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Introduction

Gastric cancer is the fifth most common cancer worldwide, 
with an incidence of 952,000 new cases in 2012 (1). The 
highest prevalence is in the Western Pacific region, 
particularly China, South Korea, and Japan. Many of these 
countries have instituted screening programs in an attempt 
to reduce the high morbidity and mortality seen in this 
disease. Japan and Korea have national programs in which 
all men and women over the age of 40 undergo either upper 
endoscopy or barium swallow biannually; this has resulted 
in a documented increase in early detection of gastric 
malignancy (2,3). In Japan, approximately 50% of gastric 
cancer is now being diagnosed while still confined to the 
mucosa or submucosa (4).

Previously, the mainstay of treatment for early cancer 

was surgical resection, which is associated with a high rate 
of perioperative and long term morbidity despite modern 
techniques (5). This has prompted the development of 
increasingly advanced endoscopic techniques for resection 
of early gastric cancer. Endoscopic mucosal resection (EMR) 
was developed in Japan in the 1980s and was intended 
for complete resection of small gastric lesions confined 
to the mucosa. Lesions which were thought to have a low 
risk of lymph node or distant metastases were selected, 
and endoscopic treatment was performed with curative 
intent (6). Subsequently this technique was expanded to 
endoscopic submucosal dissection (ESD), which allows for 
deeper and more precise dissection and has led to higher 
rates of en bloc and complete resection even in larger 
lesions (7). As procedural technique has improved and 
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specialized devices have become available, ESD is being 
successfully employed as treatment of increasingly complex 
early gastric cancer lesions.

Diagnosis

Upper endoscopy is the primary diagnostic modality for 
early gastric cancer. Complete evaluation of malignant 
lesions includes evaluation of histopathologic type, size, 
depth of invasion, and presence of ulceration (8). In a 
randomized control trial, “trimodal” endoscopy using high-
resolution white light imaging in combination with optical 
image enhancements magnifying endoscopy-narrow band 
imaging and autofluorescent imaging (Olympus Medical 
System, Tokyo, Japan) had the highest sensitivity (89%) and 
specificity (100%) for the diagnosis of superficial gastric 
malignancies (9). These enhancements allow for analysis of 
surface microvasculature and have improved the diagnosis 
of early gastric cancer in comparison to conventional 
endoscopy (10). Adjuvants such as chromoendoscopy, which 
uses the surface application of indigo carmine dye with 
or without the addition of acetic acid to promote earlier 
washout from areas of malignancy, are widely used to 
delineate margins and surface structure (11). Forcep biopsy 
at the time of endoscopy is employed to provide pathologic 
confirmation of malignancy and histologic information.

Depth of invasion can be assessed using white light 
endoscopy based on surface characteristics. Smooth surface 
protrusion or depression, slight elevation of margins, and 
smooth tapering of folds suggests mucosal disease, while an 
irregular surface with marked elevation and abrupt cutting 

and fusion of converging folds indicates invasion into the 
submucosal layer (12). The role of endoscopic ultrasound 
(EUS) in determining mucosal and submucosal invasion in 
early gastric cancer is controversial. A recent meta-analysis 
reported a sensitivity and specificity of 76% and 72% for 
EUS assessment of mucosal invasion, and a sensitivity 
and specificity of 62% and 78% for EUS assessment of 
submucosal invasion (13). Another group showed that 
conventional endoscopy was superior to EUS for diagnosis, 
with an accuracy of 73.7% in the endoscopy-alone group 
and 67.4% in the EUS group (n=955, P<0.001) (14). In a 
Cochrane review of EUS for the staging of early gastric 
cancer, sensitivity and specificity for detection of regional 
lymph node metastases was also limited at 83% and 67%, 
respectively (15). Use of EUS is ultimately based on the 
preference of the endoscopist.

