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Background and Aims: Obesity is a global health concern. Bariatric surgery offers reliably effective and durable
weight loss and improvements of other comorbid conditions. However, the accessibility of bariatric surgery remains
limited. Minimally invasive techniques, including endoscopic sleeve gastroplasty (ESG), have emerged to bridge this
gap. To effectively complete the ESG procedure, one requires skill in multiple complex interventional endoscopic
maneuvers. This requisite expertise poses challenges for training in this burgeoning field.

Methods:Wedesigned the virtual bariatric endoscopic (ViBE) simulator software tomimic the ESGprocedure accu-
rately. The ViBE simulator features a detailed simulation of an endoscope equippedwith an endoscopic suturing sys-
tem and a high-resolution stomach, enhancing the visualization of procedural details. Furthermore, the simulator
incorporates performancemetrics using a reverse scoring system to evaluate users’proficiency in tasks such as argon
plasma coagulation (APC)marking, suturing, and cinching. To validate the simulator, we conducted a study involving
experts and novices at the Indiana University School of Medicine, where participants engaged with the simulation
environment in a series of training tasks.

Results: Twelve participants, comprising 5 experts and 7 novices, were asked to complete a post-training question-
naire featuring 7 items, rating each on a Likert scale. The APC task realism received the highest score, averaging 3.83.
The usefulness of improving endoscopic technical skills averaged 3.08, with the realism of cinching the knot and su-
turing tasks receiving scores of 3.17 and 3.25, respectively, suggesting a generally positive reception. Automated per-
formance metrics indicated that, on average, experts outperformed novices by 10.83 points.

Conclusions: The ViBE simulation strives to replicate the steps of the ESG within a virtual environment. Our pri-
mary objective in developing this simulator was to enhance the learning curve for endoscopic suturing andESG tech-
niques, thereby safely extending these skills to a broader patient base. (iGIE 2024;3:453-62.)
1
Obesity remains a global public health concern. Individ-
uals falling into obesity class 2 (body mass index, 35 kg/m2

to <40 kg/m2) or class 3 (>40 kg/m2) experience substantial
advantages from bariatric surgery, recognized as the most
effective approach for achieving sustained weight loss in
the long term.2 Despite its effectiveness as a weight loss so-
lution, only 1% of eligible patients undergo bariatric surgery
because of accessibility, cost, and concerns about associated
risks.3,4 Consequently, this has led to the exploration of inno-
vative alternatives.

Among these is the emergence of endoscopic sleeve gas-
troplasty (ESG), a minimally invasive procedure using endo-
scopic suturing to reduce stomach size and facilitate weight
loss,5 emulating the mechanism seen in laparoscopic sleeve
gastrectomy. This endoluminal, organ-sparing method has
proven to be safe and technically viable through various
studies, leading to notable reductions in average weight
and body mass index, nearly approaching that of sleeve gas-
trectomy.6–9 However, acquiring proficiency in this tech-
ournal.org
nique poses inherent difficulties, requiring specialized
skills and extensive training, and has a gradual learning
process.10,11

In response to the imperative need for comprehensive
training, virtual simulations became a well-established tool
for augmenting medical education and practice.12 Hadi
and Singh13 discussed the complexities of ESG training pro-
grams, emphasizing the necessity for technical expertise in
endoscopy and suturing. Industry-sponsored and endo-
scopic society–supported courses on porcine models are
standard for gaining endoscopic skill proficiency, in addition
to the standard methodical apprentice-type model on hu-
man patients, but emerging virtual reality (VR)-based sutur-
ing training aims to improve the training paradigm in a risk-
free environment. Currently, validated methods for evalu-
ating technical skills in ESG procedures beyond proctor
feedback are lacking.

