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Introduction

Abstract:Background:A less invasive alternative to surgical resection, endoscopic submucosal
dissection (ESD) allows for the en-bloc removal of malignant colorectal lesions. Important steps in
patient selection include lesion categorization, architectural detection, and depth of invasion
estimate. Paris, lateral spreading tumor (LST), narrow band imaging (NBI), international colorectal
endoscopic (NICE), and Japanese NBI expert team (JNET) are just a few of the categorization
methods that experienced endoscopists have incorporated into their daily practice to improve the
accuracy of lesion detection. In cases of big, depressed, and protruding colonic lesions with shallow
submucosal invasion, major medical organizations advise using endoscopic shunt drainage (ESD)
instead of granular filtration (NG). As the depth, tumor location, and tumor size all rise, the
likelihood of submucosal invasion increases. Because of its better curative resection rate and lower
recurrence rate, endoscopic submucosal resection (ESD) is the method of choice for managing
bigger colonic lesions compared to endoscopic mucosal resection (EMR). As much as 11% and 16%
of patients, respectively, may experience serious consequences such bleeding and perforation.
Problems with insurance coverage, a shortage of skilled clinicians, and individual patient factors
including obesity and a high percentage of previously treated lesions make ESD difficult to conduct
in developed nations.

Keywords:Colorectal Endoscopic Submucosal Dissection.

Endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) are two methods for the

removal of pre-malignant and early malignant colonic lesions. EMR is usually not successful for en-bloc

removal of lesions greater than 20 mm in diameter; piecemeal resection of larger lesions has been shown to
correlate with a higher recurrence rate in comparison to ESD.1 Conventional EMRs usually result in
endoscopic piecemeal mucosal resection of large lateral spreading tumors 220 mm, with reports of local
recurrence rates ranging from 7.4 to 17%.2
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The concept of ESD was first introduced in the late 1990s for en-bloc removal of superficial gastric
malignancies in Japan.2 Considering the greater recurrence rate of larger lesions after EMR, ESD is preferred
for lesions with limited submucosal invasion and particularly if the lesions are larger than 30 mm.3 ESD
allows for exact histopathological evaluation of the specimen margin, enhancing its utility and avoiding
further unnecessary surgical interventions.
Indications of ESD for Colonic Lesions
The adoption of ESD worldwide for the treatment of early-stage colorectal cancers promoted various
societies and gastrointestinal associations to publish guidelines and recommendations to standardize the
practice. One of the first updated guidelines was released by the Japanese Gastroenterological Endoscopy
Society (JGES) in 2015. According to the JGES, indications for ESD include: 4

e En-blocresection is not feasible with EMR

e LST-NG, particularly LST-NG (PD)

e Kudo VI-type pit pattern

e  Shallow SM invasion

e Large depressed-type tumors

e Large protruded-type lesions

e Mucosal tumors with submucosal fibrosis

e Sporadic localized tumors in conditions of chronic inflammation such as ulcerative colitis

