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Background: Skills in gastrointestinal endoscopy
mainly depend on experience and practice. Pa-
tients upon whom trainees perform their first
endoscopic examinations are likely to suffer
more discomfort and prolonged procedures.
Training on endoscopy simulators may reduce
the time required to reach competency in patient
endoscopy.

Patients and methods: Residents in internal
medicine without experience of endoscopy were
randomized to a group who trained on a simula-
tor before conventional training (group S) or one
that received conventional training only (group
C) before starting upper gastrointestinal endos-
copy in patients. After endoscopy, discomfort and
pain were evaluated by patients, who were blind
to the beginners’ training status. Results in terms
of time, technique (intubation, pyloric passage, J-
maneuver), and diagnosis of pathological entities
were evaluated by experts.

Results: From 2003 to 2007, 28 residents were
enrolled. Comparing group S with group Cin their
first ten endoscopic examinations in patients,
time taken to reach the duodenum (239 seconds

(range 50-620) vs. 310 seconds (110-720;
P <0.0001) and technical accuracy (P <0.02)
were significantly better in group S. Diagnostic ac-
curacy did not differ between the groups. Four-
teen residents (7 simulator-trained, 7 not simula-
tor-trained) continued endoscopy training. After
60 endoscopic examinations, investigation time
was still shorter in group S. Technical and diag-
nostic accuracy improved during on-patient
training in both groups; here differences between
groups were no longer observable. There were no
significant differences in discomfort and pain
scores between the groups after 10 and after 60
endoscopies. Discomfort and pain were higher
than for endoscopy performed by experts.
Conclusion: This randomized controlled trial
shows that virtual simulator training significantly
affects technical accuracy in the early and mid-
term stages of endoscopic training. It helps reduce
the time needed to reach technical competency,
but clinically the effect is limited. Simulator train-
ing could be useful in an endoscopy training cur-
riculum but cannot replace on-patient training.

Introduction

v

Skills in gastrointestinal endoscopy mainly de-
pend on experience and practice. The patients
upon whom a trainee does his or her first endo-
scopic examinations are likely to suffer more dis-
comfort, longer procedures [1], and higher com-
plication rates [2,3]. Training on endoscopy simu-
lators, the latest generation being electronic vir-
tual reality devices, may decrease the time taken
to reach competence in endoscopy [4-6]. Prior
investigations with the GI Mentor (Simbionix, Tel
Hashomer, Israel), a personal-computer-based si-
mulator with tactile feedback, revealed its ca-
pability to distinguish between experts and be-
ginners in endoscopy and to improve beginners’
skills on the simulator [7]. The effects of simulator

training on patient acceptance of trainee-per-
formed endoscopy have not been investigated so
far. We therefore evaluated, in a randomized, con-
trolled, partially blinded trial, whether training
on the GI Mentor virtual reality endoscopy simu-
lator can improve objective performance meas-
ures of beginners in endoscopy as well as subjec-
tive measures such as patient satisfaction with
gastrointestinal endoscopy.

Methods

v

Patients

The study was conducted in a large university
hospital with a caseload of more than 5000 upper
gastrointestinal endoscopies per year. Only pa-
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Fig.1 Flowchart of the study protocol.

tients scheduled for diagnostic upper gastrointestinal endoscopy
and unwilling to undergo sedation were selected. The indications
for upper gastrointestinal endoscopy were dysphagia, reflux, ab-
dominal pain, or a combination of these. If the patients wanted to
have concomitant sedation, trainees were not allowed to perform
endoscopy on them while under evaluation. No patients under-
going therapeutic interventions (polypectomy, mucosectomy,
dye spraying, treatment of bleeding) were included. Patients
were informed that trainees in endoscopy would perform the ex-
amination under supervision with manual assistance from an ex-
pert endoscopist. Whenever necessary, experts would take over
the endoscope, but the scope was taken by the trainee again after
the difficult situation had been passed, until the investigation
was finished or a new insuperable obstacle was encountered,
then the expert would finish the examination. All experts in-
volved are part of the “staff team” of the endoscopy unit, each of
them with experience of more than 5000 upper gastrointestinal
endoscopies. The experts were informed about the training sta-
tus of the endoscopic novices (i.e., which were simulator-train-
ed), but the patients were not.

