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Endoscopic submucosal dissection under
general anesthesia for superficial
esophageal squamous cell carcinoma is
associated with better clinical outcomes
Byeong Geun Song, Yang Won Min*, Ra Ri Cha, Hyuk Lee, Byung-Hoon Min, Jun Haeng Lee,
Poong-Lyul Rhee and Jae J. Kim

Abstract

Background: Endoscopic submucosal dissection (ESD) has been widely accepted for treating superficial esophageal
squamous cell carcinoma (SESCC). The aim of this study was to evaluate the efficacy and safety of ESD for SESCC
and the effect of different sedation methods on their clinical outcomes.

Methods: We retrospectively analyzed a total of 169 patients (175 lesions) who underwent ESD for SESCC at Samsung
Medical Center, Seoul, South Korea. Short-term and long-term clinical outcomes were evaluated and compared according
to the sedation method (conscious sedation [CS] vs general anesthesia [GA]).

Results: En bloc resection, complete resection, and curative resection (CuR) were achieved in 93.7, 74.9, and 58.9% of
cancers, respectively. Perforation and stricture occurred in 8.0 and 12.0% of lesions, respectively. During a mean follow-up
period of 33.7 months for survival, 3 (3.0%) patients died without evidence of recurrence after achieving CuR. During a
mean follow-up period of 32.5 months for recurrence, 1 (1.0%) patient experienced lymph node metastasis. Synchronous
and metachronous cancer were found in 1.0% and in 3.0% of patients, respectively. Multivariate analysis revealed that GA
was associated with a higher complete resection rate and a lower perforation rate as compared to CS (odds
ratio 3.401, 95% confidence interval 1.317–8.785, P = 0.011 and odds ratio 0.067, 95% confidence interval 0.
006–0.775, P = 0.030, respectively).

Conclusions: ESD is an oncologically effective treatment modality for SESCC, particularly when CuR is achieved.
Applying GA for esophageal ESD could improve the clinical outcomes of ESD in patients with SESCC.

Keywords: Endoscopic submucosal dissection, Esophageal squamous cell carcinoma, General anesthesia, Sedation,
Outcome

Background
Esophageal cancer was ranked the ninth for cancer inci-
dence and the sixth for cancer death in 2013 [1]. Due to
aging and growing population, esophageal cancer cases
have increased compared to that in 1990. The majority of
esophageal cancers are squamous cell carcinomas (SCCs)
in the Middle East, Africa, Asia, and parts of Europe [2, 3].
Given the considerable morbidity and mortality of esopha-
gectomy [4–6], endoscopic submucosal dissection (ESD)

has been used for superficial esophageal SCC (SESCC)
without metastasis [7]. Furthermore, SESCC is frequently
detected due to nationwide screening endoscopy for gastric
cancer together with the development of advanced diag-
nostic techniques such as image-enhanced endoscopy in
East Asia including Korea [8–11].
Safety and efficacy of ESD for early gastric cancer

(EGC) have been sufficiently verified in many studies
[12–14]. However, SESCC is different from EGC when
considered for ESD. SESCC has a relatively higher risk
of lymph node metastasis (LNM) even when it is con-
fined to the mucosa [15, 16]. The risk of complications
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such as stricture and perforation is also higher in SESCC
[17–19]. However, there is nonsurgical treatment option
such as radiotherapy with or without chemotherapy after
non-curative ESD for SESCC [20, 21]. Although several
studies have reported the outcomes of ESD for SESCC,
most of them were of small sample size and were per-
formed in Japanese population [17, 18, 22–27]. Thus,
there is still a need for further outcome data to be
reported.
Given the relatively higher complication risk of

esophageal ESD, ESD for SESCC is frequently performed
under general anesthesia (GA). Indeed, a recent study
reported that there was no perforation in 58 esophageal
ESDs performed under GA [28]. However, till date, there
has been no comparison between GA and conscious
sedation (CS) in this aspect.
The aims of this study were (i) to evaluate the clinical

outcomes of ESD for SESCC and (ii) to compare the
short-term outcomes between ESD under CS and that
under GA.

