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Abstract
Endoscopic submucosal dissection (ESD) is well 
established in Asia as a modality for selected advanced 
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lesions of both the upper and lower gastrointestinal 
tract, but ESD has not attained the same niche in 
the West due to a variety of reasons. These include 
competition from traditional surgery, minimally invasive 
surgery and endoscopic mucosal resection. Other 
obstacles to ESD introduction in the West include time 
commitment for learning and doing procedures, a steep 
learning curve, special equipment, lack of mentors, cost 
issues, interdisciplinary conflicts, concern regarding 
complications and lack of support from institutions and 
interfacing departments. There are intrinsic differences 
in pathology prevalence (e.g. , early gastric cancer) 
between the two regions that are less conducive for 
ESD implementation in the West. We will elaborate on 
these issues and suggest measures as well as a protocol 
to overcome these obstacles and hopefully allow 
introduction of ESD as a tenable option for appropriate 
patients.

Key words: Endoscopic submucosal dissection; Gastric 
cancer; Barrett’s esophagus; Endoscopy training; Colon 
cancer; Rectal cancer 

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Endoscopic submucosal dissection (ESD) is a 
well-accepted and widely employed modality in Asia for 
resection of advanced mucosa-derived lesions of the 
gastrointestinal tract including early cancer However 
ESD is not widely utilized in the West for a variety of 
reasons including lack of mentors, steep learning curve, 
cost issues and concern for complications. The authors 
describe these obstacles to the implementation of ESD 
in the West and measures to overcome them and begin 
an ESD program. We give a Western perspective on 
the current status of ESD for lesions of the esophagus, 
stomach and colorectum.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) has enabled 
resection of larger and more histologically advanced 
epithelial - based lesions including early cancer of 
the upper and lower gastrointestinal tract as well as 
a broad array of submucosal lesions, that previously 
had necessitated surgical removal. ESD allows en-bloc 
resection with precise pathological staging and potential 
cure. It was invented in Japan where now it is well-
established and subsequently permeated into the other 
East Asian areas[1]. ESD has been slow to be adopted 
in the West, and its penetration in the United States is 
especially poor. This disparity regarding ESD availability 
and implementation respectively in the East and West has 
had extensive examination with perspective from both 
areas[2,3]. However, ESD may have finally arrived in the 
West as it is now critically reviewed in mainstay American 
gastroenterology journals[4,5]. 

ESD is a minimally invasive endoscopic/surgical pro
cedure technique for curative resection of advanced 
lesions including early gastrointestinal (GI) cancer. If 
curative, it can obviate surgery (laparoscopic or open) that 
otherwise would be needed for resection. This essence of 
the value of ESD is less obvious when comparisons are 
made to endoscopic mucosal resection (EMR) rather than 
to surgery. The value of ESD is more enhanced when 
early GI cancer is readily identified at endoscopy. This is 
arguably done better in the East (especially Japan) where 
the endoscopist is more apt to spend more time examining 
the entire gastric mucosal surface, employ magnification, 
chromoendoscopy and light filtering technique such as 
NBI and generally better appreciate the appearance of 
early GI cancer. The accepted classification systems for 
early GI cancer emanate predominantly from the East. 
There are mass screening programs for gastric cancer in 
Japan (not in the West) with both the endoscopist and 
pathologist vigilant for early gastric cancer (EGC).

The European Society of Gastrointestinal Endoscopy 
(ESGE) consensus guidelines on the role of ESD in the 
resection of more common mucosal - derived lesions 
of the GI tract reflect a relatively limited niche[6]. This 
panel concluded that most rectal and colonic superficial 
lesions can be effectively removed with traditional snare 
polypectomy and/or EMR. ESD is considered for colorectal 
lesions with a significant suspicion of limited submucosal 
invasion based on an irregular (non-granular) surface or 
depressed morphology that are not amenable to snare 
removal. EMR is the preferred approach for removal for 
Barrett’s lesions with curative intent in that ESD has not 
been demonstrated to be superior. ESD, however, may be 
considered for Barrett’s lesions larger than 15 mm, poorly 
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lifting lesions and lesions with a concern for submucosal 
invasion. The panel did recommend ESD to achieve 
endoscopic en-bloc resection of superficial esophageal 
squamous cell cancers with the exclusion of those with 
obvious submucosal invasion. EMR may be considered for 
SCC’s < 10 mm. ESD, though, was acknowledged as the 
first option to provide complete resection and accurate 
pathological staging. Also, ESD was recommended as the 
treatment of choice for most gastric superficial lesions. 
EMR may be an acceptable option for lesions < 10-15 
mm and low probability of advanced pathology (Paris 0-
ⅡA)[6]. Thus ESD is the accepted standard for EGC if 
tumor size < 2 cm, intramucosal, intestinal gastric cancer 
histology and no ulceration.

BARRETT’S ESOPHAGUS AND CANCER
The 2015 ESGE guidelines favor EMR over ESD for Barrett’s 
esophagus and early cancer except for larger and more 
advanced lesions[6]. The two modalities were comparable 
in terms of recurrence and complication rate with ESD 
more time consuming[7] (Table 1). In a small randomized 
controlled trial (20 subjects each group) comparing ESD 
to EMR for Barrett’s high-grade dysplasia or early cancer 
(< 3 cm), the two groups were comparable again in 
terms of remission, occurrence and need for surgery[8]. 

