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comorbidities. In multivariate analysis, tumor size and whole circum-

ference resection were independent risk factors for stricture. Further-

more, in 45 subjects with resection of >75% of the esophageal

ficial spreading gastric
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Abstract: Endoscopic submucosal dissection (ESD) enables wider

tumor resection compared with endoscopic mucosal resection and en

bloc resection of superficial esophageal neoplasms. However, ESD may

cause difficult-to-treat stricture of the esophagus, and therefore, pre-

diction of and measures against postoperative esophageal stricture are

critical. The aim of this study was to evaluate the effect of ESD on

superficial esophageal neoplasms and identify risk factors associated

with esophageal stricture after ESD.

This study included 165 lesions in 120 patients with superficial

esophageal neoplasms, including cancer and neoplasia, who underwent

ESD from 2009 to 2013.

The complete resection rate of superficial esophageal neoplasms by

ESD was 90.9%. After ESD, 22 subjects (18.3%) had symptomatic

esophageal stricture, 12 (10.0%) had aspiration pneumonia of grade 2,

and 7 (5.8%) had mediastinal emphysema of grade 2. Comparison of the

22 subjects with stricture with the 98 subjects without stricture showed

significant differences in the rate of resection of >75% of the esopha-

geal circumference, rate of whole circumference resection, and the

required time for resection. The tumor size and the size of the resected

tissue sample also differed between the 2 groups. The groups did not

differ in age, sex, alcohol intake, and smoking; location, macroscopic,

and histological tumor findings; chest pain; or use of anticoagulants for
, MD, PhD, Hiroh MD, PhD,
MD, PhD

circumference, whole resection of the esophagus was the only inde-

pendent risk factor for stricture.

This study suggests that ESD has a strong therapeutic effect on

superficial esophageal neoplasms; however, a greater extent of resection

of the esophagus increases the risk of postoperative esophageal stricture.

Preventive measures against development of postoperative stricture

require further study.

(Medicine 94(1):e373)

Abbreviation: ESD = endoscopic submucosal dissection.

INTRODUCTION

E sophageal carcinoma is the eighth most common cancer
worldwide, but incidences vary greatly among regions, with

the highest rates found in Asia, southern and eastern Africa, and
northern France. The annual mortality of esophageal carcinoma
is close to 100 per 100,000 and also varies widely among
countries.1,2 There are 2 main types of esophageal carcinoma:
squamous cell carcinoma and adenocarcinoma. The morbidity
of squamous cell carcinoma is greater in the Chinese, Korean,
Japanese, and African populations, whereas that of adenocar-
cinoma is greater in the Anglo-Celtic population.3 In Japan,
esophageal carcinoma is most frequent in men in their 60s and
the male-to-female ratio is around 6:1.4 More than 90% of cases
of esophageal carcinoma are squamous cell carcinoma, and the
most common site is the middle thoracic esophagus (Mt).4

Treatment for esophageal neoplasms includes endoscopic
resection, radiotherapy, chemotherapy, and surgical resection.
In cases with a depth of invasion of epithelium or lamina propria
mucosae, almost no metastasis occurs and endoscopic therapy is
recommended.5–7 If the lesion reaches the muscularis mucosae
to the upper submucosa (�200 mm), about 20% of cases have
metastases,8,9 and this is also an indication for endoscopic
therapy. In contrast, patients with esophageal neoplasms with
other than these depths of invasion are not suitable for
endoscopic therapy.

Endoscopic mucosal resection (EMR) for gastrointestinal
neoplasms has been conducted for many years, but en bloc
resection has only been applied in cases with a tumor of less
than about 2 cm. Ono10 and Yamamoto et al11 first described
cases of early gastric cancer treated with endoscopic submu-
cosal dissection (ESD). Subsequently, ESD has been performed
in cases requiring wider resection and those with large super-
cancer. Oyama et al12 described ESD
early esophageal carcinoma, and various

been developed to achieve en bloc
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resection for circumferential or subcircumferential large super-
ficial spreading esophageal neoplasms.13

The esophageal location is anatomically close to the lungs
and heart, and complications may lead to serious conditions. An
upper gastrointestinal endoscopy with a long procedure time
may induce aspiration pneumonia. Also, the esophagus wall is
thin and mediastinal emphysema may occur after ESD, with
Oyama et al12 finding this complication in 6% of 102 patients
with esophageal carcinoma undergoing ESD. Ono et al14 found
an incidence of esophageal stricture of 18% after ESD for 107
lesions in 84 patients with esophageal carcinoma, with stricture
occurring in only 6 of 74 patients (8.1%) who underwent<75%
resection of the esophageal circumference, but in 9 of 10
patients (90%) who underwent >75% resection. Circumference
resection and histological depth are reliable risk factors for
stricture after ESD,15,16 but a detailed study of all risk factors for
stricture after ESD has not been fully performed.17

