synthetic solutions bt * Convenient for * Expensive * RCT: EMR for polyps 220 mm with Eleview had
and with water, NS, bulk- clinicians lower injection volumes, lower procedure time, higher
ORISE gel | ing agent, emulsifier, » Nontoxic SRQ, higher rate of en bloc resection, and similar

oil component, and
methylene blue

adverse events*

DW, dextrose water; EMR, endoscopic mucosal resection; FM, fibrinogen mixture; HA, hyaluronic acid; HES, hydroxyethyl starch; HPMC, hydroxypropyl

methylcellulose; LST, laterally spreading tumor; N/A, not available; NS, normal saline; RCT, randomized controlled trial; SG, succinylated gelatin; SH,

sodium hyaluronate; SRQ, Sydney Resection Quotient (size of the polyp divided by the number of pieces resected and the amount of tissue per snare attempt).

“The number of plus signs corresponds with the length of cushion duration, with + representing the shortest duration and ++++ representing the longest duration.
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submucosal cushion,
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injection volume,
procedure time, and rates of complete or en bloc
resection.”>***% However, a meta-analysis examining
injection with NS, 50% dextrose water, sodium hyaluro-
nate, succinylated gelatin (SG), hydroxyethyl starch (HES),
and fibrinogen mixture (FM) showed no advantage for
any single substance in terms of complete resection rate,
although there was a favorable trend for HES, SG, and FM
in decreasing postpolypectomy bleeding.® Overall, there is
no compelling evidence that definitively supports the use
of one solution over another, although certain advantages
and disadvantages may exist in specific scenarios.

Various adjuvants in the injectate can be used. One
adjuvant is diluted epinephrine (1:10,000-200,000),
which can be added to reduce intraprocedural bleeding
and help to maintain a clean resection field.”® These
benefits were demonstrated in a meta-analysis showing
that diluted epinephrine reduced early postpolypectomy
bleeding during EMR of colorectal polyps 20 mm or
larger.* Furthermore, reduced vascular flow with epi-
nephrine may also help delay fluid reabsorption and
thus may enhance duration of the submucosal cushion.
Although epinephrine may have systemic effects, they
are mainly observed with higher amounts of epinephrine
used for hemostasis.”® Another adjuvant is a staining dye
(eg, methylene blue or indigo carmine). These dyes allow
the endoscopist to better differentiate the submucosal
layer from the deeper muscle layer and identify margins
during EMR.# If the muscularis propria is inadvertently
resected, the transected surface will not be stained, lead-
ing to a target lesion that can help to identify defects.”
Therefore, addition of a staining dye is advisable during
EMR, particularly for lesions that are 20 mm or larger or
laterally spreading.“t

Whether through submucosal injection during
HS-EMR and CS-EMR or through water immersion
during U-EMR, submucosal lifting improves resection
rates of nonpedunculated colorectal polyps.”® The addi-
tion of an adjuvant may add further benefit in select cases.

Hot-Snare Endoscopic Mucosal Resection
In HS-EMR, injection-assisted submucosal lifting is con-
ventionally followed by HS resection, wherein electrical
current converted into heat transects the tissue where
the snare is closed. This can allow for en bloc resection,
ablation of polyp tissue at the margin, and cauterization of
smaller blood vessels to mitigate intraprocedural bleeding.!
Electrical current in HS-EMR is supplied by elec-
trosurgical generator units (ESUs). Two main types of
currents are coagulation and cut currents, which differ
based on voltage supplied and duty cycle. Voltage refers to
the force that pushes a current through a resistance. Duty
cycle refers to the percentage of total time the current is

delivered. A pure coagulation current delivers a higher
voltage and a low duty, interrupted cycle. This results in a
slower increase in temperature, which causes cells to dehy-
drate without bursting. The resulting desiccation helps to
coagulate vessels and prevents bleeding but may inad-
vertently cause deeper tissue injury. A pure cut current
delivers a lower voltage and continuous, 100% duty cycle
current. This leads to rapid heating of cells that burst and
vaporize, resulting in cleavage of tissue along the snare.?’
Pure cut current has been associated with postpolypec-
tomy bleeding.”® For these reasons, blended currents with
an intermediate duty cycle are often selected.?’

The optimal ESU current setting during EMR is
unknown. Retrospective analysis of blended vs pure
coagulation current showed no difference in complica-
tions or bleeding rates.”” However, with blended current,
bleeding events occurred immediately or within 12
hours, whereas with pure coagulation current, bleeding
2 to 8 days later was more likely.” To investigate these
differences, Pohl and colleagues performed an RCT of
patients with nonpedunculated polyps 20 mm or larger
who underwent HS-EMR > Patients were randomized to
either a pure coagulation current or Endo Cut Q (Erbe
Elektromedizin), a proprietary combination of blended
and cutting currents. There was no difference in complete
removal of polyps or recurrence. Rates of severe AEs were
similar in the pure coagulation and Endo Cut Q groups
(7.9% vs 7.2%). Postprocedural bleeding rates also did
not differ, with similar time to bleeding in both groups
(2.5 vs 2 days; P=.984). Of note, the authors did find that
11% of the pure coagulation group had immediate bleed-
ing postpolypectomy compared with 17% in the Endo
Cut Q group, which was significantly different (P=.006).
Overall, no clear recommendation has been made on
optimal ESU current during HS-EMR. Regardless of
which current is selected, clear communication with the
nurse or technician during EMR is essential, as the area
of tissue captured influences current density, and quicker
snare closure may be important to prevent deep mural
injury, particularly in the right colon.

