
Usefulness of training using animal models for
colorectal endoscopic submucosal dissection:
is experience performing gastric ESD really needed?

Authors Ken Ohata1, Kouichi Nonaka1, Yoshitsugu Misumi1, Hiromichi Tsunashima1, Maiko Takita1, Yohei Minato1,
Tomoaki Tashima1, Eiji Sakai1, Takashi Muramoto1, Yasushi Matsuyama1, Yoshimitsu Hiejima2, Nobuyuki Matsuhashi1

Institutions 1 Division of Gastroenterology, NTT Medical Center Tokyo, Tokyo, Japan
2 Graduate School of Healthcare, Tokyo Healthcare University, Tokyo, Japan

submitted 30. August 2015
accepted after revision
4. January 2016

Bibliography
DOI http://dx.doi.org/
10.1055/s-0042-101022
Published online: 10.2.2016
Endoscopy International Open
2016; 04: E333–E339
© Georg Thieme Verlag KG
Stuttgart · New York
E-ISSN 2196-9736

Corresponding author
Ken Ohata, MD
Division of Gastroenterology
NTT Medical Center
5-9-22 Higashi-gotanda
Shinagawa-ku
Tokyo
141-8625
Japan
Fax: +81-3-34486541
ken.ohata1974@gmail.com

License terms

Original article E333
THIEME

Introduction
!

Although colorectal cancer (CRC) is one of the
most common causes of cancer-related death in
the world, the incidence and mortality rates asso-
ciatedwith CRC have gradually decreased because
of improved access to screening and standard
treatment [1]. Colorectal adenoma has been es-
tablished as a premalignant lesion, and the endo-
scopic removal of such lesions can reportedly re-
duce the incidence of CRC by as much as 90% [2].
The management of adenomas and intraepithelial
carcinoma with a low risk of lymph node metas-
tasis usually consists of a classic polypectomy
and/or endoscopic submucosal resection (EMR).
When carcinoma is treated endoscopically, a pre-
cise histopathological examination of the excised
specimen is essential; thus, an en bloc resection is
fundamentally needed. Therefore, lesions with a

diameter of less than 2cm should be treated using
EMR [3].
Recently, non-polypoid colorectal neoplasms that
do not exhibit a macroscopic protruding appear-
ance have been documented not only in Japan [4,
5], but also inWestern countries [6]. These lesions
are characterized by lateral extensions along the
luminal wall with a low vertical axis; such tumors
with a diameter of >10mm are called laterally
spreading tumors (LSTs) [4]. LSTs are usually no
more likely to exhibit high grade dysplasia than
conventional protruded adenomas, despite their
larger size [7]. However, a proportion (e.g. those
with a large nodule and/or central depression)
display high grade dysplasia and submucosal in-
vasion, to some extent [5]. As piecemeal resection
is reportedly associated with an increased risk of
the local recurrence of carcinoma [8], colorectal
endoscopic submucosal dissection (ESD) has
been indicated for the treatment of these lesions

Ohata Ken et al. Usefulness of training using animal models for colorectal ESD… Endoscopy International Open 2016; 04: E333–E339

Background and study aims: Despite the clinical
advantages of colorectal endoscopic submucosal
dissection (ESD), an effective training system,
especially for Western endoscopists, has been
challenging to establish. Herein, we propose a no-
vel training program using ex vivo animal models
and evaluate the learning curve of colorectal ESD
trainees without gastric ESD experience.
Patients and methods: A total of 80 colorectal le-
sions were prospectively collected and removed
by two novice operators. Before human ESD pro-
cedures, they received ESD training using an ex
vivo porcine “proximal colon” model, which si-
mulates a lumen with many folds and flexions.
To assess the validity of our training system, the
self-completion and en bloc R0 resection rates,
the operation time, and prevalence of complica-
tions were compared between the first and latter
period. Moreover the factors associated with pro-
longed operation time were evaluated.

