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Abstract

Background Endoscopic submucosal dissection (ESD)

allows en bloc resection of the entire lesion, permitting a

higher curative resection rate and increased quality of life

by minimizing the resection size compared with that of

endoscopic mucosal resection (EMR). Although ESD has

been implemented at most university hospitals in Korea,

potential complications of ESD such as bleeding and per-

foration raise doubts in the therapeutic decision on use of

the ESD procedure for early gastric cancer patients and in

reimbursement decision making. This systematic review

aimed to address both the effectiveness and safety out-

comes of ESD versus EMR for early gastric cancer.

Methods MEDLINE, EMBASE, the Cochrane Central

Register of Controlled Trials (CENTRAL), and Koreamed

were searched using the primary keywords ‘‘stomach neo-

plasm’’ AND ‘‘endoscopic submucosal dissection’’ AND

‘‘endoscopic mucosal resection.’’ To assess the quality of

selected studies, the methodologic approach of the Scottish

Intercollegiate Guidelines Network was used. Five effec-

tiveness-relevant and three safety-relevant outcome measures

were extracted. Bibliography management and metaanalysis

for each outcome were conducted using Review Manager 5.0.

Results Three nonconcurrent cohort studies and nine ret-

rospective cohort studies were identified. Metaanalyses

showed ESD to be significantly more effective than EMR for

en bloc resection (odds ratio [OR], 8.43; 95% confidence

interval [CI], 5.20–13.67), complete resection (OR, 14.11;

95% CI, 10.85–18.35), curative resection (OR, 3.28; 95% CI,

1.95–5.54), and local recurrence (risk ratio [RR], 0.13; 95%

CI, 0.04–0.41). Whereas intraoperative bleeding (RR, 2.16;

95% CI, 1.14–4.09), perforation risk (RR, 3.58; 95% CI,

1.95–6.55), and operation time (standard mean difference

[SMD], 1.55; 95% CI, 0.74–2.37) were significantly greater

for ESD, overall bleeding risk (RR, 1.22; 95% CI, 0.76–1.98)

and all-cause mortality (RR, 0.65; 95% CI, 0.08–5.38) did

not differ significantly between ESD and EMR.

Conclusions Considering that bleeding risk did not differ

significantly between ESD and EMR and that perforation

risk usually does not lead to life-threatening disease, the

effectiveness benefit of ESD can outweigh the overall harm

compared with EMR on the condition that ESD is per-

formed by experienced practitioners.
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Early gastric cancer (EGC) is a malignant tumor confined

to the mucosa or the submucosa regardless of lymph node

metastasis, and its proportion of all gastric cancer patients

surgically treated in Korea rose from 33% in 1999 to 50%

in 2004 [1, 2]. As the diagnosis rate of EGC increased,

endoscopic treatment came to the fore as a radical cure for

EGC.

Since the 1980s, endoscopic mucosal resection (EMR)

has been proposed as a replacement for invasive surgery
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because of the favorable long-term outcomes and improved

quality of life for patients [3, 4]. The EMR procedure has

been included in Korea’s National Health Insurance cov-

erage since November 1999. Currently, the number of

patients treated with EMR in Korea is increasing [4].

Meanwhile, endoscopic submucosal dissection (ESD), a

new technique developed in the late 1990s in Japan,

enables en bloc resection regardless of lesion size, and

precise pathologic diagnosis becomes practical [5]. Besides

its positive outcomes, ESD has controversial risks such as

perforation, bleeding, and other technical difficulties [6]. In

2004, ESD was introduced in Korea. However, in 2008, the

National Health Insurance Review and Assessment Service

Agency of Korea temporarily halted reimbursement for

ESD procedures due to its unclear outcomes per indication.

This reimbursement decision currently is under review.

Although case reports and cohort studies show the

efficacy of ESD [7, 8], longitudinal clinical trials present-

ing long-term outcomes identifying indications for which

ESD might be efficacious are limited. A recent metaanal-

ysis showed that ESD had higher en bloc and curative

resection rates than EMR but had a longer operation time,

with higher risk of perforation and bleeding than EMR [9].

