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Abstract
Background and Aims  The COVID‐19 pandemic has led health institutions to cancel many of the activities including train-
ing in different fields. Most practices and training programs have been encouraged to use teleproctoring as an alternative 
method to enhance physician’s ability and assure training. We aimed to evaluate remote training program for endoscopy 
sleeve gastroplasty (ESG).
Methods  Ten consecutive patients underwent an endoscopic sleeve gastroplasty procedure guided by a proctor expert using 
an online platform. A stepwise approach was created to assure skill acquisition.
Results  All cases were safely performed with no serious adverse events under teleproctoring. The average surgical and 
suturing times significantly decreased during the training model. From the first 5 cases to the last 5 ones, the endoscopic 
procedure time decreased from 120 to 93.4 min while suturing time from 92.8 to 68.4 min. The effect size was large in both 
cases, and the changes were meaningful according to the fitted learning curves.
Conclusions  The proposed teleproctoring program was effective to deliver advanced endoscopic skills such as endosuturing 
for ESG, despite the restrictions imposed by the COVID-19 pandemic.
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Introduction

Although bariatric procedures have solid outcomes in fight-
ing obesity, complications such as leaks and weight regain 
may arise. In this sense, numerous patients refuse surgery 
but are receptive to less-invasive alternatives for weight loss. 
Bariatric endoscopy is a rising subspecialty that has altered 
the way of dealing with patients looking for nonsurgical bari-
atric treatments. It provides relevant, long-lasting weight loss 
and improves obesity-related comorbidities in a relevant per-
centage of subjects in short and midterm. It is particularly 
indicated for patients unfit for surgery, especially those with 
obesity grades I and II without associated comorbidities [1, 2].

The endoscopic sleeve gastroplasty (ESG) is a minimally 
invasive procedure that reduces the size of the gastric cham-
ber. It involves remodeling of the greater curvature of the 
stomach by applying endoscopic full-thickness suturing. The 
procedure can help individuals with obesity in promoting 
weight loss and improving some health conditions [3, 4].

Key points   
• The COVID-19 pandemic has imposed several restrictions to  
   in-person learning, and teleproctoring has risen as a suitable  
   alternative.
• A telementee is capable of acquiring advanced endoscopic skills  
   assessed through a learning curve model.
• The proposed teleproctoring stepwise approach to teach endoscopic  
   sleeve gastroplasty is feasible and effective.
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Training in bariatric endoscopy (BE) and establish-
ing a training program in bariatric endoscopy require 
dedication and commitment from various participating 
parties, mainly trainees and educators. Although develop-
ing technical endoscopic expertise is essential, training 
in bariatric endoscopy requires a substantial cognitive 
component that is best obtained through working in a 
multidisciplinary setting.

Traditionally, trainees learn how to perform endoscopy 
in a clinical setting under the supervision of an expert 
endoscopist. This teaching method benefits from on-the-
job training and from receiving immediate feedback from 
the supervisor. Alternatively, teleproctoring has long been 
employed in surgical training and allows virtual real-time 
instructions through video and audio interaction from a 
distant location. In this sense, the proctor may train a fel-
low in a clinical environment [5, 6].

The COVID-19 pandemic and the following social 
distancing guidelines fostered technological innovations 
and training within medicine and medical education. As 
such, it also created a timely opportunity to employ tele-
proctoring in BE training. Despite on-site or teleproctor-
ing, one should always consider the key elements for an 
adequate learning process: clear definition of the learning 
goals, appropriate assessment of those goals, assessment 
of and respect to the trainee’s own learning pace, progress 
assessment, and controlled feedback [7].

Of note, there is no scientific literature regarding 
teleproctoring for the ESG to date. Thus, this is the first 
report to describe a teleproctoring training program to 
perform such endoscopic bariatric therapy.

Methods

One expert physician in bariatric endoscopy, whose abili-
ties had been previously demonstrated, created a stepwise 
teleproctoring training program. A trainee, who was famil-
iar with basic endoscopic therapeutic procedures (intragas-
tric balloon, hemostasis techniques, endoscopic mucosal 
resection, etc.), received theoretical classes, practices, and 
tests for handling the device. The proctor implemented the 
training by remotely mentoring and evaluating the process 
through broadband connectivity, action cameras, video 
capture cards, tripods, smartphones, and Bluetooth ear-
buds. Internet connection was tested before each procedure 
and meeting to be at a minimum of 10mbps (megabites per 
seconds). Both proctor and trainee used wired connections 
but had 4G connections as a backup in case of connectivity 
issues during livestreaming. A web conferencing platform 
(ZoomR) was used for the training sessions and the cases as 
well. It allows users to directly interact via audio and video 
call. Along with 2 room webcams, the endoscopy tower 
video output was connected to a video capture card and from 
that to a computer linked to a Zoom meeting for broadcast-
ing (Fig. 1). The trainee carried out the training process and 
the endoscopic procedures at a private clinic in Ecuador 
from March to August 2020, while the telementor was an 
expert from Brazil. All patients agreed to participate in this 
educational program and signed a written informed consent 
to undergo the ESG under this teleproctoring program. The 
project was approved by the local ethics committee.