Results: The overall rates of self-completion and
en bloc R0 resection were 98% (78/80) and 100%
(80/80), respectively. The operation time during
the first period was significantly longer than that
during the latter period (86±50 minutes vs. 60±
36 minutes, P=0.01). Regarding complications,
only two cases of perforations and delayed he-
morrhage were observed during the first period;
however, all of the complications were successful-
lymanaged endoscopically. The presence of fibro-
sis was identified as a significant independent
predictor of a prolonged operation time during
the first period (coefficient, 5.90; 95%CI, 2.36–
9.44, P=0.002).
Conclusions: Our trainees achieved high rates of
self-completion and R0 resection without severe
complications even during the first 20 cases, sug-
gesting that our training programs using ex vivo
animal models are useful for trainees without
gastric ESD experience.
Study registration: UMIN000013566



as well as other gastrointestinal tract lesions, such as those
occurring in the stomach or esophagus [9,10].
ESD was developed in Japan in the late 1990s as a minimally in-
vasive technique for the endoscopic removal of early gastric can-
cers [11], and its use has now spread worldwide. The main ad-
vantages of ESD are a higher rate of complete resection, de-
creased local recurrence, no limitations because of lesion size,
and a superior histopathological assessment of cancer invasion
in the specimen [8,12]. With the recent development of ESD-
associated tools and devices and well-designed training proce-
dures, gastric and esophageal ESD have been established as
standard techniques. Nevertheless, colorectal ESD remains tech-
nically difficult because of the difficulty in maneuvering the en-
doscope in the lumen, which contains many folds and flexions,
and the thin intestinal walls, which can be easily perforated
[13]. Thus, colorectal ESD remains a challenging procedure, even
for Japanese experts. Moreover, a long learning curve in colorec-
tal ESD training has also contributed to the low penetration of
this technique worldwide, in addition to a relatively higher risk
of severe complications (e.g. bleeding and perforation) [8,14].
Previously, effective colorectal ESD training programs have been
developed by ourselves and others for trainees with an adequate
experience performing gastric ESD [15–19]. However, colorectal
ESD training is still challenging, especially for Western endos-
copists, given the lack of training opportunities in patients with
early gastric cancers, which are assumed to be relatively safer
and easier to resect, because of the lower incidence of gastric
cancer [20]. Therefore, we conducted this prospective clinical
trial to investigate whether our training programs using ex vivo
animal models could enable novice operators without experience
performing gastric ESD to become proficient at performing colo-
rectal ESD.

Materials and methods
!

Patients
Between April 2014 and January 2015, 182 patients who requir-
ed treatment for colorectal neoplasms using ESD at the NTTMed-
ical Center, Tokyo, were prospectively enrolled in this study. The
inclusion criteria were the presence of lesions larger than 20mm
for which submucosal invasion was estimated to be absent or su-
perficial based onwhite light andmagnification chromoendosco-
py as well as a negative no-lifting sign [17]. In addition to patients
who did not provide informed consent, 11 patients with recur-
rent and residual mucosal lesions were also excluded. Finally, 77
patients with 80 lesions participated in this study. The sample
size was estimated based on the results of a previous prospective
study [16]. All of the lesions were removed by two novice ESD op-
erators, and the medical records of 80 consecutive ESD cases
were prospectively collected. After the histopathological analy-
ses, additional surgical resectionwas performed because of an in-
creased risk of lymph node metastasis, when the following find-
ings were identified: (1) vertical margin (+), (2) submucosal
lymph and/or vessel invasion (+), (3) submucosal invasion more
than 1000μm, and (4) a poorly differentiated component. Writ-
ten informed consent was obtained from each of the enrolled pa-
tients. This study was approved by the ethics committee of the
NTTMedical Center, Tokyo, andwas registeredwith the Universi-
ty Hospital Medical Information Network (UMIN) Clinical Trials
as UMIN000013566at December 31, 2014.