However, the diseases targeted for ESD encompassed the

entire range of gastrointestinal tract neoplasms including

premalignant and malignant lesions of esophageal, gastric,

and colorectal origin. This is opposed to a focus on EGC,

and half the studies selected in that review were abstracts

with limited information rather than full-text publications.

Accordingly, to facilitate determining the treatment

territory of ESD for EGC, the current study aimed to

address the benefits and harms of ESD compared with

EMR in early gastric cancer by compiling existing clinical

evidence for systematic review and metaanalysis.

Materials and methods

Search strategy

We searched for all studies comparing ESD and EMR for

EGC patients published between January 1990 and April 2010

through MEDLINE, EMBASE, and the Cochrane Central

Register of Controlled Trials in addition to Koreamed

(http://www.koreamed.org), a local electronic database pro-

viding information on Korean medical published research

without language restriction. Given the lack of randomized

clinical trials (RCTs) on ESD, controlled clinical trials and

comparative observation studies of ESD also were selected in

the search. The following key words were used: ‘‘stomach

neoplasms’’ OR ‘‘gastric neoplasms’’ OR ‘‘stomach carci-

noma’’ OR ‘‘gastric carcinoma’’ OR ‘‘stomach cancer’’ OR

‘‘gastric cancer’’ OR ‘‘gastric adenocarcinoma’’ OR ‘‘stomach

adenocarcinoma’’ OR ‘‘mucosal gastric neoplasm’’ AND

‘‘ESD’’ OR ‘‘endoscopic submucosal dissection’’ AND

‘‘EMR’’ OR ‘‘endoscopic mucosal resection.’’ The latest date

for updating the search was 30 April 2010.

Study selection

In the first stage of the study selection, the titles and

abstracts of papers searched by keywords were examined to

exclude irrelevant articles. Next, the full text of all selected

studies was screened according to inclusion and exclusion

criteria. The inclusion criteria specified (1) studies about

EGC or gastric adenoma, (2) studies comparing ESD with

EMR, and (3) studies reporting at least one of the appro-

priate clinical outcomes including en bloc resection, com-

plete resection, curative resection, local recurrence,

mortality, bleeding, perforation, and resection time. The

exclusion criteria ruled out (1) nonoriginal research, (2)

animal testing or preclinical trials, (3) abstract-only pub-

lication, (4) effectiveness not specific to ESD, (5) publi-

cation in a language other than English or Korean, and (6)

case and ad hoc reports. Two investigators independently

evaluated studies for eligibility and subsequently resolved

any disagreements by discussion together with clinical

expert consultation.

Data extraction

Using a data extraction form developed in advance, two

reviewers independently extracted the following informa-

tion: first author, publication year, country, research

design, number of individuals in the ESD and EMR pro-

cedure groups, age and sex of patients, intervention types,

observation period, results of major outcomes, and number

of engaged research centers. Outcomes measures consisted

of five effectiveness-relevant measures (rates of en bloc

resection, complete resection, curative resection, local

recurrence, and mortality) and three safety-relevant mea-

sures (bleeding, perforation, and resection time).

Complete resection was defined as an en bloc resection

of tumor with the horizontal and vertical margins free of

neoplasm [10, 11]. The definitions of curative resection

were a bit different among the studies, but in general, a

lesion within the histologic criteria for endoscopic resec-

tion with tumor-free margins was presented as the standard

of curative resection and thus used in the metaanalysis

[11–16]. A study was not included in the metaanalysis if

there was evidence of severe bias or heterogeneity.

Statistical analysis

Metaanalyses were conducted using Review Manager 5.0

software (RevMan 5.0). For the outcomes data of en bloc
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resection, complete resection, and curative resection, we

calculated the odds ratio (OR), and for local recurrence,

mortality, bleeding, and perforation, we calculated the risk

ratio (RR) as a summary statistic. For the continuous out-

comes such as resection time, the standard mean difference

(SMD) was calculated. All differences calculated were

expressed as 95% confidence intervals (CI).

