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Abstract
AIM: To evaluate the effect of hands-on training of gas-
troenterology fellows in gastric polypectomy using an 
ex vivo  simulator.

METHODS: Eight gastroenterology fellows at Mackay 
Memorial Hospital, Taipei were evaluated in gastric 

polypectomy techniques using a pig stomach with arti-
ficial polyps created by a rubber band ligation device. 
The performance of four second year (year-2) fellows 
who had undergone one year of clinical training was 
compared with that of four first year (year-1) fellows 
both before and after a 4-h workshop using the ex vivo  
simulator. The workshop allowed for hands-on train-
ing in the removal of multiple artificial polyps and the 
placement of hemoclips at the excision site. Evaluation 
included observation of technical skills, procedure time, 
and the fellows’ confidence scale.

RESULTS: One week after the workshop, the year-1 
fellows were re-evaluated and had significantly im-
proved mean performance scores (from 17.9 ± 1.8 to 
22.5 ± 0.7), confidence scale (from 4.5 ± 1.0 to 7.8 ± 
0.5) and procedure time (from 615.0 ± 57.4 s to 357.5 
± 85.0 s) compared with their baseline performance. 
After 4 h of training using the ex vivo  simulator, the 
skills of the year-1 fellows were statistically similar to 
those of the year-2 fellows. 

CONCLUSION: Use of this ex vivo  simulator signifi-
cantly improved the endoscopic gastric polypectomy 
skills of gastroenterology fellows who had not had pre-
vious clinical training in gastric polypectomy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Interventional endoscopy continues to advance, requiring 
that endoscopists obtain practical training in skills needed 
for therapeutic intervention. This has traditionally been 
accomplished by having trainees perform endoscopy on 
patients under close supervision. However, the use of  
animal models is a safe way to practice the techniques 
used in therapeutic endoscopy[1]. Since the mid-1990s, an 
ex vivo porcine-tissue simulator has been widely used in 
many hands-on training programs. It has been shown to 
facilitate skill in a variety of  endoscopic procedures, such 
as hemostasis for arterial or variceal bleeding[2,3]. It is also 
useful in training trainers for endoscopy programs[4].

Endoscopic polypectomy is one such skill that must 
be acquired, including removal of  gastric polyps inci-
dentally discovered during endoscopic evaluations. Hy-
perplastic polyps are by far the most common histologic 
type of  gastric polyp, occurring most commonly in the 
antrum[5]. When such polyps are larger than 1 cm, the risk 
of  neoplastic transformation increases. Therefore, endo-
scopic polypectomy may be necessary both for accurate 
diagnosis and as definitive treatment[6,7]. Larger polyps, 
however, may be more difficult for inexperienced endos-
copists to manage, as are those in more challenging loca-
tions. Fellows in gastroenterology training programs need 
to become familiar with the practical skills required, both 
in removing the polyp and closing the resulting mucosal 
defect[8].

We developed a method to simulate artificial polyps in 
an ex vivo pig-stomach model for use in our gastroenterol-
ogy fellowship training program. As far as we are aware, 
this novel approach has not previously been described. 
We designed this study to evaluate this model in training 
gastroenterology fellows.

MATERIALS AND METHODS
The study group comprised eight gastroenterology fel-
lows at Mackay Memorial Hospital, Taipei, Taiwan, four 
in the second year (year-2) and four in the first year (year-1) 
of  subspecialty training. Year-2 fellows had already learn-
ed to perform endoscopic gastric polypectomy in patients 
under the supervision of  an experienced supervisor cer-
tified by the Digestive Endoscopic Society of  Taiwan. 
Year-1 fellows were certified in diagnostic endoscopy 
after one year of  training but had no prior experience 
performing gastric polypectomy, although they had as-
sisted other endoscopists in placing hemoclips. None of  
the eight fellows had ever used an ex vivo pig-stomach 
simulator prior to this study. One instructor conducted 
workshop training, and two reviewers evaluated the fel-
lows’ skill in performing polypectomy. The instructor and 
reviewers each had more than 10 years’ experience in in-

terventional endoscopy and were certified as instructors 
by the Digestive Endoscopic Society of  Taiwan.