ESD trainees
Two trainees (Y.M. and T.T.), who had not performed gastric ESD,
participated in this study. Before starting our colorectal ESD
training program, the trainees were required to have skillfully
performed more than 1000 colonoscopies. In addition, proficient
EMR techniques and the ability to diagnosis target lesions pre-
cisely during magnifying endoscopy were also necessary. For the
next step, trainees were asked to learn ESD using a step-by-step
program, as previously described [17]. In the first step, trainees
were taught what kinds of colorectal tumors are suitable for
ESD; the trainees needed to know whether an ESD would be
easy or difficult to complete for a given lesion. The second and
third steps were the observation of ESD procedures performed
by an expert followed by assistance with the procedure itself. Ex-
perience with at least 10 cases of colorectal ESD was required to
learn the most suitable ESD strategies. Our two trainees partici-
pated as assistants in about 20 colorectal ESD procedures in addi-
tion to gastric/esophageal ESD procedures. Importantly, all of the
steps were performed under expert supervision. After meeting
these prerequisites, as confirmed by a single experienced endos-
copist (K.O.), each trainee began to learn colorectal ESD using a
newly developed “proximal colon” porcine model before per-
forming human ESD procedures.

ESD procedure
In the present study, for the safe performance of colorectal ESD,
rectal lesions were selected as the initial three cases for each trai-
nee. ESD was performed under conscious sedation with flunitra-
zepam and buprenorphine. We optionally selected an upper gas-
trointestinal endoscope (GIF-Q260J; Olympus Optical, Tokyo, Ja-
pan) to treat lesions mainly located at the rectum/sigmoid colon,
or a lower gastrointestinal scope (PCF-Q260JI; Olympus Optical)
for those at the descending colon to cecum. In some cases, we
used a balloon overtube to reduce paradoxical movements of
the endoscope and to protect areas in the colon that are especial-
ly vulnerable to injury, such as the ascending/transverse colon
[21]. After the injection of sodium hyaluronate solutions, circum-
ferential incision and submucosal dissections were performed
using a Dual knife (KD650Q; Olympus Optical), without marking.
Hemostasis for procedural bleeding was attempted using the
knife that was in use or hemostatic forceps (Coagrasper; Olympus
Optical). Visible exposed vessels were coagulated at the end of
the procedure to prevent delayed bleeding. In all of the cases,
we used a high frequency generator unit (ICC200 or VIO300D;
Erbe Elektromedizin, Tübingen, Germany). The operation time
was defined as the period between the identification of the target
lesion and the completion of the above procedures. When a trai-
nee could not complete ESD because of an inability to continue
the procedure as judged by the expert supervisor (e.g. perfora-
tion, uncontrolled bleeding, or severe fibrosis), the expert took
over the operation.

Animal models
Our simulator consists of a porcine lower gastrointestinal pack-
age suspended in a square box. Except for the rectum, porcine co-
lon is unsuitable for ESD training because of its thin luminal wall.
Therefore, we placed the porcine colorectum upside down and
used the rectum as the location of the proximal target lesions
(●" Fig.1). Next, demarcatedmarks were made using a Dual knife,
and the ESD procedure was performed in a manner similar to
that used for a human procedure using an upper gastrointestinal
endoscope (●" Fig.2). All of the ESD procedures were performed
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under expert man-to-man instruction, with technical advice as
to how to resect the target lesions. The animal training model
was completed once an expert deemed that the trainee had ob-
tained the required ESD-specific techniques.

Outcomes and data analysis
The primary outcome was the self-completion rate. The second-
ary outcomes were the en bloc R0 resection rate, the operation
time, and the prevalence of complications. An R0 resection was
defined as a complete resection that showed negative lateral
and vertical margins when examined pathologically.
The 40 lesions resected by each of the two trainees were divided
into two groups: the first 20 cases (first period) and the latter 20
cases (latter period). To assess the validity of our colorectal ESD
training system, the operation time, the rates of self-completion
and en bloc R0 resection, and the prevalence of complications
were compared between the two period groups. The learning
curve for colorectal ESD was evaluated as the change in the op-
eration time per unit area of the specimen (min/cm2). To deter-
mine whether clinical factors (e.g. age, sex, tumor location, mor-
phological, and pathological characteristics) affect the difficulty
of colorectal ESD, those associated with a prolonged operation
time were evaluated.