Methods
Patients
Patients who underwent ESD for SESCC at Samsung
Medical Center, Seoul, South Korea, between March
2007 and June 2016 were eligible. Based on the final
pathologic report, only SCC cases were included. All
patients underwent endoscopic evaluation including
chromoendoscopy with the Lugol’s iodine dye-spraying
method. Most of them also underwent endoscopic ultra-
sound (EUS) to confirm that the cancer was confined to
the mucosa except those patients who had mucosal can-
cer confirmed by EUS which were performed prior to
being referred to our institution. In addition, computed
tomography (CT) scans of the chest and abdomen were
performed in all patients prior to ESD to identify pos-
sible distant or local LNM. Finally, esophageal ESD was
only performed for those SESCC that were confined to
the mucosal layer without distant or local LNM exclud-
ing those with obvious SM invasion (Fig. 1). This study
was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board
at Samsung Medical Center (No. 2016–08-192).

Procedures and follow-ups
Six endoscopists performed esophageal ESD using stand-
ard technique as described elsewhere [29, 30]. At first,
marking around the cancer is done 2–3 mm away from
the edge which is well determined by Lugol’s iodine
chromoendoscopy. Then circumferential mucosal
pre-cutting is performed after submucosal injection.
After elevating the lesion by submucosal injection, sub-
mucosal layer under the lesion is dissected using various
types of ESD knives (Fig. 2).

In the initial phase of the study period, esophageal
ESD was mainly performed under CS. For sedation
under CS, midazolam and pethidine were administered
intravenously by the endoscopist. Since August 2012,
selected cases were sedated using intravenous midazo-
lam, propofol, and remifentanil by the anesthesiologist.
Since March 2014, when anesthesia machine became
available in the endoscopy room, almost all esophageal
ESD were performed under GA with endotracheal intub-
ation by the anesthesiologist. GA is induced with rocur-
onium, midazolam, and propofol and is maintained with
propofol and remifentanil.
Six endoscopists performed esophageal ESD in the

present study. Among them, three performed ESD under
CS, and their mean experience of esophageal ESD was
23.7 cases. The other three performed ESD under CS or
GA, and their mean experience was 34.7 cases.
Patients without any complications were discharged

from the hospital at day 4 after ESD. To prevent
post-ESD stricture, polyglycolic acid sheet application
[31] or oral prednisolone administration [32, 33] was
applied in patients with a large mucosal defect at the
discretion of the endoscopist. Oral prednisolone admin-
istration was usually started at a dose of 30 or 40 mg/
day, tapered gradually, and then discontinued after
8 weeks.
After curative ESD, upper endoscopy was performed

at two months after ESD to exclude the presence of any
residual tumor. Endoscopy and chest and abdomen CT
scans were performed every 6 months for 3 years. From
the 4th to the 5th year after ESD, endoscopy and CT
scans were performed annually.

Data collection and definitions
Data in this study were obtained from a prospectively
collected database of esophageal ESD. These data in-
cluded demographics parameters (such as patient’s
age, gender, past medical history, and body mass
index), tumor characteristics (such as the tumor loca-
tion, endoscopic tumor morphology, gross and patho-
logic size of the tumor, pathology of the tumor,
circumferential size of the tumor and post-ESD mu-
cosal defect), and procedure-related factors (procedure
time, method of sedation, and complications).
Tumor location was described according to the

American Joint Committee on Cancer divisions of the
esophagus [34]. Upper thoracic esophagus refers to
the segment of esophagus at a distance of 20 cm to
25 cm from the incisor while middle thoracic esopha-
gus, 25 cm to 30 cm and lower thoracic esophagus,
30 cm to typically, 40 cm. Esophagogastric junction
refers to the region between the terminal end of the
esophagus and beginning of the stomach at the car-
diac orifice.
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Assessments
Data were analyzed with respect to the en bloc resection
(EnR) rate, complete resection (CR) rate, curative resec-
tion (CuR) rate, death rate, recurrence rate (local or distal
recurrence), presence of synchronous and metachronous
cancer, complications, procedure time, and length of hos-
pital stay.
Resected specimens were fixed in formalin and serially

sectioned perpendicularly at 2 mm intervals. Depth of
invasion was classified into M1 (confined to the intrae-
pithelium), M2 (confined to the lamina propria), M3

(confined to the muscularis mucosa), SM1 (submucosal
invasion < 200 μm), and SM2&3 (submucosal invasion
≥200 μm) [35]. EnR was defined as resection of targeted
lesions in one piece regardless of the depth of invasion
or lymphovascular invasion (LVI). CR was defined as
EnR with histologically confirmed tumor-negative mar-
gins. CuR was defined as CR without SM invasion, LVI,
or poorly differentiated histology. Non-CuR was defined
as tumors that did not fulfill the above criteria for CuR.
Local recurrence was defined as a histologically con-

firmed recurred SCC at the site of ESD after an initial

Fig. 1 Patient flow diagram of this study. ESD, endoscopic submucosal dissection; SESCC, superficial esophageal squamous cell carcinoma; SM,
submucosal; APC, Argon plasma coagulation; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; EMR, endoscopic mucosal resection
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CR. Distant recurrence was defined when a new ma-
lignant lesion was detected outside of the esophagus.
Synchronous cancer was defined as a histologically
confirmed recurred cancer at a different location from
the ESD site within 1 year after ESD. Metachronous
cancer was defined when recurred cancer was
detected more than 1 year after ESD. Procedure time
was defined as the interval of time between the first
marking and the completion of submucosal
dissection.

