
ABSTRACT
Introduction: the elevated risk of complications and technical

complexity of endoscopic submucosal dissection (ESD) has limited
its implementation in our medical system.

Objective: to design and evaluate a training program for
learning the ESD technique.

Methods: four endoscopists with no experience with ESD un-
derwent a 4-step training program: 1) review of the existing litera-
ture, didactic material, and theoretical aspects of ESD; 2) ESD
training in an ex-vivo animal model; 3) ESD training in an in-vivo
animal model (supervised by ESD expert); and 4) ESD perfor-
mance in a patient. A standard gastroscope and an ESD knife (IT,
Flex or Hook-knife Olympus®) were employed. The classical ESD
technique was performed: rising of the lesion, circumferential inci-
sion, and submucosal dissection.

Results: ex-vivo animal model: 6 x swine stomach/esopha-
gus –cost < 100 euro; 6 x ESD: antrum (n = 2), body (n = 3) and
fundus/cardia (n = 1)–; size of resected specimen: 4-10 cm; ESD
duration: 105-240 minutes; therapeutic success: 100%; compli-
cations: perforation (1/6: 16%) sealed with clips. In-vivo animal
model: 6 ESD (antrum/body of stomach: 4; esophagus: 2); size:
2-5 cm; duration: 40-165 minutes; success: 100%; complica-
tions: 0%. Patient: ESD of a gastric lesion located in the
antrum/body; size: 3 cm; duration 210 minutes; a complete re-
section was achieved; no complications.

Conclusions: the results of the present study support the use-
fulness of this model for learning ESD in our system.

Key words: Endoscopic submucosal dissection. ESD. Submu-
cosal resection. Large endoscopic resection.

INTRODUCTION

Endoscopic mucosal resection (EMR) consists of re-
secting a superficial tumor of the gastrointestinal tract
(esophagus, stomach, colon or rectum) by endoscopic
means with curative intention (R0 resection) (1-5). An
EMR-resected lesion may be submitted for pathological
examination. One of the advantages of EMR compared
with surgical resection is its lower morbidity/mortality
and cost. At present EMR has become widely available in
clinical practice in both Asian and Western countries (1-
5). However, EMR presents a number of limitations: a)
technical difficulty; b) risk for complications: bleeding
(2-29%), perforation (0.36%) and stenosis (mainly in the
esophagus); and c) restricted to superficial lesions with
no lymphatic spread and size < 1-1.5 cm (1-8). Lesions
with a diameter > 1.5 cm cannot be completely resected
with a single EMR procedure, and repeated mucosec-
tomies (several fragments) or endoscopic submucosal
dissection (ESD) (allowing to resect the entire lesion in a
single piece) will be required (2). It is generally assumed
that it is better to resect tumoral lesions in single pieces,
as we can be sure the tumor has been completely resect-
ed, and it also facilitates sample orientation at the time of
the pathology study (8-15). Furthermore, ESD allows to
perfom wider and deeper resections versus EMR (2).
However, the learning curve for ESD (high technical dif-
ficulty) is longer (compared with EMR), and complica-
tion rates are also superior (30% of perforations in some
studies) even in expert hands (8-15). These factors have
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somehow limited, in contrast to Asian countries (with a
high incidence of superficial tumors that may be poten-
tially treated by ESD), the availability of ESD in Western
countries (low incidence of superficial lesions). This
statement is supported by the fact that there is to date no
original report on ESD in our country. On the other hand,
the absence of experts on ESD in our country, and the
lack of validated models for training endoscopists in this
technique, may contribute to this situation.
For this reason, we conducted a prospective, con-

trolled study with the following aim: to identify a safe,
effective, easily reproducible, and inexpensive model for
learning ESD in our country.

MATERIAL AND METHODS

Four therapeutic endoscopists (EVS, DBM, JAGM,
JRFO) with no prior exposure to NOTES participated in
this study. These endoscopists underwent a 4-step train-
ing program on ESD:
—Step 1: Review of the literature for theorectical con-

cepts on ESD: a careful search of the literature on ESD
was performed (using Pubmed as a reference and key-
words like “endoscopic mucosal resection”, “ESD”,
“submucosal resection”, and “large endoscopic resec-
tion”). Original manuscripts and reviews on this subject
were identified, provided to the endoscopists participat-
ing in the study (review of the literature, learning of ma-
terial, theoretical aspects on ESD), and finally a Power-
Point presentation with videos showing the different
phases of the ESD technique was performed.
—Step 2: Training in an ex-vivo animal (swine) model

