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Abstract
Background  Endoscopic sleeve gastroplasty (ESG) is a minimally invasive endoscopic weight loss procedure used to treat 
obesity. The long-term goal of this project is to develop a Virtual Bariatric Endoscopy (ViBE) simulator for training and 
assessment of the ESG procedure. The objectives of this current work are to: (a) perform a task analysis of ESG and (b) 
create metrics to be validated in the created simulator.
Methods  We performed a hierarchical task analysis (HTA) by identifying the significant tasks of the ESG procedure. We 
created the HTA to show the breakdown and connection of the tasks of the procedure. Utilizing the HTA and input from 
ESG experts, performance metrics were derived for objective measurement of the ESG procedure. Three blinded video raters 
analyzed seven recorded ESG procedures according to the proposed performance metrics.
Results  Based on the seven videos, there was a positive correlation between total task times and total performance scores 
(R = 0.886, P = 0.008). Endoscopists expert were found to be more skilled in reducing the area of the stomach compared to 
endoscopists novice (34.6% reduction versus 9.4% reduction, P = 0.01). The mean novice performance score was significantly 
lower than the mean expert performance score (34.7 vs. 23.8, P = 0.047). The inter-rater reliability test showed a perfect 
agreement among three raters for all tasks except for the suturing task. The suturing task had a significant agreement (Inter-
rater Correlation = 0.84, Cronbach’s alpha = 0.88). Suturing was determined to be a critical task that is positively correlated 
with the total score (R = 0.962, P = 0.0005).
Conclusion  The task analysis and metrics development are critical for the development of the ViBE simulator. This prelimi-
nary assessment demonstrates that the performance metrics provide an accurate assessment of the endoscopist’s performance. 
Further validation testing and refinement of the performance metrics are anticipated.

Keywords  Endoscopic simulator · Medical education · Endoscopic sleeve gastroplasty · Hierarchical task analysis · 
Bariatric endoscopy

Obesity is a major global public health problem [1, 2]. For 
patients with obesity Class II (BMI 35 kg/m2 to < 40 kg/
m2) or Class III (> 40 kg/m2), the most potent treatment for 
effective and sustained weight loss is bariatric surgery [3]. 

Unfortunately, only 1% of the eligible patients receive bari-
atric surgical treatment for their obesity due to cost, access 
to care, personal preference, and associated risks [4, 5]. To 
fill the gap between invasive bariatric surgical procedures 
and intensive lifestyle and diet therapy, endoscopic sleeve 
gastroplasty (ESG) is rapidly emerging as a novel technique 
that provides an incision-less, effective alternative therapy to 
patients, especially for the candidates that are not otherwise 
eligible for surgery.

ESG is a minimally invasive non-surgical procedure 
that utilizes a full-thickness endoscopic suturing platform 
to decrease the effective size of the stomach. This proce-
dure reduces the size of the gastric reservoir, delays gastric 
emptying, and induces early satiety, thereby eliciting sig-
nificant weight loss [6]. The procedure is performed using 
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an endoscopic over scope suturing platform (Overstitch™, 
Apollo Endo-surgery, Inc, Austin, TX, USA). The ESG pro-
cedure has shown encouraging short and mid-term results. 
In a study conducted by Sharaiha et al. [7], a total of 216 
patients (68% female) between the ages 33–59 with a BMI 
between 33 and 45 kg/m2 underwent ESG. Out of the 216 
patients, 38 patients were eligible for a 5-year follow up. 
At 5 years post-procedure, the mean total body weight loss 
(TBWL%) percentage was 15.9%. Furthermore, the results 
are shown to be durable with mid-term and long-term data 
accumulating [8]. With a low complication profile, a short 
recovery period, and suggestions of cost-effectiveness, ESG 
is a promising alternative treatment for patients suffering 
from Class 2 or Class 3 obesity.