Complete resection was five times more likely in the 
ESD group, though the two severe adverse events was 
seen in the ESD group as well. Their compilation of ESD 
data reflects success with en-bloc resection though some 
series had significant complication rates (Table 2). Some 
ESD groups had no strictures but others had a stricture 
rate up to 50%[9-11]! More recent comparative studies and 
commentary reinforced the feasibility and safety of ESD 
in the West for BE and EAC with better R0 resection rates 
than EMR and the de facto choice for larger (> 3 cm), 
nodular, scarred and ulcerated lesions[12-14].

The Western centers foray into ESD for early 
esophageal cancer reflects mixed results and a fairly steep 
learning curve. A multicenter ESD study with resection 
of HGD or EAC had a R0 resection, curative and stricture 
rate of 76%, 70% and 15%[12]. Our center’s resection 
experience with resection of cancer (EAC and SCC) and 
HGD yielded an en-bloc, R0, curative and stricture rate 
of 98%, 83%, 74% and 10% respectively (Figure 1). 
There was a significant decrease in procedure time with 
experience[15]. 

ESD in the esophagogastric junction is technically 
difficult and should be restricted only to higher volume 
specialized centers. Barrett’s is less frequent in Japan 
where is more overall ESD expertise and this may hinder 
ESD in its comparison with EMR for BE resection results.

ESD 
Early gastric cancer
Five pioneering Western ESD centers detailed their 
results for resection of gastric cancer[16-20] (Table 3). En-
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bloc resection was obtained in over 80% of subjects 
with 64%-92% achieving cure. However, there was a 
10%-20% complication rate with no mortality in 4/5 
series and 3% mortality in one series.

The Japanese suggested expanded criteria for ESD in 
EGC to include larger lesions (> 3 cm), ulcerated lesions 
of smaller size (< 3 cm), superficial submucosal lesions 
< 500 micrometers and possibly diffuse histology 
EGC if < 20 mm and consistent with absolute criteria 
above[21] (Table 4). Long-term outcomes of patients 
with expanded criteria including larger lesions (> 3 cm), 
ulcerated lesions of smaller size (< 3 cm) have excellent 
reported results in a Japanese multi-center prospective 
study[22]. However, enthusiasm in the West for ESD in 
EGC was tempered by a study demonstrating increased 
tendency for lymph node metastases in EGC for non-
Asian subjects matched to Asian subjects with similar 
histopathological findings[23]. A German study of EGC 

subjects having surgery demonstrated a lymph node 
metastases rate of 21%/16%/40% respectively, for 
sm1/sm2/sm3 tumor extension[24]. Thus, there is debate 
among European medical societies about extrapolation 
of the Japanese expanded criteria to European subjects. 

A more recent European study validated the success 
of ESD in EGC even with expanded criteria subjects 
as well showing improved technical performance with 
greater speed and better clinical results[25] (Table 5). 
However, the racial/regional differences issue in EGC 
still somewhat lingers in that complete resection rates 
were less than most Asian studies and there was a 1% 
mortality compared to a negligible rate in Asia. There 
was a non-statistical superiority of survival of subjects 
with guideline entry criteria compared to those with 
expanded criteria but this appeared at 7 years with a 
13.2% mortality with guideline criteria and 18.4% with 
expanded criteria (Figure 2). 

Table 2  Endoscopic submucosal dissection for Barrett’s high-grade intraepithelial neoplasia and early adenocarcinoma

Table 1  Endoscopic mucosal resection vs  endoscopic submucosal dissection for early Barrett’s and esophagogastric junction 
neoplasia

ESD-6 Asian studies EMR-10 Western studies Odds ratio P -value

Outcome No. of studies n (%) No. of studies n  (%) (95%CI)
Recurrence rate 6 1/333 (0.3) 5 10/380 (2.6) 8.55 (0.91, 80.0) 0.06
Perforation 6 5/335 (1.5) 9 8/686 (1.2) 1.07 (0.20, 5.62) 0.94
Delayed bleeding 6 7/335 (2.1) 9 8/686 (1.2) 0.46 (0.12, 1.75) 0.26
Stricture 5  7/207 (3.4) 7 3/456 (0.7) 0.21 (0.03, 1.41) 0.11
Method No. of studies Pooled procedure time (95%CI)
EMR 2 36.7 (34.5, 38.9)
ESD 5   83.3 (57.4, 109.2)

Modified from Komeda et al[7]. EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Reference Chevaux et al [9] Kagemento et al [10] Höbel et al [11] Tergheggen et al [8]

Subjects 75 19 22 17
Study design Retrospective Retrospective Retrospective Prospective
Rates of resection
   En-bloc 90% 100% 96% 100%
   R0 resection rate 64% 85% 82% 59%
   Curative rate 64% 65% 77% 93%
Adverse events
   Bleeding 3% 4% 9% 0%
   Perforation 4% 0% 5% 12%
   Stricture 60% 15% 14% 0%

Modified from Terheggen et al[7].