The ex vivo pig-stomach simulator was a modified 
version of  the compactEASIE model[2,3]. Fresh pig stom-
achs, including short segments of  the lower esophagus 
and duodenum, were purchased from a slaughterhouse 
early in the morning of  the day they were to be used 
and were stored in cool saline until preparation. For the 
simulator, the stomach was placed in a hand-made con-
tainer composed of  layered polystyrene boards cut so as 
to accommodate the esophagus, stomach, and duodenum 
(Figure 1). It was irrigated copiously with tap water until 
clean. Defects in the viscera were closed using appropri-
ately sized Kelly forceps. A flexible overtube (Sumitoma 
Corp, Tokyo, Japan) with an air-tight valve was inserted 
into the short segment of  the lower esophagus and a 
plastic band placed to seal the space between the over-
tube and esophagus. The distal end of  the small bowel 
was closed with Kelly forceps for a good air-tight effect. 
An electronic-conduction pad was placed between the 
stomach and the polystyrene board, and an electrosurgi-
cal generator (VIO 200D; ERBE Corp., Tuebingen, Ger-
many) with standard settings was used. 

The instructor created simulated gastric polyps by us-
ing a pneumatically-activated esophageal variceal ligation 
device (MD-48709; Sumitoma Corp, Tokyo, Japan). For 
the skills assessment portion of  the study, a polyp was 
created in the cardia in essentially the same location for 
each fellow being evaluated (Figure 2A). The endoscope 
(GIF Q230; Olympus Optical Co. Ltd, Tokyo, Japan) and 
other equipment (polypectomy snare: SD-8P-1; Olym-
pus Optical Co. Ltd, Tokyo, Japan; hemoclip applicator: 
HX-100 LR; Olympus Optical Co. Ltd, Tokyo, Japan) 
were retired from clinical use and all used exclusively in 
animals at the time of  the study. The Institutional Review 
Board at Mackay Memorial Hospital approved this train-
ing project.

Polypectomy techniques
Fellows were assessed for their ability to set up the equip-
ment, to remove the entire polyp safely and to close the 
mucosal defect so as to prevent hemorrhage or perfora-

Figure 1  Ex vivo porcine organ package including esophagus, stomach 
and duodenum in a handmade simulator shell.



tion. They were required to advance the snare to encircle 
the target tissue and then transect the polyp with an elec-
trosurgical cutting device attached to the snare. They then 
had to ensure closure of  the mucosal defect by placing 
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hemoclips, which required understanding of  how to load 
the clips, and also direct an assistant in proper placement 
(Figure 2B-D).

Workshop training
Following a baseline skills assessment, the four year-1 fel-
lows attended a 4-h workshop led by one instructor, with 
an assistant to handle the instruments. There was an ini-
tial 1-h lecture about gastric polypectomy, followed by the 
instructor demonstrating the procedure for 1 h, including 
proper techniques, equipment settings, and communica-
tion with the assistant. The final 2 h involved hands-on 
practice by the fellows (30 min each). For this session, 
multiple gastric polyps were artificially created ahead of  
time in various locations within the porcine stomach us-
ing a preloaded multiband esophageal variceal ligation 
device (Speedband Superview Super 7; Microvasive, MA, 
United States). This allowed each fellow to practice re-
moving a number of  simulated polyps for training (Figure 
3). While one fellow was practicing, the other three acted 
as observers and benefitted by hearing the instructions, 
feedback, and correction of  technical errors given to the 
others.

Outcome measures 
Skills assessments were all conducted by two reviewers 
who had not conducted the training session, and again 
with an assistant for the actual procedure. All eight fel-
lows were assessed at baseline. A second evaluation was 
conducted for year-1 fellows a week after they had at-
tended the workshop. Before each evaluation, fellows 
indicated on a 10-point visual analogue scale their own 
degree of  confidence in performing the procedure. The 
reviewers met before each evaluation session to standard-
ize the evaluation criteria. Each independently completed 
a standard assessment checklist for each fellow. The time 
to complete the procedure was recorded. The standard 
rating score was based on a 5-point score (1-5 from poor 
to excellent) for each of  5 items: (1) setting up and test-
ing the equipment; (2) issuing correct instructions to the 

A

B

C

D

Figure 2  Use of the simulator for evaluation. A: One approximate 8-mm 
gastric polyp artificially created with a rubber band ligation device in the porcine 
stomach cardia; B: Snare being advanced to encircle the polyp; C: Successful 
removal of the entire lesion; D: Application of a hemoclip.

Figure �ure � �  Use of the simulator for training: several artificial polyps placed 
in different position in the porcine stomach. Use of a multiband ligation de-
vice reduced the time required to load rubber bands, allowing efficient creation 
of multiple artificial polyps.
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assistant; (3) proper localization of  the polyp; (4) removal 
of  the polyp with minimal tissue injury; and (5) success-
ful application of  the hemoclips. The scores for each 
item were summed for the final performance score.