Esophageal stricture after ESD can be treated by endo-
scopic balloon dilation, but several dilation procedures are
needed, which prolongs hospitalization and compromises qual-
ity of life (QOL). Local injection of steroids may be effective in
patients with esophageal stricture due to corrosive esophagi-

Funakawa et al
tis,18 and steroid therapy is useful for treatment of stricture after
ESD.19 However, the effects and risks of steroid therapy are not
fully verified. The current retrospective study was performed to

A  0%–49% B  50%–74%

FIGURE 1. Illustrative images and endoscopic views showing grading o
of resection of the esophageal circumference. (A) <50%. (B) 50% to
ESD¼ endoscopic submucosal dissection.
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evaluate the efficacy of ESD, complications such as esophageal
stricture after ESD, and the efficacy of local injection of steroids
for stricture in patients with superficial esophageal neoplasms.

SUBJECTS AND METHODS
The study was performed in 120 consecutive patients with

superficial esophageal neoplasms who underwent ESD from
January 2009 to December 2013, including patients with several
lesions and those undergoing fractional excision, and excluding
patients who took oral steroids. Superficial esophageal neoplasms
included squamous cell carcinoma, tubular adenocarcinoma,
high-grade intraepithelial neoplasia, and other cancer. The
ESD procedure was performed according to previous reports.12

Of the 120 patients, 45 underwent >75% resection of the
esophageal circumference by ESD. In these 45 patients, 8 patients
who underwent ESD before November 2010 and 2 patients who
underwent ESD in April and July 2013 did not receive local
injection of steroids. The other 35 patients who underwent ESD
from December 2010 received local injection of steroids, which
was performed based on the report by Hashimoto et al.19 Steroids
were locally injected 3 times under endoscopy immediately, 1
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week and 2 weeks after ESD, and 0.2 mL of triamcinolone
(50 mg/5 mL) was injected into the margins and floor of ulcers
that developed in several locations after ESD.

C  75%–99% D  100%

f mucosal defects after ESD in the esophagus, based on the extent
<75%. (C) 75% to less than whole. (D) Whole circumference.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



The effect of ESD, the severity of esophageal stricture after
ESD, and the efficacy and safety of local injection of steroids
were retrospectively studied to identify preventive measures for
stricture. En bloc resection was defined as single-piece resec-
tion of the tissue confirmed by endoscopic examination. Com-
plete en bloc resection was defined as resected tissue that was
pathologically negative for abnormal cells in surgical margins.
The area of resection was classified according to the definitions
by Katada et al20 of 25%, 50%, 75%, and whole resection of the
esophageal circumference (Figure 1). The depth of tumor
invasion was defined as follows14,19,21: EP, invasion of epi-
thelium; LPM, invasion through the basement membrane to the
lamina propria mucosa; MM, invasion to the muscularis
mucosa; SM1, submucosal invasion (�200 mm below the mus-
cularis mucosa into the submucosa); and SM2, submucosal
invasion (>200 mm into the submucosa).

Mediastinal emphysema was diagnosed based on x-ray or
abdominal computed tomography (CT) images. Adverse events
were graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, version 4.0
(CTCAEv 4.0 URL: http://ctep.cancer.gov/protocolDevelop-
ment/electronic_applications/ctc.htm#ctc_40). This study was
approved by the ethical review board of Kagoshima University
Graduate School of Medical and Dental Sciences.

Statistical analysis was performed using SPSS software
(SPSS Inc, Chicago, IL). The area under the receiver operating
characteristic curve was used to determine cutoff values for
further analysis. Multivariate analysis was performed using
logistic regression analysis. Comparisons between 2 groups were
performed by Mann–Whitney U test, x2 test, or Fisher exact test,
as appropriate. P< 0.05 was considered to be significant.