Reference N Follow-up (yr) Mortality (%) En-bloc  resection (%) Curative resection (%) Surgery (%) Recurrence (%)

Cardoso et al[16] 15            1 0 80 74 8 8
Catalano et al[17] 12 2.5 0 92 92 8 8
Probst et al[18] 91 2.3 0 87 72   12    5.6
Schumacher et al[19] 28            2    3.4 90 64 7   11
Pimental-Nunes et al[20]    136 2.2 0 94 82 7 7

Modified from Oyama et al[2].

Friedel D et al . Introduction of ESD in the West
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Colorectal ESD
The predominance of colon polyps and cancer relative to 
early gastric cancer in the West would theoretically allow 
Western physicians to garner needed ESD experience, 
but unfortunately, Western societal guidelines and 
thought leaders are not encouraging in this regard. As 
mentioned, the 2015 ESGE guidelines relegates ESD for 
colorectal lesions that are larger, likely more invasive or 
clearly not amenable to EMR[6]. In the United States, Dr. 
Ginsburg stated: “ESD over EMR for the vast majority 
of colorectal neoplasms (i.e., adenomas) cannot be 
reconciled with the increased risk and procedure 
duration”[26]. Dr Rex stated: “Colorectal ESD, and en-
bloc resection in general, are powerful concepts that 
currently come with a high price tag for most American 
colonoscopists. However, we acknowledge that as with 
many evolving technologies, deciding whether to learn 

colorectal ESD is “gray” not “black and white”[27]. Rex’s 
group calculated the NNT for ESD to obviate surgery 
is 7 which was characterized as “a lot of work” but 
arguably individual patients may disagree! Moreover, 
this calculation may be flawed in that they only consider 
lesions with superficial SM invasion. However, there 
are two other scenarios where ESD can spare patients 
from colectomy: Aborted EMR due to fibrosis/non-
lifting/difficulty in snare positioning-approximately 
5% in Moss[28]) and intractable recurrences after EMR 
(approximately 2%) Including these scenarios, the 
NNT may be as low as approximately 5! A cogent 
argument favoring ESD over EMR is the high relative 
en-bloc resection and potential curative rates. A recent 
meta-analysis comparing the two modalities favored 
ESD with pooled odds ratio (OR) for en-bloc resection, 
cure and recurrence respectively of 6.8, 4.3 and 0.08 

ESD characteristics n = 41
   En-bloc resection, n (%) 40 (97.5)
   Procedure time (min), median (range) 92 (10-291)
   Lesion size (cm), mean diameter (range) 1.9 (0.5-3.9)
   Total AEs n (%) 8 (20%)
Early AEs (within 24 h)
   Self-limited bleeding (no endoscopy) 1 patient
   Prophylactic stent at time of ESD 1 patient
   Transient self-limited pain and fever 1 patient
   Glue to cover deep mp defect 1 patient
Late AEs (beyond the first 24 h)
   Strictures [all successfully dilated over a median of 3 sessions (1-4)] 4 patients
Histopathology n = 41
   RO resection, n (%) 7 (17)
   at lateral margin 4 (57.1)
   at deep margin 1 (14.2)
   at both margins 2 (28.5)
   Depth of invasion of carcinomas 34 cancers
Adenocarcinoma
   Pt1a 17 (63%)
   Pt1b 9 (33%)
   pT2 (R0 including superficial muscularis) 1 (4%)
Squamous cell carcinoma
   Pt1a 5 (71%)
   Pt1b 2 (29%)

C

Barrett's Adenocarcinoma Barrett's HGIEN
Squamous cell carcinoma Adenoma

5.12%

2.5%

7.17% 27.66%

Histology of lesion

B Esophageal ESD learning curve
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Figure 1  NYU Winthrop esophageal endoscopic submucosal dissection experience. A: ESD characteristics and histopathology; B: Histology of lesions; C: 
Learning effect on procedure time; D: Learning effect on R0 resection rate. AEs: Adverse events; ESD: Endoscopic submucosal dissection.
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Table 4  Endoscopic submucosal dissection for early gastric cancer

respectively[29]. “Enhanced” EMR with cold snare and 
water immersion minimally lessened this relative 
disparity with the cold snare group showing 18% 
recurrence at 5 mo for lesion > 2 cm[30] and the water 

immersion group had a 10% recurrence rate for these 
lesions at 6 mo[31]. 

Cost analysis comparisons of colon EMR vs ESD 
would favor the former in the short run because of 

Histology Depth

Mucosal cancer Submucosal cancer
No ulceration Ulcerated SM1 SM2

≤ 20 > 20 ≤ 30 > 30 ≤ 30 Any size
Intestinal 1 3 3 4 3 4

Diffuse 2 4 4 4 4 4

1Guideline criteria for ESD; 2Consider surgery; 3Expanded criteria for ESD; 4Surgery (gastrectomy + lymph node dissection). ESD: Endoscopic submucosal 
dissection.