e Local residual or recurrent early carcinomas after endoscopic resection
The European Society of Gastrointestinal Endoscopy (ESGE) also released their recommendations on the
same year, focusing on ESD application in Western populations. Their recommendations were similar to the
JGES guideline, advising ESD for colorectal lesions with depressed morphology and irregular or nongranular
surface pattern, particularly if the lesions are larger than 20 mm3. The guideline still referred to surgery for
gold standard treatment for lesions Ila + c, Ilc, III, non-lifting lesions, or LST-NG > 20mm, with the exception
of rectal lesions, however.3
Most recently, the American Gastroenterology Association (AGA) clinical practice update was released in
2019, recommending ESD for colonic lesions with Kudo V-type pit pattern, depressed component (Paris 0-
IIc), complex morphology (0-Is or 0-Ila+Is), rectosigmoid location, nongranular LST (adenomas) 20 mm in
size, granular LST (adenomas) > or =30 mm in size, and residual or recurrent colorectal adenomas.5 For
lesions with unfavorable features after resection, further surgical intervention might be necessary.
The most recently published Korean practice guideline, 2020, similar to the Japanese clinical guideline in
2015, acknowledged that the presence of poor histopathological types (poorly differentiated
adenocarcinoma, signet ring cell carcinoma, mucinous carcinoma, deep mucosal invasion, lymphovascular
invasion, and intermediate-to-high grade tumor budding requires further surgical intervention after
endoscopic resection considering the higher recurrence rate in lymph nodes).6
Evaluation Before ESD
It is highly important to visually differentiate adenoma from adenocarcinoma based on surface and micro-
vessel patterns, and color uptake using dye-assisted colonoscopy (ea. indigo carmine) or image-enhanced
technology (such as narrow band imaging [NBI], i-scan or blue laser imaging [BLI]).
Endoscopic prediction of invasive carcinoma is challenging. Multiple studies proposed a variety of inspection
techniques which facilitate endoscopic morphological detection of advanced dysplastic lesions. The first and
most commonly used system is the “Paris classification”.
According to the Paris classification, colonic neoplastic lesions stratify into polypoid (pedunculated 0-Ip,
sessile 0-Is and semi-pedunculated 0-Isp), non-polypoid (elevated 0-Ila, flat 0-IIb, depressed 0-Ilc), and
excavated or ulcerated lesions (0-1II).7 Iic and O-III are depressions less than 1.2 mm and greater 1.2 mm,
respectively8 Utilizing the Paris classification in common practice provides an estimation for depth of
invasion. According to the original Paris workshop, of the 3680 colonic lesions, the proportion of invasion
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into the submucosa was 5% for 0-Ip, 34% for 0-Is, 4% for 0-IIa, 0% for 0-IIb, and 61% for 0-Ilc lesions.7 In a
study of 479 patients, 0-Is lesions had low malignant potential (7.5%), whereas 0-llc or Ila+c adenomas
carried a 31.8% risk of cancer and submucosal invasion.9

Another method of classifying colonic protruded lesions is based on their lateral expansion behavior without
a significant increase in height. Lesions with elevation above the mucosa and larger than 10 mm in size are
called lateral spreading tumors; granular (LST-G) types are classified as homogeneous (LST-G-H) [Paris Ila]
and nodular mixed (LST-G-NM) [Paris IIs +Is] whereas lateral spreading non-granular tumors (LST-NG) are
classified as type pseudo-depressed (LST-NG- PD) [Paris Ila+ Iic] and flat elevated type (LST-NG-FE) [Paris
IIa]. Various studies have focused on submucosal invasion of these different subtypes.7 Uraoka et al evaluated
histopathological difference in 511 colorectal lateral spreading tumors and found that LST-NG type had a
14% risk of submucosal invasion in comparison to 7% risk in LST-G types.10 The authors also found that
certain features were associated with higher risk of submucosal invasion, such as the presence of a large
nodule (210 mm) in LST-G type and larger tumor size (220mm) in LST-NG type.10 Similar results were
shown by Moss et al in a multicenter prospective trial of 479 colonic lesions resected by EMR in which the
risk of submucosal invasion was higher in LST-NG than LST-G tumors (15.3% vs 3.2%).9 Xu et al focused on
pathological difference amongst 137 LST colonic lesions removed by ESD based on their subtypes. The
authors showed that, of LST-G tumors, mixed nodular LST-G tumors had higher prevalence of high-grade
intraepithelial neoplasia (43.9%) compared with homogenous LST-G tumors (7.1%).11 Xu et al did not note
any statistical difference in the presence of high-grade dysplasia between LST-NG-PD and LST-NG-FE.11 Most
recently, Bogie et al performed a meta-analysis of 2949 studies and found that the risk of submucosal
invasion amongst LST-NG-PD, LST-G-NM, LST-NG-FE and LST-G-H were 31.6%, 10.5%, 4.9% and 0.5%,
respectively.12

Magnified endoscopy and virtual chromoendoscopy such as narrow band imaging (NBI) are commonly used
by advanced endoscopists to better characterize colonic lesions and their architecture. One system that is
commonly used to distinguish colonic neoplastic lesions via magnifying endoscopy and chromoendoscopy is
“Kudo pit-pattern classification.” In kudo pit pattern system, type I and II pit patterns predict non-neoplastic
lesions, types Ill and IV are most likely low-grade neoplasia (tubular adenoma), and type V is at high risk for

harboring invasive carcinoma.13 A meta-analysis of 20 studies including 5111 colorectal lesions evaluated
the diagnostic accuracy of Kudo’s pit pattern. The pooled sensitivity and specificity of Kudo’s pit pattern for
differentiation of neoplastic and non-neoplastic polyps was 89% and 85.7%, respectively,14 making it an
accurate diagnostic method for colonic neoplasm differentiation.