Complications
The incidence of ESD-related complications including
perforation (micro-perforation and frank perforation),
bleeding, and stricture were estimated per lesion.
Micro-perforation was defined as radiographic evidence
of free air or subcutaneous emphysema after ESD with-
out gross perforation defects. Frank perforation was
diagnosed when definite esophageal wall defect could be
visualized during or after ESD. Bleeding related to ESD
was defined as gastrointestinal bleeding that required
further hemostatic treatment after the completion of
ESD procedure and/or blood transfusion during or after
the procedure. Stricture was defined as the presence of
dysphagia requiring intervention.

Statistical analysis
Therapeutic efficacy (EnR, CR, and CuR rates) was
assessed per lesion. Data were presented as means ± SD
or number (%). Categorical variables were compared
using Chi-square test or Fisher exact test while continu-
ous variables were compared using Student’s t test or
Mann-Whitney rank sum test. Multivariate analysis was
performed to evaluate whether GA was associated with
better short-term outcomes. A p value of less than 5%
was considered to be statistically significant. All statis-
tical analyses were performed using SPSS version 23.0
(SPSS Inc., Chicago, IL, USA).

Results
Clinicopathologic characteristics
The clinicopathologic features of the 169 patients with
175 SESCC lesions were summarized in Table 1. The
mean age was 64.5 ± 7.9 years. A total of 157 (92.9%) pa-
tients were men. Thirteen (7.4%), 46 (26.3%), 113
(64.6%), and 3 (1.7%) lesions were located in the upper-,
middle-, lower-esophagus, and the gastroesophageal
junction, respectively. Macroscopic type IIa, IIb, IIc, and
mixed type were found in 26 (14.9%), 125 (71.4%), 21
(12.0%), and 3 (1.7%) tumors, respectively. The mean
gross tumor size was 1.5 ± 0.9 cm and the mean

Fig. 2 Endoscopic submucosal dissection (ESD) procedure. a On the mid esophagus, a 2.6-cm-sized geographic mucosal hyperemia is
noticed. b Lugol’s solution is sprayed along the lesion to aid visualization. c Marking around the lesion is performed. d After submucosal
injection, circumferential mucosal pre-cutting is performed. e After dissection of the submucosal layer, an artificial ulcer is seen. f Fixation
of the resected specimen

Song et al. BMC Gastroenterology  (2018) 18:80 Page 4 of 12



pathologic tumor size of the resected specimen was 1.5
± 0.8 cm. Thirty-four cancers (19.4%), 140 (80.0%), and 1
(0.6%) had well differentiated, moderately differentiated,
and poorly differentiated histology, respectively. Most
tumors (62.3%) had a circumferential size of < 1/2 but
≥1/4 of the lumen. Most post-ESD mucosal defect
(48.6%) had a circumferential size < 3/4 but ≥1/2 of the
lumen. Regarding the depth of tumor invasion, 26
(14.9%), 71 (40.6%), 42 (24.0%), 10 (5.7%), and 26
(14.9%) lesions were classified as M1, M2, M3, SM1, and
SM2&3, respectively. Esophageal ESD was performed
under CS for 93 (53.1%) lesions and under GA for 82
(46.9%) lesions.

Short-term outcomes and complications
Short-term outcomes were shown in Table 2. EnR was
achieved for 164 (93.7%) lesions. CR was achieved for

Table 1 Clinicopathologic characteristics of 169 patients with
175 superficial esophageal squamous cell carcinomas in this
study

Variables

Age (years) 64.5 ± 7.9

Gender, male 157 (92.9)

Body mass index (Kg/m2) 23.6 ± 2.9

Smoking

Current smoker 32 (18.9)

Ex-smoker 81 (47.9)

Never-smoker 56 (33.1)

Alcohol

None 95 (56.2)

> 1 day/month 18 (10.7)

> 1 day/week 27 (16.0)

> 4 days/week 29 (17.2)

Diabetes mellitus (yes) 25 (14.8)