Table 5  Major Western endoscopic submucosal dissection series for early gastric cancer n  (%)

Guideline criteria Expanded criteria Out of indication P -value

179 subjects 53 subjects 87 subjects 30 subjects
Post ESD endoscopic follow-up 53/53 (100) 84/87 (97) 27/39 (69) < 0.001
Follow-up median (mo) 51 56 36 NS
Curative resection 47/53 (89) 65/87 (75) 0   0.07
Local recurrence 0 4/84 (5) 3/27 (11)   0.06
Post ESD surgery 0 3/87 (3) 12/39 (31) < 0.001
Metastases 0 1/84 (1) 3/27 (11)    0.005
Gastric cancer mortality 0 0 3 (8)    0.004
All-cause mortality 7 (13) 16 (18) 11 (28)   0.19

One hundred and seventy-nine ESD procedures for EGC over 12 years-about 15/year (modest compared to Asian centers). This Western center’s learning 
curve: 1st block of ESD’s (1-96) compared to 2nd block (97-191). R0 resection increased from 60% (57/96) to 93% (88/95) (P < 0.001). Median procedure time 
decreased from 148 to 110 min (P < 0.001). Modified from Probst et al[25]. ESD: Endoscopic submucosal dissection; NS: Not significant; EGC: Early gastric 
cancer.

A B

C D

Figure 2  Endoscopic submucosal dissection of early gastric cancer (NYU-Winthrop).
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longer procedure time and associated anesthesia 
as well as need for more expensive equipment with 
ESD, but ESD is more cost-effective in the long term 
because of its significantly better curative resection rate 
with less incumbent need for subsequent surveillance 
colonoscopy[32]. Another group compared various 
strategies for sessile lesions and lateral spreading 
colorectal lesions > 2 cm including wide field EMR (WF-
EMR), selective ESD (S-ESD) and universal ESD[33] 
(Table 6). Selective ESD was performed when there 
was concern for submucosal invasion including lesions 
that were non-lifting, Paris 2C in appearance or with 
Kudo V pit pattern. S-ESD was preferred for all but 
rectal lesions. However, the study design favored EMR 
by including 18% rectal lesions, and in earlier work 
by the same group, there was 16% recurrence after 
EMR at 4 mo with an additional 4% new recurrences in 
those patients at 16 mo for a total of 20% cumulative 
recurrence by 16 mo[28]. For ESD, recurrence rate in 
a meta-analysis of 104 colorectal ESD studies[34]: 1% 
at 19 mo and 0.04% if R0 resection! In another meta-
analysis[35] comparing colon EMR vs ESD, recurrence 
was 0.9% for ESD.

Starting an ESD program
The Western ESD pioneers will likely have their R0 
resection rates and significant complications closely 
scrutinized by their gastroenterology colleagues, 
surgeons, tumor boards and administration (Table 7). 
Cost-effectiveness will be an ongoing debate at most 
institutions but, if curative resection and significant AE 
rate are satisfactory, one can effectively advocate for 
ESD by emphasizing the benefits of having an ESD 
program (Table 8). Enhanced EMR methods such as 
circumferential mucosal incision (CMI) or circumferential 
submucosal incision (CSI) followed by snare removal 
have not shown R0 or curative resection rates comparable 
to traditional ESD but can help build ESD skills[36,37]. The 
performance of ESD is often a multi-hour endeavor and 
anesthesia, nursing and ancillary personnel should be 
aware of their roles. Ergonomic consideration should be 
given to both the operator and the patient-two deaths in 

a European study may have related to thrombosis[6,38,39]. 
In addition, both the patient and pathology should be 
appropriately triaged (Table 7). Appropriate medical or 
other discipline clearance should be obtained beforehand. 
Endoscopic and pathologic data should be evaluated with 
caution. Concordance of biopsy and resected specimen 
pathologic diagnosis of gastric polyps > 5 mm is only 
55%-77%[40,41]. Concordance of biopsy and resected 
specimen pathologic diagnosis of colon polyps in one 
study was only 60%[42].

There are progressive phases or stages typically 
necessary for development of ESD skills. Initially, 
one acquires basic knowledge via texts, reviews and 
courses. Lesions should be properly assessed including 
use of enhanced imaging. Knowledge of electrosurgical 
generators and their appropriate settings for the various 
ESD stages as well as familiarity with the common 
electrosurgical knives. Overall, one should develop 
an understanding of ESD techniques, indications, 
limitations, risks and expected outcomes. Subsequently, 
training can be obtained in ex vivo animal models 
including pig esophagus/stomach and bovine rectum. 
Expenses may be possibly defrayed by industry support 
in anticipation of equipment necessary for an ESD 
program. Before embarking on ESD cases in humans, 
one should observe live ESD cases by experts; probably 
a minimum of 20 cases. Trainees can likely assist in 
ESD cases by their mentor experts. A trip to Japan 
with concentrated exposure and ideally hands-on 
experience can also be useful[43]. These experts may 
also travel to regional meetings. Experts may also view 
a video of your technique with suggestions[44]. The 2010 
ESGE White Paper suggested performance of 30 ESDs 
reaching speed of 30 min/5 cm lesion in live animals as 
well as management of simulated complications such 
as bleeding and perforation prior to clinical ESD[45,46]. 