Patients gave their written informed consent to participate. The
study was approved by the Vienna Medical University Ethics
Committee, and was registered as a randomized, controlled trial
at the Clinicaltrials.gov website (identifier NCT00576043).

Simulator training

The design of the study is outlined in © Fig. 1.

Eligible trainees were at least 3rd-year residents in internal med-
icine and had to be naive to endoscopy, including lower gastroin-
testinal endoscopy. They were randomized either to receive 2
hours per day of structured training [5] for a minimum of 5 hours
and up to 20 hours (their choice) on the virtual endoscopy simu-
lator (simulator group, group S) or to receive no simulator train-
ing (control/conventional training only group, group C) before
starting conventional training. Randomization was performed
by a member of the department not involved into the study. A
group of 4-6 residents started every 6 months. Their names,
each written on a piece of paper, were drawn out of a box after
calling of “group C” or “group S”.

Training was performed on the GI Mentor virtual endoscopy si-
mulator. With this, three-dimensional pictures are generated in
real time by a computer while the endoscope is moved through
the gastrointestinal mannequin. The location and movement of

the scope are transmitted via sensors located at the tip and shaft
of the endoscope. The oral cavity of the GI Mentor (no tongue, no
teeth) leads to a plastic tube 150 cm in length into which the
endoscope can be inserted. A force-feedback module simulates
resistance whenever the walls of the virtual gastrointestinal tract
are touched to provide realistic feeling during the examination.
The endoscope used for all procedures is a modified Pentax ECS-
3840F; steering and torsion of the endoscope and air inflation
and suction are possible via the regular wheels and buttons of
the control head of the scope. The core of the training was made
up of 20 virtual gastroscopy cases as well as the haptic (targeted
steering) training games “Endobasket” and “Endobubble.” Trai-
ners were present for the first 2 hours of simulator training. No
colonoscopy cases were used for training.

Endoscopy

Before starting endoscopy in patients, both groups were instruct-
ed equally in upper gastrointestinal endoscopy. This common
element included instruction in handling the endoscope, watch-
ing 5-10 upper gastrointestinal endoscopic examinations by the
experts and withdrawing the endoscope 3 -5 times from the de-
scending duodenum in patients. Trainee residents were intro-
duced into the specific pathological findings of the upper gastro-
intestinal tract, with the help of an endoscopic atlas and CD. They
were trained to use a one-hand steering technique right from the
beginning of their clinical track; pushing and pulling the scope is
performed by the trainee with the other hand. For the first obsta-
cle, intubation of the esophagus, trainees were allowed to try
twice before the attending physician took over the scope. After
returning, residents were allowed to try to perform pyloric pas-
sage twice before they were assisted by the attending; if they
could not pass the pylorus with assistance after two attempts,
the attending took over the scope and returned it to the trainee
afterwards. Routine mucosal biopsies (gastric antrum and body)
were taken by the trainee during investigation. If necessary, tar-
geted biopsies were taken by the trainee and repeated by the ex-
pert if the trainee failed.

After the trainees had received the standard introduction to
endoscopic technique, the first 10 gastroscopic examinations,
performed in 10 consecutive patients who met the criteria listed
above, were measured and evaluated. The parameters noted
were the time between the first attempt at esophageal intubation
and the end of the investigation, and the time from the first at-
tempt at esophageal intubation until the descending part of the
duodenum was reached. Technical accuracy was evaluated by re-
cording whether the novice endoscopist was able to intubate the
esophagus (“unaided”), whether manual help by the expert was
needed (“expert help”), or if the expert had to take over (“expert
takeover”). In the same way, pyloric passage and retroflexion of
the endoscope (J-maneuver) in the gastric fundus were noted.
Diagnostic accuracy was also registered, evaluated as the number
of pathological entities (ulcer, erosion, polyp, hernia, diverticu-
lum, varix, angiodysplasia) found or missed.