There are currently two NBI classifications: NBI international colorectal endoscopic (NICE) classification and
Japanese NBI expert team (JNET) classification. Both systems focus on assessing surface pattern, vascular
markings * color of the lesion for differentiating neoplastic and non-neoplastic lesions. According to the NICE
classification, colonic lesions are divided into 3 types: type 3 with dark to brown background, disrupted or
missing vessels and irregular surface pattern most likely to contain deeper submucosal invasion15 Type 2
with adenomatous lesions to superficial submucosal invasive neoplasm, presenting with browner color with
brown vessels surrounding white structures. Type 1 lesions are usually hyperplastic, have similar color to
the surrounding mucosa, may have lacy vascular pattern or lack any specific vascular pattern.15 The accuracy
of each NICE classification criteria by inexperienced participants before and after training for predicting
submucosal invasion was described by Hayashi et al in 2013.15 The study was remarkable for vessel
markings yielding the highest sensitivity (88%) and surface pattern providing the highest specificity (88.9%)
in submucosal invasion estimation.15 One of the main limitations explained by experts utilizing the NICE
classification is the difficulty differentiating high-grade dysplasia and superficial mucosal invasion from low-
grade dysplastic lesions. To overcome the above-mentioned limitation, the JNET classification was proposed
in 2014.16 The JNET classification consists of four categories: 1, 2A, 2B and 3.16 In comparison to the NICE
classification, in the JNET system lesions are classified based on the vessel and surface pattern
only.16 Histopathologically, hyperplastic polyp/sessile serrated polyp (SSP), low-grade intramucosal
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neoplasia, high-grade intramucosal neoplasia, and deep submucosal invasive cancer were seen in 1, 24, 2B,
and 3 types, respectively.16 Differentiating type 2b (variable caliber of vessels, irregular distribution of
vessels, and irregular or obscure surface pattern) and type 3 (loose vessel area, interruption of thick vessel,
and amorphous areas of surface pattern) could be challenging even for experienced endoscopists. The
sensitivity of the JNET classification for type 2b lesions is 44.9% to 53.8% in the published literature.17,18
Other methods of light amplification for enhancing tumor characterization have been proposed over the
years, such as blue laser imaging (BLI) and linked color imaging (LCI). Diagnostic accuracy for differentiating
neoplastic and non-neoplastic lesions using LBI was previously reported at 98.4%.19 LCI has been shown to
improve the adenoma detection rate in various studies.20,21 Although NBI is a useful tool in differentiating
between neoplastic and non-neoplastic lesions, NBI images are darker in comparison to the white-light
images. I-scan, which uses image-enhanced technology, provides detailed views of mucosal surface structures
within the gastrointestinal tract;22 although, according to a recent study of 66 patients with large colonic
polyps (size >10 mm but <50 mm), NBI and i-scan had overall similar diagnostic accuracy: 73.7% and 75.8%
in NBI and i-scan groups, respectively.23

Although utilizing most of these systems increases predictions of dysplastic potency and tumor aggressive
behavior, the diagnostic accuracy rate of discriminating neoplastic from non-neoplastic lesions was reported
to be approximately 80% for standard observation, 96-98% for pit pattern observation, and 95% for
magnifying observation using NBI and BLIL.4

Histological Classification

Depth of invasion into submucosa and deeper colonic layers based on pathological assessment have been
described according to different classification methods such as TNM staging, Haggitt and Kikuchi systems.
According to “TNM staging” of colon rectal cancer, T1 means the malignant cells invade through the
muscularis mucosae into the submucosa, but do not breach the muscularis propria. If adenocarcinoma is
limited to the mucosa it is called “carcinoma in situ (Tis)” or “intramucosal adenocarcinoma”.24 Although the
TNM system is used for staging of malignant colorectal lesions post resection, the “Haggitt system” provides
better definition for resection purposes in pedunculated lesions.25 Haggitt level 1 describes carcinoma
invasion into the submucosa limited to the head of the polyp. In level 2, invasion extends into the neck of the
polyp. Level 3 includes carcinoma invasion of the stalk of the polyp, and level 4 describes invasion below the
stalk but still limited to the submucosa with no extension into the muscularis propria.25 The more advanced
the Haggitt level, the higher chance of deeper tumoral invasion.