Once the operator begins to perform clinical ESD, 
there must be a sufficient volume of cases to maintain 
and improve techniques. This would be a minimum 
of two cases per month but preferably at least a case 
weekly[2,47]. In the “step-up” approach of transitioning 
from clinical training to competence, one would do 

Table 6  Cost analysis-endoscopic submucosal dissection vs endoscopic mucosal resection for colorectal lesions

   ESD vs Wide-field EMR for large sessile and lateral spreading lesions > 2 cm: Cost analysis
   Selective ESD prevented 19 additional surgeries per 1000 cases at slightly lower cost compared with WF-EMR
   U-ESD could prevent an additional 13 surgeries per 1000 cases compared with S-ESD but at substantially increased cost of > 21000 dollars (Australian) 
per surgery avoided
   Expanded ESD criteria (Japanese Gastrointestinal Endoscopy Society) adding mainly granular lesions > 4 cm added little additional benefit
   Authors stated U-ESD is “unjustified” given WF-EMR effectiveness for benign lesions of LR-SMIC
   Subgroup analysis of only rectal lesions concluded WF-EMR including trans-anal resection was as effective as S-ESD and still less costly
   Because of the higher prevalence of SMIC in the rectum, the incremental cost per surgery avoided by U-ESD decreased to $87066 and dropped to $32132 
among non-granular rectal lesions. U-ESD became the least costly and most effective strategy among higher risk non-granular Paris 0-is rectal lateral 
spreading lesions
   Study design: Selective ESD strategy was employed for lesions suspicious for SMIC-all others had WF-EMR. Pathology after ESD revealing high - risk 
SMIC necessitated surgery. LR-SMIC on pathology at the ESD were considered cured

After Behin. Gut 2017. U-ESD: Universal ESD; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; LR-SMIC: Low prevalence 
of low risk submucosal invasive cancer; WF-EMR: Wide field endoscopic mucosal resection; S-ESD: Selective endoscopic submucosal dissection; SMIC:
submucosal invasive cancer.
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20-30 supervised cases-optimally in the antrum or 
rectum where management of complications is easiest 
with a subsequent 20-30 cases in more challenging 
areas with the goal of achieving > 80% en-bloc resection 
and < 10% complications in 20 consecutive cases[45]. 

The next phase is the transition from competence to 
proficiency-usually > 80 cases. This is mostly a result 
of self- training to attain proficiency with an en-bloc 
resection rate ≥ 90% and dissection speed ≥ 9 cm2/h. 
“Master classes” and/or additional observation of live 
cases by experts may help at this stage (refine skills 
and acquire more advanced tips and tricks). The next 
and last phase is mastery after hundreds of cases with 
a curative rate > 80% and teaching of other physicians. 
The difficulty of ESD varies by location with the proximal 
stomach, colon flexures and ileocecal valve/appendiceal 
areas and ESD in the small intestine including the 

duodenum reserved for true experts (Figures 3 and 4).

CHALLENEGES FOR WESTERN ESD 
OPERATOR
The Western ESD operator is at a distinct disadvantage 
compared to his Asian counterpart with the latter 
having widespread acceptance, existent infrastructure, 
choices of mentors and ample pathology. In the West, 
the relative paucity of early gastric cancer cases relative 
to colon and esophageal pathology is a particular 
challenge. As mentioned, the Western endoscopist 
may be less attuned to the appearance of EGC. There 
are about eight times more cases of gastric cancer 
in Japan than in the United States[48]. SEER database 
analysis over a recent decade in the United States 
noted 43769 cases of gastric adenocarcinoma of which 

Table 7  Caveats for the endoscopic submucosal dissection pioneer

ESD: Endoscopic submucosal dissection; GI: Gastrointestinal.

   Start clinical ESD only after extensive pre-clinical training
   Start with easier lesions
   Avoid “unprincipled ESD”
   Record and monitor closely outcomes and complications- consider registry and videos
   Be familiar with techniques for endoscopic management of complications
   The main complications (perforation and bleeding) can almost always be managed (or even prevented in the case of bleeding) by skillful application of 
clips and coagulation
   Experience with endoscopic clip placement and coagulation grasper application is essential (experience with endoscopic suturing is highly desirable)
   Avoid mistakes in selecting and scheduling cases-many referral reports lack detailed information on morphology, size, location, prior manipulation
   Morphology (e.g., Paris classification) may suggest a more advanced lesions that was appreciated on the index endoscopy and biopsy that may require 
expedited scheduling
   Index biopsies may be misleading (obtained from the periphery rather than depressed areas of 2c or 1s lesions missing a carcinoma)
   Biopsies yielding only dysplasia may result in a publicly delayed resection of cancer
   Concordance of biopsy results and ultimate post-resection pathology is fair at best
   EDUCATE your referring physicians-AVOID inappropriate India ink tattooing and “partial snare resections”/hot forceps/jumbo forceps for “diagnosis 
or “attempted” hasty resections (tackling lesions where probability of complete EMR is low)
   Lack of experience in delineating early GI cancer main lead to excessive sampling biopsies
   DISCOURAGE APC to” vaporize “grossly” evident residual tumor or aggressive/many biopsies of delicate flat lesions (SSA’s)
   ENCOURAGE: (1) detailed descriptions: size, morphology; (2) lots of pictures; (3) giving print out with color pictures to the patient and d) having 
referring physicians transit “money” shots of lesion to you
   Put post - resection specimens on corkboard and educate pathologist about specifics of resection
   Pathologists should properly orient specimens with ≤ 2 mm slices
   Pathology report should comment on adequacy of resection including deep and lateral margins with measurement of submucosal invasion with 
micrometer measurements as well as the differentiation (G1-G3)
   Optimally there should be desmin staining of the muscularis mucosa noting the pattern of SM invasion, e.g., budding
   Comment should be made regarding  lymphovascular invasion with elastin Van Gieson stain to delineate venules and the D2 – 40 immunostain for 
lymphatics (important)
   Multidisciplinary input and communication including nursing, technicians, anesthesiologists, surgeons and oncologists
   The patient should be evaluated as dictated by medical history by internists, cardiology and pulmonary medicine with particular attention to 
anticoagulants and antiplatelet drugs
   Ergonomic considerations are given to both ESD operator and patient