Statistical analysis
The primary aim was to assess changes in performance 
score, procedure time, and confidence among the year-1 
fellows before and after workshop training. This was 
done by using paired t tests. The results for the year-1 
fellows at both baseline and again after training were also 
compared with those of  the year-2 fellows, using un-
paired t tests. Date was analyzed using SPSS 11.0 (SPSS 
Inc, Chicago, Ill). Results were considered to be statisti-
cally significant if  the P value was < 0.05.

RESULTS
Baseline fellow characteristics and skills
Year-1 and -2 fellows were of  comparable age and aca-
demic background. Year-2 fellows had done about twice 
as many diagnostic endoscopies as the year-1 fellows. At 
baseline assessment, year-2 fellows had a significantly 
higher mean performance score (21.1 ± 0.9 vs 17.9 ± 
1.8), confidence scale (7.8 ± 0.5 vs 4.5 ±1.0), and shorter 
procedure time (377.5 ± 156.3 s vs 615.0 ± 57.4 s) than 
year-1 fellows.

Assessment of learning progress in year-1 fellows
One week after the workshop using the ex vivo simulator, 
the year-1 fellows were re-evaluated and had significantly 
improved mean performance scores (from 17.9 ± 1.8 to 
22.5 ± 0.7), confidence scale (from 4.5 ± 1.0 to 7.8 ± 0.5) 
and procedure time (from 615.0 ± 57.4 s to 357.5 ± 85.0 s)  
compared with their baseline performance. The signifi-
cantly improved scores were attributed to doing a better 
job of  setting up the equipment and in communicating 
with the assistant (Table 1). There were no significant 
differences between the final assessments for the year-1 
fellows and those of  the year-2 fellows.

DISCUSSION
Our study demonstrated the feasibility of  using the ex 
vivo pig stomach with artificially created polyps to im-
prove the practical skills of  gastroenterology fellows 

learning the techniques of  gastric polypectomy. In theory, 
this should minimize risks to patients, as the fellows can 
practice the necessary maneuvers on the ex vivo model. 

The most important advantage of  the method we 
devised is the ease with which artificial polyps can be cre-
ated. A previously described method is to lift the mucosa 
with surgical forceps and ligate the base with a suture[9]. 
However, using the multiband esophageal variceal ligator 
to raise the tissue and band allows rapid creation of  mul-
tiple polyps in different locations within the stomach and 
allows the fellows to practice on a variety of  lesions such 
as they might encounter clinically. Reducing the time re-
quired to prepare the model makes it more user-friendly. 
The entire setup is relatively inexpensive and easily por-
table.

Practicing with the ex vivo simulator has several other 
advantages over traditional clinical training in which an 
instructor supervises the trainee who performs the pro-
cedure in an actual patient. Clinical endoscopy may be a 
prolonged and difficult procedure in some patients. If  
the patient is unstable, the instructor may have to take 
over the procedure. Even if  able to carry out the entire 
procedure themselves, fellows may feel less free to ask 
questions or receive feedback in the clinical setting. Also, 
unlike polyps of  the colon, gastric polyps are relatively 
uncommon, with an incidence of  less than 2%[10,11]. This 
means that in the course of  subspecialty training, a fellow 
is unlikely to have many opportunities to perform gastric 
polypectomy under supervision. The four year-2 fellows 
we assessed had performed only a mean of  5 gastric pol-
ypectomies, with only one having the chance to do two 
such procedures in the second year of  training. 

A satisfactory outcome for gastric polypectomy re-
quires expertise in multiple skills, including preparation of  
the electrosurgical cutting device and accessories, in addi-
tion to the endoscopic techniques such as proper snaring, 
stretching the polyp away from the intact mucosa, safe 
cutting and finally application of  hemoclips to close the 
mucosal defect. Knowing that so many skills are required 
puts additional pressure on trainees, especially the first 
few times they perform the procedure. When they have 
to do so in a real patient, lack of  confidence may increase 
the risk of  technical errors and unpredictable outcomes[12]. 
Our year-1 fellows had considerable improvement in the 
confidence scale from a mean score of  4.5 ± 1.0 before 
training to 7.8 ± 0.5 after using the simulator in the work-

 Table 1 Assessments at baseline (all fellows) and of year-1 fellows after training on the ex vivo  simulator