Taking a conservative approach, we used a random-

effects model [17], assuming heterogeneity between studies

included in the metaanalysis and consequently producing

wider confidence intervals than a fixed-effects model would

produce. In all metaanalyses, we assessed heterogeneity

with Chi-square (p \ 0.01) and I2 (I2 [ 50%) [18], and

if heterogeneity was found, we conducted sensitivity

analyses.

Using software Stata 10 (Stata Corporation, College

Station, TX, USA), a funnel plot was first used to detect

any publication bias, and then the symmetry of the funnel

plot was confirmed by Egger’s test with a p value level of

0.05 [19].

Assessment of study quality

The quality of the selected studies was evaluated with a

methodology checklist developed by the Scottish Inter-

collegiate Guidelines Network (SIGN: http://www.sign.ac.

uk/pdf/sign50.pdf). Because all the selected studies were

nonrandomized, we used the SIGN guideline for quality

assessment of nonrandomized studies, which consists of the

following judgments: focused questions, selection bias of

subjects, assessment of outcomes and exposure status,

handling confounders, and provision of confidence intervals.

The criterion for the assessment was based on the index

of ‘‘well covered,’’ ‘‘adequately addressed,’’ ‘‘poorly

addressed,’’ ‘‘not addressed,’’ ‘‘not reported,’’ and ‘‘not

applicable.’’ The overall evidence grade for nonrandom-

ized studies was stated according to the evidence levels of

SIGN as follows: 2?? (high-quality systematic reviews of

case-control or cohort studies or high-quality case-control

or cohort studies), 2? (well-conducted case-control or

cohort studies, and 2- (case-control or cohort studies with

high risk of confounding or bias).

Results

The search first identified a total of 473 studies through our

search strategy (Fig. 1). After scanning titles and abstracts,

we discarded 115 identical articles retrieved through mul-

tiple search engines. Then, a review with the inclusion and

exclusion criteria excluded 345 articles because they were

about neither EGC nor gastric adenoma (n = 120), ESD

was not used (n = 17), EMR was not used (n = 31), none

of clinical outcomes for ESD were reported (n = 20), the

articles were nonoriginal research (n = 78), the articles

were case reports or ad hoc reports (n = 67), the articles

were animal testing or preclinical trials publishing only

abstracts (n = 6), or the articles were published in a lan-

guage other than English or Korean (n = 6). Among the

remaining 13 papers [10–16, 20–25], 1 article [25] was

Fig. 1 Study search and

selection process
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additionally excluded due to selection bias in allocation of

interventions to participants by assigning patients with

lesion sizes larger than 15 mm to the ESD group and the

others to the EMR group.

Finally, 12 studies were appropriate for the metaanalyses.

These studies described a total of 3,806 gastric lesions: 1,734

lesions the ESD group and 2,072 lesions in the EMR group.

All the studies had been published in the past 5 years, from

2006 to 2010. Among the 12 studies, 3 were nonconcurrent

cohort studies comparing a prospective treatment group with

a comparison group in the past [14, 22, 23], and the others

were retrospective cohort studies [10–13, 15, 16, 20, 21, 24].

Although all the studies were about EGC or gastric adenoma,

three studies had subjects with recurrent EGC after gas-

trectomy [10, 11, 15]. Of the 12 studies, 9 had been con-

ducted in Japan [10–12, 15, 16, 20, 21, 23, 24], 2 in Korea

[13, 22], and 1 in Italy [14]. All were published in English.

Five or six outcomes were reported in each study among

eight major outcomes. The characteristics of the studies

included in the metaanalysis are summarized in Table 1.

Quality assessment using the checklist of SIGN resulted

in a 2? for the all studies included in the metaanalysis.

Because ESD was developed and introduced after EMR,

most of the studies had patients in the ESD group from an

earlier period than the EMR group except for three studies

performed using ESD and EMR during the same study

period [12, 13, 16]. In addition, conditions such as tumor

size, tumor location, and macroscopic type were not alike

between the ESD and the EMR procedure groups in most

studies. In these studies, subject selection was assessed as

‘‘poorly addressed,’’ whereas the subject selection in three

studies was assessed as ‘‘well covered’’ [10, 23, 24].