ESG is a procedure that requires experience and train-
ing in endoscopic suturing. The procedure requires intricate 
endoscopic handling and multiple technical steps to suc-
cessfully place full-thickness sutures in the stomach. The 
procedure requires the knowledge and use of multiple cath-
eters within the system to grasp tissue, exchange the suturing 
needle back and forth within the tissue, and cinch sutures. 
Endoscopists and surgeons must be well-trained in endo-
scopic suturing and this specific application of endoscopic 
suturing to safely and effectively perform an ESG. Currently, 
the most common training for endoscopic suturing is from 
industry or medical society sponsored courses that utilize 
suturing in ex-vivo porcine specimens. Such specimens can 
be costly and are limited to one-time use. Further, the por-
cine anatomy is somewhat different from human anatomy, 
and with ex-vivo specimens, the tissue tension and lack of 
perfusion (i.e., no oozing or bleeding risks) lead to a lack 
of realism. As a reflection of the need for physician train-
ing in this realm, the American Society for Gastrointestinal 
Endoscopy (ASGE) provides a skill, training, assessment, 
and reinforcement (STAR) program for endoscopic suturing 
[9]. This program is a modern online curriculum that con-
tains three parts. Those three parts are an online curriculum, 
a live course, and a post-course skill assessment. The hands-
on portion of this program is the live course with endoscopic 
suturing performed on ex-vivo porcine specimens [10].

Without previous knowledge of suturing, ESG takes 
around thirty-five cases to attain basic proficiency [8, 11]. 
Endoscopists already proficient in endoscopic suturing can 
expect to become proficient in ESG after approximately 
seven actual cases [12]. To overcome such issues in train-
ing and to shorten the learning curve, virtual reality (VR)-
based training may provide unique benefits to learning this 
procedure. Such VR tools are already being developed for 
endoscopy, minimally invasive [13] and open surgery [14], 
cricothyrotomy [15, 16], and rotator cuff [17].

Researchers have explored the effects of VR simulation 
on physical rehabilitation, pain management, surgery train-
ing, anatomical education, and the treatment of psychiatric 

disorders [18]. Compared with traditional methods, VR 
technology is emerging as an effective and efficient tool 
in the aforementioned areas [18]. Medical simulators have 
been shown to reduce the risk of error caused by humans 
and increase the safety of patients by training medical stu-
dents more efficiently in a short period [19]. Using VR has 
improved learning in 17 (74%) studies and higher accuracy 
in medical practice in 20 (87%) studies [20]. VR train-
ers allow clinicians access to unlimited training materials 
that could reduce training costs and learning curve. VR 
based simulators have also seen significant adoption in 
bariatric surgery over the years [21, 22]. VR in laparo-
scopic surgery has been proven to be effective for training 
surgeons and the development of VR simulated curricula 
continues to grow [23, 24]. A VR simulator is now used 
for the Fundamentals of Endoscopic Surgery (FES), which 
is a pre-requisite for the Board certification in general sur-
gery [25]. While cost has been pointed out as an obstacle 
in adopting VR, the rapid acceleration of computational 
technology and widespread adoption of VR are expected to 
address that issue. VR-based training simulators offer risk-
free training and assessment at different levels and allow 
trainees to perform repetitive tasks and receive objective 
feedback on their performance. It is anticipated that VR 
training would have a positive impact on ESG and other 
endobariatric procedures.

Our ultimate goal is to develop and validate a Virtual 
Bariatric Endoscopic (ViBE) simulator that can simu-
late ESG procedures to train and assess trainees in this 
procedure. To achieve this, the first steps require an in-
depth depiction of the tasks and sub-tasks associated with 
ESG. Hierarchical task analysis (HTA) has been shown 
to overcome the limitations of classical methods in ana-
lyzing complex tasks [26]. An HTA aims to distill tasks 
into subtasks to a level of detail in executable or observ-
able actions [26]. Metrics derived from the HTA allow 
for objective evaluation of the trainees and development 
of goal scores for competency-based performance evalu-
ation. We have developed and effectively used HTA for 
cricothyroidotomy [24], endoscopic submucosal dissec-
tion [27], and shoulder arthroscopy [28] procedures. HTAs 
have been developed for endoscopic sinus surgery (FESS) 
[29], robotic sacro colpopexy simulation [30], vertebro-
plasty simulator [31], medication administration [32], 
human factors in anesthetic practice [33], and improving 
patient positioning for direct lateral interbody fusion in 
spinal surgery [34].

In this study, we aim to create an HTA of the ESG 
procedure and develop a preliminary set of metrics con-
cerning each task. Secondarily, we will use the proposed 
metrics to analyze the performance of expert and novice 
endoscopists based on a set of ESG procedural videos.
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Materials and methods

The Indiana University Human Research Protection Program 
has determined the project does not require an IRB review 
due to the project not involving human subjects.