(esophagus-stomach): a search for alternative models to

facilitate the learning of ESD disclosed that humans and
swines have a similar anatomy and histology. The size of
the esophagus and stomach of a 25-30-kg pig is large
enough to allow the use of standard endoscopes and ESD
tools as required for this learning project.
To create this ex-vivo animal model, a total of 6 stom-

achs and esophaguses of pigs were used. Stomachs em-
ployed in the experiment were used within 48-72 hours
after animal slaughter in an attempt to preserve the elastic
properties of the wall. Stomachs and esophaguses were
kept in a refrigerator at a temperature above 0º Celsius.
Ex-vivo specimens were retrieved from the refrigerator
3-4 hours before the experiment for warming. Figure 1A
shows an example of the model created for this study.
The endoscope was introduced through a plastic overtube
until the gastric cavity was reached, and inflated with the
endoscope. A target area for ESD was selected in the
stomach, resection margins were marked with argon plas-
ma, and ESD was performed in this segment as described
below in this manuscript (2,10,16). Once ESD had been
completed, the resection specimen was retrieved and the
integrity of the stomach wall was investigated by filling
the gastric cavity with 1-2 liters of water (search for
leaks) (Fig. 1B). The 4 participating endoscopists per-
formed a total of 6 experiments in this ex-vivo model.

—Step 3: Training in an in-vivo animal/swine model:
after phase 2 (initial training and learning to use ESD
specific tools) two of these endoscopists attended an ESD
training course in a live swine model (25-30 kg) given by
an endoscopist experienced in ESD (> 300 resections)
(Dr. Y. Saito). This course was held at the “Hospital Uni-
versitario de Tenerife” in January 2008 under the direc-
tion of one of the co-authors of this study (Dr. Adolfo
Parra) and the supervision of Dr. Y. Saito. Animals un-
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Fig. 1. A. The model for ESD consisted of 8-10 cm of the esophagus, the stomach and the duodenum. All structures were intact. The duodenum was
sutured and an 18-mm-diameter overtube was introduced in the esophageal lumen to the gastric cavity. Suture closing of the esophagus and the over-
tube was performed with surgical sutures and elastic rubber bands. B. At the end of the ESD procedure the area of resection was assessed for leaks se-
condary to inadverted perforations.
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derwent sedation with 10 mg/kg i.m. ketamine and 20
mg/kg of sodium thiopentate, then underwent intubation
and maintained under general anesthesia by the use of
sevofluorane 2-2.5% in 100% O2. Drugs for muscle re-
laxation (vencuronium bromide) and analgesia (fentanyl)
were administered as needed during the procedure. A
conventional endoscope was introduced through the port
until the gastric cavity was reached, and ESD was per-
formed. The expert in ESD was present during the proce-
dure and gave the endoscopist advise about the best strat-
egy for resection -a) use of one type of ESD knife or
another; b) need to elevate the lesion: amount of solution,
location, strategy of elevation to facilitate ESD; and c)
ESD performed via a forward or a retoflexed view. If any
complication arose during the procedure, the expert
helped the novice to identify and treat it as soon as possi-
ble. A total of 6 experiments were performed in this live
animal model (results presented in the results section of
this manuscript).

—Step 4: ESD of a gastric tumor in a patient: after
completing a basic training (theory and practice in an ex-
vivo and an in-vivo model) on ESD, a patient who might
benefit from this type of therapy was identified. This case
was presented in images to the ESD expert, who agreed
with the authors about the convenience of ESD therapy
for the lesion identified. To perform ESD in this patient,
the Surgical Laparoscopy Unit of the Hospital was con-
tacted and the ESD procedure was performed under gen-
eral anesthesia in the OR room, with the surgical team
available to solve any complication not amenable for en-
doscopic treatment that might occur during ESD.

Technique for ESD employed in the present study

After a careful search for the different ESD techniques
available in the literature, the following technique was
adopted for the present study (2,10,16). A standard gas-
troscope (Olympus® EVIS EXERA II video gastroscope
GIF-Q165: diameter 9.2 mm/therapeutic channel of 2.8
mm), translucent EMR cap Olympus® at the distal end of
the endoscope to facilitate ESD, needle knife (Boston
Scientific®, Natick, Mass), electric ESD knife (IT-knife,
Flex-knife and Hook-knife Olympus®), and an Erbe elec-
tric generator were employed. As required by the law, ex-
periments performed in the porcine model (ex-vivo and
in-vivo) were carried out with endoscopes dedicated to
animal use. The target area for resection was selected –a)
theoretical area for ESD in the animal model; and b) tu-
mor area in the patient– by circumferentially marking the
margins of the lesion at 5 mm intervals with argon plas-
ma (50 W) (Fig. 2A). The area for resection was then ele-
vated (saline serum 13 cc + adrenaline 1 cc/mg + indigo
carmin 2 cc + 20% glycerol 4 cc) and a 1st incision was
performed until the submucosal layer was reached (Fig.
2B) (needle knife) and a full 360º circumferential inci-
sion around the lesion was performed (combined use of