“Kikuchi classification” is used to predict depth of invasion into the submucosa of the malignant lesion; SM1
means invasion into the upper 1/3 of submucosa, SM2 means invasion into upper 2/3 of submucosa, and SM3
means invasion into the lower 1/3 of the submucosa.26

Endoscopic Ultrasound (EUS) Before ESD

Besides endoscopic morphological features, which are a great tool in predicting malignant potential of the
lesion, multiple studies have focused on the utility of EUS for staging in colorectal lesions. Over the years, the
reported sensitivity of EUS for proper staging of early-stage colorectal cancer has been 57-91%. One of the
original meta-analyses in 2009 included 42 studies (n = 5039) and reported 87.8% pooled sensitivity and
98.3% pooled specificity for detection of rectal T1 lesions via EUS.27

Subsequently, a prospective study of 494 patients with rectal cancer investigated a United Kingdom registry
in 2012, and found that, compared with histology, EUS had a sensitivity and specificity for staging a T1 cancer
accurately in 57.1% and 73%, respectively.28 In 42.9% of cases, the T1 stage was inaccurately scored by EUS,
including 24.2% understaged as benign and 18.7% overstaged as malignant.28

In a study published by Kongkam et al in 2014, a forward viewing radial EUS was utilized in the evaluation of
21 patients with colon cancer; the overall accuracy rates for the T and N staging of colon cancer were 81.0%
and 52.4%, respectively.29 Most recently, a 2016 meta-analysis by Gall et al including 10 studies focusing on
the utility of mini-probe EUS for staging colorectal cancer, showed that the pooled sensitivity and specificity
for staging were 91% and 98% for T1 tumor.30 Although the utility of 12 MHz EUS mini-probes are not
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globally nor widely available, accuracy of diagnoses of T and N stages were 88% and 82%, respectively,
regardless of the location or extension of the tumor.31

Lymph Node Metastasis and Submucosal Invasion

Endoscopic resection is only safe in the absence of lymph node (LN) metastasis. Early colorectal carcinomas
are divided into intramucosal carcinomas (Tis) and submucosal carcinomas (T1). Multiple studies and review
papers analyzed predictive factors for LN metastasis in early stages of colorectal neoplasm. LN metastasis
occurs in 6.8-17.8% of T1 lesions.32 Based on one of the earliest studies in this field, LN metastasis in T1
carcinoma of the colon and rectum, the rates of LN metastasis for tumors invading the upper (SM1), middle
(SM2), and lower (SM3) thirds of the SM, were 2%, 9%, and 35%, respectively.33

The odds ratio of LN metastasis increases to 3.0-3.87 with depth of submucosal invasion =1000
um.34,35 One of the original landmark Japanese studies showed no risk of LN metastasis with submucosal
invasion depth <3000 um in pedunculated lesions and <1000 pm in non-pedunculated lesions.36 However,
the association between depth of invasion and LN metastasis is not as clear as expected, and depth of invasion
has low predictive value for LN metastasis. For example, in a study of 473 patients with early colorectal
cancer in China from 2007 to 2018, larger tumor size and the presence of lymphovascular invasion were
associated with higher risk of LN metastasis;37 no difference in LN metastasis was observed based on depth
of invasion.37 All guidelines in the last 5 years refer to >1000 pm as an unfavorable risk factor for LN
metastasis. Despite the general acceptability of 1000 um as the predictive cut off, the depth of invasion
associated with LN metastasis varied in the literature. Lee at al, in a multivariate analysis of 263 submucosal
invasive colorectal carcinomas, found that tumor sprouting (OR 8.83; 3.04-25.69), submucosal invasion
depth >2000 um (OR 3.68; 1.19-11.37), and lymphatic invasion (OR 3.48; 1.19-10.13) are risk factors for LN
metastasis.38 All LN metastasis with SM depth <2000 um showed tumor sprouting without lymphatic
invasion.38 In a recent study by Han et al, 492 patients with biopsy-proven submucosal invasive colorectal
carcinoma who underwent curative surgery between 2008 and 2012 were included. Independent predictive
factors for LN metastasis included depth of submucosal invasion >1900 ym (OR 7.5; 3.1-18.3; p <0.001),
venous invasion (OR 2.4; 95% CI 1.1-5.5; p = 0.03), and poorly differentiated/mucinous adenocarcinoma (OR
6.3;95% CI 1.3-30.8; p = 0.02).39