Creation of HTA: procedure analysis

The HTA was developed using an iterative process, led by 
two experts in advanced endoscopy with clinical experience 
in ESG. The process included an extensive review of the 
medical literature regarding the technique of ESG, analysis 
of ESG procedural videos, and experts’ opinions. The ESG 
procedure was divided into tasks and subtasks, with optional 
tasks noted when applicable. The tasks and subtasks were 
then organized into a hierarchical task tree based on the 
expected chronological order of tasks and subtasks.

Creation of HTA: identification of operative errors

Based on the literature review and expert review, we com-
piled the most significant errors associated with ESG in 
Table 1. During the diagnostic Esophagogastroduodenos-
copy (EGD) phase, the primary error that (rarely) occurs 
is oropharyngeal trauma and perforation of the examined 
parts of the upper gut including esophagus, stomach, and 

proximal duodenum. The resulting complications can be a 
free flow of air, fluid leak, and infection. As for the suturing 
phase, multiple errors can occur. Suturing errors may lead 
to incomplete gastric plication, perforation, bleeding, pre-
mature displacement of suture, inadequate or excess suture 
tension, and incorrect suture pattern.

Metric creation

Currently, no standardized quality or procedure metrics exist 
for ESG. Thus, there is no existing set of metrics that have 
been devised or validated. Utilizing the information from the 
hierarchical task analysis and with input from endoscopic 
experts in ESG, performance metrics were derived for objec-
tive measurement of the ESG procedure. The hierarchical 
tasks and subtasks were analyzed on an individual basis. 
When a desired/less desired/undesired option existed for a 
task/sub task, this was incorporated into the devised metrics.

The metric scoring system incorporates performance 
components that account for optimal and suboptimal actions 
and the time to complete the procedure and its tasks, similar 
to prior performance metric systems for virtual reality simu-
lators [27]. To most effectively incorporate time as a func-
tion of the metrics, our proposed system utilized an inverted 
graded scoring system with the best action on a task given as 
a score of 0, an acceptable action a score of 3, and a failed 
attempt a score of 5, where applicable. Therefore, a lower 

Table 1   Operative errors and complications

Phase Errors and mistakes Occurrence and complications

Diagnostic EGD • Oropharyngeal trauma
• Perforation [35]

• Free flow air
• Fluid leakage
• Infection

Suturing [36] • Perforation
• Bent suturing needles
• Loose suture (incorrect cinch)
• Not enough suture bites
•Non-full thickness endoscopic sutures
• Prematurely released suture
• Bleeding/ Oozing blood
• Esophageal Oropharyngeal tear/trauma
• Incorrect suture location
• Damage to adjacent organs

• Bleeding [37]
• Excessive tension
• Blood clot forming
• Incomplete or incorrect gastric plication
• Abcess formation
• Extragastric bleeding or organ damage
• Tear or perforation

Overall procedure/general surgical 
risks

• Prolonged anesthesia (due to long completion time) [38] • Thromboembolism
• Post-operative infection
• Hypothermia
• Fever with no procedure-related collec-

tion
• Perigastric collection with bilateral 

pleural effusion
• Perigastric collection with left-sided 

pleural effusion
• Severe abdominal pain/nausea
•Readmissions + conservation manage-

ment
• Readmission + reversal of ESG [39]
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overall score signifies better performance. Since we are also 
dealing with time metrics where longer time means a worse 
performance, inverting our metrics was the best decision.

Analysis of ESG videos with relation to tasks 
and metrics

We analyzed seven full-length ESG procedure videos per-
formed on ex-vivo porcine specimens for a separate train-
ing study. There were videos from endoscopists both with 
and without significant endoscopic suturing experience. 
Endoscopists considered an expert in endoscopic suturing 
performed four procedures (2 experts performed 2 proce-
dures each), and endoscopists considered novice to endo-
scopic suturing performed three procedures (3 novices per-
formed one procedure each). The expert determination was 
based on their previous experience performing clinical ESG 
for clinical indications and at least 50 cases with the endo-
scopic suturing device. Novice determination was based on 
no prior clinical ESG experience and < 5 independent cases 
with the endoscopic suturing device. All participants had at 
least 4 years of clinical endoscopy experience, with at least 
1 year of advanced endoscopy training. Each ESG procedure 
was recorded from 3 different views using (1) a video camera 
mounted on the endoscopist’s head; (2) the endoscopic view; 
(3) a stationary video camera focused on the endoscope and 
endoscopist’s hands. Representative views are illustrated in 
Fig. 1. During the ESG procedures, an expert in ESG was 
available for those in the novice group to answer procedural 
or technical questions, if prompted.

