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Abstract Colorectal cancer is the second most common
cause of death in the USA. The need for screening colonos-
copies, and thus adequately trained endoscopists, particularly
in rural areas, is on the rise. Recent increases in required
endoscopic cases for surgical resident graduation by the
Surgery Residency Review Committee (RRC) further empha-
size the need for more effective endoscopic training during
residency to determine if a virtual reality colonoscopy simulator
enhances surgical resident endoscopic education by detecting
improvement in colonoscopy skills before and after 6 weeks of
formal clinical endoscopic training. We conducted a retrospec-
tive review of prospectively collected surgery resident data on an
endoscopy simulator. Residents performed four different clinical
scenarios on the endoscopic simulator before and after a 6-week
endoscopic training course. Data were collected over a 5-year
period from 94 different residents performing a total of 795
colonoscopic simulation scenarios. Main outcome measures in-
cluded time to cecal intubation, “red out” time, and severity of
simulated patient discomfort (mild, moderate, severe, extreme)
during colonoscopy scenarios. Average time to intubation of the
cecumwas 6.8 min for those residents who had not undergone
endoscopic training versus 4.4 min for those who had under-
gone endoscopic training (p<0.001). Residents who could be
compared against themselves (pre vs. post-training), cecal

intubation times decreased from 7.1 to 4.3 min (p<0.001).
Post-endoscopy rotation residents caused less severe discom-
fort during simulated colonoscopy than pre-endoscopy rota-
tion residents (4 vs. 10 %; p=0.004). Virtual reality endoscop-
ic simulation is an effective tool for both augmenting surgical
resident endoscopy cancer education and measuring improve-
ment in resident performance after formal clinical endoscopic
training.

Keywords Virtual reality endoscopy simulator . Resident
endoscopic education

Introduction

Surgical trainees need to learn a basic set of endoscopic skills
to perform screening colonoscopy and an even more complex
set of skills for therapeutic or hybrid surgical procedures, such
as natural orifice transluminal endoscopic surgery [1].
Mastery of such endoscopic skills requires both technical as
well as cognitive skill sets [2]. A construct-validated virtual
reality (VR) simulator may verify actual endoscopic skill
acquisition and augment traditional endoscopic training.
With the onset of the new fundamentals of endoscopic surgery
(FES) requirement for general surgery residents, enhancing
endoscopic skill acquisition will become increasingly
important.

Recent studies have shown that the traditional method of
acquiring endoscopic skills via an apprenticeship model can
be enhanced with the use of endoscopic VR simulation [3].
The augmentation of skill acquisition during training expe-
dites an endoscopist’s mastery of basic techniques in addition
to decreasing hospital costs [4]. Simulated experiences must
first be shown to have construct validity (demonstrate the
ability to measure their designed purpose accurately). While
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the Immersion Medical Endoscopy Accutouch System
(AccuTouch) has been validated on novice GI fellows, its
efficacy at detecting differences in surgical residents has yet
to be demonstrated [5].

In this study, we sought to determine if the AccuTouch VR
simulator could discriminate between surgical residents before
and after 6 weeks of formal clinical endoscopic training.

Material and Methods

Second to fifth year surgical residents performed multiple
simulated colonoscopy scenarios on the AccuTouch system
over a 5-year period from 2007 to 2012. Procedural data from
the residents were stored and analyzed retrospectively.
Residents were subdivided into two groups: “novice”
endoscopists, who had undergone no formal training and
“experienced” endoscopists, who had a 6-week endoscopy
rotation. During the endoscopy rotation, residents were
trained in the traditional apprenticeship model in both upper
and lower endoscopy by an experienced gastroenterologist.
Residents averaged 80–100 endoscopy cases per rotation.
Institutional Review Board (IRB) approval with waiver of
consent was obtained prior to the initiation of the study.