ITknife Olympus® and Hook-knife Olympus®) (Table I)
(Fig. 2C). An incision was performed at the 6, 2 and 12
hours of the lesion in order to facilitate its circumferential
resection. Finally, a complete dissection of the submucos-
al layer was performed with the assistance of a transpar-
ent EMR cap and an ESD electric knife (ITknife Olym-
pus® or Hook-knife Olympus®), following the typical
strategy for dissection (starting from the distal margin
and continuing with the proximal margin of the lesion)
and positioning the endoscope in a retroflexed and frontal
view position. The area of resection was elevated as
many times as needed during ESD. In cases where a ves-
sel was visualized during ESD, a coagulation forceps was
used to coagulate (parameters presented in Table I). In
case of a small perforation or bleeding during ESD, he-
mostatic clips were placed (Resolution Clip. Boston Sci-
entifics®) for treatment.
An Ethics Committee approval was obtained to con-

duct this study in an animal model for learning ESD.

RESULTS

Step 1: Review of literature for theoretical concepts
on ESD

A search was made based on criteria previously de-
scribed, and a total of 257 articles (34 reviews) on ESD
were identified. An in-depth analysis of the existing re-
views on ESD, and of articles detailing the ESD tech-
nique was conducted. ESD videos available at the DAVE
Project’s web page (http://daveproject.org/) and Gas-
trointestinal Endoscopy published articles containing
ESD videos (http://journals.elsevierhealth.com/periodi-
cals/ymge) were reviewed. A DVD edited by the Ameri-
can Society for Gastrointestinal Endoscopy (ASGE) in
2007 explaining the ESD technique was also reviewed.

Step 2: ESD in an ex-vivo model

A total of 6 ESDs of “target lesions” on a healthy mu-
cosa (antrum: n = 2; body: n = 3; fundus/subcardial: n =
1) were performed by following the technique described.
All target lesions (except the one located in the
fundus/subcardial area) were located in the anterior or
posterior wall of the stomach. Resection specimens
ranged from 4 to 10 cm in length (median: 6 cm). ESD
duration ranged from 105 to 240 minutes (median: 175
minutes). ESD could be completed in all cases (technical
success: 6/6 = 100%). A 2-mm perforation occurred
while performing ESD with the Hook-knife of a
fundus/subcardial lesion (1/6 = 17%). This perforation
could be sealed by placing 2 endoscopic clips, and ESD
could be completed afterwards. A post-ESD examination
of the stomach showed no sign of perforation/leak (in-
cluding the stomach with the 2 mm perforation sealed
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with clips). The estimated cost of this ex-vivo animal
model was < 100 euros (6 pig stomachs), and allowed all
4 endoscopists/researchers participating in the study to
have a first approach to ESD, identify problems and diffi-
culties associated with this technique, and finally reach
certain technical skills to perform ESD.

Step 3: ESD in the in-vivo animal model

ESD was performed in a live porcine model under
general anesthesia, orotracheal intubation and mechani-
cal ventilation. A total of 6 ESDs of “target lesions” lo-
cated on the anterior and posterior wall of the
antrum/body (n = 4) and distal esophagus (n = 2) were
completed under the supervision of an expert on ESD.
The size of “target lesions” ranged from 2 to 5 cm (medi-
an: 3 cm). The duration of the ESD procedure ranged
from 40 to 165 minutes (median: 125 minutes). All ESD
procedures could be completed (technical success: 6/6 =
100%). No significant complications were registered (0/6
= 0%). Animals were sacrificed at the end of the exam,
and therefore long term complications could not be in-
vestigated.