We analyzed the seven procedural videos to assess 
whether the HTA captured all the essential steps and their 
variations (e.g., differences among endoscopists). In our 
timing analysis, we analyzed each procedural video and 
measured the precise task and procedure times using Win-
dows and VLC media players. For each major task that was 
defined in our HTA, we identified the start and end times 
corresponding to each task (Table 2). A group of three exter-
nal raters (not involved in the endoscopic procedures) was 
used to determine the timing and scores for each video based 
on the procedure-specific metrics created. The total time for 
each task as well as the time to complete the entire procedure 
was collected for each performance and used for descriptive 
statistical analysis.

Before analyzing our data, we hypothesized that the time 
it takes to perform certain tasks, as well as the entire proce-
dure, would be closely correlated to the task scores and the 
total scores. This hypothesis is supported by previous stud-
ies where the experience and skill level of surgeons affected 
the total duration of the surgery and specific tasks [24, 28]. 
We performed Pearson’s correlation tests between times and 
scores by using R studio alongside Microsoft Excel for basic 
data manipulation.

Results

Hierarchical task analysis

The hierarchical task analysis (HTA) is organized according 
to a hierarchy of phases, tasks, and subtasks. Each phase is 
divided into tasks and, where appropriate, sub-tasks. In our 
HTA, the tasks are categorized under three main phases: (a) 
pre-procedure; (b) evaluation; and (c) ESG procedure. The 
HTA and all three phases and their tasks are shown in Fig. 2. 
In the graphical representation of this HTA, arrows in figures 
indicate the linear progression of the procedure, and each 
branch under the phases and tasks represents the progression 
of task execution. The four main tasks in the HTA that make 
up the three phases are preparation, checking tools, diag-
nostic Esophagogastroduodenoscopy (EGD), and suturing. 

Fig. 1   ESG procedures were recorded from three different views, a 
head-mounted camera view, b stationary side view, and c endoscope 
view
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Based on expert opinion and review of the available litera-
ture, it was appreciated that there is some variability in the 
technical aspects of ESG. Thus, where applicable, optional 
or variable tasks were outlined where able.

The first phase in HTA is the preparation phase, which 
begins with sedation (often general anesthesia followed by 
endotracheal intubation). Although not common, some cent-
ers do perform ESG with moderate or deep conscious seda-
tion without endotracheal intubation. After anesthesia, the 
patient is placed in the left lateral decubitus position, given 
prophylactic antibiotics and deep venous thrombosis prophy-
laxis. The endoscopist assesses that all instruments are com-
plete and prepared for the procedure. After the endoscopist 
confirms that all tools are present, they will advance to the 
diagnostic EGD phase that commences by inserting the sin-
gle-channel diagnostic gastroscope (and the overtube, if used 
[40]) in the standard fashion. The next step in the diagnostic 
EGD phase is for the endoscopist to confirm the absence of 
any exclusion criterion for ESG, including presence of prior 
gastric surgery, gastric ulcerations, gastric varices, portal 
hypertensive gastropathy, or lesion suspicious for dysplasia 
or malignancy. The endoscopist will then insert the APC 
catheter into the working channel of the EGD scope. This 
phase concludes with the marking with interrupted lines of 
the three main points in the stomach—the anterior, posterior, 
and the greater curvature. The marking phase is identified 
as an optional task for experts in ESG; therefore, this step is 
indicated as optional by a yellow background on each sub-
task in the HTA representation. If the esophageal overtube 
is used (optional task), then at this time the overtube may be 
placed, prior to the suturing phase.