Hypertension (yes) 51 (30.2)

Tumor location

Upper thoracic 13 (7.4)

Middle thoracic 46 (26.3)

Lower thoracic 113 (64.6)

Esophagogastric junction 3 (1.7)

Tumor morphology

IIa 26 (14.9)

IIb 125 (71.4)

IIc 21 (12.0)

Mixed 3 (1.7)

Gross tumor size (cm) 1.5 ± 0.9

Pathologic tumor size (cm) 1.5 ± 0.8

Histologic differentiation

Well differentiated 34 (19.4)

Moderately differentiated 140 (80.0)

Poorly differentiated 1 (0.6)

Circumferential size of the tumor (of lumen)

< 1/4 50 (28.6)

≥ 1/4, < 1/2 109 (62.3)

≥ 1/2, < 3/4 16 (9.1)

≥ 3/4 0 (0)

Circumferential size of the post-ESD mucosal defect (of lumen)

< 1/4 5 (2.9)

≥ 1/4, < 1/2 68 (38.9)

≥ 1/2, < 3/4 85 (48.6)

≥ 3/4 17 (9.7)

Depth of tumor invasion

M1 26 (14.9)

Table 1 Clinicopathologic characteristics of 169 patients with
175 superficial esophageal squamous cell carcinomas in this
study (Continued)

Variables

M2 71 (40.6)

M3 42 (24.0)

SM1 10 (5.7)

SM2&3 26 (14.9)

Method of sedation

Conscious sedation 93 (53.1)

General anesthesia 82 (46.9)

Data are presented as mean ± SD or number (%) of patients or lesions

Table 2 Short-term outcomes of endoscopic submucosal
dissection for superficial esophageal squamous cell carcinoma

Variables

En bloc resection (yes) 164 (93.7)

Complete resection (yes) 131 (74.9)

Non-complete resection 44 (25.1)

Piecemeal resection 10 (22.7)

Positive total margin 40 (90.9)

Positive lateral margin 30 (68.2)

Positive vertical margin 22 (50.0)

Curative resection (yes) 103 (58.9)

Non-curative resection 72 (41.1)

Non-complete resection 44 (61.1)

SM invasion 36 (50.0)

Positive lymphatic invasion 18 (25.0)

Positive vascular invasion 2 (2.8)

Procedure time (mins) 64.4 ± 46.2

Hospital stay (days) 6.7 ± 4.5

Data are presented as mean ± SD or number (%) of patients or lesions
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131 (74.9%) lesions. Forty-four lesions with non-CR
(25.1%) were due to piecemeal resection (n = 10) and
positive resection margin (n = 40). CuR was achieved in
103 lesions (58.9%). Seventy-two lesions with non-CuR
were due to non-CR (n = 44), SM invasion (n = 36), and
LVI (n = 20). Among the 72 patients with non-CuR, 33
underwent additional treatment: 25 received surgery; 3
received argon plasma coagulation (APC) ablation; 2
received chemo-radiation therapy; 2 received radiation
therapy; and 1 received further endoscopic mucosal
resection (Fig. 1). The mean procedure time was 64.4 ±
46.2 mins and the mean duration of hospital stay was
6.7 ± 4.5 days.
Procedure-related perforation occurred in 14 (8.0%)

lesions. Among 4 (2.3%) patients with frank perforation,
3 (1.7%) were controlled by immediate endoscopic clip-
ping using Quickclips (Olympus, Tokyo, Japan) and 1
(0.6%) underwent operation. Among 10 (5.7%) patients
with microperforation, 4 (2.3%) received endoscopic
clipping and the remaining 6 (3.4%) had only conserva-
tive management including intravenous antibiotics and
fasting. No patients with microperforation underwent
operation. No patients experienced post-ESD bleeding
that required blood transfusion or additional endoscopy
for hemostasis.
Post-ESD stricture developed in 21 (12.0%) lesions

which corresponded to 21 patients. The mean tumor
size of these 21 lesions was 2.1 ± 0.8 cm. Of these 21
lesions, 10 lesions (47.6%) had a post-ESD mucosal
defect size larger than 3/4 of the circumference of
the lumen, 9 lesions (42.9%) were between 1/2 and 3/
4 and the remaining 2 lesions (9.5%) were between 1/
2 and 1/4. Twenty patients (11.4%) received balloon
dilatation (median 2 sessions, range 1–11 sessions).
Three (1.7%) received temporary fully covered esopha-
geal metallic stent insertion, Bonastent (Standard
Sci-Tech Inc., Seoul, South Korea), after balloon dila-
tations (4–10 sessions). One (0.6%) received tempor-
ary esophageal stent insertion without prior balloon
dilatation. Preventive managements for post-ESD
stricture were applied in 18 (10.3%) lesions with large
mucosal defect. Among them, polyglycolic acid sheet,
NEOVEIL (Gunze, Ayabe, Japan), were applied at the
ESD-induced mucosal defect for 6 (3.4%) lesions and
oral prednisolone was administered in 12 (6.9%).
However, among these lesions that received preventive
measures, post-ESD esophageal strictures occurred in
9 (50.0%) lesions (Table 3).