Year-2 initial 
assessment

Year-1 initial 
assessment

Year-1 final 
assessment

P  
value1

P  
value2

P  
value3

Setting up equipment 3.6 ± 0.5 3.3 ± 0.5 5.0 ± 0.0 0.160    < 0.001 0.003
Communication with the assistant 4.5 ± 0.6 3.6 ± 0.3 4.6 ± 0.3 0.180 0.35 0.007
Proper localization and snaring 4.4 ± 0.5 4.0 ± 0.8 4.4 ± 0.5 0.229 0.50 0.107
Removal of polyp and avoidance of tissue injury 4.1 ± 0.3 4.5 ± 0.3 4.6 ± 0.3 0.104 0.15 0.091
Successful application of hemoclips 4.4 ± 0.5 2.6 ± 0.5 3.6 ± 0.9 0.001 0.088 0.081

1Year-2 fellow assessment vs year-1 fellow initial assessment; unpaired t test; 2year-2 fellow assessment vs year-1 fellow final assessment; unpaired t test; 
3year-1 fellow initial assessment vs year-1 fellow final assessment; paired t test.
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shop. They were able to practice the procedure a number 
of  times without fear of  injuring a patient. This con-
tention is supported by the fact that their performance 
scores did appear to improve after the training.

As noted above, the most obvious improvement after 
the workshop was in setting up the equipment and com-
municating with the assistant. The educational experience 
in this workshop transcends a “simulation experience” 
because it also involves lectures, student-student interac-
tion, and interaction with a faculty member which are all 
in a non-simulated environment. Of  course this exposure 
would be in addition to a formal teaching setting with 
mentoring, and this by no means will or can replace that. 
While the mean score for hemoclip application improved 
from baseline (2.6 ± 0.5 to 3.6 ± 0.9), it did not reach 4 
points. This experience is similar to that noted by Hoch-
berger et al[1] when they first designed the compactEASIE 
model. This particular technique involves more intricate 
maneuvers and several steps, increasing the opportuni-
ties to make mistakes. It thus appears the application of  
hemoclips may require more training sessions for the fel-
lows to achieve competency, which is all the more reason 
for ensuring that a good simulator is available. Familiarity 
with loading of  the device, delivery, and deployment may 
enhance safe and successful application[13].

The expense of  conducting a hands-on workshop 
may be a limiting factor for some training programs. 
Our 4-h workshop cost about US $350 overall using our 
hand-made simulator, endoscopes and accessories retired 
from clinical practice and pig stomachs. Because this 
workshop was a project of  our Clinical Skills Training 
Center, the instructor, reviewers and assistants were all 
volunteers, and no facility fee was needed. The Olympus 
GIF Q230 endoscopes, polypectomy snare, and hemo-
clip device were retired from our clinical service and cost 
almost nothing to use. The hemoclips and rubber band 
ligation cost US $300. The price of  one hand-made simu-
lator was US $35 and pig stomachs were US $15 each. We 
therefore believe this hand-made ex-vivo porcine-stomach 
simulator could be used by most institutions without re-
quiring a huge capital outlay.

Our study had a number of  limitations. Firstly, this 
was an in-house project; we didn’t recruit fellows from 
other sites therefore had a very small sample, precluding 
rigorous statistical analysis. The performance evaluations 
by the two reviewers were unblinded. Because we didn’
t invite outside experts as reviewers, there may have been 
observational bias. Evaluation with a video recording of  
the entire procedure is an alternative blinded method, but 
this approach can’t adequately assess the equipment setup 
process or communication with the assistant. Secondary, 
we presume it’s a very realistic simulator to represent the 
task of  gastric polypectomy no matter the size of  polyp, 
techniques or procedures time and it is easily transferable 
to clinical care. Whether those results will translate into 
better clinical performance of  polypectomy as the year-1 
fellows continue on into the second year of  training 
remains to be seen. A number of  factors may possibly 
result in incomplete transfer of  simulator-acquired skills 

to the real world[14], including differences between the 
training environment and the clinic, anxiety and stress of  
learners[15]. Conducting such a study on a larger scale with 
an appropriate sample size and assessment of  the clinical 
data is therefore still necessary.

Our pilot study demonstrates the feasibility of  using 
the ex vivo pig stomach with artificially created polyps to 
improve the practical skills of  gastroenterology fellows 
learning the techniques of  gastric polypectomy. The 
workshop allowed the year-1 fellows to improve their 
skills nearly to the level of  those acquired by year-2 fel-
lows who were trained clinically. In theory, this should 
minimize risks to patients, as the fellows can practice the 
necessary maneuvers on the ex vivo model. We believe this 
is a simple and cost-effective way to train gastroenterol-
ogy fellows in endoscopic polypectomy and regard this 
program as preceding training in more complicated pol-
ypectomy once competent in standard removal of  small 
and pediculated lesions.
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