Cold-Snare Endoscopic Mucosal Resection
Although electrocautery during HS-EMR  helps with
polyp removal and ablation of residual polyp tissue, there
is a risk of deep mural injury. As a result, some endos-
copists prefer CS-EMR, in which the polyp is removed
without electrocautery after submucosal injection.
Current evidence regarding the safety and efficacy
of CS-EMR, including comparisons with HS-EMR, is
shown in Tables 2 and 3. Efficacy endpoints of interest
include en bloc (vs piecemeal) resection, complete his-
tologic resection, and complete macroscopic resection.
Complete histologic (R0) resection refers to the absence
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Table 2. Characteristics of Studies on CS-EMR and U-EMR

Study ‘ Year ‘ # of Patients # of Polyps | Type of Study Size of Polyp | Type of Polyp
CS-EMR
Suresh et al”! 2021 310 310 Retrospective >20 mm Nonpedunculated polyps
Tutticci and Hewett* 2018 99 163 Prospective >10 mm Nonpedunculated SSLs
Yabuuchi et al*? 2020 72 80 Prospective 10-14 mm Nonpedunculated adenomas
Thoguluva 2019 342+ 522 Meta-analysis 210 mm Nonpedunculated adenomas
Chandrasekar et al®’
CS-EMR vs HS-EMR
van Hattem et al’® 2021 474 562 Retrospective >20 mm Nonpedunculated SSLs
Guo et al”’ 2022 256 256 Retrospective 6-9 mm All colorectal polyps
Papastergiou et al** 2018 155 164 RCT 6-10 mm Nonpedunculated polyps
Lietal® 2020 404 781 RCT 6-20 mm All colorectal polyps
Thoguluva 2020 911 1137 Meta-analysis 210 mm Nonpedunculated SSLs
Chandrasekar et al*®
U-EMR
Sandhu et al® 2018 93 102 Retrospective >10 mm All colorectal polyps
Kawamura et al* 2018 38 64 Retrospective 6-40 mm All colorectal polyps
Binmoeller et al” 2012 60 62 Prospective 220 mm Nonpedunculated polyps
Wang et al”® 2014 21 43 Prospective 8-50 mm All colorectal polyps
Uedo et al” 2015 11 11 Prospective 15-25 mm All colorectal polyps
Amato et al” 2016 25 25 Prospective 10-50 mm Nonpedunculated polyps
Siau et al® 2018 85 97 Prospective >10 mm All colorectal polyps
Schacher et al® 2021 24 24 Prospective >9 mm All colorectal polyps
U-EMR vs HS-EMR
Schenck et al”” 2017 75 101 Retrospective 215 mm Nonpedunculated polyps
Mouchli et al” 2020 190 190 Retrospective 210 mm Gastric/duodenal/colorectal
polyps
Rodriguez Sénchez 2019 137 162 Prospective >15 mm Nonpedunculated polyps
etal”
Yamashina et al”® 2019 210 210 RCT 10-20 mm Nonpedunculated polyps
Yen et al’ 2020 462 255 RCT >6 mm Nonpedunculated polyps
Zhang et al® 2020 130 142 RCT 4-9 mm Nonpedunculated polyps
Chandan et al® 2021 1851 2120 Meta-analysis 26 mm All colorectal polyps
Yamashina et al” 2021 777+ 1374 Meta-analysis >4 mm All colorectal polyps

Of note, in the meta-analyses by Thoguluva Chandrasekar et al*® and Yamashina et al,”” the number of patients was not available for some of the

included studies, so the table provides the known number of patients.

CS-EMR, cold-snare endoscopic mucosal resection; HS-EMR, hot-snare endoscopic mucosal resection; RCT, randomized controlled trial; SSL, sessile serrated lesion;

U-EMR, underwater endoscopic mucosal resection.

of microscopic tumor in the polyp resection site, whereas
complete macroscopic resection refers to the lack of resid-
ual polyp seen endoscopically. Safety endpoints include
intraprocedural or immediate postprocedural bleeding,
delayed bleeding, and perforation. For CS-EMR, en bloc
resection rates vary in the literature, with some endosco-
pists pursuing all CS-EMR in a piecemeal fashion® and
others reporting an 83% en bloc resection rate.”> Complete

histologic resection is achieved with CS-EMR in 64% to
99% of cases.’*> Recurrence on surveillance colonoscopy
also ranges widely, from 1% to 35%."%*7 In terms of AEs,
0% to 2% of cases had intraprocedural or immediate post-
procedural bleeding®*’; delayed bleeding or perforation is
extremely rare.”*®

Both CS-EMR and HS-EMR have high rates of

54,55

complete histologic®*>* as well as macroscopic™® resection.
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Table 3. Current Evidence Regarding the Efficacy and Safety of CS-EMR and U-EMR

Intraprocedural or
Complete Histologic Immediate

En Bloc or Macroscopic Postprocedural Delayed
Study Resection Resection Recurrence Bleeding Bleeding Perforation
CS-EMR
Suresh et al’! 0% = 34.80% 1% = -
Tutticci and - 98.8%* 0.70% 1.8% None None
Hewett>
Yabuuchi et al* 82.50% 63.8%* - None None None
Thoguluva - 99.304° 4.1% (overall), 1% 1.2% - None
Chandrasekar for SSL, and 11.1%
et al”’ for adenomas
CS-EMR vs HS-EMR
van Hattem - 100% vs 99%" 4.3% vs 4.6% at 6 - 0% vs 5.1% -
et al’® months and 2% vs

1.2% at 18 months
Guo et al”? - - - No difference No difference =
Papastergiou - 92.8% vs 96.3% - 3.6% vs 1.2% None None
et al* (noninferior)? (noninferior)
Lietal® = 94.1% vs 95.5% = 4.4% vs 1.9% (NS) 0.8% vs 2.6% None
(NS)* (NS)
Thoguluva - - 0.9% vs 5% (NS 0.7% vs 2% 0% vs 2.3% 0% vs 0.3%
Chandrasekar on multivariate) (NS on multivariate) (NS on (NS on
et al’° multivariate) multivariate)
U-EMR
Sandhu et al® 9.80% - - - 9.70% -
Kawamura et al* 81% 54%? - 5% (unclear if delayed or immediate) 2.6%
Binmoeller et al?’ = 100%° 1.90% - 5% =
Wang et al”® - 97.7%" - — 2.30% -
Uedo et al”® - 63.6%* - 18.20% None None
Amato et al” 76% 100%° = 8% None None
Siau et al® 45.50% 97.9%" 20.3% polyp 2.10% 2.10% -
recurrence, 13.6%
adenoma recurrence
Schacher et al® 66.7% 100%" — None None None
U-EMR vs HS-EMR
Schenck et al” - 98.6% vs 87.1% 7.3% vs 28.3% - 6.7% vs 0% None
(P=.012)° (P=.008) (P=.102)