However, because tumors of larger size or difficult loca-

tions tended to be allocated to the ESD group, the effec-

tiveness of ESD was less likely to be overestimated than

that of EMR. Eight studies examined the breakdown of key

clinical outcomes according to a couple of factors such as

tumor size and location [12, 13, 16, 20–24].

En bloc resection

The en bloc resection rate for either primary or recurrent

EGC was reported in 10 studies [10, 12–15, 20–24].

The pooled analysis using the random-effects model

Table 1 Characteristics of studies included in the metaanalysis

Study Country No. study

sites

Cohort study

design

Lesions n
(ESD/EMR)

EGC type Major outcomes

Oka et al. 2006

[20]

Japan 1 Retrospective 1,020 (195/825) EGC En bloc resection, complete resection, recurrence (at

19.4 months), bleeding, perforation, operation

time

Oda et al. 2006

[12]

Japan 11 Retrospective 714 (303/411) EGC En bloc resection, curative resection, recurrence (at

3 years), mortality, bleeding, perforation,

Watanabe et al.

2006 [21]

Japan 1 Retrospective 245 (120/125) EGC En bloc resection, complete resection, perforation,

operation time,

Yokoi et al. 2006

[15]

Japan 1 Retrospective 64 (18/46) Recurrent EGC En bloc resection, curative resection, recurrence (at

15–63 months), mortality, bleeding, perforation

Choi et al. 2006

[22]

Korea 1 Nonconcurrent 66 (33/33) EGC, adenoma En bloc resection, complete resection, bleeding,

perforation, operation time

Shimura et al.

2007 [23]

Japan 2 Nonconcurrent 107 (59/48) EGC, adenoma En bloc resection, complete resection, recurrence (at

32–46 months), bleeding, perforation, operation

time

Hirasaki et al.

2008 [10]

Japan 2 Retrospective 32 (17/15) Recurrent EGC En bloc resection, complete resection, recurrence (at

6 months to 9 years), bleeding, perforation,

operation time

Catalano et al.

2009 [14]

Italy 2 Nonconcurrent 48 (12/36) EGC En bloc resection, curative resection, bleeding,

perforation, operation time

Hoteya et al.

2009 [16]

Japan 1 Retrospective 900 (572/328) EGC Complete resection, curative resection, recurrence

(at 2–12 months), bleeding, perforation

Min et al. 2009

[13]

Korea 1 Retrospective 346 (243/103) EGC En bloc resection, complete resection, recurrence

(17 months), bleeding, perforation, operation time

Nakamoto et al.

2009 [24]

Japan 1 Retrospective 202 (122/80) EGC En bloc resection, complete resection, recurrence (at

54 months), bleeding, perforation, operation time

Hoteya et al.

2010 [11]

Japan 1 Retrospective 62 (40/22) Recurrent EGC Complete resection, curative resection, recurrence

(at 1 year), bleeding, perforation, operation time

EGC early gastric cancer, ESD endoscopic submucosal dissection, EMR endoscopic mucosal resection
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demonstrated a significantly higher en bloc resection rate

for the ESD group (1055/1150, 91.7%) than for the EMR

group (882/1694, 52.1%) (OR, 8.43; 95% CI, 5.20–13.67)

(Fig. 2). Because a moderate heterogeneity of existence

was found (p = 0.007; I2 = 60%), several subgroup anal-

yses were conducted. The ESD group showed higher en

bloc resection rates for both primary EGC [12–14, 20–24]

(OR, 7.60; 95% CI, 4.86–11.88) and recurrent EGC [10,

15] (OR, 62.93; 95% CI, 3.28–1208.40) (Fig. 2).

Five studies [13, 20, 21, 23, 24] reported en bloc resec-

tion rates according to tumor size. In the subgroup analyses

of both tumors smaller than 10 mm and tumors larger than

10 mm, the en bloc resection rates in the ESD group (OR,

3.84; 95% CI, 1.62–9.12) were significantly higher than in

the EMR group (OR, 13.40; 95% CI, 9.08–19.77), and there

was no heterogeneity among the studies (p = 0.21,

I2 = 32%; p = 0.34, I2 = 11%, respectively).