Controlled settings like skills laboratories and simulators
provide customized and low-pressure training, enabling
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Figure 1. Simulated suturing phase in the virtual bariatric endoscopic
simulator.
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practice until proficiency is attained. These simulators
provide haptic feedback and a self-paced learning environ-
ment. ESG studies indicate that proficiency often requires
29 to 38 procedures for novices and 35 to 53 procedures
for experienced endoscopists, with some needing up to
100 cases for mastery. Pretraining with VR significantly re-
duces the number of procedures needed for proficiency
and safety.14 Advancements include the study by Lewis
et al15 on jejunojejunostomy training using a VR simulator,
demonstrating evidence based on relationships to other
variables across different surgeon expertise levels. Although
the VR module lacks concurrent validity with real-life sur-
gery, surgeons found the module useful for training.

Recent advancements in VR robotic surgery simulators,
such as improvements in haptic feedback and technical en-
hancements, have significantly enhanced the field. The latest
generation of VR applications features high pixel density
displays, improved refresh rates, and better positional tracking,
notably benefiting VR robotic surgery simulators like laparos-
copy simulation.16 For instance, Sankaranarayanan et al17

used VBLaST-PT, a virtual simulator for laparoscopic surgery
tasks that used hardware like force feedback Phantom devices
and interactive simulation technology. Converting this simu-
lator to a Gen2-VR system involves using a VR headset and
introducing distractions and interruptions to replicate actual
surgical conditions, revealing decreased performance during
tasks with added disruptions.

Despite the abundance of virtual simulations for bariat-
ric surgery, simulations for ESG are lacking. The inception
of the virtual bariatric endoscopic (ViBE) simulator signi-
fied a transformative leap in ESG training methodology.18

To the best of our knowledge, the proposed ViBE simula-
tion is the sole educational simulation for ESG training.
METHODS

The ViBE simulator uses dedicated simulation software,
accompanied by user performance metrics, to both facilitate
and evaluate its outcomes. Through a user study, we assessed
the simulator’s trustworthiness, usefulness, and realism.

The primary aim of this study was to develop and validate
the software component of the ViBE simulator through face
validation and evidence based on test content and on rela-
tionships to other variables. We used a primitive keyboard
and mouse input system to confirm the validity of only the
software side of the ViBE simulator. This approachwas adop-
ted to incorporate feedback into the software system before
hardware integration and mitigate any potential bias the
simulator might receive with a high-fidelity haptic hardware
setup with VR integration. The ViBE simulator replicates the
intricate steps involved in ESG, such as endoscopicmarking,
suturing, and cinching.

To validate the ViBE simulator, we used pretraining and
post-training questionnaires, performance metrics, and
simulation performance metrics collected from the simula-
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tion. Questionnaires assessed the simulation’s usefulness,
realism, and trustworthiness. On the other hand, perfor-
mance and simulation performance metrics were used to
compare differences between expert and novice surgeons.
Our study used the performance metrics established and
validated through real performance videos.19–21 These
metrics provided automated objective results.
Simulation software
Twomodules provided the ViBE simulator software func-

tionality: simulation and performance metrics. We worked
with expert physicians to assemble realistic visuals for the
simulation, shaping the surgical environment based on their
insights, as seen in Figure 1. The stomach, portrayed with an
endoscope and endoscopic suturing system, served as the
central element in the simulation.

The simulation software ensures realistic interaction
within the endoscopic environment. The software achieves
this by numerically computing the physical behavior of
simulated organs and facilitating collision detection and
response between the stomach and the endoscope with
the endoscopic suturing system attachment, enhancing
the realism of the simulation. Additionally, we incorporated
soft-body behavior into the stomach to enhance the simu-
lation’s realism. To replicate intricate soft-body physics,
particularly in simulating the stomach, we implemented
extended position-based dynamics.22 This approach al-
lowed us to decouple the simulation frequency from object
stiffness, enabling the use of a larger number of particles23

to accurately sculpt the stomach’s shape. These particles
were governed by constraints and finely tuned for soft-
body deformation, shaping the mesh using linear skinning
techniques.24 We integrated shape-matching constraints
www.iGIEjournal.org
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Figure 2. A, Endoscopic suturing platform components. B, Endoscopic view. APC, Argon plasma coagulation.
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with oriented particles for the detailed simulation of the
stomach as a soft body.25–27