Description of teleproctoring training program

The training project comprised at least 6 online meetings, 
as follows:

Fig. 1   Schematics of the endos-
copy transmission
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First meeting: understand the needs and establish the 
goals and present the current literature and didacts.

Second meeting: to define patient selection, pre- and post-
procedural care protocols, alignment of language (Spanish), 
and tech wording.

Third meeting: broadcasting a procedure that the local 
team was already trained and comfortable with (intragastric 
balloon placement); this meeting also aimed at testing Inter-
net status, room scenic, camera positioning, and communi-
cation (proctor to surgeon through wireless headphones).

Fourth meeting: to present and discuss eligible patients.
Fifth meeting: ex vivo hands-on lab training under tele-

proctoring guidance; during this step, the trainee got familiar 
with the equipment and suturing device; one porcine stom-
ach was used to perform several sequential stitching until 
suturing maneuvers were fully understood; the stitching pat-
tern followed the ESG principals, but the aim of this step 
was mainly acquisition of suturing motor skills; therefore, 
the trainee performed stitches until there was no remaining 
suturing sites in the stomach.

Sixth and following meetings: real human ESG cases 
under teleproctoring guidance.

Theoretical component

The proctor presented scientific literature and procedure-
related data for theoretical learning. Moreover, the trainee 
received video cases to get familiar with the relevant anat-
omy and steps of the procedure. Both mentor and student 
defined the theoretical learning goals at the first meeting. 
The following online encounter took place 3 months after 
the one, by the time the trainee had plenty theoretical knowl-
edge concerning the proposed procedure.

Practical component

The proctor evaluated the trainee’s endoscopic skills before 
initiating the specific training. From that on, the proctor 
accompanied the trainee during all learning and improve-
ment process in real time. By video web meetings, live 
interactive demonstration of techniques and maneuvers were 
provided to the student. The proctor was able to follow the 
trainee’s performance in real time, and they could commu-
nicate during the session to refine the technique.

Patients’ preparation

Before the ESG procedure, patients must comply with sev-
eral topics: office visit to an internist for preoperative evalu-
ation; office visits to nutrition specialist, psychologist, and 
endocrinologist; and an elective upper digestive endoscopy. 
Patients underwent ESG under general anesthesia and the 

procedures were carried out on left lateral position and after 
administration of antibiotic prophylaxis.

Technique

The endoscopic sleeve gastroplasty (ESG) involves the 
placement of internal stitches to the stomach to reduce the 
volume and make it tubular. All procedures were performed 
in a private endoscopy clinic. For ESG, a double-channel 
gastroscope (Olympus CV160, Olympus Medical Systems 
Corp, Tokyo, Japan) and CO2 insufflation were employed. 
A specific esophageal overtube (Apollo Endosurgery, Aus-
tin, TX, USA) facilitated the passage of suturing device and 
minimized deflation as it carries a balloon cuff at its dis-
tal end. The Apollo Overstich® is an endoscopic suturing 
system that allows full-thickness tissue apposition using a 
curved needle and polypropylene 2–0 threads. The first stitch 
was where the Incisura Angularis meets in the anterior wall 
and then following an imaginary straight line in the direction 
of the posterior passing through the greater curvature at an 
estimated distance of 2 cm from each stitch. Once the suture 
line reached the posterior wall, it should return to the ante-
rior line in a similar fashion forming the “U” stitching pat-
tern. On the following sutures, the same pattern was applied 
on the gastric body distal to proximal up to the proximal gas-
tric fundus. The surgical procedure was performed according 
Galvao Neto et al.’s description [8] and clinical management 
according to the Brazilian Consensus on ESG [9].