Another subgroup analysis of the en bloc resection rate

by tumor location from three studies [12, 21, 23] also

showed significantly higher en bloc resection rates for ESD

versus EMR for upper (OR, 8.54; 95% CI, 1.07–67.97),

middle (OR, 13.14; 95% CI, 6.24–27.70), and lower (OR,

19.42; 95% CI, 1.17–323.63) locations.

Four studies [10, 14, 15, 24] used an insulation-tipped

diathermic knife (IT knife), and another four studies [13,

20, 21, 23] used a mixed knife for ESD. The pooled

analyses presented higher en bloc resection rates for the

ESD group for both the IT knife (OR, 16.80; 95% CI,

4.41–63.96) and the mixed knife (OR, 6.10; 95% CI,

3.10–12.01) than for the EMR group, and the difference

was statistically significant.

Complete resection

Nine studies [10, 11, 13, 16, 20–24] reported the complete

resection rate, incorporating 1,344 lesions for the ESD group

and 1,542 lesions for the EMR group. In the pooled analysis

with the random-effects model, ESD (1287/1401, 91.9%)

showed a significantly higher complete resection rate than

EMR (679/1579, 43.0%) (OR, 8.54; 95% CI, 4.44–16.45). A

significant heterogeneity was noted (p \ 0.00001, I2 =

83%), and thus two studies [13, 21] with less rigorous defi-

nitions for complete resection than the others were excluded

based on the results of the sensitivity analysis. The subsequent

pooled analysis still showed significantly better complete

resection rates for the ESD group (956/1038, 92.1%) than for

Fig. 2 En bloc resection rates for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for primary and

recurrent early gastric cancer
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the EMR group (496/1351, 36.7%) in both primary EGC (OR,

14.14; 95% CI, 10.80–18.51) and recurrent EGC (OR, 13.70;

95% CI, 3.59–52.29). There was no heterogeneity across the

studies (p = 0.63, I2 = 0%) (Fig. 3).

Subgroup analyses also showed better complete resec-

tion rates for ESD than for EMR across tumor sizes

including tumors smaller than 10 mm [13, 16, 20, 21, 24]

(OR, 10.62; 95% CI, 6.00–18.80), tumors 10–20 mm in

size [13, 16, 20, 21, 24] (OR, 11.04; 95% CI, 4.20–29.00),

and tumors larger than 20 mm [13, 16, 20, 21] (OR, 20.91;

95% CI, 5.12–85.40).

Subgroup analyses with respect to the knife type used

during ESD showed that the complete resection rate was

significantly higher with the IT knife [10, 24] (OR, 15.27;

95% CI, 5.78–40.35), the mixed knife [13, 20, 21, 23] (OR,

5.73; 95% CI, 1.69–19.43), and the hook and flex knife [11,

16] (OR, 12.08; 95% CI, 6.87–21.24) compared with the

EMR group. However, one study [22] using the needleknife

reported insignificant improvement in the complete resec-

tion rate of the ESD group over the EMR group (OR, 5.32;

95% CI, 0.25–115.13).

Curative resection

Five studies reported the curative resection rate [11, 12,

14–16]. The curative resection rate was significantly

superior for the ESD group (774/973, 79.5%) compared

with the EMR group (481/815, 59.0%) (OR, 3.28; 95% CI,

1.95–5.54) (Fig. 4). Because moderate heterogeneity was

found (p = 0.01, I2 = 68%), one study [12] was removed

from the primary pooled metaanalysis on the basis of

sensitivity analyses. In the subsequent analysis, the supe-

rior curative resection of the ESD group compared with the

EMR group did not change (OR, 3.57; 95% CI, 2.68–4.76),

and there was no heterogeneity among the four studies

(p = 0.46, I2 = 0%).