The endoscope and endoscopic accessories comprise 5
fundamental elements, as depicted in Figure 2A, whereas
Figure 2B visually represents the simulated environment.
Among these elements, the argon plasma coagulation
(APC) probe was created with the primary simulated objec-
tive ofmarking the stomachwalls. The helix functionally cap-
tures and pulls the stomach tissue into the suturing
apparatus to facilitate full-thickness bites. The needle driver
and needle components are used to pass the suturematerial
through the target tissue. On completing all suture place-
ments, the cinch is deployed, and the suture set is finalized.

The second component of the simulation software com-
prises performance metrics, which were used for the evi-
dence based on relationships to other variables of our
simulation. We used the performance metrics introduced
and validated in our previous work.19–21 These metrics are
integrated into the simulation to provide automatic and
objective feedback on completion. Of 45 metrics,20 8 were
related to the insertion and diagnosis of upper endoscopy,
4pertained toAPCmarking, 4were associatedwith the inser-
tion of the suturing arm, 18were focused on suturing, 2were
related to adverse events, 1 addressed the aspect of time,
and 8 were centered around communication in the proced-
ure room. For this study, we implemented 19 metrics from
APCmarking, suturing, adverse events, and time completion
metrics, because those were our simulation’s main tasks. An
inverted scale was used for the performance metrics, with
0 being the best possible score and 5 noting a poor perfor-
mance. An inverted scoring system was used to integrate
time variables more seamlessly into the overall scoring pro-
cess.20 Performance metrics included in the simulation can
be seen in Table 1.

Experimental design
At Indiana University School of Medicine, a user study

with 12 participants was segmented into distinct groups
www.iGIEjournal.org
based on their expertise (Indiana University School of Med-
icine Institutional Review Board Protocol no. 18374). Partic-
ipants were initially classified into 2 proficiency levels:
experts (nZ 5) and novices (nZ 7). Expertise classification
relied on specific criteria, considering both the duration of
tenure in their positions and the cumulative count of endo-
scopic procedures performed. Individuals with >5 years of
endoscopy experience, >1500 total procedures, and >10
endoscopic suturing procedures were categorized as ex-
perts, as seen in Table 2.

Each participant received both pretraining and post-
training questionnaires. The pretraining questionnaire en-
compassed inquiries regarding anonymous demographic
details (age, sex), role within the medical field, tenure in
their current role, aggregate count of endoscopy procedures
conducted in the last 6 months and throughout their career,
total experience in endoscopic suturing procedures, and
count of ESG procedures in their career. In the post-
training questionnaire, participants were tasked with assess-
ing various aspects of the simulation’s realism, including its
fidelity concerning APC marking, suturing, cinching, and
overall simulation experience, as seen in Tables 3 and 4.
Additionally, participants were asked to evaluate the simula-
tion’s effectiveness in enhancing hand–eye coordination
skills, its overall utility in improving endoscopic technical
proficiency, and perceived reliability of the simulation in
quantifying accurate performance metrics. Ratings were re-
quested on a Likert scale ranging from 1 (the lowest) to 5
(the highest) to understand the perceived quality across
these parameters.
RESULTS

Post-training questionnaire
For the face validation and evidence based on test con-

tent, we used the post-training questionnaire mentioned
above. The post-training questionnaire results indicated
Volume 3, No. 4 : 2024 iGIE 455
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TABLE 1. Performance metrics

Metric no. Metric Score

Argon plasma coagulation marking

M1 Mark anterior wall (optional)

Parallel line 0

Nonparallel line 3

No mark 5

M2 Mark posterior wall (optional)

Parallel line 0

Nonparallel line 3

No mark 5

M3 Mark greater curvature (optional)