Table 8  Benefits of institution endoscopic submucosal dissection program

Potential benefit in avoiding surgery/organ resection
“Downstream revenue “from increased services and subsequent referral to surgery/oncology of patients (possibly up to 20% of ESD’s performed)
Enhancement of overall institutional prestige
ESD is a necessity for any institution purporting to be a tertiary referral center for luminal GI tract
Enhanced recruitment of trainees and faculty after establishment of ESD program

ESD: Endoscopic submucosal dissection; GI: Gastrointestinal.
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1826 were EGC-only 203 cases yearly[49]! Absence of 
suitable lesions was the main perceived obstacle to 
ESD implementation in the West as per a survey of 40 
ESD trainees at a conference[50]. There are different 
approaches in the West to this obstacle of too few EGC 
cases. The “step-up” approach for “untutored learning” 
in the West recommends starting with UGI lesions 
where ESD is easier and most beneficial (resecting early 
cancers). But this approach is problematic for several 
reasons. UGI lesions are rare (unlike colon lesions) 
and would make it difficult to achieve the 2 lesions/mo 
requirement. An R1/Rx resection (a common error 
during ESD learning) is much more detrimental in the 
UGI tract than in the colon; especially if high risk colon 
lesions are avoided during learning. For UGI lesions 
(often carcinomas) patient would be subjected to 
highly morbid surgery (esophagectomy/gastrectomy) 
whereas for colon adenomas/HGIEN careful follow-up/
further endoscopic treatment is sufficient for most R1 
resections[51]. 

Another approach to the relative paucity of early 
gastric cancer in the West for the ESD operator is to 
have a prevalence based or ad hoc strategy[51]. Berr 
described this relatively untutored ad hoc strategy 
where 80% of his first 50 cases were in the colorectum, 
and he clearly documented improved rates of en-blo 
and R0 resection as well as a lower perforation rate 

and increased speed of dissection with increasing 
experience[51]. A South Korean study of colorectal ESD 
without prior gastric ESD experience noted the same 
positive trends as the Berr group with more cases and 
the performance > 100 ESDs, rectal ESD and lack of 
submucosal fibrosis were independent predictors of 
success[52]. Competence was defined as 80% en-bloc 
resection rate and statistically significant decrease in 
operative time[53]. An Italian endoscopist with prior 
EMR experience did not transition to colon ESD until 
ESD competence was demonstrated in the rectum[54]. 
All lesions were > 2 cm, and again increased en-bloc 
resection rates were noted with increased experience 
as well as decreased operative time, but defined 
competence was noted after only five cases in the 
rectum but required 20 cases in the colon[54].

NYU Winthrop ESD experience
The NYU Winthrop ESD experience was also untutored 
with gradual progression of skills (Figure 5). There 
was progression from ESD to natural orifice translumi
nal endoscopic surgery (NOTES) including POEM, 
submucosal tunnel endoscopic resection (STER) and 
endoscopic full-thickness resection (EFTR)[55]. The initial 
four year experience reflected the learning curve with 
53% and 75% en-bloc resection rates respectively for 
early mucosal neoplasms and submucosal tumors[56] 
(Table 9). We studied the relative utility of various 
electrosurgical devices during this period[57]. We have 
performed over 500 ESD’s with progressively faster 
dissection rate and presently an en-bloc resection 
> 90% (Figure 6). We have resected early mucosal 
neoplasms and submucosal lesions from the esophagus, 
stomach, duodenum and colorectum as well as ileocecal 
valve polyps that extended into the ileum[55,56].

ESD complications
The significant adverse events of hemorrhage and 
perforation are more common in ESD then with EMR, 
and a major concern for the fledgling ESD operator, 
though, as mentioned, the complication rate diminishes 
usually with experience and likely is better managed by 
the more seasoned operator[46,50]. The ESD resection 
bed should be copiously irrigated to assess for vessels 
that may cause subsequent post - resection bleeding. 
The main complications (perforation and bleeding) 
can almost always be managed (or even prevented in 
the case of bleeding) by skillful application of clips and 
coagulation Experience with endoscopic clip placement 
and coagulation grasper application is essential 
(experience with endoscopic suturing is highly desirable) 
(Table 7). There is controversy as to the necessity of 
closing the ESD post-resection defect. Proponents of 
closure cite less delayed bleeding and perforation as 
well as earlier discharge with associated decreased 
cost, but the data is limited to date[58]. Opponents argue 
that closure may complicate subsequent surveillance 
or further resection at the ESD site by creating artificial 

Gastric ESD difficulty by location

Easy location
Moderate difficulty
Hardest location
Risk of stenosis

Figure 3  Gastric endoscopic submucosal dissection difficulty by location. 
ESD: Endoscopic submucosal dissection.