As mentioned earlier, the risk of LN metastasis increases in proportion to the depth of submucosal invasion
as determined by Haggitt and Kudo classification methods. For example, Haggitt level 4 and Kudo SM2-3 have
the highest risk of LN metastasis.6 Sessile polyps >20 mm in size, with Paris 0-1Ia + Ilc or non-granular
surface, or Kudo V-type pit pattern were reported to harbor submucosal invasion in 15-56% of
polyps.9 Wallace et al and similarly Bosch et al meta-analyses reported invasion into SM3, submucosal
invasion 21 mm, presence of lymphovascular invasion, location in the lower third of the rectum, poor
differentiation, tumor budding, and incomplete polypectomy as independent risk factors associated with an
increased risk of LN metastasis, which may warrant surgical radical resection.40,41

Morphological appearance of the tumor is also highly important in its risk of metastasis to the LNs. In an
analysis of 693 patients in Italy from 2016 to 2019 with granular mixed laterally spreading colorectal tumors,
the risk of submucosal invasion was 10%; independent risk factors for increased risk of submucosal invasion
were tumor size 24 cm and rectal location.42

Location of the tumor has also been linked to higher potential for LN metastasis. T1 colorectal cancers have a
progressively higher risk of LN metastasis as their location becomes more distal.43 In 2004, Okabe et al
prospectively analyzed 428 resection colonic neoplastic lesions and found that overall LN metastasis was
10% and more commonly seen in the rectum in comparison to the left colon (15% vs 8%) or right colon (15%
vs 3%).43 Independent risk factors for LN metastasis in the Okabe trial were depth of invasion and
lymphovascular invasion.43

In the absence of any unfavorable risk factors for LN metastasis, Nakadoi et al reported a 1.2% risk of lymph
node metastasis regardless of the submucosal invasion depth.44 Similarly, Yoshii et al observed 1.9% of


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0032
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0033
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0036
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0038
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0040
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0042
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8349195/#cit0044

Yasser Hassan El-Miligui/Afr.).Bio.Sc.6(2)(2024) Page 1623 of 15

lymph node metastasis in the absence of unfavorable risk factors regardless of submucosal invasion depth
(>1000 pm).45

According to the 2014 Japanese Society for Cancer of the Colon and Rectum, tumors with negative vertical
margin but submucosal invasion depth (21000 pm), histological type of poorly differentiated
adenocarcinoma, signet ring cell carcinoma, or mucinous carcinoma, grade 2-3 tumor budding (high grade)
and positive vessel permeation are risk factors for lymph node metastasis32 and may warrant additional
surgical resection on a case-by-case basis. From the Western perspective, all of the above mentioned criteria,
in addition to tumor location in the lower third of the rectum, may warrant additional resection.40

One of the less commonly used tools and more experimental methods of LN metastasis prediction in T1 and
T2 colorectal cancer is microRNA testing of the tumor; 5 microRNAs MIR32, MIR181B, MIR193B, MIR195,
and MIR411 are shown to be associated with higher risk of LN metastasis.46

It has been described that the higher the tumor-stroma ratio, the higher the likelihood of LN metastasis in
breast cancer and later stages of colon cancer. However, it does not appear that the higher stroma tumor in
early stages of cancer is linked to higher LN metastasis. Most recently in a multicenter case-cohort study of
261 patients with T1 colorectal cancer, compared with stroma-low T1 colorectal cancer tumors, stroma-high
tumors were more often located in the rectum.47 The invasion depth of stroma-high T1 colorectal cancers
was also greater than that of stroma-low tumors (median depth 4.5 vs 4.0 mm).47 Despite this observation,
stroma-high tumors were not associated with LN metastasis or recurrence in T1 colon cancer lesions.47