Long-term outcomes
The long-term outcomes of 99 patients achieving CuR
were shown in Table 4 and Fig. 3. One-year, 3-year, and
5-year overall survival (OS) of these patients were 100,
97.3, and 93.8%, respectively. One-year, 3-year, and

5-year recurrence-free survival (RFS) of them were 97.8,
91.5, and 91.5%, respectively. Specifically, during a mean
follow-up period of 33.7 months (median 22.9 months,
range 2.1–109.2 months) for OS, 3 patients died without
esophageal cancer recurrence. During a mean follow-up
period of 32.5 months (median 22.9 months, range 2.1–
109.2 months) for recurrence, 1 (1.0%) patient experi-
enced LNM and received concurrent chemo-radiation
therapy. Esophageal cancer of this patient invaded lam-
ina propria, but there was no LVI. Resection margin was

Table 3 Complications of endoscopic submucosal dissection for
superficial esophageal squamous cell carcinoma

Variables

Perforation (yes) 14 (8.0)

Frank perforation 4 (2.3)

Clipping 3 (1.7)

Operation 1 (0.6)

Microperforation 10 (5.7)

Clipping 4 (2.3)

Conservative management 6 (3.4)

Bleeding (yes) 0 (0)

Stricture (yes) 21 (12.0)

Balloon dilatation 20 (11.4)

Balloon dilatation and temporary stent insertion 3 (1.7)

Temporary stent insertion 1 (0.6)

Preventive treatment for stricture (yes) 18 (10.3)

Polyglycolic acid sheet application 6 (33.3)

Stricture (yes) 4 (66.6)

Oral prednisolone 12 (66.6)

Stricture (yes) 5 (41.7)

Data are shown as number (%) of lesions

Table 4 Long–term outcome of 99 patients achieving curative
resection

Variables

Death (yes) 3 (3.0)

Esophageal cancer-related death (yes) 0 (0.0)

Distant recurrence (yes) 1 (1.0)

Lymph node metastasis 1 (1.0)

CCRT 1 (1.0)

Local recurrence (yes) 0 (0.0)

Synchronous cancer (yes) 1 (1.0)

APC ablation 1 (1.0)

Metachronous cancer (yes) 3 (3.0)

ESD 2 (2.0)

Ivor-Lewis operation 1 (1.0)

Data are presented as number (%) of patients
CCRT concurrent chemo-radiation therapy, APC argon plasma coagulation, ESD
endoscopic submucosal dissection
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negative and the size was 1.2 ×1.3 cm. Two months after
ESD, synchronous lesion close to the ESD scar was
found. The patient received APC and was followed up
without recurrence. However, after 18 months, CT
showed a right supraclavicular lymph node enlargement
and metastatic SCC was confirmed by histologic examin-
ation. Synchronous and metachronous cancers developed
in 1 (1.0%) and 3 (3.0%) patients, respectively. The syn-
chronous cancer located close to previous ESD-induced
scar and was difficult to be removed by ESD. The patient
denied surgery and the lesion was successfully treated with
endoscopic ablation using APC. Of the 3 patients with
metachronous cancers, 2 underwent repeat esophageal
ESD and 1 received Ivor-Lewis operation.
Among the 70 patients with non-CuR, 3 died without

esophageal cancer recurrence.

Clinicopathologic characteristics according to the
sedation method
As shown in Table 5, there was no significant difference
in terms of age, gender, and tumor location between pa-
tients/lesions receiving CS and those receiving GA.
However, IIa tumor morphology (24.4% vs. 6.5%,
P < 0.001) was more frequent, gross tumor size (1.9 ±
1.0 vs. 1.2 ± 0.6 cm, P < 0.001) and pathologic tumor
size (1.8 ± 0.9 cm vs. 1.2 ± 0.6 cm, P < 0.001) were larger
in the GA group than those in the CS group. In addition,
large circumferential size of tumor (≥ 1/2 of lumen) and
post-ESD mucosal defect (≥ 3/4 of lumen) were more
frequent in the GA group than those in the CS group
(13.0% vs. 3.0%, P = 0.005 and 17.1% vs. 3.2%, P < 0.001,
respectively). The first 10 ESDs were more frequent in
the CS group than in the GA group (40.9% vs. 15.9%,
P < 0.001).