Mouchli et al”® 35.8% vs 62% - 19.1% vs 27.1% 2.94% vs 0% (NS) 4.4% vs 4.9% None

(P<.01) (P=.215) (NS)
Rodriguez 49% vs 62% 100% vs 89.3% 5.3% vs 17.9% 10% vs 2% 0% vs 0.9%
Sinchez et al”! (P=.08) (P=.01)* (P=.56) (NS; unclear if delayed or immediate)
Yamashina et al” 89% vs 75% 69% vs 50% - 2% vs 2.8% None None

(P=.007) (P=.011)* (NS)

(Table continues on following page)
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Table 3. (Continued) Current Evidence Regarding the Efficacy and Safety of CS-EMR and U-EMR

Intraprocedural or
Complete Histologic Immediate
En Bloc or Macroscopic Postprocedural Delayed
Study Resection Resection Recurrence Bleeding Bleeding Perforation
U-EMR vs HS-EMR (Continued)
Yen et al™ 89.9% vs 90.2% 98% vs 97.1% - 2% vs 1.9% None None
(P=.64) (P=91) (P=91)
Zhang et al® 94.4% vs 91.5% 83.1% vs 87.3% - 1.4% vs 1.4% 2.8% vs 0% None
(noninferior) (noninferior)? (NS) (NS)
Chandan et al® 58.7% vs 95.3% vs 81.5%; 11.3% vs 27%; 6.7% vs 8.7%; OR, 2.2% vs 1.7%; 0.6% vs
49.7%; OR, OR, 3.1 (95% CI, OR, 0.3 (95% CI, | 0.8 (95% CI, 0.4-1.8); | OR, 1.5(95% | 0.8%; OR,
1.9 (95% CI, 0.74-12.6); 0.1-0.8); P=.63 CI, 0.6-3.9); 0.9 (95%
1.1-3.34); P=.14 P=.01 P=41 CI, 0.2-3.1);
P=.02 P=.81
Yamashina et al”” | 72.1% vs 58.2%; May result in a - May result in a slight decrease in adverse events vs
OR, 1.84 (95% | slight increase in RO HS-EMR
CI, 1.14-2.96) resection®

Efficacy endpoints include en bloc resection, rates of complete hist()l()gic and macroscopic resection, and recurrence on surveillance colonoscopy.

Histologic or RO resection refers to the lack of microscopic tumor on histopathologic specimens from the polyp resection site. Complete macro-

scopic resection refers to the lack of endoscopic evidence of residual polyp at the resection site. Safety endpoints include immediate or intraproce-

dural bleeding (within 48 hours), delayed bleeding (48+ hours after the procedure), and perforation.

CS-EMR, cold-snare endoscopic mucosal resection; HS-EMR, hot-snare endoscopic mucosal resection; NS, nonxigniﬁuu\t; OR, odds ratio; SSL, sessile serrated lesion;

U-EMR, underwater endoscopic mucosal resection.

“Histologic resection findings. "Macroscopic resection findings.

In addition, recurrence rates are similar between the
techniques.”®® Thoguluva Chandrasekar and colleagues
performed a meta-analysis on large, nonpedunculated,
sessile serrated lesions (SSLs) removed by EMR and
found that CS-EMR was associated with lower rates of
residual polyp on surveillance than HS-EMR (0.9% vs
5%), although this difference was not significant in multi-
variate analysis.”® Regarding AEs, there is no reported dif-
ference in intraprocedural or immediate postprocedural
bleeding.”**%** For delayed bleeding, van Hattem and
colleagues found that, for large SSLs, 5.1% of HS-EMR
cases had delayed bleeding compared with none in the
CS-EMR group.”® Similarly, the meta-analysis performed
by Thoguluva Chandrasekar and colleagues found lower
rates of delayed bleeding with CS-EMR (0% vs 2.3% for
HS-EMR), although this was not significant in multivar-
iate analysis.*®

Some researchers have suggested that CS-EMR may
be an ideal technique for SSLs, which have little to no
submucosal fibrosis and a thin mucosal layer only slightly
thickened beyond the surrounding mucosa.®’ To support
this, a meta-analysis evaluating outcomes after CS-EMR
of nonpedunculated colorectal polyps found that the
recurrence rate after CS-EMR was only 1% for SSLs com-
pared with 11% for adenomatous lesions.”” These findings
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suggest that CS-EMR may be an appropriate alternative
to HS-EMR, particularly for SSLs.

Underwater Endoscopic Mucosal Resection

In some instances, submucosal injection can hinder
snare capture of a flat polyp.®! Furthermore, it could also
introduce neoplastic cells into deeper wall layers.®* For
these reasons, Binmoeller and colleagues developed the
U-EMR technique, in which air is aspirated and water
immersion is performed.” This floats the mucosa and
submucosa away from the deeper muscularis layer and
allows for electrosurgical snare capture of the target lesion
without submucosal injection.

Current evidence on the safety and efficacy of
the U-EMR technique, including comparisons with
HS-EMR, is shown in Table 3. The en bloc resection
rate with U-EMR varies from 10% to 94%.%74 Com-
plete histologic resection is observed in 54% to 100%
of cases®®7"> and complete macroscopic resection is
observed in 94% to 100% of cases.”®*®777 Rates of
polyp recurrence on surveillance colonoscopy range
from 2% to 20%.27:6¢6870777 Tntraprocedural or imme-
diate postprocedural bleeding has been reported in 0% to
18% of cases®””” and delayed bleeding in 0% to 10% of

cases.?763:667174 Perforation is extremely rare; Kawamura
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and colleagues noted 1 perforation in a study of 38
patients (2.6%).%

Comparative studies show the potential advantage
of U-EMR over HS-EMR. Some studies show higher
rates of en bloc resection with U-EMR,” although others
show lower rates.”®”! Favoring the former observation,
2 separate meta-analyses found higher en bloc resection
rates with U-EMR.72 Of these meta-analyses, Chandan
and colleagues also found higher complete macroscopic
resection rates with U-EMR than HS-EMR, lower rates
of recurrence on surveillance colonoscopy, and no clear
difference in rates of immediate or delayed bleeding or

perforation®; Yamashina and colleagues concluded that

there may be a slightly lower risk of AEs with U-EMR.”
In summary, U-EMR seems to be safe and effective and
might allow for more complete resection than HS-EMR.