Parallel line 0

Nonparallel line 3

No mark 5

Suturing

M4 Start of suture

Start proximal to incisura angularis on the anterior gastric wall 0

Start at a different location 5

M5 Grasp tissue on anterior wall

Grasp near marked tissue (within .5 cm of marking) 0

Grasp away from the marked tissue 5

M6 Suture the anterior wall

Correctly complete suture and anchor exchange 0

Incorrectly complete suture and anchor exchange 5

M7 Grasp tissue on the greater curvature

Grasp near marked tissue (within .5 cm of marking) 0

Grasp away from marked tissue 5

M8 Suture the greater curvature

Correctly complete suture and anchor exchange 0

Incorrectly complete suture and anchor exchange 5

M9 Grasp tissue on the posterior wall

Grasp near marked tissue (within .5 cm of marking) 0

Grasp away from marked tissue 5

M10 Suture the posterior wall

Correctly complete suture and anchor exchange 0

Incorrectly complete suture and anchor exchange 5

M11 Suture direction (after each anterior/greater curve/posterior suture series)

Distal to proximal 1-2 cm 0

Any other direction/amount 5

M12 Suture bite (per bite)

Full thickness 0

Any other bite 5

M13 Bite amounts per suture set

6 or >6 bites 0

<6 5

(continued on the next page)
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TABLE 1. Continued

Metric no. Metric Score

M14a U-shaped pattern (if using U-shaped pattern)

Yes 0

No 5

M14b Z-shaped pattern (if using a Z-shaped pattern)

Yes 0

No 5

M15 Tighten sutures

Release T tag correctly to form a plication using cinching device 0

Do not release T tag 5

M16 End suture

Do not suture fundus 0

Suture within fundus 5

Adverse events

M17 Severe bleeding

Premature cinch (to stop bleeding) 0

No premature cinch 5

Time completion

M18 Total time

First quartile 0

Second quartile 3

Third quartile 6

Fourth quartile 9

TABLE 2. Characteristics of experts and novices

Participant
no. Classification Age (y) Sex Hand dominance Experience

No. of endoscopy
cases

No. of endoscopic
suturing cases

1 Novice 31 Female Right 2 y 4 mo 1000 0

2 Expert 42 Female Right 10 y 5 mo 13,000 10

3 Expert 39 Male Right 5 y 3 mo 7500 120

4 Novice 36 Male Left 3 mo 1800 10

5 Expert 43 Male Right 9 y 9000 30

6 Novice 33 Female Right 1 y 5 mo 500 0

7 Novice 32 Male Right 2 y 4 mo 1000 1

8 Expert 48 Male Right 8 y 18,000 1000

9 Novice 32 Female Right 3 y 5 mo 1000 0

10 Expert 40 Female Right 7 y 3 mo 1500 10

11 Novice 29 Male Right 1 y 70 0

12 Novice 30 Male Right 1 y 5 mo 40 0
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that every question’s average result was above 3.00. The re-
alism of the APC task was graded as the highest, with 3.83
among the questions. The other tasks, suturing and cinch-
ing, received an average grade of 3.25 and 3.17, respec-
tively. The usefulness of improving endoscopic skills was
www.iGIEjournal.org
graded as 3.08, whereas the overall simulation realism, use-
fulness of hand–eye coordination, and trustworthiness of
the simulation all obtained the same score of 3.00.
Figure 3 displays the boxplots for the post-training ques-
tionnaire results.
Volume 3, No. 4 : 2024 iGIE 457
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TABLE 3. Face validation post-training questionnaire

Question

Q1 Rate the degree of realism of argon plasma coagulation marking (how realistic it looks) in the simulation

Q2 Rate the degree of realism of suturing (how realistic it looks) in the simulation

Q3 Rate the degree of realism of cinching in the simulation

Q4 Rate the degree of overall realism of the simulation

TABLE 4. Evidence based on test content post-training questionnaire

Question

Q1 Rate the usefulness of the simulation in learning hand–eye coordination skills

Q2 Rate the degree of overall usefulness for improving endoscopic technical skills