After the initial training period, regular endoscopy training in pa-
tients with different indications for upper gastrointestinal endos-
copy continued for 14 of the 28 residents; the other 14 had to
come back to the endoscopy unit later in their medical training
and left the study at this point. The 14 who continued the train-
ing were not selected or randomized to continue, it was just that
the hospital resident training curriculum planned a longer time
in the endoscopy unit at this level of residency. For these 14, se-
dated patients were also selected during their continuing endos-
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copy training, until they had completed 50 endoscopic examina-
tions performed by themselves under supervision. After success-
fully performing 50 such supervised examinations, trainees were
again assessed during 10 consecutive investigations, using the
criteria listed above, in order to evaluate the medium- to long-
term effect of simulator training followed by hands-on training.
Fellows of the endoscopy unit served as an expert control group
and were evaluated according to the same criteria while per-
forming 10 endoscopic examinations.

A sample size calculation was performed for the outcome param-
eter “time to descending duodenum” and revealed that with 14
volunteers in each group a minimum difference of 20% between
group S and group C could be detected with a power of 80%.
These assumptions were based on an o value of 0.05, a 8 value
of 0.2, and a standard deviation for the primary endpoint of 55
seconds.

Patient evaluation

Patients were blind to the training status of the trainee (i.e.,
whether they had simulator training or not, and the number of
patient endoscopies they had performed). Discomfort and pain
were evaluated immediately after the investigation by means of
a patient questionnaire that used two visual analog scales (one
for discomfort, one for pain), in which marks were made with a
pen across two black 10-cm lines on an otherwise blank sheet,
the left end of the lines correlating with the worst (0 mm), the
right end with the best possible value (100 mm) for discomfort
and pain.

Statistical methods

Statistical analysis was performed using Statistica for Windows,
version 6.0. All data are expressed as median and range. The
study focused on the comparison between group S and group C.
Follow-up data were expressed as their changes (as percentages)
from baseline values. All statistical comparisons were performed
using the Wilcoxon matched pairs test for post hoc comparisons.
Differences between groups were assessed using the Mann-
Whitney U test. Applying the Bonferroni correction for multiple
groups and time points, a P value of 0.01 can be considered signif-
icant for individual post hoc tests.

Results

v

From 2003 to 2007, 28 residents (19-male, 9 female, mean age 31
years, range 28 — 37 years) were enrolled and 470 endoscopic ex-
aminations were evaluated. All 28 residents managed to perform
at least 10 examinations in patients by themselves; 14 residents
(7 of them simulator trainees) performed 60 or more examina-
tions in patients during their 4-week training period in the
endoscopy unit. Five fellows of the endoscopy unit served as the
expert control group.

Simulator training

The trainees were randomized in equal proportions to receive si-
mulator training (simulator group, group S, n=14) or not to re-
ceive simulator training (control/conventional group, group C,
n=14). Seven male and 7 female residents were randomized to
group S. The median training time was 600 minutes (range
300-1200).

Original article [l

Patient characteristics

The median age of the patients was 55 years (range 18-87); 55%
were female. No patient received concomitant sedation. There
was no significant difference between group S and group C in re-
spect of patient sex or age (P=0.49 and P=0.67, respectively).

Endoscopy performance: comparison of group S and
group C

Time to duodenum

After 10 endoscopic examinations, group S was significantly fas-
ter in reaching the descending duodenum [239 seconds (range
50-620) vs. 310 seconds (range 110-720), P<0.0001]. At the
advanced training stage (51st to 60th examinations), there was
still a significant difference between the groups: the median
time to the duodenum was 120 seconds in group S compared to
177 seconds in group C after 60 examinations (P<0.003).

All 28 novice endoscopists managed to reach the duodenum after
a median of 270 seconds (range 50-720). They were faster after
they had completed 50 endoscopic examinations (median 125
seconds, range 20-400, P<0.0001). Accordingly, both groups
showed an improvement in the time taken to reach the descend-
ing duodenum in the comparison between the first 10 examina-
tions and the 51st to 60th examinations (P=0.0001; © Table 1;
© Fig. 2).

For the group of experts, the median time taken to reach the duo-
denum was 60 seconds (range 35-105).

Total endoscopy time

Group S was also significantly faster in respect of the total endos-
copy time during their first 10 examinations [720 seconds (range
405-1705) vs. 740 seconds (range 240-2400); P=0.012] (© Ta-
ble 1; © Fig. 2). At the advanced training stage (51st to 60th on-
patient examinations), there was still a significant difference be-
tween the groups: median total endoscopy time was 495 seconds
for group S and 600 seconds for group C (P<0.003).