RESULTS
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Characteristics of Subjects
The mean age of the subjects was 70.2 years; there were

110 men and 10 women, and 31 subjects had multiple lesions

TABLE 1. Clinical Characteristics of Patients

Number of Patients

Age, y
Sex, male/female
Alcohol intake (<20/�20/stopped), g/d
Smoking history (none/present/past)
Tumor location (Ce/Ut/Mt/Lt/Ae)
Macroscopic type (0–I/IIa/IIb/IIc/III)
Histological type (HGIN/SCC/TAC/SP)
Depth of invasion (EP/LPM/MM/SM1/SM2)
En bloc resection, rate (number)
Complete resection, rate (number)
Mean tumor size,

�,y mm
Mean specimen size,

�,y mm
Mean resection time,

�,y min
Esophageal circumference resected (�24%/25%–49%/50%–74%/75%

Ae¼ abdominal esophagus, Ce¼ cervical esophagus, EP¼ invasion of ep
through the basement membrane to the lamina propria mucosa, Lt¼ lower tho
thoracic esophagus, SCC¼ squamous cell carcinoma, SD¼ standard devia
submucosa), SM2¼ submucosal invasion (>200 mm into the submucosa
thoracic esophagus.�

Data are shown as mean� standard deviation (range).
yThese data were calculated based on main tumor, if there were multipl

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
(Table 1). A total of 165 lesions were removed by ESD. The
most common site of esophageal neoplasms was the Mt, which
was observed in 94 subjects, and the most common macroscopic
type was IIc in 101 lesions. The most common histological type
was squamous cell carcinoma in 129 lesions.

Results for ESD of the Esophagus
En bloc resection and complete en bloc resection were

performed for 164 (99.4%) and 150 (90.9%) of the 165 lesions,
respectively (Table 1). The mean long tumor diameter was
26.0 mm, the mean long diameter of 120 resected tissue samples
including the main tumor was 46.7 mm, and the mean operating
time in the 120 procedures for the main tumor was 146.0 minutes.

Adverse Events in ESD of the Esophagus
Postoperative adverse events included symptomatic eso-

phageal stricture (esophageal stenosis, grade 2) in 18.3% of
cases, aspiration pneumonia (pneumonitis, grade 2) in 10.0%,
and mediastinal emphysema (mediastinal disorder, grade 2) in
5.8%. Endoscopic perforation, secondary hemorrhage, or events
requiring surgical procedures were not observed (Table 2).

Comparison Between Stricture and Nonstricture
Groups

The background characteristics of 22 subjects who devel-
oped esophageal stricture after ESD and 98 subjects without
esophageal stricture are compared in Table 3. There were no
significant differences in age, sex, alcohol intake, and smoking;
or in tumor location, macroscopic type, histological type, and
depth of invasion between the 2 groups. The long diameters of
the lesion (tumor size) and the resected tissue sample (specimen
size) were significantly greater in the stricture group
(P< 0.001), and the time required for tumor resection (resection

Risk Factors for Stricture After ESD
time) was significantly longer in the stricture group (P< 0.01).
The percentage of subjects undergoing resection of>75% or the
whole esophageal circumference was also significantly greater

120 (138 Resection, 165 Lesions)

70.2� 8.41 (51–89)
110/10

25/70/25
23/47/50

4/21/94/36/10
4/16/43/101/1

24/129/8/4
43/42/22/2/11

99.4% (164/165)
90.9% (150/165)

26.0� 17.4 (4–78)
46.7� 19.6 (9–103)

146.0� 78.8 (29–570)
–99%/100%) 0/23/52/33/12

ithelium, HGIN¼ high-grade intraepithelial neoplasia, LPM¼ invasion
racic esophagus, MM¼ invasion to the muscularis mucosa, Mt¼middle
tion, SM1¼ submucosal invasion (�200 mm below the MM into the
), SP¼ specialized type, TAC¼ tubular adenocarcinoma, Ut¼ upper

e resections or lesions in the same patient.
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TABLE 2. Adverse Events After ESD

Adverse Event Number (%)

None 55 (45.8)
Any 65 (54.2)
Chest pain, grade 1 29 (24.2)
Fever, grade 1 or 2 23 (19.2)
Symptomatic stricture, grade 2 22 (18.3)
Aspiration pneumonia, grade 2 12 (10.0)
Mediastinal emphysema, grade 2 7 (5.8)
Perforation 0
Bleeding after ESD 0

Funakawa et al
in the stricture group (each P< 0.001). In addition, as the
resection area increased, the incidence of postoperative esopha-
geal stricture became greater (Figure 2A, P< 0.001). Endoscopic
findings of fibrosis, chest pain during ESD, and fever>388C after
ESD, heparin administration instead of an anticoagulant for
comorbidity during ESD, and use of anticoagulants for treatment
of comorbidity after ESD did not differ between the groups.