Figure 4  Relative endoscopic submucosal dissection difficulty by 
location. ESD: Endoscopic submucosal dissection; EGJ: Esophagogastric 
junction.
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Table 9  Western Center initial endoscopic submucosal dissection series n  (%)

nodules or other “lesions” and/or burying residual 
neoplastic tissue and questionable cost-effectiveness[59]. 
Use of an omental patch may help in perforation closure 
either with clips or endoscopic sutures. Berr noted 
the relatively low rate of colonic ESD complications 

in early operators reported in the Japanese literature 
(< 12.5%) may not extrapolate to the Western ex
perience[51]. The Japanese trainees were tutored by 
experts and reportedly completed less than half of their 
initial procedures. A more “real-life” elaboration of the 

2001-2004 Observation of ESDs by
Yahagi, yamamoto at live courses

toronto/NYSGE

2004 ESD
trainning in live

animal lab

2008 ESD
subepithelial

tumors
2009 POEM

2012 STER
EFTR

Figure 5  Chronology of endoscopic submucosal dissection development in a Western Center. ESD: Endoscopic submucosal dissection; STER: submucosal 
tunnel endoscopic resection; EFTR: endoscopic full-thickness resection.

Figure 6  NYU-Winthrop endoscopic submucosal dissection experiences. A: ESD pathology; B: ESD R0 rates; C: UGI ESD dissection speed. ESD: Endoscopic 
submucosal dissection.
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Total Lesions 38 (43) Total lesions 51 (57)
Size, mean millimeters (range)    26 (5-90) Size, mean millimeters (range)    18 (8-55)
Complete en-bloc resection (R0 deep + lateral margins) 20 (53) Complete en-bloc resection (completeness assessed 

endoscopically)
38 (75)

Complete 2-piece resection 5 (10)
incomplete resection 8 (15)

Histologic diagnosis Histologic diagnosis 
T1 carcinomas/adenomas with HGD 16 (42) GIST 12 (23)
Adenomas w/o HGD 10 (26) Pancreatic rests 11 (21)
No residual adenoma granulation tissue 11 (29) Lipomas   8 (16)
Unclassified 1 (3) Carcinoids   6 (12)

Granular cell tumors 3 (6)
Leiomyomas   8 (16)

Other 3 (6)

SETs: Subepithelial tumors; EMNS: Early mucosal neoplasm; GIST: Gastrointestinal stromal tumors; HGD: High grade dysplasia.
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initial ESD French experience noted 11% and 18% 
hemorrhage and perforation rate respectively with en-
bloc and R0 resection rates of 77%/73% respectively[60]. 

Berr[51] had suggestions for the “colon heavy-
untutored/prevalence based” ESD learners based on his 
retrospective video analysis of his own work including 
avoiding: (1) wide SM injection around the lesion 
(which forces a “perpendicular” instead of “tangential 
approach”); (2) injection deep to muscle layer (lack 
of submucosal fluid cushion); (3) disruption of vessels 
leading to hematoma and loss of transparency of 
submucosa; (4) dissection without direct vision of 
the tip of the knife; (5) contact coagulation of small 
vessel directly on colonic proper muscle layer; and (6) 
mucosal incision using knife in “pullback fashion” across 
a haustral fold[51]. 

Another peril of over-extrapolating ESD results from 
Japan to the West concerns pathology. One should be 
cautious concerning extended Japanese indications for 
gastric ESD (particularly SM1 invasion) (Table 4). The 
local pathologist may not be as accurate and experienced 
as expert Japanese pathologists (all SM1 invasion is not 
created equal (extensive vs focal, tumor budding, etc.) 
As reviewed, some surgical studies purport to show 
that early gastric cancer in the West may behave more 
aggressively[23,24]. One must discuss risk of metastatic 
cancer (even after “curative ESD”) and metachronous 
cancers and need for surveillance as even intramucosal 
carcinoma has a low but not negligible rate of metastasis 
(e.g., 1%-2% for Barrett’s intramucosal carcinoma 
or HGD[61]). The recurrence rate of T1b carcinoma in 
the rectum (4.2%-4.5%) is higher than in the colon 
(1.5%-1.9%)[4-6]. Follow-up colonoscopy as well as 
periodic CEA, abdominal ultrasonography, and thoracic 
and abdominal CT should be performed. However, no 
clear consensus was reached regarding the particular 
method and time of surveillance[62]. Metachronous 
lesions occur in 10%-30% in early 3-5 years follow-up 
post gastric, esophageal, colon resection[4,5]. Endoscopic 
surveillance is important.