Local recurrence

Local recurrence rates were examined in nine studies [10–

13, 15, 16, 20, 23, 24], and the pooled analysis showed a

significantly lower local recurrence rate for the ESD group

(13/1592, 0.82%) than for the EMR group (93/1850,

5.03%) (RR, 0.13; 95% CI, 0.04–0.41) (Fig. 5). No heter-

ogeneity was identified with the random-effects model

(p = 0.06, I2 = 47%). Because the follow-up period for

the local recurrence varied across studies, the subgroup

analyses were conducted for an observation period of less

than 1 year [11, 13, 16], of 1–4 years [12, 15, 20, 23], and

longer than 5 years [10, 24]. The ESD group had a sig-

nificantly lower local recurrence rate than the EMR group

during the 2- to 4-year follow-up period (RR, 0.13; 95%

Fig. 3 Complete resection rates for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for primary and

recurrent early gastric cancer
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CI, 0.04–0.40). However, the significance vanished when

observation was less than 1 year (RR, 0.27; 95% CI,

0.01–9.19) or more than 5 years (RR, 0.08; 95% CI,

0.00–1.30) (Fig. 5).

In one study [13], the nine local recurrence cases meant

metachronous recurrence at a site other than the resection

area, so sensitivity analysis was conducted excluding it. As

a result, the recurrence rate in the ESD group became

significantly lower compared with the EMR group during

less than 1-year follow-up period (RR, 0.05; 95% CI,

0.01–0.36).

Two studies [12, 23] reported local recurrence rates

based on tumor size. The ESD group (1/197, 0.51%) had a

significantly lower local recurrence rate than the EMR

group (37/438, 8.45%) for tumors larger than 10 mm (RR,

0.05; 95% CI, 0.01–0.27). For tumors smaller than 10 mm,

the local recurrence rate was not significantly different

between the ESD group (1/57, 1.7%) and the EMR group

(11/435, 2.5%) (RR, 0.49; 95% CI, 0.08–2.85).

Mortality

Two studies [12, 15] reported the all-cause mortality rate at

3 years and at a median follow-up period of 43 months

(range, 15–63 months), respectively. The pooled meta-

analysis with the random-effects model showed that the

ESD group had lower a mortality rate (3/349, 0.86%) than

the EMR group (4/429, 0.93%), but the difference was not

statistically significant (RR, 0.65; 95% CI, 0.08–5.38). No

heterogeneity was found among the studies (p = 0.20,

I2 = 39%).

Bleeding

All the studies [10–16, 20–24] reported the bleeding risk

based on the analysis of 3,806 lesions. The pooled analysis

showed the bleeding rate to be higher in the ESD group

(116/1642, 7.06%) than in the EMR group (136/1919, or

7.09%), but the difference was not statistically significant

(RR, 1.22; 95% CI, 0.76–1.98) (Fig. 6). There was no

heterogeneity among the studies (p = 0.04, I2 = 48%).

Three studies [20, 22, 23] examined bleeding rates

during and after the procedure. The metaanalysis showed

that the intraoperative bleeding risk was 2.16 times higher

for the ESD group (54/287, 18.82%) than for the EMR

group (70/906, 7.73%), and the difference was statistically

significant (RR, 2.16; 95% CI, 1.14–4.09). However, the

postoperative bleeding risk was slightly lower in the ESD

group (13/287, 4.53%) than in the EMR group (36/906,

3.97%), but the difference was not statistically significant

(RR, 0.94; 95% CI, 0.29–3.02).

Subgroup analyses were conducted according to the

knife type used in ESD. The metaanalyses of four studies

[10, 14, 15, 24] using the IT knife only (RR, 0.89; 95% CI,

0.31–2.57) and two studies [11, 16] using the hook and flex

knife (RR, 0.95; 95% CI, 0.54–1.68) showed lower

Fig. 4 Curative resection rates for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for primary and

recurrent early gastric cancer
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bleeding risks in the ESD group than in the EMR group,

but the relative risks were not statistically significant.