Short-term outcomes and perforation rate
according to the sedation method
Short-term outcomes and complications according to the
sedation method used for ESD were shown in Table 6.
EnR rate was higher in the GA group than that in the CS
group (100% vs. 88.2%, P < 0.001). However, CR and CuR
rates were not significantly different between the two
groups. Procedure-related perforation occurred less in the
GA group than that in the CS group (1.2% vs. 14.0%,
P = 0.002). Procedure time was longer in the GA group
than that in the CS group (75.8 ± 47.1 min vs. 52.5 ±
42.4 min, P = 0.001). Hospital stay was shorter in the GA
group than that in the CS group (5.5 ± 1.1 days vs. 7.7 ±
5.9 days, P < 0.001).
Multivariate analysis revealed that GA was associated

with a higher CR rate and a lower perforation rate as
compared to CS (odds ratio 3.401, 95% confidence inter-
val 1.317–8.785, P = 0.011 and odds ratio 0.067, 95%
confidence interval 0.006–0.775, P = 0.030, respectively,
Table 7).

Discussion
Esophageal ESD has become widely accepted for the
treatment of SESCC [17, 18, 23, 36, 37]. However, its
indication and curative criteria have not been well estab-
lished due to scanty outcome data. Thus, this study
investigated the outcomes of ESD for SESCC based on a
large Korean single center experience. To the best of our
knowledge, this is the first study that demonstrates
higher CR rate and less perforation rate in esophageal
ESD under GA as compared to those under CS.
Our CuR rate (58.9%) was lower than that of the

recent series [17, 18]. Park et al. [18] reported a higher
CuR rate of 77.0% for esophageal ESD in treating super-
ficial esophageal neoplasm (n = 261). However, their

Fig. 3 Long-term outcome analysis. a Overall survival in patients with curative resection. b Recurrence-free survival in patients with curative resection
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Table 5 Clinicopathologic features of patients and tumors according to the sedation method used for endoscopic submucosal
dissection

Variables Conscious sedation (n = 93) General anesthesia (n = 82) p-value

Age (years) 63.7 ± 8.0 65.3 ± 7.6 0.191

Gender, male 85 (91.4) 77 (93.9) 0.577

Tumor location 0.064

Upper thoracic 4 (4.3) 9 (11.0)

Middle thoracic 21 (22.6) 25 (30.5)

Lower thoracic 65 (69.9) 48 (58.5)

Esophagogastric junction 3 (3.2) 0 (0.0)

Tumor morphology < 0.001

IIa 6 (6.5) 20 (24.4)

IIb 77 (82.8) 48 (58.5)

IIc 10 (10.8) 11 (13.4)

Mixed 0 (0.0) 3 (3.7)

Gross tumor size (cm) 1.2 ± 0.6 1.9 ± 1.0 < 0.001

Pathologic tumor size (cm) 1.2 ± 0.6 1.8 ± 0.9 < 0.001

Circumferential size of the tumor (of lumen) 0.005

< 1/4 24 (25.8) 26 (31.7)

≥ 1/4, < 1/2 66 (71.0) 43 (52.4)

≥ 1/2, < 3/4 3 (3.2) 13 (15.9)

≥ 3/4 0 (0.0) 0 (0.0)

Circumferential size of the post-ESD mucosal defect (of lumen) < 0.001

< 1/4 4 (4.3) 1 (1.2)

≥ 1/4, < 1/2 49 (52.7) 19 (23.2)

≥ 1/2, < 3/4 37 (39.8) 48 (58.5)

≥ 3/4 3 (3.2) 14 (17.1)

Depth of tumor invasion < 0.001

M1 20 (21.5) 6 (7.3)

M2 38 (40.9) 33 (40.2)

M3 22 (23.7) 20 (24.4)

SM1 9 (9.7) 1 (1.2)

SM2&3 4 (4.3) 22 (26.8)

Experience of endoscopist, First 10 esophageal ESDs 38 (40.9) 13 (15.9) < 0.001

Data are presented as mean ± SD or number (%) of patients or lesions

Table 6 Short-term outcomes and complications according to the sedation method used for endoscopic submucosal dissection