There is no single trial comparing the 3 different
EMR techniques. However, Yuan and colleagues per-
formed a meta-analysis including 36 studies and 3212
polyps comparing HS-EMR, CS-EMR, U-EMR, and
other polyp removal techniques.”® They found that
resection techniques with a submucosal lift (including
HS-EMR, CS-EMR, and U-EMR) had higher complete
histologic resection and en bloc resection rates. Regard-
ing safety, they found that electrocautery with HS-EMR
and U-EMR was associated with higher intraprocedural
bleeding than CS techniques, including CS-EMR (3%
vs 0%). Delayed bleeding, perforation, and postpolyp-
ectomy syndrome were rare in all groups. Randomized
trials comparing these 3 EMR techniques are needed to
determine what the ideal technique may be.

Outcomes of Endoscopic Mucosal Resection

Risk of Recurrent Disease

Various techniques have been explored to mitigate incom-
plete polypectomy and hence polyp recurrence. As noted,
CS-EMR and U-EMR may offer advantages in this regard
over HS-EMR >® Regardless of the type of EMR pursued,
targeting the resection margin may facilitate lower recur-
rence rates. For example, treatment of HS-EMR resection
margins of polyps larger than 20 mm with thermal ablation
(argon plasma coagulation or snare-tip soft coagulation)
has been demonstrated to reduce adenoma recurrence
by up to 50%.”% The practice of treating resection mar-
gins with thermal ablation should be incorporated into
routine practice when performing HS-EMR on laterally
spreading tumors larger than 20 mm. Differences in
electrosurgical settings (ie, blended vs forced coagulation)
do not appear to affect polyp recurrence rate.’® Given
the complexity of this procedure, endoscopist experience
and preference and individual patient considerations may
ultimately determine the optimal method.”

Bleeding

Postpolypectomy bleeding is the most common AE after
EMR, occurring in 2% to 24% of patients.® It is more
likely to occur in patients undergoing resection of large,
right-sided polyps and in patients receiving antithrom-
botic agents.®®! The EMR technique itself can also affect
the risk of postprocedural bleeding. With HS-EMR, the
use of electrocautery is thought to minimize intraproce-
dural bleeding but is also associated with a higher rate
of delayed bleeding. In a study comparing CS with HS
polypectomy, CS polypectomy was associated with a
significantly lower rate of delayed bleeding (0.1% vs
1.1%; P<.001).82 However, similar comparisons between
HS-EMR and CS-EMR are not as conclusive. As noted,
van Hattem and colleagues found higher rates of delayed
bleeding with HS-EMR than with CS-EMR (5.1% vs
0%),® although other studies have found no such differ-
ence.”*>% In the meta-analysis performed by Thoguluva
Chandrasekar and colleagues, delayed bleeding was more
common with HS-EMR in univariate analysis but not in

multivariate analysis.”®

Furthermore, in a meta-analysis
performed by Yuan and colleagues, the authors found no
greater incidence of delayed bleeding with any technique
but found lower rates of intraprocedural bleeding with
CS-EMR when compared with HS-EMR."® Therefore,
although CS-EMR is intended to decrease delayed bleed-
ing, this benefit has yet to be conclusively demonstrated.

Clipping can be effective in reducing the risk of
postpolypectomy bleeding, with an RCT showing a
reduction in postprocedural bleeding from 7.1% to 3.5%
with application of through-the-scope clips.®® The benefit
of clipping was particularly pronounced in patients with
polyps in the right colon.

Perforation
Post-EMR  perforation of colorectal lesions is rare,
occurring in less than 1% of cases." When the muscu-
laris propria is resected in a perforation, the transected
surface will have a white or gray central disk. When this
disk is surrounded by submucosa stained by injectate
containing blue dye, the resulting target appearance can
be seen on both the resection surface and the underside
of the specimen. When perforations are small, they can
be closed endoscopically. Swan and colleagues performed
a prospective study of 445 patients with colonic laterally
spreading tumors 20 mm or larger.® Ten patients had
target lesions with histologically confirmed perforations,
and all were treated nonoperatively with endoscopic
clips. In the case of larger perforations, urgent surgery
may be required.

As mentioned, perforations are exceedingly rare
in retrospective studies, prospective studies, and RCTs
(Table 3). Based on large meta-analyses, no difference in
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perforation rate was seen among HS-EMR, CS-EMR,
and U-EMR 566673

Postpolypectomy Coagulation Syndrome

Another rare AE is postpolypectomy coagulation syn-
drome (PPCS). PPCS is caused by electrocoagulation
injury to the colonic mucosa and underlying muscularis
layer with transmural extension and concurrent perito-
neal inflammation without evidence of perforation. The
reported incidence of PPCS is 0.003% to 1%.' Larger
lesion size and flatter morphology are associated with
PPCS risk.* Patients typically present within 12 hours
following colonoscopy with fever, tachycardia, and
abdominal pain, although symptoms can be delayed up
to 7 days postprocedure. Computed tomography showing
focal thickening of the colonic wall with surrounding fat
stranding without extraluminal air can be diagnostic.
Treatment is supportive and involves intravenous fluids,
pain control, and gradual advancement of diet, with or
without antibiotics.! PPCS is typically self-limited and
has a good prognosis.*