Resection criteria

Not all early gastric cancers are amenable to resection by 
ESD. The Japan Gastroenterological Endoscopy Society 
(JGES) and the Japanese Gastric Cancer Association (JGCA) 
released a joint statement on guidelines for ESD in 2016 (8). 
A similar statement was released by the European Society of 
Gastrointestinal Endoscopy (ESGE) the previous year (16). 
These guidelines attempt to identify lesions with negligible 
risk of lymph node metastases. Absolute indications for ESD 
agreed upon by both groups are intramucosal, differentiated 
adenocarcinomas without ulceration and size less than 2 cm  
in diameter, while slight differences exist with regard to 
extended criteria (Figure 1).

Figure 1 Criteria for ESD (8,15). ESD, endoscopic submucosal dissection.

Criteria Absolute indication Extended indication Out of indication

Japanese 
guidelines (8)

T1a T1a T1a T1a Any submucosal 
invasion (≥ T1b)

≤2 cm >2 cm ≤2 cm ≤3 cm

Intramucosal Intramucosal Intramucosal Intramucosal

Differentiated Differentiated Undifferentiated Differentiated

No ulceration No ulceration No ulceration (+) ulceration

European 
guidelines (15)

T1a T1a T1a T1a T1b

≤2 cm >2 cm ≤2 cm ≤3 cm ≤3 cm

Intramucosal Intramucosal Intramucosal Intramucosal SM invasion ≤500 μm

Differentiated Differentiated Undifferentiated Differentiated Differentiated

No ulceration No ulceration No ulceration (+) ulceration No ulceration
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ESD technique

ESD can be performed under either general anesthesia 
or sedation. A therapeutic endoscope equipped with an 
energy source is used; carbon dioxide is preferred over air 
for insufflation due to better symptomatic tolerance (17). 
The procedure is performed using a standardized series 
of steps (Figure 2) (18). First, cautery is used to outline 
the circumference of the lesion to be resected. The lesion 
is then raised with submucosal injection of a colloidal 
agent which is frequently stained with indigo carmine or 
methylene blue dye for easy identification of the dissection 
plane. A specialized, insulated-tip electrosurgical knife such 
as the ITknife (Olympus America, Center Valley, USA) is 
then used to dissect first circumferentially and then deep 
to the lesion in the submucosal plane to achieve a complete 
resection. Cautery or clips are used to control any intra-
procedural bleeding.

Specific training in this technique may be required 
to ensure adequate resection and limit complications. A 
Japanese training center showed that successful completion 

of thirty procedures was considered sufficient to achieve 
proficiency in easily accessible lesions in the distal stomach, 
with additional training required for more complex lesions 
or lesions located in the mid- or proximal stomach (19). 
Simulators including ex vivo porcine models and live pigs 
can be used for training prior to performance of ESD 
on patients (20,21). Non-human training models are 
particularly important for Western countries where early 
gastric cancer is rare.

Outcomes

ESD versus EMR

EMR is sti l l  performed in some centers for well-
differentiated lesions less than 2 cm. In a cohort of  
177 patients with early gastric cancer meeting criteria for 
both EMR and ESD, en bloc resection, complete resection, 
and local recurrence rates all favored ESD for lesions 
greater than 5 mm in size (22). In this study, there was no 
significant increase in complications in the ESD group. 

Figure 2 Technique for ESD. (A) The lesion is marked circumferentially with cautery; (B) colloid solution with indigo carmine dye is 
injected submucosally to elevate the lesion; (C) the lesion is dissected circumferentially using a specialized endoscopic knife attached to an 
energy source; (D) the submucosal plane is dissected to remove the lesion en bloc. ESD, endoscopic submucosal dissection.

A

C
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A meta-analysis published in 2014 which included the 
previous study and an additional nine retrospective studies 
comparing EMR and ESD corroborated these results, 
although a notably higher perforation rate (OR 4.67, 2.77–
7.87) was seen with ESD (7). EMR can still be considered 
in selected lesions, but ESD is the mainstay for larger 
and more complex malignancies and allows more precise 
resection.