Statistical analysis

Results were reported as mean ± standard deviation (SD) for 
continuous data and as frequencies and proportions for cat-
egorical data. Groups were compared using Mann‐Whitney 
U tests for non‐parametric continuous variables. Cohen coef-
ficient was used to assess the effect size. Values between 0.2 
and 0.49 were interpreted as small effect, those between 0.5 
and 0.79 as moderate effect and values greater than 0.8 as 
large effect. To define the “learning curve,” nonlinear regres-
sion was used to fit an inverse curve, with case number as 
the independent variable and procedure time as the depend-
ent variable. This statistical method yields an estimate of a 
(asymptote) and b (slope), as described by Feldman et al. 
[10]. Two values were derived from these estimates: “learn-
ing plateau,” defined as the theoretical best score achievable 
(when X = infinity, Y = a) and the “learning rate,” defined as 
the number of procedures required to reach 90% of potential 
(Y = 0.9a when X = 10 *b/a). The outcome measurements 
were length of procedure (LOP). The LOP was defined as 
time from initial endoscope entry into the mouth to final 
endoscope withdrawal. Data sets were compiled using 
Microsoft Excel, and all statistical analyses were performed 
using SPSS version 24 (SPSS Inc, Chicago, IL, USA).
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Results

During this training program, 10 adult patients were 
included, and all were successfully livestreamed in real 
time. Among those individuals, 60% were female and 40% 
were male. Patients were between 23 and 67 years old 
with a mean BMI of 37.7 kg/m2 (30.2–43.5). There were 
two intraprocedural adverse events, namely, one hematoma 
and one bleeding. However, only one required intervention 
(endoscopic clipping). No serious adverse events (SAE) 
were recorded in the postoperative period. Table 1 sum-
marizes the overall data from the procedures.

Mean duration of the endoscopic procedure and of the 
suturing suture were 106.4 min (75–142) and 80.9 min 
(57–115), respectively. The trainee experienced signifi-
cant reductions in overall operative time during the first 10 
cases (p ≤ 0.05). The effect sizes were 1.4 and 1.5, respec-
tively, which represent a large responsiveness to change. 
Table 2 summarized learning data, and Figs. 2 and 3 dem-
onstrate graphically the reduction in operative time.

The inverse curve was an acceptable fit for the perfor-
mance curves (Fig. 4), with r2 = 0.55 and r2 = 0.51 for endo-
scopic procedure and suturing duration, respectively. That 
means that the reduction in time from the first to the last case 
was meaningful. The trainee became experienced after the 
fourth case (turning point) in both cases. Of note, case 7 was 
notably longer than other due to intraprocedural bleeding 
which was managed by endoscopic clipping.

No problems regarding broadcasting were detected and 
the videos had enough definition for the proctor to follow 
the cases and intervene. Figures 5a and b illustrate the trans-
mission of the 9th case and reveals the satisfactory quality 
of the images.

During the training, the cameras projected clear real-
time images of procedures. Figure 6 shows the four possible 
images and scenes in an ongoing teleproctored ESG, and 
Fig. 7 demonstrates the schematics for room setup.

Discussion

This study describes the first training program to perform 
an endoscopic sleeve gastroplasty (ESG) under teleproctor-
ing guidance. Proctoring is considered a necessary step of 
a new skill acquisition. High band-width wireless technol-
ogy allows bidirectional visual and audio communication 
with minimal loss to a recipient’s ability to absorb key 
information.

Table 1   Overall data for the 10 endoscopic sleeve gastroplasty pro-
cedures

Gender

Female 6 (60%)
Male 4 (40%)
Age (years) 46.9 (23–67)
BMI (kg/m2) 37.7 (30.2–43.5)
Comorbidities
Diabetes 1/10 (10%)
Hypertension 4/10 (40%)
Hypothiroidism 4/10 (40%)
Obstructive sleep apnea 1/10 (10%)
Dyslipidemia 2/10 (20%)
Adverse events (intra-operative) (2/10)
  Hematoma—loss of a thread 1
  Hemorrhage 1

Intervention
  Endoscopic clipping 1

Table 2   Comparison of means 
between first and last cases

* Mann Whitney T test

First five cases Last five cases Effect size p value*

Mean SD Mean SD

Endoscopic pro-
cedure (min)

120.0 15.4 92.8 21.7 1.4 0.05

Suturing time 
(min)

93.4 17.1 68.4 14.1 1.5 0.05

Fig. 2   Progress in the overall procedure duration. Dotted line: real 
values; Continue line: trend
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Teleproctoring in surgery was first reported more than 
20 years ago [5]. According to McCullough et al., it is a 
“technology where audio and video interaction facilitate the 

virtual presence of a teacher to provide real-time instruction 
and technical assistance from a different geographic loca-
tion.” Similar to the traditional approach, this method allows 
the proctor to provide training to the surgery fellow amid 
clinical setting [6]. However, it mitigates logistic obstacles 
concerning distance, time constraints, and costs [11]. Tele-
proctoring was a success as an educational tool in different 
countries [6, 12, 13].

The combination of telecommunications and information 
systems into the operating room provides new opportunities 
for telemonitoring and teleproctoring, as knowledge is in a 
continuous state of growth [14]. However, the familiariza-
tion with telehealth must involve training future providers 
to use such technologies and providing this modality of care 
to patients [15].