Variables Conscious sedation (n = 93) General anesthesia (n = 82) p-value

En bloc resection (yes) 82 (88.2) 82 (100) 0.001

Complete resection (yes) 64 (68.8) 67 (81.7) 0.056

Curative resection (yes) 54 (58.1) 49 (59.8) 0.878

Perforation (yes) 13 (14.0) 1 (1.2) 0.002

Frank perforation 3 (3.2) 1 (1.2)

Microperforation 10 (10.8) 0 (0.0)

Procedure time (mins) 52.5 ± 42.4 75.8 ± 47.1 0.001

Hospital stay (days) 7.7 ± 5.9 5.5 ± 1.1 0.001

Data are presented as mean ± SD or number (%) of patients or lesions
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study population consisted of a significant number of
dysplasia cases (70 cases, 26.8%) and less SESCCs with
SM invasion cases (19 cases, 7.3%) as opposed to no dys-
plasia cases and higher SESCCs with SM invasion cases
(36 cases, 20.6%) in our study. Similarly, in a Japanese
multicenter study, CuR rate was reported to be higher at
76.2% (95% CI: 71.5–80.3%) for esophageal ESD in treat-
ing esophageal neoplasm (n = 368) [17]. They, too,
included a significant number of dysplasia cases (111
cases, 30.2%). Furthermore, criteria for CuR was more
inclusive as it was defined as a tumor within SM1 and
thus, reducing the number of SESCC (23 cases, 6.3%)
with SM invasion that meet the non-CuR criteria (SM2
or deeper invasion) [17].
Depth of tumor invasion is known to be associated

with the risk of LNM [15, 38]. In a study assessing the
accuracy of EUS for superficial esophageal cancers, the
positive and negative predictive values of EUS for SM
invasion were 67 and 86%, respectively [39]. According
to a recent meta-analysis, the sensitivity and specificity
of EUS for T1a staging (from T1b) was 0.85 (95% CI,
0.82–0.88) and 0.87 (95% CI, 0.84–0.90), respectively
[40]. Although magnifying endoscopy with narrow-band

imaging has also been used for evaluating depth of
tumor invasion, the additional benefit to white-light im-
aging is questionable [41, 42]. In addition to the depth
of tumor invasion, LVI could be investigated for an
accurate assessment of the risk of LNM. The risk of
LNM is higher in M3 cancer with LVI than that in SM1
cancer without LVI [15, 38]. In this background, esopha-
geal ESD could be applied as a reliable evaluation
modality for LNM, although it is a therapeutic proced-
ure for SESCC. Because we performed ESD for patients
with SESCC even though minute SM invasion had
already been suspected during EGD and EUS examina-
tions, many SESCC cases with SM invasion ended up
being included in the current study. This might have
resulted in a lower CuR rate.
In this study, there was no death from esophageal can-

cer recurrence in patients who underwent CuR, and 3%
of patients died from other causes. In a multicenter
retrospective cohort study that investigated clinical out-
comes of esophageal ESD for SESCC, 0.5% died from
esophageal cancer, 5.6% died from other causes. Our
study’s result is comparable with this study [17]. EnR
and CR rates were also similar to other study [24].

Table 7 Multivariate analysis of factors associated with En bloc resection, complete resection, and procedure-related perforation

Variables En bloc resection Complete resection Perforation

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age 1.009 (0.921–1.105) 0.844 0.9991 (0.944–1.041) 0.713 1.029 (0.948–1.116) 0.494

Tumor location 0.950 0.376 0.647

Upper thoracic 1 1 1

Middle thoracic N/A 0.998 0.822 (0.171–3.959) 0.807 0.483 (0.034–6.948) 0.592

Lower thoracic N/A 0.998 1.203 (0.276–5.240) 0.805 0.259 (0.020–3.309) 0.298

Esophagogastric Jx N/A 1.000 0.140 (0.007–2.640) 0.189 N/A 0.999

Tumor morphology 0.734 0.955 0.933

IIa 1 1 1

IIb 4.775 (0.318–71.736) 0.258 0.830 (0.253–2.728) 0.759 N/A 0.998

IIc N/A 0.998 1.063 (0.225–5.030) 0.939 N/A 0.998

Mixed N/A 1.000 0.511 (0.024–10.810) 0.666 N/A 1.000

Gross tumor size (cm) 0.294 (0.063–1.374) 0.120 1.320 (0.630–2.768) 0.462 0.907 (0.236–3.488) 0.888

Resected specimen size (cm) 1.147 (0319–4.126) 0.834 0.475 (0.228–0.989) 0.047 1.926 (0.580–6.397) 0.285