In multivariate analysis using tumor size, specimen size,
resection time, and >75% resection, there were no independent
risk factors for postoperative stricture. In contrast, in a similar
multivariate analysis in which whole circumference resection
was used instead of >75% resection, in addition to tumor size,

Surgical procedures 0

ESD¼ endoscopic submucosal dissection.
specimen size, and resection time, the tumor size and whole
circumference resection were independent risk factors for
stricture (Table 4). The circumference of the resected area

TABLE 3. Comparison Between Cases With and Without Strictur

Characteristics Stricture (

Age,
�

y 69.5� 8.0 (
Sex (male/female) 1
Alcohol intake (<20/�20/stopped), g/d 7/1
Smoking history (none/present/past) 7/
Tumor location (Ce/Ut/Mt/Lt/Ae) 0/4/13/
Macroscopic type (0–I/IIa/IIb/IIc/III) 1/2/1/1
Histological type (HGIN/SCC/TAC/SP) 2/20/
Depth of invasion (EP/LPM/MM/SM1/SM2) 8/8/4/
Mean tumor size,

�
mm 43.1� 19.4

Mean specimen size,
�

mm 66.4� 19.3
Mean resection time,

�
min 172.9� 59.5

3/4 Circumference or more
Whole circumference
Endoscopic finding of fibrosis during ESD
Chest pain, grade 1
Fever, grade 1 or 2
Heparin use during ESD
Anticoagulant use after ESD

Ae¼ abdominal esophagus, Ce¼ cervical esophagus, EP¼ invasion of ep
intraepithelial neoplasia, LPM¼ invasion through the basement membr
MM¼ invasion to the muscularis mucosa, Mt¼middle thoracic esophagus,
submucosal invasion (�200 mm below the MM into the submucosa), SM2¼
type, TAC¼ tubular adenocarcinoma, Ut¼ upper thoracic esophagus.�

Data are shown as mean� standard deviation (range).
yP values calculated by Mann–Whitney U, x2, or Fisher exact test, as a
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was also closely associated with the tumor size, specimen size,
and resection time. Therefore, multivariate analysis was per-
formed using age, sex, and whole circumference resection, and
whole circumference resection emerged as an independent risk
factor for stricture (relative risk 41.47, 95% confidence interval
[CI] 7.94–215.39, P< 0.001). Replacement of whole circum-
ference resection with >75% resection in this analysis resulted
in no independent risk factors.

Univariate analysis limited to the 45 subjects who under-
went resection of >75% of the esophageal circumference
showed significant differences in the frequency of whole cir-
cumference resection and chest pain in the stricture and non-
stricture groups (Table 5). In contrast, there were no differences
in tumor size, specimen size, and resection time. The rate of
local steroid injection in patients with stricture was similar to
that in patients without stricture among a subgroup of patients
whose esophageal circumference resection was 75% or more
(Table 5). The percentage of stricture in patients treated with
local steroid injection among a restricted group including 23
patients with 75% to 99% esophageal circumference resection
was 34.8%, and this was similar to that in patients without local
steroid injection (Figure 2B). In multivariate analysis using age,
sex, whole circumference resection, and chest pain, whole
circumference resection was the only independent risk factor
for stricture (relative risk 7.83, 95% CI 1.30–47.27, P¼ 0.03).
A bivariate analysis using whole circumference resection and
chest pain also gave similar results (relative risk of whole
circumference resection 7.00, 95% CI 1.18–41.54, P¼ 0.03).

Medicine � Volume 94, Number 1, January 2015
DISCUSSION
This study evaluated the effect and complications of ESD

in 120 patients with superficial esophageal neoplasms. As in

e in all Patients

n¼ 22) Nonstricture (n¼ 98) P Valuey

57–89) 70.3� 8.5 (51–89) 0.53
9/3 91/7 0.39
2/3 18/58/22 0.32
6/9 16/41/41 0.20
5/0 4/9/52/24/9 0.35
8/0 3/12/19/63/1 0.45
0/0 6/81/8/3 0.42
0/2 35/34/18/2/9 0.98
(11–78) 22.1� 14.5 (3.5–76) <0.001
(20–94) 42.3� 16.9 (9–103) <0.001
(80–301) 140.0� 81.6 (29–570) <0.01
22 23 <0.001
10 2 <0.001
4 22 0.78
7 22 0.41
2 21 0.24
1 9 0.69
1 17 0.19