Surveillance Post-Endoscopic Mucosal
Resection

Surveillance with interval colonoscopies is essential for
detecting disease recurrence and metachronous col-
orectal polyps. Studies evaluating the recurrence rate of
conventional adenomas and SSLs have noted recurrence
rates from 9% to 28%.%%¢ As a result, for adenomas or
SSLs 10 mm or larger removed en bloc, the USMSTF
recommends a colonoscopy in 3 years.*” However, polyps
removed piecemeal require a shorter follow-up interval.
A systematic review and meta-analysis found that the
polyp recurrence rate after EMR was significantly higher
with piecemeal resection than with en bloc resection
(20% vs 3%; P<.0001).%8 Furthermore, in studies with
follow-up, 76% of recurrences were detected at 3 months
and 96% at 6 months, suggesting the high yield of early
surveillance in cases of piecemeal resection. Owing to the
increased risk of residual disease in piecemeal resections,
the USMSTF recommends that a repeat colonoscopy be
performed 6 months after an adenoma or SSL 20 mm
or larger is resected piecemeal. A second surveillance
colonoscopy performed 1 year from the first surveillance
colonoscopy and a third surveillance colonoscopy 3 years
from the second are also recommended.®”

In cases of carcinoma found in an EMR specimen,
the USMSTF recommends a colonoscopy 1 year after
curative resection, with subsequent colonoscopies at 3
and 5 years from the initial resection, provided that prior
surveillance colonoscopies are normal.® These recom-
mendations are also supported by the European Society

of Gastrointestinal Endoscopy and the European Society
of Digestive Oncology.” Subsequent colonoscopies are
recommended at 5-year intervals.*” However, if the lesion
was removed by piecemeal resection, a repeat colonoscopy
should be performed 3 to 6 months after initial EMR.”!

Conclusion

EMR is an important technique for removing large flat
or sessile lesions throughout the GI tract. Although EMR
has important applications in the esophagus, stomach,
and small intestine, its most common indication is the
removal of large colorectal polyps. Prior to performing
colorectal EMR, the endoscopist must closely evaluate
the lesion to determine whether it is amenable to EMR
and whether advanced endoscopy referral is needed.
HS-EMR, CS-EMR, and U-EMR are all options with
their respective advantages and disadvantages and are the
subject of ongoing studies. Emerging data indicate that
CS-EMR s an effective option with a lower risk of AEs
than HS-EMR, particularly for SSLs in the colorectum.
Regardless of technique, attention should be paid to AEs
of EMR, including bleeding, perforation, and PPCS.
Furthermore, surveillance following EMR is important,
particularly after piecemeal resection, given the risk of
residual or recurrent polyps.

Disclosures

Dr Tabibian is a consultant for Olympus Corporation of
the Americas. The other authors have no relevant conflicts of
interest to disclose.

References

1. Hwang JH, Konda V, Abu Dayych BK, et al; ASGE Technology Committee.
Endoscopic mucosal resection. Gastrointest Endosc. 2015;82(2):215-226.

2. Anders M, Bihr C, El-Masry MA, et al. Long-term recurrence of neoplasia and
Barrett’s epithelium after complete endoscopic resection. Gut. 2014;63(10):1535-
1543.

3. Phoa KN, Pouw RE, van Vilsteren FGI, et al. Remission of Barrett’s esophagus
with early neoplasia 5 years after radiofrequency ablation with endoscopic resec-
tion: a Netherlands cohort study. Gastroenterology. 2013;145(1):96-104.

4. Guo HM, Zhang XQ, Chen M, Huang SL, Zou XP. Endoscopic submucosal
dissection vs endoscopic mucosal resection for superficial esophageal cancer. World
J Gastroenterol. 2014;20(18):5540-5547.

5. Lian J, Chen S, Zhang Y, Qiu F. A meta-analysis of endoscopic submucosal dis-
section and EMR for early gastric cancer. Gastrointest Endosc. 2012;76(4):763-770.
6. Tao M, Zhou X, Hu M, Pan ]. Endoscopic submucosal dissection versus
endoscopic mucosal resection for patients with early gastric cancer: a meta-analy-
sis. BMJ Open. 2019;9(12):¢025803.

7. Sato Y, Takeuchi M, Hashimoto S, et al. Usefulness of endoscopic submucosal
dissection for type I gastric carcinoid tumors compared with endoscopic mucosal
resection. Hepatogastroenterology. 2013;60(126):1524-1529.

8. Winawer SJ, Zauber AG, Ho MN, et al; The National Polyp Study Workgroup.
Prevention of colorectal cancer by colonoscopic polypectomy. N Engl ] Med.
1993;329(27):1977-1981.

9. Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic polypectomy and
long-term prevention of colorectal-cancer deaths. N Engl ] Med. 2012;366(8):687-
696.

10. De Ceglie A, Hassan C, Mangiavillano B, et al. Endoscopic mucosal resec-

142 Gastroenterology & Hepatology Volume 18, Issue 3 March 2022



EMR: BEST PRACTICES FOR GASTROINTESTINAL ENDOSCOPISTS

tion and endoscopic submucosal dissection for colorectal lesions: a systematic
review. Crit Rev Oncol Hematol. 2016;104:138-155.

11. Wysong P. Large polyps & T1a tumors don’t need surgical resection. Oncology
Times. 2019;41(11):21.

12. Law R, Das A, Gregory D, et al. Endoscopic resection is cost-effective com-
pared with laparoscopic resection in the management of complex colon polyps: an
economic analysis. Gastrointest Endosc. 2016;83(6):1248-1257.

13. Yuan X, Gao H, Liu C, et al. Effectiveness and safety of the different endo-
scopic resection methods for 10- to 20-mm nonpedunculated colorectal polyps: a
systematic review and pooled analysis. Saudi | Gastroenterol. 2021;27(6):331-341.
14. Repici A, Hassan C, De Paula Pessoa D, et al. Efficacy and safety of endoscopic
submucosal dissection for colorectal neoplasia: a systematic review. Endoscopy.
2012;44(2):137-150.

15. Aarons CB, Shanmugan S, Bleier JIS. Management of malignant colon polyps:
current status and controversies. World | Gastroenterol. 2014;20(43):16178-16183.
16. Nusko G, Mansmann U, Partzsch U, et al. Invasive carcinoma in colorectal
adenomas: multivariate analysis of patient and adenoma characteristics. Endoscopy.
1997;29(7):626-631.