The last phase is the suturing phase, which begins by 
mounting the overstitch suturing platform on the double 
channel therapeutic gastroscope (the optional task is the 
use of the single-channel suturing system on a single chan-
nel therapeutic gastroscope). There is an alternative, newer 
suturing system (Apollo Endosurgery) designed for single 
channel therapeutic gastroscope [41]. The endoscopist must 

ensure that the suturing arm is closed and then load the first 
suture onto the suturing arm. They will then delicately insert 
the double-channel gastroscope into the oropharynx and then 
advance into the esophagus down into the stomach. Once the 
endoscopist has entered the stomach, they are required to 
identify the location of the first bite. The next step is to grasp 
the target tissue with the tissue helix. When grasping target 
tissue and using the cinch device, there are multiple sub-
tasks involved, indicated with “**” and “ ~ ” respectively, 
in Fig. 2.

When grasping the target tissue with the tissue helix, 
the endoscopist will first advance the catheter within the 
scope channel and choose the targeted tissue to grasp. The 
endoscopist will then instruct the assistant endoscopist to 
extend the helix device and rotate the blue cross 3–4 turns 
clockwise. The endoscopist will then pull the tissue with 
the catheter within the arm of the suturing device. Once this 
is completed and the endoscope is maneuvered to achieve 
optimal tissue capture, the endoscopist will close the sutur-
ing arm, transfer the suture to the catheter, reopen the arm, 
advance the tissue helix catheter with the endoscopist direct-
ing the assistant to rotate the blue cross 3–4 turns coun-
terclockwise to release the previously captured tissue and 
then retract the helix device. The steps of suturing bites 
are repeated in a running fashion (i.e., the anterior wall, 
the greater curvature, and the posterior wall) for a series 
of sutures, until the entire gastric lumen is sutured, up to 
the fundus. The number of bites per suture, the number of 
sutures per procedure, and the suture pattern are variable, 
but could affect the impact on the safety and effectiveness 
of the procedure. There are ongoing studies to help deter-
mine differences in suture placement and pattern. Despite 
their significance, the optimal use of sutures and pattern are 
still of high salience to the endoscopists [42]. It is reported 
that using fewer sutures could reduce procedure cost and 
time, which could also simplify ESG training [43]. At the 
moment, a common practice for ESG is about 6–7 sutures 
and 6–11 bites per suture. Different patterns can be used, 

Table 2   Start and end time events of each main task

Task Start time event End time event

Preparation General anesthesia Pre-procedure
DVT prophylaxis finished

Check tools Start gather tools All tools gathered
diagnostic EGD Insertion of single channel

Diagnostic gastroscope started
APC catheter inserted into the working channel 

of EGD scope
(if optional marking is chosen then marking the 

greater curvature will be the end event for this 
task)

Suturing Mounting of overstitch suturing platform on double-channel 
therapeutic gastroscope started

Double channel gastroscope removed

Total procedure Start of procedure End of procedure
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Fig. 2   Hierarchical decomposition tree for ESG phases. The forward arrows indicate a linear progression of the procedure. Sub-tasks involved in 
the tissue grasping and cinching are shown with “**” and “ ~ ”, respectively
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however, the most common one is the “modified U pattern” 
which goes from the anterior wall to the greater curvature, 
then to the posterior wall, back to the greater curvature, and 
back to the anterior wall.

The cinch device is used to tighten the sutures. Each time 
the cinch device is used, the endoscopist begins by directing 
the assistant to load the cinch onto the suture and advancing 
the cinch catheter through the scope until the ribbed portions 
of the catheter are visible endoscopically. The endoscopist 
then tightens the suture by extending the catheter gently 
while pulling on the suture and asking the assistant to deploy 
the cinch by applying pressure on the handle. This step is 
repeated just as the grasping subtask is repeated for each 
suture.

After completion of all sutures on the initial sleeve, a set 
of sutures called reinforcement sutures, are placed approxi-
mating the anterior and posterior walls of the plicated tissue 
of the sleeve to ‘reinforce’ the primary sutures. The use of 
reinforcement sutures may relatively improve weight reduc-
tion in one-year follow-up [8]. The created gastric sleeve is 
then examined with the endoscope, ensuring adequate sleeve 
creation and the presence of no complications such as perfo-
ration or ongoing bleeding. The last necessary steps of the 
suturing phase are to ensure that the suturing arm is closed, 
which is then followed by the removal of the double-channel 
gastroscope. If used, the overtube is then removed.

