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Abstract

Background Endoscopic submucosal dissection (ESD) is
a technically demanding procedure associated with a
higher risk of complications. This study aimed to assess the
difficulties and outcomes experienced by endoscopists
beginning to perform ESD.

Methods This prospective study investigated course par-
ticipants in an ESD training workshop. The participants
were asked at the end of the workshop about the ease of
using various ESD knives, the occurrence of complications
and their management, the procedural time, and the out-
comes for the swine used for the procedure.

Results  For this study, 24 endoscopists were trained in
performing gastric and esophageal ESD techniques using a
porcine model. The mean size of the specimen retrieved
was 2.66 £ 1.18 cm. The mean procedural times were
52.09 + 24.67 min for gastric ESD and 32.50 + 8.45 min
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for esophageal ESD. During gastric ESD, 15 participants
(65.22%) encountered perforations, whereas bleeding
occurred during 13 ESDs (56.52%). There were two pro-
cedure-related mortalities. Significantly, a higher propor-
tion of perforations were encountered with the use of
noninsulated knives. The perforated and nonperforated
groups did not show a difference in prior endoscopic
experience (P = 0.335). The majority of the participants
agreed that the swine model is appropriate for simulating
both human gastric (96%) and esophageal (96%) ESD.
Conclusions The ESD procedure is technically chal-
lenging and associated with a high rate of complications
for beginners. The use of noninsulated knives may
increase the risk of perforations during the learning curve
for gastric ESD, and future prospective trials must eval-
uate their use. The development of training models may
augment the acquisition of skills in low-volume centers
but will not replace a standardized patient-based training
program.

Keywords Early gastric cancer - Endoscopic submucosal
dissection - Learning curve - Superficial esophageal
neoplasia - Training programs

Intramucosal neoplasias of the stomach, esophagus, and
colon are associated with a low risk of lymph node metas-
tasis. Recently, endoscopic submucosal dissection (ESD)
has emerged as an appealing treatment method for these
superficial lesions [1-6]. This has resulted from mounting
evidence, mainly from Japan, of benefits including higher
en bloc resection rates and the potential to decrease local
recurrence over that of endoscopic mucosal resection
(EMR) [7, 8]. Acquisition of ESD outside Japan, however,
has been slow because the procedure requires a different set
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of endoscopic skills and is associated with a higher risk of
complications than conventional EMR.

To master the techniques of ESD, particularly in areas
with a low incidence of early gastrointestinal (GI) cancers,
it is prudent that a standardized protocol for training be
formulated. Currently, little literature exists regarding the
difficulties and learning curves involved in performing the
first ESDs. Thus, this study aimed to determine the factors
contributing to the endoscopist’s performance during an
ESD training workshop.

Materials and methods

This prospective study investigated course participants in
an ESD training workshop in a University-affiliated unit
during March 2008. The ESD training workshop was a
tricomponent, 3-day, advanced endoscopic intensive course
providing lectures on the basics of ESD; a live demon-
stration of ESD performed for gastric, esophageal, and
colonic lesions; and a hands-on practical session of ESD
using the porcine model. The course faculties included local
and Japanese endoscopists highly experienced in ESD. The
topics of discussion included recognition and diagnoses of
early gastrointestinal neoplasms [9, 10], the Paris classifi-
cation of superficial neoplastic lesions of the gastrointesti-
nal tract [11], the basic setup required for ESD, the
indications and techniques of ESD [12], the different types
of knives used for ESD and their properties [1, 13—15], and
management of complications [16].

During the hands-on practical session, course partici-
pants were allowed to practice gastric and esophageal ESDs
under the supervision of local and overseas faculties. The
participants then were required to complete a questionnaire
regarding their experiences learning the procedure. Their
prior experiences in endoscopy and their experience per-
forming their first ESD were assessed. The questions eval-
uated the difficulties using various ESD knives rated on
10-cm unscaled visual analog scale with choices ranging
from O (no difficulty) to 10 (extreme difficulty), the
occurrence of complications and their management, the
procedural time, and the outcome for the swine.