The AccuTouch is a VR colonoscopic model simulator that
features a combination of a model endoscope for manual
manipulation along with high-fidelity computer graphics, re-
alistic environment simulation (scope angulation, air insuffla-
tion, variable lens conditions, aspiration), complex haptic
feedback (independent force feedback with patient tube inser-
tion and twist), and real-time dynamic modeling of colonic
deformation (looping, insufflation). Performance metrics dur-
ing each clinical scenario were recorded by the AccuTouch
and include total procedure time, time to cecal intubation,
amount of red-out (time that the lens is obscured by contact
with mucosa), and patient discomfort level. Simulation sce-
narios are categorized in three case categories (introduction,
biopsy, polypectomy) and ranked by increasing technical
difficulty. Residents would complete 2–3 scenarios from each
of the three categories during their simulator sessions. The
average number of simulator encounters for residents having
received endoscopy training was eight: four before and four
after their endoscopy rotation. For those residents who did not
undergo endoscopy training, two endoscopy sessions com-
prised of four simulator encounters each took place, on aver-
age, 6 months in between each encounter.

The primary endpoints were time to cecal intubation, red-
out time, and the number of times the simulation patient
experienced mild, moderate, severe, and extreme pain. A
non-paired student’s t-test was used to compare cecal intuba-
tion times between novice and experienced residents. A paired
student’s t-test was used to compare residents’ performance
before and after their endoscopy rotation. Patient discomfort

levels were grouped into two broader categories: mild and
moderate versus severe and extreme. Patient discomfort
scores were analyzed by chi-square analysis.

Results

During the 5-year study period, 94 residents underwent eval-
uation via VR colonoscopic simulation. The majority (64 %)
of residents received no previous endoscopy training during
the study period. Most residents were in their third year of
clinical training during their simulator course. There was an
equal split between second and fifth year residents (Table 1).

Cecal intubation times were significantly shorter in the
experienced residents (4.4 vs. 6.8 min, p<0.001). Experienced
residents also spent less time in “red-out” as compared with
their untrained counterparts (p<0.001). Rates of patient discom-
fort were significantly higher in the novice residents as com-
pared with experienced residents when simulated pain events
were grouped into a mild-moderate and extreme-severe group
and compared with one another (10 vs. 4 %, p<0.001),
(Table 2). Fourteen residents completed the simulator exercises
before and after their endoscopy rotation. When compared
against themselves, these residents demonstrated statistically
significant improvement after their formal endoscopy training:
cecal intubation times decreased from 7.1 to 4.3 min (p<0.001).

Discussion

Endoscopic skills have now become an essential component
of a general surgeon’s practice. Colonoscopy constitutes up to
8 % of all rural general surgeons’ case volume [6]. With the
recent increase in the minimum number of endoscopic cases
required by the Accreditation Council for Graduate Medical
Education (ACGME) for graduating general surgery residents
to 85 (35 upper endoscopies and 50 colonoscopies), the needs
for improving colonoscopy training and for finding a validated

Table 1 Surgical resi-
dent characteristics Variable No. (%) N=94

Gender

Male 53 (55 %)

Female 41 (45 %)

Level of training

R2 10 (11 %)

R3 52 (55 %)

R4 22 (23 %)

R5 10 (11 %)

Endoscopy course

Yes 34 (36 %)

No 60 (64 %)
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means of measuring endoscopic competency have become
increasingly important [7]. Our study shows that VR endosco-
py simulation is a sensitive tool for detecting differences in
skill level between novice and experienced surgical resident
endoscopists. This is consistent with previous studies examin-
ing the training of gastroenterology residents; however, to date,
there is no data describing the role of endoscopy simulation in
surgical resident education [3, 5, 8–11].