Scoring metrics

The scoring system incorporates performance components 
that account for optimal and suboptimal actions and the time 
to complete the procedure and its tasks, similar to prior per-
formance metric systems for virtual reality simulators [27]. 
The details of the metrics are shown in Figs. 3, 4, 5, 6, 7, 
8, 9, and 10. Our ESG metrics utilized an inverted scoring 
system with the best action on a task given as a score of 
0, an acceptable action a score of 3, and a failed attempt a 
score of 5. Therefore, a lower overall score signifies better 
performance, and the perfect score is zero.

Based on the HTA, we assigned metrics for seven dif-
ferent main tasks and each of their subtasks. Performance 
metric criteria were also created for complications and for 
the task times of the procedure. The overall time of the pro-
cedure was based on quartiles created from ex-vivo proce-
dural videos.

In ESG, for both EGD and APC, the tools are inserted 
into the pharynx, then into the esophagus, and finally into 
the stomach. Each of these steps is assigned a score of 0 
if there are no perforations and a score of 5 if there are 
perforations. The next step is marking, which is optional 
but will be scored if it is performed. Insertion of EGD and 
APC and optional marking metrics are seen in Figs. 3 and 
4, respectively.

Fig. 3   Insertion of EGD and 
APC metrics



	 Surgical Endoscopy

1 3

After the optional marking step, the next task is to insert 
the suturing arm, as shown in Fig. 5 below. We score the 
overstitch mounting with a 0 if it is properly installed, the 
suturing arm is closed, and the first suture is loaded, but 
if any of these sub-steps is not performed, the endoscopist 
will earn a score of 5. The endoscopist will be given a 0 
for adequately inserting the therapeutic gastroscope into the 
pharynx, 0 for inserting the therapeutic gastroscope into the 
esophagus, and a 0 for inserting the therapeutic gastroscope 
into the stomach.

The next major step in our metrics is to evaluate the sutur-
ing process shown in Figs. 6 and 7 below. The endoscopist 
will be given a 0 for starting the suturing at or proximal to 
the incisura angularis and a score of 0 for grasping the tissue 
in the proper area. Then they will be given a 0 for suturing 
near the APC mark (if used) with a parallel line or a 3 for a 
non-parallel line. This step is then repeated for the anterior 
wall, greater curvature, and the posterior wall. They will be 
graded for the suture order, suture direction, bite amount per 
suture, the amount of suture, whether the suture is tightened, 
the suture line, and the location of the last suture.

We developed metrics for possible complications. The 
scoring criteria are associated with endoscopists tackling 
specific issues such as severe bleeding or bent sutures 
(See Fig. 8). The task time is an important measure in dis-
criminating the experts and novices [27]. We measure the 
time performance of each main task and sub-tasks of the 
endoscopists. This can be seen in Fig. 9. There are four 
quartiles, each measured by seconds, for the first quartile, 
the total duration of the procedure must be under 2789 s; 
the second quartile is 280–4484  s, the third quartile is 
4485–6254 s, and the fourth quartile is 6255 s or more. The 
quartiles are calculated as; Quartile 1- is the lowest 25% 
of the time values, Quartile 2-time values that are between 
25% to the median, Quartile-3 is 25% above the median, 
and Quartile-4 is the highest 25% of the time values. The 
last metric is to score the communication skills between 
the endoscopist and their assistant technician, which can be 
seen in Fig. 10. Of note, due to the nature of the time and 
communication metrics, the scoring paradigm was changed 
slightly (instead of previously used ideal score 0, suboptimal 
score 5).

Fig. 4   Optional marking metrics

Fig. 5   Insertion of the suturing 
arm metrics
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We hypothesized that our metrics would distinguish 
between skill levels with experts attaining lower average 
scores (better score) than the novices. After the seven pro-
cedure videos were scored using the above derived metrics, 
we performed the Shapiro Wilk test on the total performance 
scores and had a P = 0.979, indicating normality in the data 
distribution. The average novice total score was 34.67, 
which differed by 10.92 points from the average expert score 
of 23.75, indicating a significant difference (P = 0.047). The 
overall scores for novice and expert endoscopists can be seen 
in Fig. 11.

As time is a possible key indicator of performance, as 
noted in the literature [8, 9], Pearson’s correlation test was 
performed to find any correlations between the task times, 
expertise level, and the performance scores. We observed 

a strong positive correlation between the total scores and 
the total time for completion (R = 0.893, P = 0.007). Fig-
ure 12 shows a scatter plot of the total score vs the total 
duration. We also observed a strong correlation of the total 
score with suturing performance (R = 0.962, P = 0.0005). 
Figure 13 below contains two box plots that illustrate the 
average time completion score for expert (2.25) and novice 
(6.0) participants.