ESD versus surgery

Long term oncologic outcomes are similar between ESD 
and surgical resection. The longest follow-up data comes 
from a single Korean center in which 611 propensity 
matched pairs were followed after either ESD or surgical 
resection over ten years (23). Both absolute and extended 
criteria lesions were included. Overall 10-year survival was 
94.9% in the surgery group and 96.7% in the ESD group 
(P=0.120). Complication rates varied among cohorts but 
tended to be lower in the groups treated with ESD (24,25). 
Other large series show that endoscopic complications 
tend to occur more frequently in the early post-procedural 
period, while surgical complications are more likely to 
occur later (23). ESD is consistently associated with 
shorter hospital stay than radical resection, with an average 
hospitalization after ESD of five to seven days versus eleven 
to thirteen days after surgery (23,26).

Absolute versus extended criteria

Outcomes of absolute and extended criteria ESDs 
are comparable. Two large Japanese studies with over  
1,000 patients each showed that overall survival at five 
years is greater than 90% regardless of criteria used for 
resection (27,28). Additionally, multiple large retrospective 
reviews show similar results with no difference in disease 
free survival (28,29) or local recurrence (29,30). Most series 
show a statistically significant higher complete resection 
rate in the absolute criteria group (pooled results 91.1–
95.9%) versus the extended criteria groups (pooled results 
64.5–88.4%), although one multi-institutional Japanese 
study was able to achieve similar rates of complete resection 
(93.4% versus 96.4%, P=0.736) with en bloc resection 
>97% (P=0.867 between groups) (28-31). Local and 
metachronous recurrence rates did not vary between groups 
in any of these studies. Some groups showed higher rates 
of perforation (6.6% versus 2.4%, P<0.001) and bleeding 
(6.36% versus 3.31%, P=0.020) in the extended criteria 

groups (28,31). Extended criteria lesions can be technically 
difficult to resect, but if complete resection is achieved, 
oncologic results are equivalent to standard criteria lesions.

Lymph node metastases

The presence of lymph node metastases in early gastric 
cancer confers significantly worse survival (32), and 
endoscopic resection is based on the assumption that the 
risk of lymph node metastases is negligible. A meta-analysis 
of patients who had undergone gastrectomy for any T1a 
or T1b lesion showed an overall rate of 3.2% lymph node 
metastases in mucosal lesions and 19.2% in submucosal 
lesions (33). In seminal works in 2000 and 2001, Gotoda et al.  
were able to identify lymphovascular invasion, tumor size 
greater than 30 mm, tumor ulceration, and undifferentiated 
histology as independent risk factors for lymph node 
metastases in early gastric cancer (34,35). In a series of 
over 5,000 patients, when these risk factors were absent 
and the tumor was confined to the mucuosa or superficial 
submucosa (<500 μm), the incidence of lymph node 
metastases was zero. This forms the basis for the widely 
used absolute and extended criteria for resection.

Subsequent studies have validated these results by 
retrospective analysis of patients that had previously 
undergone gastrectomy and formal lymphadenectomy 
for early gastric cancers that would now meet criteria for 
endoscopic resection. Although the rate of lymph node 
metastases is not zero in these series, it is extremely low. A 
Korean study of 3,951 patients reports a rate of lymph node 
metastases of 0.3% in patients meeting absolute criteria and 
0.4% in patients meeting extended criteria (32). Another 
retrospective review of over 1000 patients showed lymph 
node metastases in 18 (1.8%); the hazard ratio for lymph 
node involvement was 6.104 (95% CI: 1.1317–28.284) for 
undifferentiated histology (36). Refinement of criteria to 
accurately identify localized disease is ongoing.

Recurrence

Local and metachronous recurrences are known to occur 
after ESD. A Korean study showed local recurrence in 
5/288 (1.6%) of ESD resections compared to 1/173 (0.6%) 
of gastrectomies in a propensity-matched cohort; this 
difference did not reach statistical significance (37). The 
risk of developing metachronous lesions after ESD is the 
main oncologic difference between endoscopic and surgical 
resection, with the rate of metachronous lesions ranging 
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from 5.3% to 6.2% after ESD versus a negligible rate after 
gastrectomy (23,26,38). That being said, metachronous 
lesions can be successfully treated with repeat endoscopic 
dissection with no decrease in survival (26,39).