17. The Paris endoscopic classification of superficial neoplastic lesions: esophagus,
stomach, and colon: November 30 to December 1, 2002. Guastrointest Endosc.
2003;58(6)(suppl):S3-S43.

18. Burgess NG, Hourigan LE Zanati SA, et al. Risk stratification for covert
invasive cancer among patients referred for colonic endoscopic mucosal resection:
a large multicenter cohort. Gastroenterology. 2017;153(3):732-742.¢l.

19. Oba S, Tanaka S, Sano Y, Oka S, Chayama K. Current status of narrow-band
imaging magnifying colonoscopy for colorectal neoplasia in Japan. Digestion.
2011;83(3):167-172.

20. Puig I, Lépez-Cerén M, Arnau A, et al; EndoCAR group, Spanish Gastro-
enterological Association and the Spanish Digestive Endoscopy Society. Accuracy
of the Narrow-Band Imaging International Colorectal Endoscopic classification
system in identification of deep invasion in colorectal polyps. Gastroenterology.
2019;156(1):75-87.

21. Patino-Barrientos S, Sierra-Sosa D, Garcia-Zapirain B, Castillo-Olea C,
Elmaghraby A. Kudo’s classification for colon polyps assessment using a deep
learning approach. Appl Sci (Basel). 2020;10(2):501.

22. Moss A, Bourke M]J, Williams SJ, et al. Endoscopic mucosal resection out-
comes and prediction of submucosal cancer from advanced colonic mucosal neo-
plasia. Gastroenterology. 2011;140(7):1909-1918.

23. Gupta S, Miskovic D, Bhandari D, et al. The ‘SMSA’ scoring system for deter-
mining the complexity of a polyp. Guz. 2011;60(suppl 1):A129.

24. Sidhu M, Tate DJ, Desomer L, et al. The size, morphology, site, and access score
predicts critical outcomes of endoscopic mucosal resection in the colon. Endoscopy.
2018;50(7):684-692.

25. Sansone S, Ragunath K, Bianco MA, et al. Clinical utility of the SMSA
grading tool for the management of colonic neoplastic lesions. Dig Liver Dis.
2017;49(5):518-522.

26. Shaukat A, Kaltenbach T, Dominitz JA, et al. Endoscopic recognition and
management strategies for malignant colorectal polyps: recommendations of
the US Multi-Society Task Force on Colorectal Cancer. Guastrointest Endosc.
2020;92(5):997-1015.el.

27. Binmoeller KE, Weilert F, Shah J, Bhat Y, Kane S. “Underwater” EMR without
submucosal injection for large sessile colorectal polyps (with video). Gastrointest
Endosc. 2012:75(5):1086-1091.

28. Castro R, Libanio D, Pita I, Dinis-Ribeiro M. Solutions for submucosal injec-
tion: what to choose and how to do it. World | Gastroenterol. 2019;25(7):777-788.
29. Soetikno R, Kaltenbach T. Dynamic submucosal injection technique. Gastro-
intest Endosc Clin N Am. 2010;20(3):497-502.

30. Yoshida N, Naito Y, Kugai M, et al. Efficacy of hyaluronic acid in endoscopic
mucosal resection of colorectal tumors. / Gastroenterol Hepatol. 2011;26(2):286-
291.

31. Giday SA, Magno D, Buscaglia JM, etal. Is blood the ideal submucosal cushion-
ing agent? A comparative study in a porcine model. Endoscopy. 2006;38(12):1230-
1234.

32. Hyun JJ, Chun HR, Chun HJ, et al. Comparison of the characteristics of
submucosal injection solutions used in endoscopic mucosal resection. Scand ]
Gastroenterol. 2006;41(4):488-492.

33. Uraoka T, Fujii T, Saito Y, et al. Effectiveness of glycerol as a submucosal injec-
tion for EMR. Gastrointest Endosc. 2005;61(6):736-740.

34. Varadarajulu S, Tamhane A, Slaughter RL. Evaluation of dextrose 50 % as a
medium for injection-assisted polypectomy. Endoscopy. 2006;38(9):907-912.

35. Moss A, Bourke MJ, Metz AJ. A randomized, double-blind trial of succinylated

gelatin submucosal injection for endoscopic resection of large sessile polyps of the
colon. Am J Gastroenterol. 2010;105(11):2375-2382.

36. Woodward T, Crook JE, Raimondo M, Wallace M. Improving complete EMR
of colorectal neoplasia: a randomized trial comparing snares and injectate in the
resection of large sessile colon polyps. Gastrointest Endosc. 2015;81(3):673-681.
37. Lee SH, Park JH, Park DH, et al. Clinical efficacy of EMR with submucosal
injection of a fibrinogen mixture: a prospective randomized trial. Gastrointest
Endosc. 2006;64(5):691-696.

38. Kishihara T, Chino A, Uragami N, et al. Usefulness of sodium hyaluronate
solution in colorectal endoscopic mucosal resection. Dig Endosc. 2012;24(5):348-
352.

39. Yoshida N, Naito Y, Inada Y, et al. Endoscopic mucosal resection with 0.13%
hyaluronic acid solution for colorectal polyps less than 20 mm: a randomized con-
trolled trial. J Gastroenterol Hepatol. 2012;27(8):1377-1383.

40. Repici A, Wallace M, Sharma B, et al. A novel submucosal injection solution
for endoscopic resection of large colorectal lesions: a randomized, double-blind
trial. Gastrointest Endosc. 2018;88(3):527-535.€5.

41. Tada M, Kawabe T, Arizumi M, et al. Pancreatic cancer in patients with
pancreatic cystic lesions: a prospective study in 197 patients. Clin Gastroenterol
Heparol. 2006;4(10):1265-1270.

42. Fasoulas K, Lazaraki G, Chatzimavroudis G, et al. Endoscopic mucosal resec-
tion of giant laterally spreading tumors with submucosal injection of hydroxyethyl
starch: comparative study with normal saline solution. Surg Laparosc Endosc Per-
cutan Tech. 2012;22(3):272-278.