Statistical analysis
Continuous data are shown as the mean ± SD. The differences in
the values of the clinical parameters between the first and second
sets of 20 lesions for each of the trainees were analyzed using the
Fisher exact test apart from age, tumor size, and operation time,
which were analyzed using the Student’s t test. To reveal factors
associated with a prolonged operation time, univariate and mul-
tivariate linear regression analyses were performed. Unless
otherwise specified, P values of <0.05 were considered to denote
statistical significance. All of the analyses were performed using
SPSS, ver. 11.0 (SPSS Inc., Chicago, IL, United States).

Fig.1 Ex vivo porcine “proximal colon” model. The porcine colorectum
was placed upside down and anchored inside a square box, so as to simu-
late the human colon.

Fig.2 ESD training using ex vivo porcine model.
An upper gastrointestinal scope (GIF-Q240; Olym-
pus Optical) was inserted into the reconstructed
proximal porcine colon (a). After the target lesion
was demarcated, sodium hyaluronate solutions
were injected into the submucosal layer around the
lesion (b). After the circumferential incision outside
of the marks, the submucosal dissections were per-
formed (c), and the target lesion was completely
resected (d). All of the procedures were performed
using a Dual knife (KD650Q; Olympus Optical).
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Results
!

Training using animal models
A total of 12 target lesions located in proximal porcine colonwere
resected using ESD techniques by each of the two trainees. The
operation time per unit area of the specimen for the latter six
cases was significantly lower than that for the first six cases (9.6
±6.0min/cm2 vs. 3.6±1.4min/cm2, P=0.04). No perforations oc-
curred during the ESD procedures. Thus, they were regarded as
having acquired colorectal ESD-specific techniques, such as cir-
cumferential incision and submucosal dissection.

Clinicopathological characteristics of resected lesions
The clinicopathological characteristics of the resected lesions are
shown in●" Table1. No significant differences in tumor size or
pathological characteristics were observed between the first
and latter periods for each trainee. For trainee A, the number of
cases with fibrosis and the number of cases with a central de-
pression were significantly higher during the latter period (10%

vs. 55%, P=0.006; and 0% vs. 35%, P=0.008, respectively). The le-
sions resected during the latter period were predominantly loca-
ted in the proximal colon (●" Fig.3).

Outcomes of colorectal ESD
As summarized in●" Table2, the overall rates of self-completion
and en bloc R0 resection were 98% (78/80) and 100% (80/80),
respectively. One of the lesions for which self-completion was
not achieved was an adenocarcinoma with submucosal invasion
located in the sigmoid colon, while the other was an intramuco-
sal adenocarcinoma located in the rectum. These lesions present-
ed with severe fibrosis, and perforations occurred during the
submucosal dissection, requiring the supervising expert to take
control. The mean procedure time was 73±45 minutes. The op-
eration time during the first period was significantly longer than
that during the latter period (86±50 minutes vs. 60±36 minutes,
P=0.01). Regarding complications, two cases with perforations
(3%) during the procedure and two cases with delayed hemor-
rhage (3%) were observed during the first period; however, all

Table 1 Clinicopathological characteristics of resected colorectal neoplasms.

Total Trainee A Trainee B

First period Latter period P value First period Latter period P value

Number of lesions 80 20 20 20 20

Tumor size, mm 32±12 30±11 33±14 0.41 43±15 39±11 0.32

Macroscopic type

LST-G 49 8 12 11 18

LST-NG 25 10 8 6 1

Protruded 6 2 0 3 1

Location of the lesions 0.34 0.70

Colon 67 16 19 15 17

Rectum 13 4 1 5 3

Fibrosis 19 2 11 0.006 5 1 0.18

Large nodule 16 3 3 0.99 7 3 0.27

Central depression 9 0 7 0.008 2 0 0.49

Pathological characteristics

Adenocarcinoma 25 6 6 0.99 9 4 0.11

Lymph and/or vascular invasion 4 2 0 0.24 2 0 0.24

Submucosal invasion 15 3 4 0.99 7 1 0.04

LST-G, laterally spreading tumor, granular type; LST-NG, laterally spreading tumor, nongranular type.
Continuous data are shown as the mean ± SD. P values were analyzed using the Fisher exact test, or the Student’s t test for tumor size.