Q3 Rate your assessment of how trustworthy the simulation is to quantify accurate measures of performance

Figure 3. Boxplots of responses from the post-training questionnaire. The first 4 questions correspond to items from Table 3 and the last 3 from Table 4.
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Performance metrics
For evidence based on relationships to other variables,

we used our previously defined performance metrics. In
these metrics, a score of 0 represents the highest rating
and a score of 5 the lowest rating. Expert endoscopists out-
performed novice endoscopists in 12 of 19 performance
metrics. Experts and novices had the same mean scores of
0 in 4 metrics. Novices outperformed expert surgeons in
only 3 metrics: M1, anterior wall marking (expert mean, 2;
novice mean, 1.86); M14a, U-shaped pattern (expert mean,
4; novice mean, 3.58); and M18, time completion (expert
mean, 6; novice mean, 3.86). For the mean total score, ex-
perts (mean, 24.00) outperformed novices (mean, 35.00)
by 11 points, as seen in Figure 4. The results of all perfor-
mance metrics and the total score can be seen in Table 5.
Finally, we conducted statistical comparisons between the
458 iGIE Volume 3, No. 4 : 2024
scores of novice and expert participants using Welch’s t
test. Our analysis revealed a significant t value of –4.0391
(P Z .0029), indicating statistical significance.
Simulation performance metrics
Finally, we analyzed the data from the simulation and

calculated the speed, acceleration, and jerk for all partici-
pants, as seen in Figure 5. We performed statistical com-
parisons between novice and expert surgeons using
Welch’s t test, as seen in Table 6. Our results displayed sig-
nificant t values and P values showing statistical signifi-
cance of –4.0827 (P Z .000906), –4.0982 (P Z .000882),
and –4.0988 (P Z .000881) for speed, acceleration, and
jerk, respectively. Lower speed, acceleration, and jerk
values indicate smoother and more controlled motion.
www.iGIEjournal.org
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Figure 4. Total score boxplots for novice and expert groups. *Significant
difference, P < .005.

TABLE 5. Performance metric results

Metric no. Expert mean Novice mean

M1 2.00 1.86

M2 1.00 2.86

M3 .00 .71

M4 2.00 2.86

M5 1.00 2.14

M6 2.00 4.29

M7 .00 1.43

M8 .00 .00

M9 .00 1.43

M10 .00 .71

M11 .00 .71

M12 .00 .00

M13 3.00 3.57

M14a 4.00 3.58

M14b 3.00 4.30

M15 .00 .00

M16 .00 .00

M17 .00 .71

M18 6.00 3.86

Total 24.00 35.00
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DISCUSSION

The outcomes derived from the post-training question-
naire offer insight into participants’ perceptions of tasks of
the simulation. The high average score of 3.83 for the realism
of APC indicates that participants found this task convinc-
ingly realistic.Moreover, enhancing endoscopic skills scored
the highest among the utility metrics, with an average rating
of 3.08, highlighting the simulation’s perceived value in
improving these skills. The similar average scores for the
overall simulation realism, usefulness of hand–eye coordina-
tion, and trustworthiness of the simulation (all at 3.00) indi-
cate a perceived association between the simulation’s
realism, its effectiveness in improving relevant skills, and
participants’ confidence in its reliability. These outcomes
suggest that the simulation is viewed as a beneficial tool
for advancing endoscopic skills.

For the performance metrics, insertion and diagnostic
upper endoscopy, insertion of the suturing arm, and rein-
forcement suture metrics were not included in the simula-
tion because of a lack of specialized hardware. These
metric items will be included in the simulation for the com-
www.iGIEjournal.org
plete validation of the ViBE simulator with the specialized
haptic hardware for the simulation.

Theperformancemetric results indicate a clear difference
between expert and novice users. Experts exhibited an
average score of 24.00, whereas novices scored 35.00 out
of 104. In 16 of 19metrics, experts eithermatched or outper-
formed novices. The 3 metrics in which novices performed
better were M1, M14a, and M18. M18 was calculated using
the time of completion data. The average completion time
for expert surgeons was 839.8 seconds and for novices,
719 seconds. This shows that expert surgeons prioritized
precision and accuracy over speed, taking more time to
ensure each procedure step was performed correctly.