43. Ferreira AO, Moleiro J, Torres ], Dinis-Ribeiro M. Solutions for submucosal
injection in endoscopic resection: a systematic review and meta-analysis. Endosc Int
Open. 2016;4(1):E1-E16.

44. Tullavardhana T, Akranurakkul B, Ungkitphaiboon W, Songtish D. Efficacy
of submucosal epinephrine injection for the prevention of postpolypectomy
bleeding: a meta-analysis of randomized controlled studies. Ann Med Surg (Lond).
2017;19:65-73.

45. Bar-Yishay I, Shahidi N, Gupta S, et al. Outcomes of deep mural injury after
endoscopic resection: an international cohort of 3717 large non-pedunculated
colorectal polyps. Clin Gastroenterol Hepatol. 2022;20(2):¢139-¢147.

46. Ferlitsch M, Moss A, Hassan C, et al. Colorectal polypectomy and endoscopic
mucosal resection (EMR): European Society of Gastrointestinal Endoscopy
(ESGE) Clinical Guideline. Endoscopy. 2017;49(3):270-297.

47. Tokar JL, Barth BA, Banerjee S, et al; ASGE Technology Committee. Electro-
surgical generators. Gastrointest Endosc. 2013;78(2):197-208.

48. Kim HS, Kim TI, Kim WH, et al. Risk factors for immediate postpolypectomy
bleeding of the colon: a multicenter study. Am J Gastroenterol. 2006;101(6):1333-
1341.

49. Van Gossum A, Cozzoli A, Adler M, Taton G, Cremer M. Colonoscopic snare
polypectomy: analysis of 1485 resections comparing two types of current. Gastro-
intest Endosc. 1992;38(4):472-475.

50. Pohl H, Grimm IS, Moyer MT, et al. Effects of blended (yellow) vs forced
coagulation (blue) currents on adverse events, complete resection, or polyp
recurrence after polypectomy in a large randomized trial. Gastroenterology.
2020;159(1):119-128.€2.

51. Suresh S, Zhang J, Ahmed A, et al. Risk factors associated with adenoma
recurrence following cold snare endoscopic mucosal resection of polyps 220mm: a
retrospective chart review. Endosc Int Open. 2021;9(6):E867-E873.

52. Yabuuchi Y, Imai K, Hotta K, et al. Efficacy and safety of cold-snare endo-
scopic mucosal resection for colorectal adenomas 10 to 14 mm in size: a prospec-
tive observational study. Gastrointest Endosc. 2020;92(6):1239-1246.

53. Tutticci NJ, Hewett DG. Cold EMR of large sessile serrated polyps at colonos-
copy (with video). Gastrointest Endosc. 2018;87(3):837-842.

54. Papastergiou V, Paraskeva KD, Fragaki M, et al. Cold versus hot endoscopic
mucosal resection for nonpedunculated colorectal polyps sized 6-10 mm: a ran-
domized trial. Endoscopy. 2018;50(4):403-411.

55. Li D, Wang W, Xie J, et al. Efficacy and safety of three different endoscopic
methods in treatment of 6-20mm colorectal polyps. Scand ] Gastroenterol.
2020;55(3):362-370.

56. Thoguluva Chandrasekar V, Aziz M, Patel HK, et al. Efficacy and safety of
endoscopic resection of sessile serrated polyps 10 mm or larger: a systematic review
and meta-analysis. Clin Gastroenterol Hepatol. 2020;18(11):2448-2455.¢3.

57. Thoguluva Chandrasekar V, Spadaccini M, Aziz M, et al. Cold snare endoscopic
resection of nonpedunculated colorectal polyps larger than 10 mm: a systematic
review and pooled-analysis. Gastrointest Endosc. 2019;89(5):929-936.¢3.

58. van Hattem WA, Shahidi N, Vosko S, et al. Piecemeal cold snare polypectomy
versus conventional endoscopic mucosal resection for large sessile serrated lesions:

Gastroenterology & Hepatology Volume 18, Issue 3 March 2022 143



THIRUVENGADAM ET AL

a retrospective comparison across two successive periods. Gut. 2021;70(9):1691-
1697.

59. Guo Y, Li H-M, Zhu W-Q. Cold or hot snare with endoscopic mucosal
resection for 6-9 mm colorectal polyps: a propensity score matching analysis. J
Laparoendosc Adv Surg Tech A. 2022;32(2):158-164.

60. Ortigao R, Weigt J, Afifi A, Libanio D. Cold versus hot polypectomy/endo-
scopic mucosal resection—a review of current evidence. United Furopean Gastro-
enterol J. 2021;9(8):938-946.

61. Nelson DB. Gastroenterology expert column: techniques for difficult polypec-
tomy. MedGenMed. 2004;6(4):12.

62. Zarchy T. Risk of submucosal saline injection for colonic polypectomy. Gastro-
intest Endosc. 1997;46(1):89-90.

63. Sandhu DS, Lee Y], Gerke H. Underwater endoscopic mucosal resection: an
alternative treatment for large colorectal polyp removal. Minerva Gastroenterol
Dietol. 2018;64(2):106-110.

64. Kawamura T, Sakai H, Ogawa T, et al. Feasibility of underwater endoscopic
mucosal resection for colorectal lesions: a single center study in Japan. Gastroen-
terol Res. 2018;11(4):274-279.

65. Zhang Z, Xia Y, Cui H, et al. Underwater versus conventional endoscopic
mucosal resection for small size non-pedunculated colorectal polyps: a randomized
controlled trial: (UEMR vs. CEMR for small size non-pedunculated colorectal
polyps). BMC Gastroenterol. 2020;20(1):311.

66. Chandan S, Khan SR, Kumar A, et al. Efficacy and histologic accuracy of
underwater versus conventional endoscopic mucosal resection for large (>20 mm)
colorectal polyps: a comparative review and meta-analysis. Gastrointest Endosc.
2021;94(3):471-482.¢9.

67. Amato A, Radaelli E Spinzi G. Underwater endoscopic mucosal resection: the
third way for en bloc resection of colonic lesions? United European Gastroenterol
7. 2016;4(4):595-598.