The suturing task was the task with the most variance 
in scores. Pearson’s correlation test showed that the num-
ber of sutures performed had a strong positive correlation 
(R = 0.882, P = 0.009) with experience level, while suturing 
and its sub-task, suture bite thickness, also showed a strong 
positive correlation (R = 0.895, P = 0.006). Figure 14 below 
shows two box plots that illustrate the comparison of average 

Fig. 6   Suturing metrics
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suturing scores for expert and novice participants. The 
remaining significant correlations are presented in Table 3.

Figure 15 below compares expert and novice for the 
time it took to perform the first stay suture. The box plot 
shows that the novices took longer to complete the first stay 
reinforcement suture. We ran the Shapiro Wilk test on stay 
suture time and had a P value of 0.393, indicating normality 
in the data distribution. A Wilcoxon test showed margin-
ally significant evidence of a difference between experts and 
novices (P = 0.057).

Figure 16 below shows the expert and novice times for 
mounting the overtube and loading the suture times. The 

box plots show that the experts took significantly less time 
than the novice did. We ran the Shapiro Wilk test on the 
mounting time (P = 0.023) and loading time (P = 0.0745) 
showed that the mounting time was not normally distrib-
uted while loading time is normally distributed. A two-
sample t test assuming unequal variances showed a sig-
nificant difference between the expert and novice groups 
for the loading time (P = 0.0013).

Fig. 7   Suturing metrics con-
tinued

Fig. 8   Complications metrics

Fig. 9   Time completion metrics
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Operative times and inter‑rater reliability

All three raters timed and graded each procedure using the 
metrics derived from the HTA. IBM SPSS 26 software was 
used to compute the inter-rater class correlation coefficient 
(ICC) and Cronbach’s alpha. The three raters recorded the 

times for all seven of the procedures and each corresponding 
task based on each task’s start and end time. The inter-rater 
reliability test showed a perfect agreement (ICC = 1.0, Cron-
bach’s alpha = 1.0) among all the raters for all tasks except 
for the suturing task. The suturing task had a significant 
agreement (ICC = 0.84, Cronbach’s alpha = 0.88) between 
the raters. Three out of the four experts operated faster than 
all the novice endoscopists. The slowest expert endoscopist 
operated in 4594 s while the fastest novice operated in 
4484 s. The distribution can be seen in Fig. 17.

Post‑procedure stomach analysis

We performed image processing to quantify the percentage 
in the reduction of the stomach area after ESG in the seven 
ex vivo procedures analyzed. Images of the specimens before 
and after the procedure were taken using an iPhone 11 with 
dual 12MP supporting ultra-wide aperture (ƒ/2.4) and 120° 
field of view. For reference and calibration, a marked ruler 
was placed in the experiment field near the specimen. Using 
ImageJ [44] analyzer (Rasband, W.S., ImageJ, U. S. National 
Institutes of Health, Bethesda, Maryland, USA), areas of 
all the specimens were calculated by a single reviewer (see 
Fig. 18).

Fig. 10   Communication metrics

Fig. 11   The average total score of experts and novices
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Based on our results, novice endoscopists reduced the 
stomach an average of 9.38% compared to 34.62% by 
experts, as seen in Fig. 19. We ran the Shapiro Wilk test 
on stomach reduction and had a P value of 0.485, indicat-
ing normality in the data distribution. A two-sample t test 
assuming unequal variances showed a significant difference 
between experts and novices (P = 0.01).

Discussion

In this paper, we presented a hierarchical task analysis 
of the ESG procedure, developed metrics of performance 
evaluation for the ESG, and analyzed the performance of 

expert and novice endoscopists based on ESG procedural 
videos. These are all important steps in the development of 
our high-fidelity, virtual reality ESG simulator. The HTA 
demonstrates that the ESG is a procedure with a complex 
set of tasks and sub-tasks, which should be learned and 
practiced by trainees.

Based on our scoring metrics, a positive correlation 
between time and the total score was observed. Further-
more, there was a significant correlation between expe-
rience with prior suturing and both total time and total 
score. Both these correlations suggest that the proposed 
metrics are deemed useful to distinguish between prior 
experience and skill level.