However, ESD with the mixed knife [13, 20, 23] had 77

(15.5%) bleeds in 497 cases, which was significantly higher

than the 105 bleeds (10.8%) in 976 cases in the EMR group

(RR, 1.86; 95% CI, 1.07–3.24).

Perforation

The perforation risk was reported in all 12 studies [10–16,

20–24], and the pooled analysis showed a significantly

higher perforation rate in the ESD group (80/1762, 4.54%)

than in the EMR group (21/2,044, 1.03%; RR, 3.58; 95%

CI, 1.95–6.55) (Fig. 7). No study heterogeneity was found

(p = 0.16, I2 = 30%). In the subgroup analysis for the

primary EGC [12–14, 16, 20–24], the perforation risk was

significantly higher in the ESD group (RR, 3.67; 95% CI,

1.84–7.29), but the difference was not statistically

significant for recurrent EGC [10, 11, 15] (RR, 2.57; 95%

CI, 0.31–21.50) (Fig. 7).

To examine the effect of the knife type on perforation in

ESD, subgroup analyses were conducted. The ESD group

had nonsignificantly higher perforation rates than the EMR

group across four different knife types, namely, the IT

knife [10, 14, 15, 24] (RR, 5.10; 95% CI, 0.91–28.49), the

hook and flex knife [11, 16] (RR, 2.23; 95% CI,

0.88–5.65), the mixed knife [13, 20, 21, 23] (RR, 4.13;

95% CI, 0.92–18.61), and the needleknife [22] (RR, 3.00;

95% CI, 0.33–27.38).

The information on whether surgical intervention was

needed for perforation or not was available in all studies

except one [16]. In the subgroup analysis, 7 (11.67%) of 60

patients with perforation in the ESD group and 1 (6.25%)

of 16 patients in the EMR group were treated surgically,

but there was no significant difference between them (RR,

1.87; 95% CI, 0.25–14.09).

Fig. 5 Local recurrence rates for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for early gastric cancer

according to follow-up period
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Fig. 6 Bleeding risk for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for early gastric cancer

Fig. 7 Perforation rates for endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for primary and recurrent

early gastric cancer
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Resection time

Nine studies [10, 11, 13, 14, 20–24] reported the resection

time. Among them, two studies [14, 23] reported only the

mean value without the standard deviation value, so they

were excluded from the pooled analysis. The metaanalysis

with the random-effects model showed that the operation

time for the ESD group was significantly longer than for the

EMR group (SMD = 1.55; 95% CI, 0.74–2.37), which was

consistent with pooled analyses for both primary EGC

(SMD = 1.45; 95% CI, 0.44–2.45) and recurrent EGC

(SMD = 1.87; 95% CI, 1.09–2.65) (Fig. 8). There was sig-

nificant heterogeneity in the pooled analysis (p \ 0.00001,

I2 = 97%). The different definitions of resection time may

explain this heterogeneity between studies. Funnel plot

analysis and Egger’s test showed no publication bias in the

main metaanalysis for any of eight outcomes.

Discussion

This systematic review and metaanalysis found a distinct

advantage of ESD over EMR in terms of clinical effec-

tiveness and safety outcomes. The en bloc resection rate

was significantly higher in the ESD group. All the sub-

group analyses demonstrated the same superiority of ESD

in the en bloc resection for primary or recurrent EGC;

tumor smaller or larger than 10 mm; upper, lower, or

middle tumor location; and IT knife or mixed knife type for

ESD. Our pooled data indicated a significantly higher

complete resection rate in the ESD group than in the EMR

group. Commensurate with the en bloc resection rate, the

complete resection rate in the ESD group was significantly

higher across subgroup analyses than in the EMR group.

The curative resection rate was significantly higher and the

local recurrence rate significantly lower in the ESD group.

The mortality risk was lower in the ESD group, but the

difference was not statistically significant. Our pooled data

indicated no significant difference in the bleeding risk

between ESD and EMR. On the other hand, ESD had a

significantly higher perforation rate and a significantly

longer resection time than EMR.