Step 4: ESD in a patient

Acandidate for ESD was identified and presented (Pow-
er Point and videos) to the ESD expert to elucidate the ade-
quacy of the candidate and to decide the best diagnostic-
therapeutic strategy to successfully complete the ESD. The
patient presented with a 2-year history of chronic active
gastritis and wasHelicobacter pylori-positive (had success-
fully underwent eradication therapy). The lesion was flat,
borders were slightly elevated, and the mucosa appeared to
be normal on endoscopy (Fig. 3A); repeated biopsies were
diagnostic of chronic active gastritis, intestinal metaplasia
and moderate dysplasia in some of the samples. Endoscopic
ultrasounds: 4 x 20 mm, flat, hypoechogenic lesion, affect-
ing the deep mucosa and submucosa. Due to the uncertain
diagnosis despite repeated biopsies, an ESD of the lesion
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Submucosal gatric tumor >

Marking with argon plasma >

A

Plastic cap

< Disected mucosa

IT-knife >

< Submucosa

C

Fig. 2. A. Resection margins were marked with argon plasma in order
to facilitate recognition of the area for resection, and to ensure com-
plete resection. B. The target lesion was raised (initial elevation of bor-
ders and posteriorly of the central zone) by injecting the solution des-
cribed in the methods section, and then a 2-3 mm incision into the
submucosa was done. At this time a circumferential incision of the en-
tire margin of the lesion was performed. C. Finally, an endoscopic sub-
mucosal dissection was conducted with the help of an ESD electric kni-
fe (IT-knife), until a complete resection of the lesion was accomplished.

Table I. Endoscopic submucosal dissection: parameters used

a. Dissection: (cut)
a.1. IT KNIFE:

• ENDOCUT 80-120W EFFECT 3

a.2. FLEX KNIFE:
• 40-60W. FORCED

b. Coagulation: (coag)
• Vessels 1 mm: IT Knife: FORCED COAG 40-60W
• Vessels 2-3 mm: Coagulation forceps: SOFT COAG 80W
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Submucosal gastric tumor >

Depressed center >

A

Submucosal gastric tumor >

Submucosal vessels >

Submucosa >

Resection scar >

B

Post-ESD scar >

Coagulated submucosal vessels >

Pilorus >

Antrum

C

Post-ESD scar at 4 weeks >

E

Fig. 3. A. A flat, non-ulcerated tumor with a depressed center may
be identified in the posterior wall of the stomach (union between
the antrum and body). B. ESD allowed to excise the lesion from the
deep planes of the wall (muscularis propria). This image illustrates a
moment during the ESD procedure, and shows a blue-colored sub-
mucosa after staining with indigo carmin, and the existing submu-
cosal vessels. C. The final scar after completing ESD, showing no vi-
sible signs of bleeding or perforation. D. The pathological exam of
the resection specimen showed a gastric tumor located within the
submucosa, bluish with hematoxilin and eosin stain (2x), with lymp-
hoid follicules at the same level (image located in the left upper qua-
drant). An immunohistochemical analysis for cytokeratin AE2 (4x)
demonstrated the epithelial origin of this tumor (tumor cells were
positive for cytokeratin AE2: brown colored after staining). The epit-
helium of the gastric mucosa served as an internal control for positi-
vity on immunohistochemistry (righ upper quadrant image). These
findings, in conjunction with positive in situ hybridization results
(Evers stain at 40x) for Epstein-Barr virus (EBER-1), permitted to esta-
blish the definitive diagnosis of gastric carcinoma, lymphoepithelio-
ma type (inferior quadrant of the image). E. Aspect of the resection
scar at 4 weeks post-ESD showing complete resolution and scarring
(image obtained with an Olympus high-resolution gastroscope, Na-
rrow Band Imaging/NBI and magnification).
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was proposed with diagnostic and potentially therapeutic
intent. The lesion was identified (high-resolution endo-
scope, magnification, indigo carmin, and Narrow Band
Imaging/NBI), its borders were marked with argon plasma,
and the tumor was elevated. Three 2-3-mm incisions were
made with the needle knife (at 2, 11 and 6 hours). Acircum-
ferential incision of the margin of the lesion was made (IT
knife), starting from the anal margin and continuing with
the oral marging (Fig. 3B). At this point, after placing the
transparent EMR hood, we proceeded to elevate the center
of the lesion, making the submucosa visible (blue colored
by the indigo carmin stain), and finally the deepest part of
the lesion was dissected, leaving the muscular/deep submu-
cosa layer exposed after ESD. Vessels identified during
ESD were coagulated (Table I). Following the above-de-
scribed maneuvers, the entire lesion could be resected in a
single fragment, leaving a large scar (Fig. 3C). ESD com-
pletion took 210 minutes. The resected specimen measured
35 mm in the macroscopic exam. Pathology and immuno-
histochemistry demonstrated the presence of a 12 x 25-mm
submucosal tumor, with pathological findings being diag-
nostic of gastric carcinoma (lymphoepithelioma type) that
was ultimately confirmed by in situ hybridization tech-
niques for Epstein-Barr virus (Fig. 3D). The patient was
fasted for 72 hours after ESD, and then oral intake was rein-
troduced. The patient was discharged from hospital 7 days
after the procedure with omeprazole 20 mg/12 hours orally.
Endoscopic controls at 4 and 6 weeks showed a complete
healing of the ulcer created by ESD resection (Fig. 3E). The
patient experienced no complication (abdominal pain,
fever, melena, vomiting, perforation) during ESD or in the
post-ESD period. No blood transfusion was required.