On the other hand, all experts completed a mitigation
procedure more rapidly in the presence of severe bleeding.
Experts used early cinching at 36.46 seconds after severe
bleeding; for novices this was 48.75 seconds. Finally, in
M8, M12, M15, and M16, both novices and experts achieved
a score of 0, indicating that every participant in both groups
fulfilled the requirements in the metrics.

The simulation performance metrics showed significant
differences between novice and expert surgeons regarding
their speed, acceleration, and jerk metrics during suturing.
Negative t values indicate that experts achieved lower
mean scores in these metrics than novices, suggesting a
more controlled and smoother suturing motion coupled
with consistent speed. The statistical significance of these
differences is confirmed by P values (speed, P Z .00090;
Volume 3, No. 4 : 2024 iGIE 459

http://www.iGIEjournal.org


Figure 5. A, Acceleration difference between novice and expert groups during suturing. B, Jerk difference between novice and expert groups during
suturing. C, Speed difference between novice and expert groups during suturing.

TABLE 6. Welch’s t test scores comparing novice and expert
participants for the suturing task

Values Speed Acceleration Jerk

t value –4.0827 –4.0982 –4.0988

Degrees of freedom 11 11 11

Critical value 1.796 1.796 1.796

P value .00090 .00088 .00088

Validation of the virtual bariatric endoscopic simulator Erden et al
acceleration, PZ .00088; jerk, PZ .00088). These findings
support the evidence based on relationships to other vari-
ables of this simulator.

Consistent degrees of freedom and critical values across
metrics indicate a uniform experimental design and analysis.
The experimental conditions and statistical procedureswere
consistently applied across different metrics, reinforcing the
confidence in the statistical significance of the observed dif-
ferences in speed, acceleration, and jerk metrics between
novice and expert surgeons during suturing. The greater
variability in performance among novices points to the sub-
stantial potential for skill enhancement through focused
training, offering valuable insights for surgical training pro-
grams to prioritize the development of fine motor skills
460 iGIE Volume 3, No. 4 : 2024
and narrow the proficiency gap characteristic of less-
experienced surgeons. The implications of these differences
may indicate that novice endoscopists could benefit from
additional training to refine their suturing strategies more
in line with the experienced endoscopists.

In conclusion, in this study, we carried out preliminary
face validation and evidence based on test content and on re-
lationships to other variables of our ViBE simulation software,
which shows promise in improving the training paradigm for
the ESG procedure, ultimately aiming to enhance accessi-
bility to this emerging weight loss procedure.

We used pre-training and post-training questionnaires,
performance, and simulation metrics throughout the valida-
tion process. Post-training questionnaire results were used
for the face validation and evidence based on test content
of our simulation. We implemented automated, objective,
inverted performance metrics for evidence based on rela-
tionships to other variables and noted differences between
expert and novice performance. Of 19 performancemetrics,
experts outperformed novices in 12 metric items. Experts
and novices hadmatching grades on 4metric items, whereas
novices only outperformed experts in 3. For the total score,
the novices’ average score was 35.43, whereas the experts’
average score was 24.6.
www.iGIEjournal.org
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With this work, we established the foundation of an ESG
simulation. The ViBE simulator facilitates APC marking, su-
turing, and cinching tasks of the ESG procedure. It pro-
vides automated and objective feedback at the end of
the simulation session, enabling participants to refine their
skills and expedite their learning.

We continue to incorporate user feedback to enhance
the simulator’s performance and plan to integrate a real-
istic hardware interface in the next development phase.
Currently, the communication part is excluded from the
scoring system because of its dependence on an assistant.
Future work will include a fully capable artificial intelli-
gence assistant that will respond to verbal commands
from the surgeon, improving these aspects of the scoring
system.
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