Instruments and technique of ESD

In performing gastric and esophageal ESDs, the instru-
ments available for use included the insulated tip (IT) knife
(KD-610L; Olympus Co. Ltd., Tokyo Japan.), the hook
knife (KD-620LR; Olympus Co. Ltd.), the flex knife (KD-
630L; Olympus Co. Ltd.), the triangular tip (TT) knife
(KD-640L; Olympus Co. Ltd.), and the needleknife (KD-
1L-1; Olympus Co. Ltd.). The electrosurgical generator
used was the ESG-100 (Olympus Co. Ltd.), and the settings
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were changed according to the procedure being performed.
For the initial marking, “force coagulation I” mode was
used at power level 20. During submucosal dissection,
“pulse cut slow” mode was used at power level 80. For
coagulation with the ESD knives, “force coagulation II”
mode was used at power level 50, and for coagulation with
the coagulation grasper, “soft coagulation” mode was used
at power level 80.

The course participants were advised to follow a step-
wise approach in performing ESD. This approach was
illustrated during the lectures, then reinforced through a
demonstration by the local and overseas faculties during a
hands-on practical session. The study participants were
divided into groups of two, each assisting the other during
the procedure. They also had a choice of completing the
procedure with a single knife or a combination of knives.

An imaginary lesion was first made by suctioning the
mucosa using the endoscope or markings by the instructors.
In the stomach, the imaginary lesions were created at
the posterior wall of the antrum, whereas in the esophagus,
the lesions were created at the posterior wall any-
where between the cricopharyngeus and the esophagoga-
stric junction. The mucosa was lifted by submucosal
injection of a hyaluronic acid-adrenaline-indigocarmine
mixture [2]. It then was marked with a non-insulated-tip
knife, and a circumferential incision was made with a knife
according the endoscopist’s choice. A lateral margin at
least 1 or 2 mm from the imaginary lesion was obtained.
The submucosa then was dissected under direct vision by
stretching the submucosal connective tissue using a trans-
parent hood attached to the tip of the endoscope. Hemos-
tasis was achieved using the ESD knives or the coagulation
grasper for small vessels and hemoclips for larger vessels.
The specimen retrieved was pinned to a foam board to
avoid curling of the specimen and to allow for measure-
ment of the size. The specimen size was taken as the
maximum diameter of the specimen.

Statistical analyses

Statistical analyses were performed using Student’s #-test,
Fisher’s exact test, and the chi-square test where appropriate.
Comparison between groups was performed using the
Kruskal-Wallis one-way test of variance. Statistical analy-
ses of the data were performed using the SPSS 11.0 statistical
software (SPSS, Chicago, IL, USA). A two-sided P value
less than 0.05 was considered statistically significant.

Results

In March 2008, a total of 140 delegates participated in the
ESD training workshop. Of these participants, 24 took
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part in the hands-on practical session, with 23 returning
their questionnaires. The demographics of the participants
are shown in Table 1. The 23 returned questionnaires

Table 1 Demographics of the participants of the hands-on training
session

Course participants (n = 23)

Age (years)® 47.1 + 8.72
Surgeons/gastroenterologists® 14/6

Years of medical experience® 22.14 £ 9.79
Years of endoscopy experience” 1495 £ 7.44

No of EGDs™¢ 355.22 £ 486.45
No. of colonoscopies™® 274.5 £+ 304.57
No. of ERCPs"* 51.6 £ 80.4

Previous experience with ESD: n (%) 1 (4.35)

EGD esophagogastroduodenoscopy, ERCP endoscopic retrograde
cholangiopancreatography

? Values are expressed as mean =+ standard deviation
® Three participants did not indicate their specialty

¢ No. of procedures performed per year

showed that 16 participants (69.56%) had prior experience
in endoscopic retrograde cholangiopancreatography
(ERCP). A total of 23 gastric ESDs and 9 esophageal
ESDs were performed. All the participants performed at
least one gastric ESD. The procedural details are shown
in Table 2. There were no significant differences between
gastroenterologists and surgeons.

The majority of the participants completed the proce-
dures with a combination of knives. The mean size of the
specimen retrieved was 2.66 + 1.18 cm. The mean pro-
cedural times were 52.09 & 24.67 min for the gastric
ESDs and 32.50 & 8.45 min for the esophageal ESDs.
There was a high incidence of associated complications.
Perforations occurred during gastric ESDs for 15 partici-
pants (65.22%), and attempted closure with endoclips was
successful in 13 cases (85.71%). Perforations occurred
for five participants (55.56%) who underwent esophageal
ESDs, and closure was successful in two cases (22.22%).
Bleeding was encountered by 13 participants (56.52%), and
all achieved successful hemostasis with either the ESD
knives or the coagulation grasper. Two procedure-related

Table 2 Procedural details of endoscopic submucosal dissection (ESD) performed by course participants

Course participants (n = 23)* P value

Gastroenterologists (n = 6)