Risk factors for local recurrence in ESD have been 
identified. Limited studies suggest that piecemeal resections, 
even if negative margins are achieved, are associated with 
increased local recurrence (40,41). However, even following 
en bloc resections, local recurrence is possible. Factors 
associated with local recurrence include ill-defined or close 
(<1 mm) tumor margins and location in the upper third 
of the stomach. Size greater than 3 cm, lymphovascular 
invasion, and depth of submucosal penetration >500 μm 
have also been associated with positive horizontal margins 
and local recurrence (42,43). Differentiated histology is 
associated with an increased incidence of synchronous and 
metachronous lesions (44).

Western outcomes

Little data exists for ESD in the Western hemisphere. The 
only direct comparison of ESD and gastrectomy is a small 
Canadian study (n=30 ESD, n=37 gastrectomy) which shows 
no statistical difference in complete resection or two-year 
survival; however, these results are limited because of small 
sample size and inclusion of dysplastic lesions (30%) in the 
ESD arm (45). A German study of 91 patients demonstrated 
feasibility of resection of early gastric cancer and adenoma 
in a Western cohort but with a high failure rate and fewer 
en bloc resections (41). This likely correlates with the lower 
clinical volume and decreased training opportunities in  
the West.

Non-curative resection/out-of-indication lesions

Eligibility for endoscopic resection is based on preoperative 
assessment. A recent study showed a marked discrepancy 
between pre-operative and post-operative pathologic 
characteristics; in one series, 120/756 (15.9%) of all lesions 
resected by ESD were determined to be out-of-indication 
on final pathologic evaluations, and 29/96 (30.2%) of lesions 
initially classified as extended criteria were ultimately found 
to be out-of-indication (46). Patients found to have out-of-
indication pathology are typically referred for surgery.

Efforts have been made to determine specific risk factors 
for recurrent tumor or lymph node metastases after non-
curative resection to guide treatment. The largest series 
is a multicenter retrospective review from Japan in which  

1,969 patients with non-curative ESD resections either 
underwent surgery or were followed without further 
intervention. A significant difference in overall survival 
(96.7% versus 84.0%, P<0.001) and a smaller but still 
significant difference in disease free survival (99.4% 
versus 98.7%, P=0.012) was seen between the surgery and 
follow-up groups at three years (47,48). Overall survival 
trends must be interpreted cautiously, as patients who 
underwent follow-up alone were significantly older with 
severe comorbidities. Lesions that were considered out-
of-indication lesions but that did not have lymphovascular 
invasion or positive margins did not show increased risk 
of either lymph node metastases or local recurrence, 
suggesting that follow-up alone for carefully selected 
patients may be adequate (47,49).

Surveillance

Routine survei l lance af ter  ESD is  important  for 
identification of local and metachronous recurrences. 
Upper endoscopy after curative resections are typically 
performed at three to six months after the initial procedure 
and then subsequently every six to twelve months (8,16). 
Retrospective data shows a stable annual incidence of 
metachronous recurrence at a rate of approximately 3.5% 
per year that continues at least five years after initial 
resection even for absolute indication lesions, suggesting 
that long-term surveillance may be necessary (50,51). 
Although practiced by some groups, routine surveillance 
computed tomography (CT) scan is likely not necessary 
as the rate of detection of extragastric recurrence is 
extremely low; a study of 2,182 patients who underwent CT 
surveillance annually for five years after ESD only detected 
two cases of extragastric recurrence (52).