DISCUSSION

EMR is a diagnostic and therapeutic technique with
multiple applications in clinical practice (1-8). Learning
to perform EMR is relatively easy, and for this reason it
has become widely available in recent years (2,17). In
contrast, the ESD technique is more complicated and dif-
ficult to learn, and to date has only been implemented in
Asiatic countries (due to the need to endoscopically diag-
nose and treat a high number of superficial gastrointesti-
nal tumors occurring in those countries) (8-16,18-20).
The major advantage of this type of therapy versus EMR
is that it may allow resecting lesions > 1.5 cm in size in a
single fragment, which may facilitate sample orientation
and therefore a more complete pathological exam (2).
Technical difficulty, the extended learning curve of

ESD, and the reduced number of superficial lesions diag-
nosed in Western countries are responsible for the limited
availability of ESD. Moreover, the absence of experts in
this technique in countries like Spain has limited the ac-
cess to and learning of ESD.
In this sense, we would like to highlight that the ESD of

a stomach tumor reported in this study represents the first

description/publication in our country. This fact reflects the
null presence of ESD in our country, and is in contrast with
the extended experience in Asiatic countries (8-20). It
would be desirable to have at least one training program on
ESD in our country to provide initial skills for ESD perfor-
mance. The training program proposed in this study, al-
though not the only way to learn ESD in our environment,
has clearly shown that by adhering to its 4 steps: 1) review
of literature and acquisition of theoretical concepts of ESD;
2) training in an ex-vivo animal model; 3) training in an in-
vivo animal model; and 4) ESD of a gastric tumor in a pa-
tient- one may learn to perform ESD in a safe and effective
manner. In our opinion, one of the strengths of the present
study is that a method for learning ESD has been described,
and this training method may be reproduced by other endo-
scopists. The training method proposed in this study has
permitted to train 4 therapeutic endoscopists with no expe-
rience on ESD, allowing them to achieve an initial experi-
ence in performing this difficult technique. This point is of
major importance, as this training model may allow train-
ing more than one future “expert” on ESD at the same time.
In our opinion, the creation of working groups for training
on this difficult technique (experiments with more than one
endoscopist performing different parts of the ESD) may al-
low to obtain a more productive learning experience when
compared to learning alone. However, although the model
evaluated simulates the ESD procedure and allows to ac-
quire at a low cost (at least the ex-vivomodel for training, as
the step 3 training on a live model is more expensive and is
limited to courses like the one described in the methods
section, and to the few animal labs available for endoscopic
experiments in our country) the basic skills to perform
ESD, the reduced number of patients/cases that may benefit
from this type of therapy in our environment makes it un-
likely that we shall have real experts in this technique (al-
though some specialists may acquire some basic skills on
ESD by the present training method). To find a solution for
this issue may be complicated, and in our opinion a poten-
tial solution for this problem, as done in other countries,
may be to refer ESD patients to a tertiary center in an at-
tempt to centralize this relatively infrequent therapy. This
type of practice would likely provide a number of patients
to tertiary centers that may potentially allow a group of en-
doscopists with initial skills on ESD (acquired by this train-
ing program) to achieve a higher degree of experience (> 25
ESDs per year), increase knowledge and experience in the
field, and become real experts in this complex technique.
By having a number of experts on ESD at certain tertiary
institutions of the National Health System more complex
procedures (esophagus, colon, duodenum…) may be ac-
complished, which would probably permit to organize
training programs on ESD to benefit other gastroenterolo-
gists in the country, and ultimately benefit patients, who
will be offered another therapeutic option that is not avail-
able at present. The cumulative experience at these tertiary
referral centers may facilitate the implementation of this in-
teresting and difficult technique in our healthcare system.
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In summary, the results from the present study support
that this model may serve as a good instrument to make
endoscopists familiar with this high-risk technique that
has been recently introduced in Western countries. The
initial training of endoscopists on ESD may facilitate a
setup of this technique in some referral centers in the
country, and patients with an ESD indication may be re-
ferred to those institutions. By doing so, a group of se-
lected endoscopists may become (after some time) ex-
perts on ESD, treat patients, and facilitate training for
future experts.
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