The superior outcomes of ESD in en bloc resection,

curative resection, and local recurrence compared with

EMR were consistent with the previous metaanalysis study

[9], which covered all cancers in the gastrointestinal tract,

whereas the current study focused on EGC. Mortality and

complete resection data were first combined in the current

metaanalysis, and indeed, complete resection was more

frequently reported than curative resection among the

studies included in this systematic review.

Although bleeding risk was significantly higher in the

previous metaanalysis [9] including 9 studies, it was not

statistically significant in the current metaanalysis includ-

ing 12 studies. This may have been the case because the

current study had almost twice the pooled ESD lesions as

the previous metaanalysis [9] for the bleeding data, put

together only EGC-focused studies, and used a random-

effects model for the main pooled analysis. Although the

definitions of bleeding in ESD and EMR varied across

Fig. 8 Resection time of endoscopic submucosal dissection (ESD) versus endoscopic mucosal resection (EMR) for primary and recurrent early

gastric cancer
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studies, most of the studies included in the metaanalysis

reported no surgical treatment due to bleeding except for

one study [13], in which one patient in the EMR group

underwent surgery.

Perforation is the most serious complication in the ESD

procedure. Consequently, several techniques such as endo-

knives have been developed to reduce perforation occur-

rence during endoscopic resection [5]. The IT knife, a

representative example developed to reduce this disadvan-

tage, has a powerful cutting wave to prevent electric leakage

in the gastric wall [26]. In most studies, perforation could be

recovered with conservative management such as endo-

scopic clipping, fasting, nasogastric aspiration, and broad-

spectrum antibiotics [13, 24]. Because no mortality related to

perforation was found, perforation of ESD was not consid-

ered a life-threatening complication. Also, because the per-

foration cases seemed to occur more frequently during the

initial ESD operations, perforations are expected to decrease

with accumulated experience of operators with ESD [20].

The ESD technique is difficult because a combination

procedure of cutting and coagulation by electrosurgical

current is performed simultaneously [20]. Consequently,

the ESD procedure time is longer than EMR. In addition,

because ESD tends to have expanded indications such as

large tumors, submucosal invasion, and ulcerative tumors,

more time is required for resection with ESD than with the

conventional EMR technique. Although ESD took almost

two times longer than EMR, for tumors larger than 20 mm,

the procedure time was not significantly different between

the two procedure types [22]. The procedure time for ESD

during the experience period was shorter than during the

introduction period of ESD implementation [21]. This

information suggests the need for skilled and experienced

operators.

As with any metaanalysis, the current study has possible

limitations because evidence was combined from available

studies. First, the studies available for the metaanalysis

were limited by its nonrandomized design. Second, 75% of

the studies had a nonconcurrent comparison group, in

which probable selection bias might arise. Third, consid-

ering that ESD has been developed and performed actively

in Japan, articles in the Japanese language should have

been searched and included. However, among the six

studies falling under the exclusion criterion of publication

in a language other than English or Korean, no publication

in the Japanese language was found. Fourth, although the

superior advantage of endoscopic treatment lies in

improving the quality of life for the patients together with

equal clinical effectiveness, the outcome in terms of

quality-adjusted life years was not considered in any of the

included studies. In addition, long-term outcome data were

lacking in the studies. Fifth, heterogeneity existed in the

metaanalyses for curative resection rate and resection time.

Finally, although the success of ESD has a stake in the

operator’s competency, data available to reveal the validity

in the outcome for ESD according to operator’s skill or

experience are limited.

In conclusion, in the metaanalyses, the ESD group

showed great advantages of achieving en bloc resection,

complete resection, curative resection, and lower local

recurrence for EGC compared with the EMR group. The

disadvantages such as higher perforation rates and longer

resection time in the ESD group might be overcome with

the acquisition of skills and experience by operators.

Considering all the outcome benefits of ESD over EMR in

the current study, ESD should be the first choice for EGC

treatment based on improved clinical outcomes and quality

of life for EGC patients, provided the procedure is per-

formed carefully by skilled operators. Further studies are

needed to develop new measures for reducing the residual

limitations with ESD and for validating the long-term

outcomes with ESD.
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