Depth of tumor invasion 0.744 0.228 0.924

Mucosal cancer 1 1 1

SM invasion 1.467 (0.147–14.623) 0.567 (0.226–1.427) 0.916 (0.150–5.596)

Experience of endoscopist 0.098 0.146 0.052

First 10 esophageal ESDs 1 1 1

Further esophageal ESDs 0.226 (0.039–1.315) 0.513 (0.208–1.262) 0.289 (0.082–1.011)

Method of sedation 0.996 0.011 0.030

Conscious sedation 1 1 1

General anesthesia N/A 3.401 (1.317–8.785) 0.067 (0.006–0.775)

OR odds ratio, CI confidence interval, ESD endoscopic submucosal dissection
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As the esophageal wall is thin and the lumen is nar-
row, a stable working field without rapid and/or unex-
pected movements rendered by GA could facilitate the
performance of esophageal ESD with a decreased risk of
complication. In this study, CR rate was higher and per-
foration rate was lower in ESD cases under GA com-
pared to those under CS after adjusting several
clinicopathologic factors including experience of endos-
copist. Non-complete resection was the most common
cause of non-CuR in this study. Thus, increasing CR rate
by applying GA for esophageal ESD may improve onco-
logic outcomes in patients with SESCC. The increased
cost of GA is only about US $30–40 in Korea as com-
pared to conscious sedation. Although cost-effectiveness
may be different among countries, this study could sug-
gest that esophageal ESD under general anesthesia
improves the clinical outcomes of ESD for esophageal
cancer. However, although several clinicopathologic
factors and experience of endoscopist were adjusted in
the multivariate analysis, there is a significant time dif-
ference between ESD under CS and GA in this study
with the time spent under GA being considerably longer
than CS. There could be a risk of potential confounders
like advancement of ESD techniques and learning curve
effects which should act in favor of GA as GA was intro-
duced in the latter part of the study. However, the ESD
lesions resected under GA were considerably larger than
the lesions under CS (1.9 ± 1.0 vs. 1.2 ± 0.6, p < 0.001).
This is not surprising as endoscopist encountering large
lesions would often seek GA as the preferred mode of
sedation for a better working environment during ESD.
In this study, stricture was defined as the cases re-

ceiving intervention to relieve dysphagia. Although
other studies also included cases where standard
endoscope could not pass through the narrowed
lumen, these cases usually undergo intervention.
Thus, our stricture rate may not be underestimated.
In this study, stricture rate was 12.0% despite the ap-
plication of preventive managements for post-ESD
stricture in cases with large post-ESD mucosal defect.
Polyglycolic acid sheet and oral prednisolone could
not reduce post-ESD stricture rate below 50% when
applied to cases with a large mucosal defect. Stricture
is the most common complication of esophageal ESD
and its risk increases when the circumference of the
mucosal defect is more than 75% of the luminal cir-
cumference [43]. Thus, development of effective strat-
egy to reduce post-ESD stricture is imperative for a
wider use of esophageal ESD. In this study, patients
with stricture received median 2 sessions of balloon
dilatation and/or temporary esophageal stent inser-
tion. Considering the limited current treatment
options for stricture, development of more effective
prevention methods is required.

This study has some limitations. Firstly, it was a single
center retrospective study. However, most data on char-
acteristics of patients and tumors, procedure factors,
and short-term ESD outcomes were obtained from a
prospectively collected database which could minimize
the risk of bias. Secondly, ESD under CS was performed
in the earlier period of the present study while ESD
under GA was in the latter. In addition to the effects of
anesthesia per se, improvement of overall ESD technolo-
gies (knife, coagulator, etc.) and institutional experience,
thus, might also affect the short-term outcomes of ESD
with different anesthesia types. Thirdly, the follow-up
period was short to demonstrate the definite long-term
outcomes of ESD for SESCC. On the other hand, this
study was a rather large case series. Lastly, poor out-
comes of CS might contribute to statistically significant
results. However, the major finding of this study is that
CS is an independent risk factor for incomplete resec-
tion and perforation. Indeed, CR rate (81.7%) under GA
is comparable to that (84.5%) of a recent Japanese multi-
center study [17] and perforation rate (1.2%) under GA
is even better than that (5.2%) of the study. Thus, GA
appears to improve the outcomes of esophageal ESD.

Conclusion
Our results suggest that ESD is a safe and effective treat-
ment for SESCC, particularly when CuR is achieved. Ap-
plying GA for esophageal ESD could improve the
clinical outcomes of ESD in patients with SESCC.
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