For all examined metrics, including time to cecal intuba-
tion, red-out time, and patient discomfort levels, those general
surgery residents who had undergone a 6-week endoscopic
rotation outperformed surgical residents with no formal train-
ing. This observation is supported by Grantcharov et al. [11],
who showed that experienced endoscopists, when compared
with novice endoscopists, were faster, saw a greater degree of
mucosal surface area, had less “red-out” time, and produced
less local colonic wall pressure onVR simulators. While it can
be reasonably anticipated that those who have undergone
formal instruction will have a higher level of technical com-
petency, this initial advantage may diminish if a sufficient
degree of simulation experience were obtained by their col-
leagues. This was demonstrated by Cohen et al. [2], who
showed that simulator-trained GI fellows had a higher overall
competence for the first 80 clinical cases; however, both
simulator and non-simulator trained fellows required the same
number of cases (mean, 160) to obtain a 90 % competency
level during real colonoscopies. The average improvement in
performance between novice and experienced residents of
2.4 min was obtained after an average of 80–100 endoscopy
cases obtained during their endoscopy rotation. These find-
ings agree with Marshall et al. [12], who found that roughly
100 endoscopy cases were needed to obtain a 75 % compe-
tency rate in GI fellows.

Our finding of a decrease in patient discomfort from 10 to
4 % of the time is consistent with previous studies demon-
strating that VR simulation training leads to decreased simu-
lated patient discomfort [13]. This improvement in simulated
patient findings corroborates subjective reporting from real
patients as well. Ahlberg et al. [14] found that real patients

rated those gastroenterology fellows who had first undergone
VR simulation prior to the patient’s colonoscopy as causing
significantly less pain than their counterparts who had no prior
VR training. These findings suggest that parameters used by
the VR simulators can be translated into real patient scenarios.

While our study demonstrated that resident performance
improves after endoscopic training and that VR simulators are
sensitive enough tools to detect those differences, the role of
VR simulation as an educational adjunct versus replacing
traditional endoscopic training remains unclear. A large
Cochrane meta-analysis by Walsh et al. [15] involving 13
randomized trials with 278 participants concluded that VR
endoscopic simulation conveyed a competency advantage on
those who had it versus those who did not (assuming all
participants had little prior endoscopy experience). Ritter
et al. [16] suggest that VR simulation can additionally be used
to predict those trainees who will require further adjuncts to
their training due to lack of fundamental visuospatial and
psychomotor abilities.

There were three major limitations in our study. First, at the
beginning of the study, the four scenarios done by experienced
residents were not the same as the four by the novice residents.
Those scenarios performed by the experienced residents were
considered harder than those performed by the inexperienced
group. One would expect less improvement in cecal intuba-
tion time in a harder scenario. Despite this, our study still
found improvement in cecal intubation time. To improve
comparison in the later part of the study, the scenarios done
by both groups were the same. Second, to demonstrate the
validity of this simulator, experienced endoscopists, e.g. prac-
ticing colorectal surgeons or gastroenterologists, would be
required to perform all four scenarios to establish simulator
benchmarks. While there were no expert endoscopists includ-
ed in this pilot study, we are currently accruing data from their
performance on our simulator for subsequent studies. Finally,
in this retrospective study, we could not assess the impact that
endoscopy simulation had on resident performance during
real clinical colonoscopies while on their endoscopy rotation.
It should also be noted that our study was limited to the use of
the AccuTouch simulator, while the GI Mentor simulator is
the simulator used during the fundamentals of endoscopic
surgery.

Conclusion

With the incorporation of FES into general surgical training,
the need for increasingly sophisticated ways of demonstrating
clinical competency will be required. Additionally, with in-
creasing hospital costs and resident work hour restrictions,
finding more cost-effective and efficient ways of augmenting
traditional endoscopic training will become increasingly im-
portant. Larger, more uniform, prospective trails with

Table 2 Resident time to cecal intubation relative to formal endoscopy
training

Variable Pre-endoscopy
training (N=34)

Post-endoscopy
training (N=60)

P value

Cecal intubation 6.8 min 4.4 min p<0.001

Red-out time (seconds) 55.12 (±1.95) 47.3 (±1.88) p<0.001

Simulator pain (No. of
total events)

p<0.001

Mild 1,641 1,567

Moderate 552 552

Severe 845 842

Extreme 41 21
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concurrent “gold standard” validation are needed to clarify the
role and efficacy that VR simulators will play in the future of
surgical education or even potentially testing competency in
recertifying general surgeons. Our study supports the use of
VR endoscopy in objectively and safely measuring the ability
of a surgery resident to perform colonoscopy.
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