First Period Latter Period
Fig.3 Locations of the resected lesions during the
first and latter periods. The locations of the resect-
ed lesions are shown as black (trainee A) and yellow
(trainee B) circles.
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of the complications were successfully managed endoscopically.
None of the cases experienced delayed perforations. As a result,
a total of six patients required an additional surgical resection be-
cause of advanced pathological findings; the remaining patients
achieved good clinical outcomes (93%).
When the results for each trainee were compared between the
first and latter periods, only one of the trainees exhibited a signif-
icant reduction in the operation time (trainee A: 73±49 minutes
vs. 66 ± 41 minutes, P=0.63; trainee B: 100±48 minutes vs. 55±
29 minutes, P=0.001). This outcomemay have been partly due to
the increase in the number of cases with fibrosis and/or a central
depression during the latter period for trainee A. To correct for
differences in tumor size, proficiency was evaluated as the opera-
tion time per unit area of the specimen (min/cm2). The learning
curve for each trainee demonstrated a change in proficiency
over time (●" Fig.4).

Factors associated with prolonged operation time
The results of univariate andmultivariate linear regression analy-
ses are summarized in●" Table3. When risk factors for a pro-
longed operation time were evaluated among the first 40 cases,
the presence of fibrosis was identified as a significant indepen-
dent risk factor (coefficient, 5.90; 95%CI, 2.36–9.44, P=0.002).
On the other hand, when risk factors were evaluated among the
latter 40 cases, no clinicopathological characteristics were identi-
fied as significant risk factors. In the present study, the tumor lo-
cation was not identified as a significant risk factor associated
with a prolonged operation time.

Discussion
!

Because of the technical difficulty and the high risk of severe
complications, colorectal ESD is usually not attempted unless
the endoscopist has experience performing gastric ESD. Tanaka
et al. proposed that competence performing ESD should be ac-
quired in the stomach before advancing to more difficult lesions,
such as those in the colon [22]. However, our results indicated
that an appropriate training program enabled trainees to per-
form safe and proficient colorectal ESD, regardless of their gastric
ESD experience. This is the first report to investigate prospective-
ly the efficacy of a training program using an ex vivo porcine
proximal colon model and the learning curve for colorectal ESD
in trainees without experience performing gastric ESD.
In the present study, we developed a novel ex vivo colorectal an-
imal model, instead of providing initial ESD training in patients
with gastric lesions. Gotoda et al. developed a training program

for ESD using porcine models and suggested that a rapid increase
in the learning curve for ESD could be obtainedwithin a relatively
short period of time using their model [11]. When trainees are
ready to acquire colorectal ESD techniques but do not yet have
experience performing gastric ESD, training using an animal
model appears to be essential. Although Hon et al. developed a
porcine rectal model for the acquisition of colorectal ESD tech-
niques, the difficulty in maneuvering the endoscope was unlike
that required in a real human colon [23]. Our newly developed
“proximal colon” model more accurately simulates the paradoxi-
cal movements of the endoscope and colorectal luminal folds and
flexions, thus, trainees are able to learn how tomaneuver the en-
doscope. In addition, compared with in vivo animal models, our
model is more cost-effective. Importantly, our ex vivo porcine
model can help novice operators to learn ESD-specific techniques
(e.g. circumferential incision and submucosal dissection skills),
which can be difficult to acquire in daily practice. However, this
model is not suitable for learning how to control active bleeding
and/or to compensate for respiratory movements. Therefore,
prior intensive training in advanced techniques for endoscopic
hemostasis is also necessary. ESD training in animalmodels with-
out an expert’s supervision is reportedly less effective for begin-
ners hoping to acquire this technique [24]. Furthermore, Draga-
nov et al. reported that observation by an expert while perform-
ing ESD can significantly reduce removal times and can contrib-
ute to the acquisition of ESD skills over a short period of time
[25]. These results highlight the importance of supervision by an
expert, even during animal model training.

Table 2 Outcomes of ESD according to the first and latter 20 sets.