Rectal ESD
Rectal ESD merits specific mention as it is in fierce 

competition with burgeoning techniques of trans-anal 
surgery including trans-anal endoscopic microsurgery 
(TEMS), trans-anal minimally invasive surgery (TAMIS) 
and a host of other platforms. Surgeons have the 
apparent advantage of better and innovative equipment 
including robotic devices as surgical resection via 
endoscopy is a natural extension for this discipline. A 
provocative meta-analysis compared ESD and TEM for 
rectal lesions demonstrated a relative procedure time, 
en-bloc resection rates, R0 resection rates, recurrence 
rates for ESD/TEM of 96/67 min, 88%/99%, 75%/88%, 
2.6%/5.2% respectively[63]. The overall complication 
and emergency surgery rates were about the same (8%, 
1.5%). The ESD group had a perforation/hemorrhage 
rate of 3.7%3.5%, but the surgery group had the more 
troubling and durable complications of suture leak and 
fistula (3.2%/0.5%). The surgery group had the distinct 
advantage in terms of less needed abdominal surgery 
for oncologic indications or recurrence (8.4% vs 2.9%). 
However, closer scrutiny determines that the ESD group 
had much more advanced pathology with almost 90% 
of pathology showing cancer vs 10% in the TEM group. 
Thus, rectal ESD is currently holding its own against 
these innovative surgical procedures.

Traction
The ESD operator should be aware of gravity during 
the performance of the section in terms of endogenous 
fluid and expected blood with consideration of patient 
repositioning. A practical way to facilitate resection is to 
employ traction (Figure 7). Traction is the equivalent of 
a second operator and examples in ESD ranges from 
simply having a forceps or snare outside the scope 
channel to setups employing endo-clips, endo-loops, 
suture thread or floss to create spring or pulley effect. 
More sophisticated methods employ a second scope, 
percutaneous access or magnets[64]. Traction may im
prove performance; especially in trainees and those 
with modest experience[65]. 

ESD technology
As mentioned, acquiring skills in ESD is a gateway to 
innovative resection methods such as STER and EFTR. 

A B

Figure 7  Traction in endoscopic submucosal dissection. A: Traction via clip on string; B: Traction via pulley effect with two clips.
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Technological innovations are inevitable with many past 
and future innovations coming from the West. Some of 
these innovations will make it easier for physicians with a 
background in EMR to begin ESD, while others will allow 
experienced ESD operators to perform more challenging 
cases and to do so more quickly. The already crowded 
arena of electrosurgical devices and injection solutions 
will expand. Novel scissors-type knives were invented 
to facilitate ESD and increase trainee completion 
rates[66,67]. There is an array of devices being developed 
as adjuncts to ESD performance. This includes platform 
devices to allow a variety of instruments to be used 
synergistically similar to the operating room setup[68]. 
Balloon devices can allow stabilization of the colonoscope 
during ESD, and this includes the traditional double 
balloon endoscope and the DiLumen device (expressively 
developed for ESD)[69]. Thullim laser is an alternative 
to the electrosurgical knives powered by monopolar 
electrosurgical units[70]. 

CONCLUSION
ESD originated in Japan and is a well-accepted modality 
in Asia for larger and advanced epithelial-derived 
neoplasms of the upper and lower gastrointestinal 
tract. In the West, there is evident interest in ESD 
as demonstrated by the content of the main gastro
enterology and endoscopy journals and national 
meetings of the related societies. However, ESD has 
clearly not become part of mainstream endoscopy 
practice. This is due to multiple factors including the 
relatively steep learning curve, relative lack of resources 
for learning ESD including few potential mentors, 
cost issues, longer procedural time and concern for 
complications. In addition, societal thought leaders 
have generally not supported ESD development. 
Despite this, the consensus (even in the West) is that 
ESD is the premier modality for resection of EGC and 
squamous cell esophageal cancer with the exception of 
small non-advanced lesions. ESD has a more modest 
niche for Barrett’s lesions compared to EMR and surgery 
though this is still debated. A prime obstacle to ESD 
implementation in the West is the relative lack of early 
gastric cancer compared to Asia. The irony is that there 
is ample colorectal pathology in the West amenable to 
ESD, but this colon ESD implementation is discouraged 
by the thought leaders; perhaps because of the relative 
success of wide-field EMR and the usual relative indolent 
nature of colon adenoma recurrence. Nonetheless, 
ESD has clear advantages in the colon and elsewhere 
in terms of superior en-bloc and curative resection 
rates with associated low recurrence rates. Some ESD 
“pioneers” have essentially self-tutored themselves in 
ESD with the more prevalent colorectal lesions. Those 
embarking on an ESD program should do appropriate 
preparatory work and avail themselves of international 
mentors and animal labs before doing clinical work as 
their resection results and complications will be closely 
scrutinized. They should also be conservative initially 

with their choice of potential lesions-especially in the 
stomach- as there may be biological differences in 
EGC between the West and the East. We feel that it 
is inevitable that ESD will eventually be ingrained in 
mainstream endoscopy practice in the West. This will 
occur as a result of burgeoning ESD data from the West 
supporting its validity and utility in this population as 
well as more potential ESD tutors and perhaps formal 
society-sanctioned traineeships. The growing demand 
for basic and adjunctive ESD equipment will spur new 
devices likely largely derived from the West.
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