Fig. 12   Total score vs total 
duration scatter plot

Fig. 13   Average time completion scores by skill level Fig. 14   Average suturing scores by skill level
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A strong positive correlation between the total time for 
completion and the evaluation of the sleeve for ‘need for 
reinforcement sutures’ indicates that the endoscopists that 
did not effectively perform this evaluation are more likely 

to be novices. Likewise, a strong negative correlation was 
observed between the total procedural time and stomach area 
reduction, therefore as the time it took to perform the entire 
procedure increased, stomach area reduction decreased. Our 
reasoning and also an expected observation is that expert 
endoscopists took less time and they were also more effec-
tive in reducing the stomach area.

We observed a strong positive correlation with the total 
score and the task of suturing, whether each bite was a 
full-thickness bite, and the total time for completion. This 
shows that when the total score was higher (i.e., lower per-
formance), so was the suturing scores, specifically suture 
bite thickness, and the total time it took to complete the 
procedure. Since suture bite thickness is a subtask of the 
main suturing task, there was an expected strong positive 
correlation between the two. Since suturing was the only 
task that correlated with the total score, it is the most critical 
part of the procedure.

There are some limitations to this study. First, we had a 
limited number of procedural observations (n = 7). There 
is some degree of variability in the clinical and described 
technique of the ESG between endoscopists. This is 

Table 3   Significant Pearson’s 
correlation test results

Correlation task/s and time/s Pearson’s correla-
tion (R)

Significance (P)

Change in area of stomach and mounting the over tube time  − 0.925 0.003
Change in area of stomach and loading first suture time  − 0.949 0.001
Mounting time and loading time 0.871 0.011
Total procedure time and change in the area of the stomach  − 0.823 0.023
First stay suture and mounting time 0.904 0.005
First stay suture and loading time 0.827 0.0219
Total time for completion and evaluation of sleeve for ‘need for 

reinforcement sutures’
0.881 0.009

Fig. 15   Time for first stay suture

Fig. 16   Mounting and loading time by skill level

Fig. 17   Operative times
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expected with an endoscopic or surgical procedure but 
makes the creation of a precise HTA somewhat difficult. 
Where variability was identified, we made denotations of 
a sub-task being optional. The devised HTA is not meant 
to be a standard or expected procedural set of instructions, 
but instead a most commonly accepted composition of the 
procedural parts. With regard to the procedural metrics, 
there are no prior metrics within bariatric endoscopy or 
endoscopic suturing to guide the creation of the above 
metrics. Thus, future studies will be expected to validate 
the metrics, and future modification and refinement of the 
proposed metrics could be anticipated.

Conclusion

With the long-term goal of improving training and perfor-
mance assessment for ESG using simulator-based training, 
we presented an HTA based on expert knowledge of the 
procedure. Although the analysis presented here will pave 
the way to develop the clinically relevant and authentic high-
fidelity simulator, it can also be utilized for assessment and 
feedback in ESG training using a conventional setting. In 
our study, we analyzed videos of both experts and novice 
endoscopists who performed the ESG procedure on ex-vivo 
porcine specimens. We found correlations for all tasks and 
subtasks in our graded results and the specific times it took 
to perform those tasks. When analyzing these correlations, 
we searched for defining characteristics of both experts and 
novice endoscopists. One of the informative conclusions 
from Pearson’s correlation test results showed the num-
ber of sutures performed had a strong positive correlation 
(R = 0.882) with years of experience.

Not only did we identify the important tasks of the 
ESG procedure, but we also found that the total dura-
tion of the procedure can indicate the level of expertise 
of an endoscopist. This can be seen when looking at the 
correlation between the total duration and area changed 
(R =  − 0.823). The longer th e procedure took, the less effec-
tive the endoscopist was at reducing the size of the stomach- 
a likely indication of lack of experience. We would like to 
note that the sample size in our analysis is a limitation.

We plan to incorporate the findings of our HTA and 
procedural metrics into the creation of our VR-based ESG 
simulator. Further validation of these will be performed in 
advanced phases of the simulation development.

Fig. 18   a Porcine stomach specimen before and b right after the ESG procedure. The yellow highlighted region in (a) is an area estimation using 
ImageJ analyzer (Color figure online)

Fig. 19   The average reduction of the stomach by skill level
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