ithelium, ESD¼ endoscopic submucosal dissection, HGIN¼ high-grade
ane to the lamina propria mucosa, Lt¼ lower thoracic esophagus,
SCC¼ squamous cell carcinoma, SD¼ standard deviation, SM1¼ sub-
submucosal invasion (>200 mm into the submucosa), SP¼ specialized

ppropriate.
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FIGURE 2. Frequency of symptomatic esophageal stricture for-
mation after ESD, based on the extent of resection of the eso-
phageal circumference. (A) All patients (n¼120). (B) Subjects
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previous reports,5,12,22–25 the rates of en bloc resection of 99.4%
(164/165) and complete en bloc resection of 90.9% (150/165)
were high, and there were no fatal complications in our study.
This suggests that ESD is an effective treatment for superficial
esophageal neoplasms. However, postoperative esophageal
stricture is a complication that affects QOL and was observed

who underwent resection of >75% of the esophageal circumfer-
ence (n¼45), with or without local steroid injection.

�
Chi-square

test. ESD¼ endoscopic submucosal dissection.
in 18% of the patients in this study. Resection of >75% of the
esophageal circumference was a risk factor for stricture, and
whole circumference resection was an independent risk factor in

TABLE 4. Multivariate Analysis of Factors Associated With Strictu

Status

Tumor size, mm <32
�32

Specimen size, mm <61
�61

Resection time, min <156
�156

Resected area (circumference) Nonwhole
Whole

CI¼ confidence interval, ESD¼ endoscopic submucosal dissection.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
all patients and in a subgroup with >75% resection. Local
injection of steroids has also been found to be useful for
treatment of stricture,19,26,27 but we found no effect of local
steroid injection on stricture.

Lewis et al28 performed EMR in 73 cases of Barrett
esophageal carcinoma and identified >50% resection of the
esophageal circumference as an independent risk factor for
esophageal stricture. The reported incidence of stricture after
ESD in patients with superficial esophageal carcinoma ranges
from 5.0% to 17.2%,23–25 and the resected area is a risk factor.
However, there are few studies of risk factors for esophageal
stricture after ESD, and relationships between potential risk
factors and stricture are difficult to evaluate in meta-analysis.17

Shi et al16 recently suggested that circumference resection
of >75% was an independent risk factor for stricture. In the
current study, the extent of esophageal circumference resection
by ESD was associated with stricture, but only whole circum-
ference resection was an independent risk factor. Shi et al
enrolled more patients compared with our study, but 82.6%
of the patients underwent ESD with a circumference range of
<50%. In addition, 94.1% of patients with a resected circum-
ference of >75% had postoperative stricture. In contrast,
approximately half of the patients undergoing >75% resection
of the esophageal circumference did not develop postoperative
stricture in our study. The reason for the difference in the
frequency of stricture between the 2 studies is unclear, but
these results suggest that other factors may also contribute to
postoperative stricture. In light of these findings, subjects in our
study who underwent >75% resection of the esophageal cir-
cumference were divided into stricture and nonstricture groups
to compare background factors. In multivariate analysis, the
only independent risk factor was whole circumferential resec-
tion. We note that the depth of invasion was not associated with
stricture in our study, whereas Shi et al16 found this to be an
independent risk factor. However, Shi et al did not report the
number of cases with whole circumferential resection. Collec-
tively, these results suggest that patients with esophageal neo-
plasms who undergo resection of >75% of the esophageal
circumference or whole circumferential resection are at high
risk of stricture after ESD. However, the incidence of stricture
may vary depending on the study population; host factors, such
as single-nucleotide polymorphisms; and environmental fac-
tors, such as dietary habit.

Mediastinal emphysema was also observed as a compli-
cation after ESD, with incidences similar to those in a previous

Risk Factors for Stricture After ESD
report.23,24 In contrast, the incidence of aspiration pneumonia in
this study was 10%, which was greater than those reported by
Takahashi et al24 (mean age 67 years) and Higuchi et al25

re After ESD

Relative Risk 95% CI P Value

1
8.17 2.01–33.27 <0.01
1
1.70 0.31–9.25 0.54
1
0.64 0.15–2.68 0.54
1

16.79 1.97–142.89 0.01
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TABLE 5. Comparison Between Cases With and Without Stricture in a Subgroup of Patients
�

Characteristics Stricture (n¼ 22) Nonstricture (n¼ 23) P Valuey

Age,z y 69.5� 8.0(57–89) 69.3� 8.5(56–88) 0.98
Sex (male/female) 19/3 23/0 0.11
Tumor location (Ut/Mt/Lt) 4/13/5 2/14/7 0.60
Macroscopic type (0–I/IIa/IIb/IIc) 1/2/1/18 0/3/3/17 0.53
Histological type (HGIN/SCC/SP) 2/20/0 0/22/1 0.22
Depth of invasion (EP/LPM/MM/SM2) 8/8/4/2 7/8/7/1 0.75
Alcohol intake (<20/�20/stopped), g/d 7/12/3 3/15/5 0.30
Smoking history (none/present/past) 7/6/9 1/10/12 0.05
Mean tumor size,z mm 43.1� 19.4 (11–78) 34.2� 20.0 (3.5–76) 0.14
Mean specimen size,z mm 66.4� 19.3 (20–94) 55.7� 19.2 (20–93) 0.09
Mean resection time,z min 172.9� 59.5 (80–301) 183.0� 113.7 (40–570) 0.71
Whole circumference 10 2 <0.01
Steroid injection 18 17 0.72
Endoscopic finding of fibrosis during ESD 4 3 0.70
Chest pain, grade 1 7 0 <0.01
Fever, grade 1 or 2 2 4 0.67
Heparin use during ESD 1 4 0.35
Anticoagulant use after ESD 1 6 0.10

EP¼ invasion of epithelium, ESD¼ endoscopic submucosal dissection, HGIN¼ high-grade intraepithelial neoplasia, LPM¼ invasion through the
basement membrane to the lamina propria mucosa, Lt¼ lower thoracic esophagus, MM¼ invasion to the muscularis mucosa, Mt¼middle thoracic
esophagus, SCC¼ squamous cell carcinoma, SM1¼ submucosal invasion (�200 mm below the MM into the submucosa), SM2¼ submucosal
invasion (>200 mm into the submucosa), SP¼ specialized type, TAC¼ tubular adenocarcinoma, Ut¼ upper thoracic esophagus.�

as a
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(median age 68 years). This might be because the subjects in our
study were older (mean 70.2, median 71.0), and the number of
smokers was greater (81%) than in the previous studies. Unclear
diagnostic criteria for pneumonia may also have influenced the
results, and a multicenter cohort study is needed after diagnostic
criteria are established.

In patients undergoing >75% resection of the esophageal
circumference, Hashimoto et al19 compared 21 cases with local
injection of triamcinolone for stricture prevention with a control
group of 20 cases without this procedure. Triamcinolone was
found to be effective for stricture prevention and decreasing the
mean number of balloon dilation procedures. Yamaguchi et al29

also divided patients undergoing >75% resection of the eso-
phageal circumference into 2 groups of 19 cases administered
oral prednisolone and 22 patients who underwent preventive
balloon dilation. The incidence of postoperative esophageal
stricture and the number of patients requiring therapeutic
balloon dilation were lower in the oral prednisolone group.29

In our study, 35 of the 45 subjects undergoing >75% resection
of the esophageal circumference received local injection of
steroids for stricture prevention, but this procedure was not
related to development of stricture. This finding suggests that
the preventive effect of local injection of steroids on develop-
ment of stricture is limited, and a larger study should be
performed to identify patients who are indicated for local
injection of steroids. The effect of oral intake of steroids should
also be evaluated in a larger number of patients.

There are several limitations in this study. First, the design
was retrospective. A previous prospective study of ESD in
patients with esophageal carcinoma showed good efficacy,23,25

Esophageal circumference resection of �75%.
yP values calculated by Mann–Whitney U, x2, or Fisher exact test,
zData are shown as mean� standard deviation (range).
but the sample size was small. Thus, we believe that the current
results are significant. Second, some of our subjects received
local injection of steroids, which might have influenced the
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results. However, the effect of steroids is unclear and might be
quite small. Within these limitations, we conclude that ESD has
good efficacy in the treatment of superficial esophageal neo-
plasms. However, complications such as postoperative esopha-
geal stricture are of concern. In particular, patients undergoing
whole resection of the esophageal circumference are at high risk
for esophageal stricture, and methods for prophylaxis of stric-
ture are required.

In conclusion, ESD has a strong therapeutic effect on
superficial esophageal neoplasms, but a greater extent of resec-
tion of the esophagus increases the risk of postoperative eso-
phageal stricture, and whole circumference resections were
independent risk factors for stricture. There is currently no
reliable treatment to prevent development of postoperative
stricture after ESD, and preventive measures against postopera-
tive stricture require further study.
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