Total Trainee A Trainee B

First period Latter period P value First period Latter period P value

Number of lesions 80 20 20 20 20

Total operation time, min 73±45 73±49 66±41 0.63 100±48 55±29 0.001

Self-completion rate, n (%) 78 (98) 20 (100) 20 (100) n.a. 18 (90) 20 (100) 0.24

En bloc R0 resection, n (%) 80 (100) 20 (100) 20 (100) n.a. 20 (100) 20 (100) n.a.

Complications

Delayed bleeding, n (%) 2 (3) 0 (0) 0 (0) n.a. 2 (10) 0 (0) 0.24

Perforation, n (%) 2 (3) 0 (0) 0 (0) n.a. 2 (10) 0 (0) 0.24

Delayed perforation, n (%) 0 (0) 0 (0) 0 (0) n.a. 0 (0) 0 (0) n.a.

Continuous data are shown as the mean ± SD.

10 20 30 40

14

12

10

8

6

4

2

0

Trainee A

Trainee B

Fig.4 Learning curves for colorectal ESD as evaluated according to op-
eration time per unit area of specimen (min/cm2).
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Learning curves for colorectal ESD have been evaluated in several
Japanese studies. Hotta et al. found that significant improve-
ments in the en bloc resection rate (85%) and operation time
were observed after 40 procedures [15]. Sakamoto et al. reported
that at least 30 colorectal ESDs are required to achieve a sufficient
en bloc resection rate (92%) [18]. Importantly, although they
achieved a sufficient en bloc resection rate without the occur-
rence of severe complications, the trainees who participated in
these training programs had experience performing gastric ESD.
Thus, the immediate application of this program at Western in-
stitutions is difficult. Unlike Japanese studies, Iacopini et al. con-
ducted a prospective study to evaluate the efficacy of a gastric an-
imal model for colorectal ESD trainees without gastric ESD ex-
perience [16]. They demonstrated the feasibility and safety of
the procedure, with a competency threshold set at 20 rectal ESD
procedures, but not at 20 colonic ESD procedures. Recently, Shiga
et al. also conducted a study investigating the learning curve for
colorectal ESD in trainees with some gastric ESD experience and
reported that the en bloc R0 resection rate was 75% [19]. They
also revealed that a colonic location was closely associated with
a prolonged operation time. These results may have been affected
by differences in the strategies and techniques used for gastric
and colorectal ESD. On the other hand, a higher en bloc R0 resec-
tion rate (98%) was achieved in the present study, despite the
predominantly colonic locations of the resected lesions. Impor-
tantly, good clinical outcomes were achieved even for the first
20 cases, suggesting the possible contribution of our novel ex
vivo “proximal colon” animal model, although these differences
may have been partly associated with the heterogeneity of the le-
sions and/or the type of ESD devices that were used. In this study,
all of the procedures during the latter period were completed by
the trainees, indicating that 20 cases may be sufficient to profi-
ciently perform colorectal ESD. However, we should keep in
mind that all of the procedures were performed under the super-
vision of an expert. Additional studies are needed to confirm this
speculation.
Expert centers have reported higher en bloc resection rates (87–
93%) and lower perforation rates (5–10%) in large colorectal se-

ries [26–28]. In the present study, each trainee performed ESD at
various locations with sufficient levels of submucosal dissection
and hemostasis skill, enabling good clinical outcomes to be
achieved, even among the first 20 cases. Although this result
may be due to our training program, daily practice, during which
trainees acquire the skills needed to maintain a stable field dur-
ing endoscopic treatment, is also important. Maintaining a stable
operative field during an ESD procedure is quite difficult because
the operator must control the scope and maintain a stable field
using one hand while using the other hand to handle the devices.
This technique cannot be mastered in one day. At our institution,
endoscopists who hope to perform colorectal ESD must meet the
following criteria: a high skill level in non-loop insertion colonos-
copy technique completed, the ability to perform an exact diag-
nosis and biopsy of colorectal neoplasms identified using magni-
fied endoscopy, proficiency in conventional and/or piecemeal
EMR [17]. Most importantly, they must constantly maintain a
stable endoscopic field using one hand during all of the proce-
dures. To maintain the operative view, the operator must use
only the left hand tomake up/down and right/left directional ma-
nipulations simultaneously. Use of the right hand for right/left di-
rectional manipulations is strictly prohibited at our endoscopy
center because the ability to perform up to four different simulta-
neous manipulations, such as (1) scope insertion and withdra-
wal, (2) scope rotation, (3) endo-device insertion and withdra-
wal, and (4) directional manipulations, is needed during ESD pro-
cedures. We believe that these prerequisites are closely associat-
ed with qualified colorectal ESD procedures.
According to the results of a linear regression analysis, the pres-
ence of fibrosis was identified as a significant predictor of a pro-
longed operation time, although most of the fibrosis identified in
the present study was mild. Severe fibrosis has been reportedly
identified as a risk factor for complications (e.g. perforations
and delayed bleeding) and can interfere with en bloc resections,
even when performed by ESD experts [29]. Actually, the two
cases with perforations in the present study presented submuco-
sal fibrosis. A higher rate of severe fibrosis has been observed for
large protruding tumors [29]. Although the accumulation of ex-