The median total endoscopy time for all beginners after their first
10 endoscopic examinations was 724 seconds (range 240 - 2400).
Examinations were performed significantly faster once the trai-
nees had performed 60 of them themselves (median 520 sec-
onds, range 125-1320, P<0.00001). Accordingly, both groups
showed an improvement for total endoscopy time in the compar-
ison between the first 10 examinations and the 51st to 60th ex-
aminations (P<0.0001; © Table 1; © Fig. 2). Experts performed
an upper gastrointestinal endoscopy in a median time of 220 sec-
onds (range 125-310).

Technical accuracy

Group S had a better intubation ratio, needing less assistance
during the first 10 examinations (P<0.005) (© Fig. 3; © Table 2).
Pyloric passage and retroflexion of the endoscope were also ob-
viously easier for group S (P<0.01 for both). These effects were
no longer detectable after 60 examinations (P=0.55, P=0.63,
and P=0.45, respectively). After 60 examinations, the intubation
rate and retroflexion rate had improved significantly in both
group S and group C. Concerning pyloric passage, group S, which
had a high success rate after 10 examinations, improved slightly
(P=0.09), whereas group C improved significantly (P<0.005)
(© Fig.3).

For all 28 beginners, the intubation rate (70% initial success), py-
loric passage rate (78 %), and rate of successful retroflection of the
endoscope in the gastric fundus (74%) improved after 60 exami-
nations (96%, 96 %, and 99 %, respectively).
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Fig.2 Effect of simulator training on total endoscopy time and the time
taken to reach the descending duodenum. *P<0.01 for comparisons
within the simulator-trained group (group S) and within the group who did
not receive simulator training (group C) for the first 10 endoscopic exami-
nations vs. examinations 51 -60. /P<0.01 for comparisons between group
S and group C for the first 10 examinations (SG1-10, CG1-10) and the
51st to 60th examinations (SG51-60, CG51-60).

Diagnostic accuracy
There was no significant difference between the groups in the
number of missed pathological findings after 10 endoscopic ex-

Original article

aminations (group S: 0.29 per examination vs. group C: 0.31 per
examination; P=0.99) and after 60 examinations (P=0.29)
(© Table 3).

During the first 10 examinations the novices missed pathological
entities in 29% of the examinations, while after 60 examinations
only 2% of the pathological entities were missed.

Major pathological findings such as ulcers, polyps, angiodyspla-
sia, suspected Barrett lesions, or varices were encountered in 5%
of the examinations. For all beginners, there was no statistical
difference in total endoscopy times for examinations in which
major pathological findings were identified and any associated
targeted biopsies carried out, and those in which no such find-
ings were made (P=0.69).

Patient evaluation

No patient refused to undergo endoscopy by supervised trainees.
Discomfort The evaluation scores for discomfort given by the
patients on the visual analog scales after the procedures did not
differ significantly between group S (median 16, range 0-98)
and group C (20, 0-100), either for the first 10 examinations
(P=0.53) or for the 51st to 60th examinations (16, 0-82 vs. 17,
0-79,P=0.47) (C Table 4).

A slight improvement over time was observed in comparing the
discomfort scores after 10 and after 60 examinations in group C
(P=0.08); there was no difference for group S (P=0.70).

For all beginners (n=28), the median discomfort level was 18
(range 0-100) after 10 examinations; after 60 examinations
(n=14 endoscopists) it was 16 (range 0-82), indicating a slight
improvement, but no significant difference (P=0.16).

Pain With regard to the occurrence of pain, neither group
scored significantly differently for the first 10 examinations [me-
dian 9 (range 0-100) vs. 8 (0-100), P=0.24] (© Table 4). After 60
examinations, the scores were 9 (0-66) in group S and 5 (0-46)
in group C (P=0.07). After 60 examinations, the pain scores im-
proved significantly in group C (P=0.008).

For all beginners the median pain score after 10 examinations
was 9 (0-100), and this was virtually unchanged after 60, at 8
(0-66,P=0.16).