New Proposed Scoring for the Estimation of ESD Success

In 2020, Li et al proposed a novel scoring model for prediction of technically difficult ESD for large superficial
colorectal tumors. Their proposed clinical score comprised the following: tumor size of 30 to 50 mm (1 point)
or 250 mm (2 points); 22/3 circumference of the lesion (2 points); location in the cecum (1 point); flexure (2
points) or dentate line (1 point); and laterally spreading tumor non-granular lesions (1 point). The
probabilities of successful ESD within 60 minutes were easy (score = 0), intermediate (score = 1), difficult
(score = 2-3), and very difficult (score 24).48

Go to:

Technique and Device-Assisted ESD

Standard ESD involves the following steps: marking the margin of the resection with the tip of the knife,
injection of a lifting solution into the submucosa to elevate the mucosa, circumferential incision around the
lesion using an electrosurgical knife (ITKnife and ITKnife nano, hook knife, triangle tip knife, flex knife, hybrid
knife) followed by submucosal dissection via submucosal water jet or serial injections followed by hemostasis
as needed.49 Figure 1 illustrates post ESD resection bed in the rectum.
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Figure 1
Steps of colonic ESD in the rectum using traction. (A) 4 cm rectal granular lateral spreading polyp with

central depression but no evidence of invasive component. (B) The lesion marked with soft coagulation
current. (C) Submucosal dissection with the help of snare traction. (D) Post-ESD resection bed.

Standard ESD is performed via an assisted cap to provide adequate visualization between the lesion and the
endoscope.50 The two main modifications of the standard ESD are tunneling ESD and the pocket-creation
techniques. In the pocket-creation method, by utilizing a small-caliber-tip transparent hood a large
submucosal pocket is created to facilitate dissection.51,52 In tunneling ESD technique a submucosal tunnel is
created towards the targeted lesion from an initial incision site some distance from the therapeutic
target.53 In comparison to the tunneling technique, initial minimal incision with submucosal pocket creation
under the lesion provides better stability of the dissection plan.54 Takezawa et al compared pocket methods
with conventional ESD techniques in 887 colonic lesions.54 En-bloc resection and RO resection rates were
significantly higher amongst colonic lesions resected with the pocket method than lesions resected with
standard technique: en-bloc 100% vs 96% and RO resection rate 91% vs 85%.54 Although not commonly
practiced, Stasinos et al showed successful curative RO resection in 4 patients with large rectal lesions (7-18
cm) using a double-tunneling butterfly method, creating two tunnels that are transformed into bilateral flaps,
leaving a submucosal septum between them.55

Traction of the lesion is a crucial step during ESD allowing for better visualization of the dissection plan and
field of vision. Various devices and methods have been proposed over the years to improve efficacy and
shorten the procedure time while performing colonic ESD. These methods include but are not limited to clip-
with-line method,56-58 double clips and rubber band technique,59 multi-loop traction method,60 S-O clip-
assisted method,58 dual scope method,61 clip flap method,62 and magnetic bead-assisted technique.63 The
mainstem of all these methods is lifting the mucosal flap with an attachment fitted to the endoscope in order
to allow space for adequate dissection under and around the targeted lesion. Considering colonic mucosa is
thinner than stomach mucosa and bowel has synchronized movement with breathing, utilizing an effective
retraction method is highly important to achieve curative resection in the shortest time period.64

In order to improve colonic ESD practice and to shorten procedure time, multiple techniques have been
improvised. The concept of hybrid ESD/EMR was then introduced, which entails partial circumferential
submucosal dissection of the lesion followed by removal of the remaining one-third of the lesion via
assistance of an EMR polypectomy snare.65 Although hybrid ESD shortens procedure time, the reported en-
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bloc resection is lower than standard ESD. The reported RO resection rate in studies comparing cap-assisted
ESD and hybrid ESD has been 73.6-93.5% and 19-96%, respectively.66-73 The risk of major complications
such as delayed bleeding and perforation, varied amongst published studies without an obvious trend;
delayed bleeding was reported in up to 11% and 6% of standard ESDs and hybrid ESDs, respectively.66-
73 Perforation was reported in up to 16% of standard ESDs and 11% of hybrid ESDs.66-73