In this report, the trainee learned how to perform an ESG 
proctored by an international expert who was unavailable 
for on-site mentoring due to the COVID-19 pandemic travel 

Fig. 3   Progress in the suturing duration. Dotted line: real values; 
Continue line: trend

Fig. 4   Fitting inverse curve for learning performance

Fig. 5   Endoscopic aspect of the 
procedure. (a) First endoscopic 
suturing line. (b) Formation of 
the tubular stomach
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restrictions, and a local proctor was not available since this 
was a novel procedure in the country. This endoscopic proce-
dure followed international standards, previously described 
as in the Brazilian Consensus on Endoscopic Sleeve Gas-
troplasty and other reports. The endoscopic procedure time 
and suturing time decreased over time, proving refinement 
of surgical skills, whereas the effect size of the change was 
large for both assessments.

Learning curve model has become a widely employed 
tool in medicine and surgery training process [16]. It visually 

describes the learner’s performance improvement over time 
during acquisition of new skills. Measuring the learning 
curve of surgical procedures has important implications for 
surgical innovation, education, and patient safety [17].

In the present study, mean duration of the endoscopic 
procedure was 106.4 min. The trainee experienced signifi-
cant reductions in overall operative time during the first 10 
cases (p ≤ 0.05).

A study that included 21 consecutive patients reported 
that the length of procedure decreased significantly 

Fig. 6   Various aspects of an 
ongoing teleproctored proce-
dure. (a) Endoscopic view, (b) 
teleproctor (trainee’s view), (c) 
room view for body movements 
of the endoscopist and the team, 
(d) detail of the endoscopic 
body and equipment move-
ments. Note. Written permission 
for publication was obtained 
from the identifiable individual 
(Dr. Manoel Galvao Neto)

Fig. 7   Schematics for room 
setup
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across consecutive procedures, with a learning plateau at 
101.5 min vary similar to the results we achieved [17]. The 
variation of median and mean procedure times in the cur-
rent literature ranges from 75 to 157 min, in series of 20 
and 10 patients which is consistent with results of the cur-
rent report [18]. There are differences in learning curves 
between the learning curve of only 1 trainee and when 
there are a variety of surgeons because each person gener-
ally starts at different levels; our results are very similar to 
those reported by Hill et al. [19]. Another study reported 
learning curves with only one trainee [20].

The global pandemic of COVID-19 has led to the sus-
pension of in-person teaching activities in many countries, 
including Ecuador. However, it also fostered the develop-
ment innovative solutions, in both clinical and educational 
settings, that may become fundamental in future teaching 
models, despite resolution of the pandemic [21].

Medical education and training programs have been 
affected by social distancing. More than 900 million learn-
ers in all levels of education, including higher education, 
felt the impact of the pandemic in their learning process 
during 2020 [19]. As a result, medical students have 
moved away from bedside training to alternative online 
resources such as virtual learning, videoconferencing, 
social media, and telemedicine [18, 20, 22, 23].

Medical teleproctoring plays a dual role as it educates 
and provides medical care simultaneously. Systematic 
reviews have already compared surgical teleproctoring to 
on‐site training. There were comparable safety and effi-
cacy profiles between the two models [24]. Our study sug-
gests that it may also be applied to advanced endoscopic 
procedures.

There are some limitations in our report. First, the analy-
sis presents a short learning curve of a single endoscopic 
center. Nonetheless, it was enough to demonstrate a signifi-
cant improvement in performance, which supports the effi-
cacy of the proposed learning model. Moreover, our analysis 
did not include long-term results after the surgical proce-
dure, but that was not the aim of this study.

To our knowledge, our study is the first to demonstrate the 
feasibility of learning ESG using the teleproctoring approach 
and its learning curve. There are some studies dealing with 
virtual environments for learning but in other surgical situ-
ations [25–28]. This is also the first time that Ecuador and 
Brazil develop a strategy to proctor safely and effectively 
through telemedicine. The success with surgical techniques 
motivated great interest among other specialists. The cases 
reported in the current study demonstrate that this kind of 
surgical procedure may be employed as an effective learn-
ing method.

Learning curves could be better when there is already a 
systematization of the technique and when the experience of 
the trainee is bigger. The practice of the surgical technique 

in this case always included feedback with comments from 
the advanced instructor or proctor.

After completing this training program, the trainee has 
increased his capacity to perform more than 50 cases of this 
kind of surgery without complications or serious adverse 
events, The use of all the learnings acquired during these 
sessions with the proctor allowed this result.

Conclusions

The training program was effective and provided a short-
ened pathway to gaining autonomous proficiency through a 
unique learning methodology. Despite the resolution of the 
COVID-19 pandemic, part of the innovations from this diffi-
cult moment will certainly compose the standard-of-learning 
for future generations.
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