Surgeons (n = 14)

Procedure completed with a single knife: n (%) 4 (17.39)
2 2 0.549
Procedure completed with multiple knives: n (%) 19 (82.61)
4 12 0.549
Mean no. of ESD procedures” 1.87 £ 0.69
2 £+ 0.63 1.86 £+ 0.89 0.695
Mean size of specimen (cm)® 2.66 + 1.18
2.67 £ 1.17 2.69 £ 11.49 0.965
Mean procedural time (min)®
Gastric 52.09 + 24.67
47.17 £ 21.54 53.21 £ 26.28 0.627
Esophageal 32.50 £ 8.45
25 £ 7.07 34 + 548 0.124
Bleeding: n (%) 13 (56.52)
4 7 0.642
Perforations: n (%) 20 (62.50)
Gastric 15 (65.22)
2 11 0.122
Esophageal 5 (55.56)
2 3 1
Procedure-related mortality: n (%) 2 (8.70)
1 1 0.521

% Unless otherwise specified

° Values are expressed as mean = standard deviation. Three participants did not indicate their specialty
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Table 3 Comparison between the perforated and nonperforated groups

Perforated group Nonperforated group P value
(n=15) (n=23)
Years of medical experience® 22.21 £ 10.59 22 £ 8.90 0.960
Years of endoscopy experience® 16.08 + 8.29 13.12 + 5.84 0.335
No. of EGD" 306.50 £+ 295.37 452.67 + 771.70 0.311
No. of colonoscopies” 228.08 £ 243.96 367.33 £ 411.02 0.393
No. of ERCP® 26.55 + 31.322 120.50 + 135.355 0.079
No. with perforation in 3 (20) 2 (22.22) 1
esophageal ESD: n (%)
Types of knives used (n)
IT 15 8 1
Flex 14 6 0.269
TT 10 2 0.089
Hook 11 2 0.039
Needle 11 2 0.039
Specimen size (cm)* 2.87 £1.22 221 £ 1.04 0.204
Procedural time (min)?* 54.33 £+ 27.57 47.88 £+ 19.02 0.510
Procedure-related mortality 1 1 1

EGD esophagogastroduodenoscopy, ERCP endoscopic retrograde cholangiopancreatography, /7 insulated tip, 77 triangular tip

? Values are expressed as mean =+ standard deviation

" No. of procedures performed per year

mortalities occurred among the
perforations.

The groups with and without perforations during gastric
ESDs were further compared (Table 3). No significant dif-
ferences were found related to years of medical (P = 0.960)
or endoscopic (P = 0.335) experience. The numbers of endo-
scopic procedures performed per year did not differ signifi-
cantly among the two groups, although the nonperforated group
(P = 0.079) showed a trend of performing more endoscopic
retrograde cholangiopancreatographies (ERCPs).

In terms of ESD instruments, the two groups showed
significant differences in the types of knives used. More
noninsulated knives were used in the perforated group
including the TT knife (P = 0.089), the hook knife
(P = 0.039), and the needleknife (P = 0.039), although no
significant difference in usage between the insulated knives
was observed (IT knife, P = 1.00; Flex knife, P = 0.269).
In addition, no significant differences were found in terms of
specimen size (P = 0.204), procedural time (P = 0.510), or
procedure-related mortality (P = 1.00).

Regarding the difficulties using the various knives, the
median difficulty scores for the various knives were 4.9
(range, 0.7-8) for the IT knife, 3.85 (range, 0.5-8) for the
TT knife, 5 (range, 2-7) for the hook knife, 5.25 (range,
1.7-9) for the flex knife, and the 5 (range, 2-8) for the
needleknife. The differences were not statistically signifi-
cant (P = 0.466) (Fig. 1).

The participants also were questioned on the suitability
of using the animal model as a simulation for human ESD.

swine with gastric
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Fig. 1 Difficulty scores for the use of various endoscopic submucosal
dissection (ESD) knives. No significant differences between the groups
are shown (P = 0.466)

The majority of the participants agreed that the porcine
model is appropriate for simulation of both gastric (96%)
and esophageal (96%) ESD.

Discussion

For treatment of early gastric cancers, ESD is gaining
popularity over endoscopic mucosal resection (EMR), and
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its use for esophageal and colonic lesions is increasingly
reported [1-8]. The proposed advantages are that larger
lesions can be resected en bloc, complete resection rates
are higher, and local recurrence rates may be reduced [7].
However, obvious concerns surround the introduction of
the procedure because it is technically more demanding
and may potentially increase the risk of complications.