Most recently, the double balloon endoluminal intervention platform (DEIP) (Lumendi, United States) has
been introduced. DEIP is an add-on assisted device loaded over the endoscope containing two manually
inflatable balloons providing a more stabilized dissection plan. In order to stabilize the colon and facilitate the
dissection process, a dynamic retraction is achieved via a suture attached to the proximal balloon anchoring
and retracting the tip of the lesion via a clip.74 Ismail et al demonstrated the efficacy of DEIP and standard
ESD in humans. In their study of 111 colorectal lesions, 60 were removed via DEIP and 51 via the standard
ESD platform.74 The en-bloc resection rates in ESD and DEIP groups were 76.5% and 78.3%,
respectively.74 There was no statistically significant difference in risk of major complications: micro
perforation occurred in one patient in the DEIP group treated with a clip and abdominal pain was slightly
higher in the DIEP group (5% vs 3.9%).74 Authors acknowledge that DEIP provides adequate stability
without the need for creating a pocket, which could be challenging in certain locations such as lesions behind
folds or in fibrotic lesions.74 However, this is a new platform and further studies are needed to establish the
effectiveness of this novel device. Figure 2 illustrates traction with flexible grasper and DIEP for dissection
during ESD.

Figure 2
Traction with flexible grasper and DIEP for traction during ESD.
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Another method to facilitate ESD, especially in challenging situations such as large lesions, severe fibrosis,
fatty infiltration or evidence of tattoo in the submucosal layer, is underwater ESD. Nagata described
successful en-bloc resection of 24 colonic lesions up to 30 mm without any associated major complications
such as perforation.75 One advantage of this techniques is the “buoyancy effect” which means opening of the
mucosal flap aided by subwater emergence.75 Underwater ESD has been shown to be more effective in en-
bloc resection of larger lesions.76 Hideaki et al also were able to demonstrate that saline-pocket ESD can be
performed faster (20.1 vs 16.3 mm?2/min) and lead to a shorter procedure time (29.5 vs 41 minutes) in
comparison to standard ESD with gas insufflation.77

Post ESD Defect Closure

Defect closure may be achieved with placement of endoclips or endoscopic suturing. Defect closure with an
endoscopic suturing device has shown reassuring results of 93-100% success rate in the literature. Before
recent advances in utilizing endoscopic suturing devices, endoscopists applied a variety of techniques in
order to facilitate large defect closure. Examples of such efforts include loop clip method using an endoloop
snare,78 a clipping method using the “8-ring”,79 “hold-and-drag” closure technique using repositionable
clips,80 and loop string-assisted clip suturing closure technique.81 In addition, over-the-scope clip also had
promising results in post-ESD closure; however, success rate decreased with an increase in the defect size
(66% for >30mm vs 100% for defects <20mm).82

In terms of advances in the endoscopic suturing platform, Kantsevoy et al reported the outcome of 21
patients with iatrogenic colonic perforations (screening colon=2, balloon dilation=1, post EMR/ESD=18) from
2009 to 2014. The majority of defects were closed with endoscopic suturing (n=16) in comparison to 5
colonic perforations which were treated with hemostatic clips.83 The success rate of endoscopic closure with
OverStitch™ was 100% in comparison to zero success rate in clip closure group.83 A large case series in 2015
of OverStitch™ endoscopic suturing in 22 ESD defects, 24 endoscopic full-thickness resection defects, and 16
accidental perforations was remarkable for 100% successful closure.84 Very recently, Hammad et al reported
successful defect closure in 31 patients who underwent ESD (58% gastric and 42% rectal) in a single-center
prospective cohort study85 utilizing OverStitch™.

Comparison of Outcomes of ESD vs EMR vs Surgery

EMR and ESD have been the initial standard practice in approaching early-stage colorectal cancer in Western
countries. Although EMR is faster and more feasible, it carries higher recurrence rates and less en-bloc and
curative resection rates in comparison to ESD. Considering the complex nature of ESD, it is expected to carry
a slightly higher complication profile compared to EMR. Multiple trials have compared the feasibility, success,
and complication rates of EMR and ESD in the management of early stage colorectal lesions.