Complications

Post-procedural complications from ESD include bleeding 
(5%), perforation (1–9%), and stricture (1–2%). Bleeding 
can occur in either the early post-procedural period  
(<48 hours) or in a delayed fashion (≥48 hours). Multiple 
risk factors for bleeding have been identified including 
patient, tumor, and procedure characteristics. In a meta-
analysis, chronic kidney disease, tumor size >2 cm, resected 
specimen size >3 cm, and procedure duration >60 minutes  
each had a statistically significant odds ratio >2.0 for 
bleeding risk (53). Tumor location in the lower third of 
the stomach has also been identified as a risk factor (54).  
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Some groups have had success in the application of 
fibrin glue spray as a hemostatic agent in preventing 
delayed hemorrhage; one group reported a decrease in 
bleeding from 5.98% of patients in the control arm to 
0% in the fibrin glue arm, P=0.03 (55). Antiplatelet and 
anticoagulation therapies are routinely discontinued peri-
procedurally in most patients, although continuation of low 
dose aspirin does not seem to increase bleeding risk (56).  
Use of heparin replacement therapy and re-initiation 
of antithrombotic therapy are risk factors for a marked 
increase in delayed bleeding risk (57,58). Attempts to reduce 
the risk of bleeding with peri-procedural administration of 
proton pump inhibitors (PPIs) (59) or with routine second 
look endoscopy have not consistently shown a benefit (60). 
However, PPIs especially in combination with an agent 
to enhance mucosal healing such as rebamipide (approved 
in Japan, South Korea, and China) have shown success in 
healing the iatrogenic ulcerations created by ESD (61,62).

Gastric perforation is also a major source of morbidity 
after ESD and can occur either at the time of endoscopic 
resection or can present in a delayed manner in the days 
following resection. Overall rates of perforation from 
ESD range from 1.2% to as high as 9.5% (63-65). Risk 
factors include tumor characteristics like such as poorly 
differentiated histology, increased depth of invasion, 
location in the proximal stomach, and fibrosis of the lesion 
as well as patient age and length of procedure (63,65,66). 
Many perforations can be managed with endoscopic 
clipping using standard or Over The Scope Clips (Ovesco 
Endoscopy USA Inc., Cary, USA), suturing, and/or 
observation alone (64,66). More complex endoscopic 
techniques such as the endoloop-endoclip method have had 
success in perforations as large as 2 cm. In this technique, 
an endoloop is first clipped to healthy mucosa at the edges 
of the perforation. The endoloop is then tightened and 
secured to reapproximate the edges of the defect (67). For 
delayed perforation, medical management with nasogastric 
tube decompression and antibiotics can be trialed in the 
absence of peritonitis or sepsis (64). In cases of clinical 
decompensation or evidence of peritoneal spillage, surgical 
treatment with omental patch or resection is required.

Stricture is a rare complication after ESD. Large 
endoscopic resections leading to near circumferential 
ulcerations and tumors located near either the gastric cardia 
or antrum are at highest risk (68,69). Patients present 
with symptoms of dysphagia or gastric outlet obstruction. 
Symptomatic stenosis can be treated with balloon dilation, 
although gastric perforation can occur requiring further 

treatment or surgery (68,70). Additional treatment options 
include endoscopic creation of a mucosal counter-incision 
to relieve tension on the ESD site and intralesional or 
systemic steroid administration to promote granulation 
tissue and reduce fibrosis (69,71).

Special populations

Patients who develop gastric cancer in the setting of 
altered gastric anatomy from prior gastric operations or 
with a gastric conduit after esophageal resection present 
a particular challenge. ESD in these patients can be 
performed with adequate oncologic results in small series 
(72,73). In one case series of patients with a thoracic gastric 
conduit, pre-procedural balloon dilation of anastomotic 
strictures had to be performed of almost half of patients 
prior to passage of ESD scope, although the procedure 
was ultimately able to successfully proceed (72). Of note, 
one group reports a perforation rate of 18%, which is 
substantially higher than typically reported in patients with 
normal anatomy, due to the increased technical difficulty of 
ESD in these patients (74).

Conclusions

ESD is an important technique which allows for successful 
curative resection of early gastric cancer with low morbidity 
and excellent oncologic value in skilled centers. A substantial 
learning curve persists in low volume areas, and outcomes 
are worse in those areas. Further investigation is needed to 
establish optimal resection criteria and surveillance patterns.
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