The current study demonstrated that the initial perfor-
mances of ESD are associated with a high incidence of
complications, the risk of which is not dependent on pre-
vious experience in endoscopy. This may indicate a sig-
nificant difference between the techniques of ESD and
other endoscopic procedures. It also highlights the need for
a standardized patient-based training program that involves
adequate observation and stepwise introduction of the
procedure to allow safe performance of ESD by a beginner.

In major series, a perforation rate of 3% to 6% and an
immediate bleeding rate of 7% have been reported, and
most authors have indicated that the majority of perfora-
tions occurred in the early phase of their series [1, 3, 4,
7, 15]. Similar findings were noted for colorectal ESDs,
with the rate of perforations decreasing markedly as
experience is acquired [5]. On the other hand, Kakushima
et al. [3] found that the endoscopist’s experience with ESD
was not a determinant of treatment efficacy or safety.
These authors found no significant difference in the rates
for bleeding and perforation between cases managed early
and late in the series. Rather, with increasing experience
and proficiency of the technique, the procedural time
decreased and lesion size increased.

The types of instruments used also appeared to affect
the likelihood of perforation, with significantly more par-
ticipants using noninsulated knives in the perforation
group. In theory, a noninsulated knife is in direct contact
with submucosal tissue, which could induce more tissue
injury and diathermy penetration to the muscular layer
during dissection. This increases the risk of perforation
with the misjudgment of tissue depth. On the other hand,
the IT knife was found to be associated with an increased
risk of perforations during colorectal ESD [5]. This
appears to be associated with the anatomic limitation of
the colon, which is a cylindrical tubular structure, thus
making the IT knife’s typical action of lateral dissection
difficult (Fig. 2).

Furthermore, the ease of performing ESD also is deter-
mined by the part of the gastrointestinal tract involved as
well as the location of the lesion within the organ. The dif-
ficulty performing gastric ESD was found to be dependent on
the location and size of the lesion [4]. Ulcerative lesions
larger than 20 mm in the upper third of the stomach were the
most difficult lesions to be resected by ESD, whereas
nonulcerated lesions at the antrum were the easiest to per-
form. This was partly because of the difficulty manipulating

Fig. 2 Collage of endoscopic views depicting perforations caused by
noninsulated knives

the partially dissected specimen in the upper third of the
stomach due to a retroflexed endoscope and the effect of
gravity. Control of the endoscope during esophageal ESD is
limited by the confined cylindrical space within the esoph-
agus, which is more susceptible to perforations due to a
thinner muscularis propria [1, 2]. Large bowel ESDs located
in the proximal large bowel (cecum and transverse colon) are
more demanding to perform due to difficulty maintaining
the position of the endoscope and also a thinner muscle layer
[5, 8].

For the preceding reasons, the use of simulation models
may be helpful in attaining the skills required for safe
performance of ESD in areas that have a low volume of
ESDs. The live porcine ex vivo or computer simulation
models have gained much acceptance for training in upper
endoscopy ESD, and some evidence suggests that prior
training with these simulation models enhances skill
acquisition [17, 18]. The majority of the participants in our
workshop found the porcine model to be an appropriate
simulation of human ESDs, and future studies should aim
to assess whether training models can be developed for
ESDs and comparisons between them. Nevertheless, it
should be recognized that these simulation workshops are a
means for augmenting training in skills and will not replace
patient-based training [17].

Those who interpret the data in this study must recog-
nize a number of potential biases and limitations. Selection
bias may have occurred because only a small proportion of
endoscopists were enrolled in the hands-on session. The
participants not reporting on the occurrence of perforations
may have contributed to a nonresponse bias. The partici-
pants with a particular preference for noninsulated knives
may have caused a response style bias. Completion of the
questionnaires at the end of the session posed the potential
for a recall bias. The small group of participants in this
study may have predisposed it to both type 1 and type 2
errors. Furthermore, it was difficult to assess the relative
risk of various knives because the participants were not
restricted to using only one knife throughout the procedure.
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Thus, evaluation of insulated versus noninsulated knives
will be required in future prospective trials.

In conclusion, ESD is a technically challenging proce-
dure that may be associated with a high rate of complica-
tions for beginners. The use of noninsulated knives may
increase the risk of perforations during the learning curve
for gastric ESD, and this should be evaluated in prospective
trials. The development of training models may augment
the acquisition of skills in low-volume centers, but these
will not replace a standardized patient-based training
program.
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