68. Siau K, Ishaq S, Cadoni S, Kuwai T, Yusuf A, Suzuki N. Feasibility and
outcomes of underwater endoscopic mucosal resection for >10 mm colorectal
polyps. Surg Endosc. 2018;32(6):2656-2663.

69. Schacher FC, Braga QM, Severo HR, Barlem GG, John JA, Sander GB. Eval-
uation of underwater endoscopic mucosal resection for colorectal polyps in an
outpatient clinic in Brazil. Arq Gastroenterol. 2021;58(3):390-393.

70. Mouchli MA, Reddy S, Walsh C, et al. Outcomes of gastrointestinal
polyps resected using underwater endoscopic mucosal resection (UEMR)
compared to conventional endoscopic mucosal resection (CEMR). Cureus.
2020;12(11):e11485.

71. Rodriguez Sdnchez J, Uchima Koecklin H, Gonzdlez Lépez L, et al. Short and
long-term outcomes of underwater EMR compared to the traditional procedure in
the real clinical practice. Rev Esp Enferm Dig. 2019;111(7):543-549.

72. Yamashina T, Hanaoka N, Setoyama T, Watanabe J, Banno M, Marusawa H.
Efficacy of underwater endoscopic mucosal resection for nonpedunculated col-
orectal polyps: a systematic review and meta-analysis. Cureus. 2021;13(8):e17261.
73. Yamashina T, Uedo N, Akasaka T, et al. Comparison of underwater vs conven-
tional endoscopic mucosal resection of intermediate-size colorectal polyps. Gastro-
enterology. 2019;157(2):451-461.¢2.

74. Yen AW, Leung JW, Wilson MD, Leung FW. Underwater versus conventional
endoscopic resection of nondiminutive nonpedunculated colorectal lesions:
a prospective randomized controlled trial (with video). Gastrointest Endosc.
2020;91(3):643-654.€2.

75. Uedo N, Nemeth A, Johansson GW, Toth E, Thorlacius H. Underwater endo-

scopic mucosal resection of large colorectal lesions. Endoscopy. 2015;47(2):172-
174.

76. Wang AY, Flynn MM, Patrie JT, et al. Underwater endoscopic mucosal resec-
tion of colorectal neoplasia is easily learned, efficacious, and safe. Surg Endosc.
2014;28(4):1348-1354.

77. Schenck R], Jahann DA, Patrie JT, et al. Underwater endoscopic mucosal resec-
tion is associated with fewer recurrences and earlier curative resections compared to
conventional endoscopic mucosal resection for large colorectal polyps. Surg Endosc.
2017;31(10):4174-4183.

78. Kemper G, Turan AS, Schoon EJ, et al; ENDOCARE Study Group. Endo-
scopic techniques to reduce recurrence rates after colorectal EMR: systematic
review and meta-analysis. Surg Endosc. 2021;35(10):5422-5429.

79. Lee RE, Heitman SJ, Bourke MJ. Training and competency in endoscopic
mucosal resection. Tech Gastrointest Endosc. 2017;19(3):125-136.

80. Pohl H, Grimm IS, Moyer MT, et al. Clip closure prevents bleeding after
endoscopic resection of large colon polyps in a randomized trial. Gastroenterology.
2019;157(4):977-984.¢3.

81. Buddingh KT, Herngreen T, Haringsma J, et al. Location in the right hemi-
colon is an independent risk factor for delayed post-polypectomy hemorrhage: a
multi-center case-control study. Am J Gastroenterol. 2011;106(6):1119-1124.

82. Chang L-C, Shun C-T, Hsu W-E et al. Risk of delayed bleeding before and
after implementation of cold snare polypectomy in a screening colonoscopy set-
ting. Endosc Int Open. 2019;7(2):E232-E238.

83. Swan MP, Bourke MJ, Moss A, Williams SJ, Hopper A, Metz A. The target
sign: an endoscopic marker for the resection of the muscularis propria and poten-
tial perforation during colonic endoscopic mucosal resection. Gastrointest Endosc.
2011;73(1):79-85.

84. Cha JM, Lim KS, Lee SH, et al. Clinical outcomes and risk factors of
post-polypectomy coagulation syndrome: a multicenter, retrospective, case-control
study. Endoscopy. 2013;45(3):202-207.

85. Pellise M, Burgess NG, Tutticci N, et al. Endoscopic mucosal resection for
large serrated lesions in comparison with adenomas: a prospective multicentre
study of 2000 lesions. Guz. 2017;66(4):644-653.

86. Rex KD, Vemulapalli KC, Rex DK. Recurrence rates after EMR of large sessile
serrated polyps. Gastrointest Endosc. 2015;82(3):538-541.

87. Gupta S, Lieberman D, Anderson JC, et al. Recommendations for follow-up
after colonoscopy and polypectomy: a consensus update by the US Multi-Society
Task Force on Colorectal Cancer. Gastroenterology. 2020;158(4):1131-1153.¢5.
88. Belderbos TDG, Leenders M, Moons LMG, Siersema PD. Local recurrence
after endoscopic mucosal resection of nonpedunculated colorectal lesions: system-
atic review and meta-analysis. Endoscopy. 2014;46(5):388-402.

89. Kahi CJ, Boland CR, Dominitz JA, et al; United States Multi-Society Task
Force on Colorectal Cancer. Colonoscopy surveillance after colorectal cancer
resection: recommendations of the US Multi-Society Task Force on Colorectal
Cancer. Ga:tmentem/ogy. 2016;150(3):758-768.el1.

90. Hassan C, Wysocki PT, Fuccio L, et al. Endoscopic surveillance after surgical
or endoscopic resection for colorectal cancer: European Society of Gastrointestinal
Endoscopy (ESGE) and European Society of Digestive Oncology (ESDO) Guide-
line. Endoscopy. 2019;51(3):C1.

91. Rex DK, Kahi CJ, Levin B, et al. Guidelines for colonoscopy surveillance
after cancer resection: a consensus update by the American Cancer Society
and US Muld-Society Task Force on Colorectal Cancer. CA Cancer | Clin.
2006;56(3):160-167.

144 Gastroenterology & Hepatology Volume 18, Issue 3 March 2022