100 - 100 - —p— 100 e Flg.I.’: Techmcal .accuracy was. evaluated by re-
— : - cording if the novice endoscopist was able to per-
90 90 90 form the technical tasks alone (“Unaided”), if man-
. ual help by the expert was needed (“Expert help”),

el <0 - < or if the expert had to take over (“Expert takeover”).

70 70 70 Technical accuracy was higher in group S; both
= = = groups improved over time, but the effect of simu-
& 60- € 60 € 60- | ini fading af doscopi
P & = ator training was fading after 60 endoscopic exam-
& =4 2 inations had been performed.
c 50 4 50 2 50
= s z
= & £
:5 40 5 40 é 40
= & <

30 30 2 304

20 20+ 20+

10 10 10
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In comparison to beginners, expert endoscopists scored 0 (0-98)
for discomfort (P=0.002) and 1 (0-23) for pain (P=0.005).

Discussion

v

This is the first randomized, controlled and patient-blinded trial
to study the effects of simulator training both on objective meas-
ures of performance in upper gastrointestinal patient endoscopy
and on subjective measures such as patients’ discomfort and pain
scores.

Measurement of quality in endoscopy is difficult and is an inten-
sively discussed issue [8 - 10]. While the parameters for measur-
ing quality in colonoscopy - foremost among them cecum intu-
bation and polyp detection rates — have been validated, param-
eters for measuring quality in upper gastrointestinal endoscopy
are still lacking [3,11]. Patient cohorts vary, a variety of disease
entities are present, and the settings for the endoscopic proce-
dure in respect of both technical and human resources are differ-
ent from one endoscopy unit to the next. Using “time” as a meas-
urement of quality is most often misleading, as a variety of cir-
cumstances may prolong the investigation other than the techni-
cal abilities of the investigator [12]. We are fully aware that total
procedure times, particularly when measured in seconds, cannot
serve as a quality parameter for endoscopic procedures: quite the
contrary view is supported by the results of studies in which
longer endoscope withdrawal times produce better polyp detec-
tion rates [8]. For this reason we did not tell our trainees that
“time” was a major outcome parameter of our study; on the con-
trary, we encouraged them to take the time they needed, as one
would do when teaching endoscopy. Studies evaluating training
in colonoscopy have demonstrated that the parameter “time to
reach the cecum” is a valid tool for measuring the progress of
trainees [6,8]. We therefore selected “time to reach the duode-
num” as a quality indicator.

In our study simulator training improved the investigation times
in comparison to those of standard (non-simulator-)trained
endoscopic novices. In this first study to investigate the mid-
term effects of training we were able to demonstrate that, al-
though both groups improve over time, the sustainability of the
simulator training is still visible after 60 endoscopic examina-
tions have been performed. On the other hand, the impact of clin-
ical training as well as the need for supervised endoscopic exam-
inations even after 60 examinations have been performed is evi-
dent. Similar study results, suggesting an even longer supervised
training period of up to 160 investigations, have been demon-
strated for simulator-based training in colonoscopy [6]. Experts
were present during the first 2 hours of simulator training. If the
experts had been present for longer, even larger differences
might have resulted.

Diagnosis during the examination is mainly done during retrieval
of the endoscope, and for this reason numbers of missed patho-
logical entities and technical skills such as retroflexion of the
endoscope (J-maneuver) are important indicators of quality and
technical accuracy. We strongly discourage endoscopic trainees
from speeding up during investigations.

Interestingly, the training group showed significantly better re-
sults for the parameter “intubation” even though the GI Mentor
gives only limited training in intubation [2]. The haptic abilities
gained by the trainee may have affected the outcome in this
parameter. The superiority of simulator training with regard to
intubation, pyloric passage, and retroflection in the fundus is evi-
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dent in the early stages of on-patient endoscopy. These essential
technical abilities improved over time in both groups and differ-
ences were no longer present after 60 endoscopic examinations,
which can be interpreted as a major impact of on-patient endos-
copy experience.

During the first endoscopic examinations in patients, the rate of
missed pathological findings was high (29% overall). Simulator
training did not improve the number of pathological entities
found, but after 60 examinations the skills and knowledge gained
dramatically improved the rate of pathological findings during
upper gastrointestinal endoscopy, which again underlines the
value of on-patient endoscopy on training success.