In a meta-analysis by Kohgo et al of 8 studies from 2005 and 2013 including 2299 colonic lesions, the pooled
odds ratio of curative resection and recurrence for ESD versus EMR was 4.26 and 0.08, respectively.86 At the
same time, odds ratio of delayed bleeding by ESD versus EMR was 0.85; however, perforation rate was higher,
carrying an odds ratio of 4.96 by ESD versus EMR.86 Zhao et al, in a recent meta-analysis of 12 published
studies performed in China, Japan and South Korea from 2010 to 2014, evaluated 3062 lesions (EMR: 1906;
ESD: 1156).87 The en-bloc resection and complete resection rates of ESD and EMR were 95% and 93.2%
versus 42.8% and 71.9%, respectively.87 Bleeding rate was reported to be similar in this study (4.2% vs
3.5%).87 Perforation rates of EMR and ESD were 1.8% and 2.4%, respectively, which displayed a significant
difference.87 The recurrence rate of EMR was significantly higher than that of ESD (15.9% vs 0.5%).87 In a
retrospective case-controlled study of 373 colorectal tumors = 20 mm in Japan, 145 were treated with ESD
and 228 were treated with EMR.88 The recurrence rate after ESD and EMR was 2% and 14%,
respectively.88 Perforation rate was 6.2% in the ESD group vs 1.3% in the EMR group, while delayed bleeding
rate was 1.4% in the ESD group versus 3.1% in the EMR group.88

A population-based study of 13,157 patients conducted in the United States reported no difference in the 5-
year survival rate between endoscopic resection and surgical treatment for early stage colon cancers located
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in the left colon regardless of size and right-sided lesions that were <2 cm; however, surgical resection had
greater survival in comparison to endoscopic resection (20-39 mm: 91.8 vs 74.2%; 240 mm: 92.4 vs 60%).89
Similarly, Mounzer et al also reported no difference in 5-year colorectal cancer-specific recurrence-free
survival rates (97.6% vs 97.5%; p=0.75) between endoscopic resection and surgical resection of T1 colorectal
tumors.90

Local Recurrence After ESD

There is a growing number of published literature focusing on long-term efficacy and recurrence rate after
ESD. In one of the original studies, by Yamada et al, five-year cumulative overall cancer recurrence rate was
1.6% in 423 colonic dysplastic and neoplastic lesions.91 Overall, local recurrence after ESD is up to 2% in the
literature.5 Risk factors for higher recurrence incidence in the published literature are location in the rectum,
lesions of 250 mm in diameter, piecemeal resection, trimming after resection, and positive horizontal
margin.92 Although it is recommended that patients with unfavorable features proceed with additional
treatment, in a recent study of 29 patients with rectal T1 cancer who underwent local resection (ESD = 17) in
Japan, 12 patients elected not to proceed with additional treatment. Eight out of 12 patients had only deep
mucosal invasion (>1000 pm), others had more than one risk factor, and risk of local recurrence in 3 years
was zero.93

In a systemic review by Fuccio et al, RO resection and en-bloc resection rates were significantly higher in
Asian countries versus non-Asian countries: 85.6% vs 71.3% and 93% vs 81.2%, respectively.94 The overall
rate of delayed bleeding and perforation in this review, which included 94 studies, was 2.7% and 5.2%.
However, the rate of complication was higher in non-Asian countries in comparison to Asian countries
(delayed bleeding: 4.2% vs 2.4%; perforation: 8.6% vs 4.5%).94 The overall recurrence rate was 1.7% in 24
months; 3.4% in non-Asian studies versus 1.3% in Asian studies.94 However, most recently Draganov et al
published the results of their large prospective study of 692 patients who underwent ESD in North
America.95 According to their results, RO and en-bloc resection rates were 84.5% and 91.5%, respectively,
which is higher than previous published rates in non-Asian countries, that is, 2.3% bleeding and 2.9%
perforation rates.95 These results coincide more with the success rates seen in Asian studies, which could be
due to improved expertise in the non-Asian countries.

In a single-center, US-based study at Cleveland Clinic from 2000 to 2016, of 254 large colonic polyps (=20
mm) with high-grade dysplasia, 138 had piecemeal resection and 116 underwent en-bloc resection. Local
recurrence was diagnosed in 6 cases in the entire cohort in patients with original piecemeal resection (HR
11.4; 0.48-273).96 The result of this study highlights the fact that, although malignancy recurrence after
piecemeal endoscopic resection is uncommon, it is of significant clinical importance and ESD provides
favorable long-term outcome in comparison to piecemeal resection.
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