Table 3 Factors associated with prolonged operation time.

Prolonged operation time

Univariate, Coefficient (95%CI) P value Multivariate, Coefficient (95%CI) P value

First period

Age, years –0.08 (–0.19 to 0.03) 0.15

Male sex 0.04 (–3.34 to 3.43) 0.98

Rectal lesion –0.41 (–4.27 to 3.46) 0.83

Fibrosis 5.90 (2.36 to 9.44) 0.002 5.90 (2.36 to 9.44) 0.002

Large nodule 0.48 (–3.25 to 4.20) 0.80

Central depression –0.53 (–7.94 to 6.88) 0.89

Presence of adenocarcinoma –1.96 (–5.23 to 1.32) 0.23

Submucosal invasion 1.38 (–2.33 to 5.08) 0.46

Latter period

Age, years –0.05 (–1.23 to 0.03) 0.20

Male sex 1.56 (–0.27 to 3.39) 0.09

Rectal lesion –0.91 (–4.33 to 2.52) 0.60

Fibrosis 0.68 (–1.34 to 2.70) 0.50

Large nodule –0.79 (–3.31 to 1.74) 0.53

Central depression 1.48 (–0.85 to 3.82) 0.21

Presence of adenocarcinoma 0.75 (–1.33 to 2.83) 0.47

Submucosal invasion 1.76 (–0.92 to 4.43) 0.19

CI, confidence interval; P values were analyzed using univariate and multivariate linear regression analyses.
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periencemay decrease the rate of difficult cases and perforations,
such cases should be avoided during the introductory stages of
performing colorectal ESD.
Although our training programs may be useful for learning colo-
rectal ESD techniques, several flaws must be resolved before they
can be successfully applied in Western counties. At present, only
a few highly qualified experts in ESD exist; thus, performing ESD
under direct expert supervision is not feasible in most Western
countries. Consequently, trainees must visit a high-volume ESD
center, requiring a significant financial and time commitment,
even though close observation by experts while performing ESD
can enhance ESD training. Furthermore, performing hands-on
training using our “proximal colon model” under an expert’s su-
pervision is also strongly recommended. In addition, laparo-
scopic surgery for early CRC is more established as a standard
technique, despite the economical advantage and minimal inva-
siveness of ESD [30]. A close collaboration between Western and
Asian countrieswill be important to improve colorectal ESD tech-
niques in Western countries and to spread these techniques
worldwide.
In conclusion, our trainees achieved relatively high self-comple-
tion and R0 resection rates without the occurrence of any severe
complications, suggesting that our training programs are useful
for trainees without experience performing gastric ESD. Ex vivo
animal models, whichwere constructed to simulate the paradox-
ical endoscopic movements and a lumen with many folds and
flexions, may be useful for the acquisition of colorectal ESD-
specific techniques. The presence of fibrosis was identified as a
significant independent predictor of a prolonged operation
time; thus, cases with fibrosis should be avoided during the in-
troductory stages of performing colorectal ESD. To achieve safe
and proficient colorectal ESD, prior intensive learning and expert
supervision are also necessary.

Competing interests: None
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