Experts were not blinded to which group trainees were in (i.e.,
simulator vs. non-simulator), as the simulator was based in the
endoscopy suite. This could have impacted on the reaction of
the experts and might have affected outcomes. However, every
trainee was supervised during their on-patient training by a vari-
ety of experts who were not involved in the simulator phase of
the training and who were selected at random to minimize any
possible bias as to when an expert decided to take over the pro-
cedure or might perhaps hesitate to do so with a simulator-train-
ed trainee.

An essential part of this randomized study was the patient eval-
uation. Several difficulties had to be overcome. The scoring sys-
tem had to be easy and reproducible, and for this reason plain
10-cm lines were chosen as a visual analog scale. We also select-
ed patients who preferred to undergo upper gastrointestinal
endoscopy unsedated in order to evaluate the immediate impres-
sion after the endoscopic procedure was over. Routinely approxi-
mately 25% of our outpatients want to have concomitant seda-
tion for upper gastrointestinal endoscopy. Sedation might have
affected all objective outcome measures, and selecting only pa-
tients who preferred unsedated endoscopy avoided this. How-
ever, this might have led to a floor effect in scoring by selecting
more insensitive patients who tolerate pain better: they might
have cared less and given higher pain and discomfort scores less
often. Just as for colonoscopy [13], discomfort and pain assess-
ment were chosen. In a previous pilot study evaluating simulator
training in upper gastrointestinal endoscopy, a Likert scale to de-
scribe discomfort was used to measure patients’ impressions
[14]. The parameters chosen in our evaluation were suitable for
discriminating endoscopic examinations performed by experts
from those performed by beginners, documenting the validity of
the method; however, this study was powered for the primary
outcome parameter (time to duodenum) and the results on pa-
tient scores must therefore be interpreted with caution. New
endoscopists should start on-patient training in sedated patients
as analysis showed only a statistical trend towards improvement
in both scores when comparing all beginners after 10 and after 60
endoscopic examinations. However, simulator training did not
affect patient evaluation significantly. High pain values were
rarely ever given; the overall tolerance of trainee-performed un-
sedated endoscopy was impressive. However, only the conven-
tionally trained group improved significantly, and only in the
pain assessment. These results might be statistically significant,
but it must be borne in mind that the conventionally trained
group had a median 5-mm line score on a 100-mm line, in com-
parison to 9-mm median for the simulator group, which cannot
indicate a clinically relevant effect. Speculations as to whether
the non-simulator-trained group might be more cautious could
not be evaluated with this study setting. Patients were informed
when endoscopic trainees would be performing the investi-
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gation. They were blinded to which group the trainees were in (i.
e., to whether or not they had undergone simulator training), but
no patient refused to undergo endoscopy by a supervised trainee.
Nevertheless, a bias concerning the scoring behavior cannot com-
pletely be ruled out. In a previous pilot study, four simulator-
trained endoscopic novices were compared with four
endoscopists trained in the regular way. Interestingly, the regu-
lar-trained group scored better in respect of patient comfort and
need for sedation during upper gastrointestinal endoscopy,
though no explanation for this was offered [14]. In previous trials
investigating the effect of simulator training on colonoscopy, pa-
tient comfort scores were significantly better in the simulator-
trained groups [6, 13].

In conclusion, this randomized controlled trial shows that virtual
simulator training significantly improves and accelerates the ac-
quisition of technical skills and reduces the time required for the
endoscopic procedure in patients during the early and mid-term
stages of endoscopic training. Teaching procedures are less well
tolerated with reference to discomfort and pain: simulator train-
ing does not seem to have a beneficial effect on patients’ subjec-
tive endoscopy tolerance scores. On-patient training improves
that score, but high numbers of endoscopic procedures per-
formed in patients are needed to achieve acceptable scores com-
pared to endoscopy performed by experts.

The integration of simulator training into an endoscopy training
curriculum, especially in institutions with a high turnover of
trainees and limited resources of expert fellows to provide super-
vision, might be considered, since this allows technical skills to be
gained earlier in the education process, making supervision nec-
essary less often. Clinical training in endoscopy, performing su-
pervised on-patient endoscopies, cannot, however, be reduced
or replaced by simulator training.
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