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ARTICLE INFO ABSTRACT

Keywords: Background: Surgical education strongly involves the use of mentorship to improve the confidence and efficiency
Mentoring of trainees. Social distancing due to the COVID-19 pandemic may serve as a catalyst to promote the use of
Surgery telementoring and other remote learning opportunities in medical education.

f;il:tgulil training Methods: A comprehensive literature review was performed using the electronic databases PubMed, Embase, Web
Technology of Science, Scopus, and the Cochrane Library with respect to telementoring in the surgical field.

Resuits: The overall consensus of telementoring experience among all 25 studies was generally positive, citing
“positive experience,” “increased confidence,” and “increased surgical skill.” Using over 15 different technolo-
gies, a total of 12 simulations, 149 tasks, and 491 surgeries were conducted via telementoring. Eight mentor-
mentee relationships were identified, with the most common relationship being surgeon-to-surgeon in 12 studies.
Conclusions: The implementation of telementoring has been shown to be effective in improving surgical skills and

Medical education

learner experiences while overcoming financial and geographical barriers.

1. Introduction

With the recent outbreak of COVID-19, many safety measures have
been implemented to avoid the use of the traditional in-person approach
to teaching. To overcome this obstacle, programs have been adopting
the practice of telementoring, an alternative method of enhancing
medical education remotely. Telementoring is “a relationship, facili-
tated by telecommunication technology, in which an expert (Mentor)
provides guidance to a less experienced learner (Mentee) from a remote
location.“! The employment of mentorship programs for health pro-
fessionals has been widely accepted as beneficial for the growth and
development of both the mentor and mentee.” While mentors are able to
impart knowledge and become more aware of their own professional
skills, mentees have reported increased confidence, job satisfaction,
productivity, career advancement, and much more.® Thus, the adoption
of telementoring programs can overcome the geographical restrictions
in place due to COVID-19, while continuing to foster these
mentor-mentee relationships in the healthcare field.

The use of telementoring has proven numerous benefits towards the
development of surgeons. Telementoring can be used to increase access

to geographically isolated areas while providing adequate surgical
training and education.” Surgeons in rural areas of developing countries
can be successfully mentored at the accessibility of the mentoring phy-
sician’s country.” These systems have provided a practical and
cost-effective alternative mentoring tool that overcomes the cost of
on-site mentoring programs that require travel costs and time off from
work for physicians.” With the recent advances in technology, tele-
mentoring has also grown from audio and video feedback systems to
include the use of robotic arms, augmented reality, or live on-screen
demonstrations using cursors (telestrations). Such advances have been
promising for the continuing advancement of medical education in the
surgical field, especially with the abrupt restrictions implemented with
the onset of COVID-19.

The purpose of this scoping review was to identify various modalities
of telementoring and to evaluate their impact on surgical education.
These findings can inform medical educators and surgeons on how to
best develop and implement telementoring systems with the goal of
enhancing the quality of clinical medical education.
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2. Methods

An expert searcher conducted a comprehensive review of the liter-
ature in telementoring within the surgical field published between
January 2010 and September 2020. Databases searched included
PubMed, Embase, Web of Science, Scopus, and the Cochrane library.
Subject headings/index terms were utilized in combination with free-
text words or natural language terms representing telementoring and
surgical education. Examples of those terms include (“telementoring OR
tele-mentoring OR ementor OR e-mentor”) AND (“Specialties, Surgi-
cal"[Mesh] OR surgery OR surgical OR orthopedic OR orthoped**). See a
comprehensive search strategy in the Appendix. Search results were
imported to Covidence software for screening. Studies were included if
they were published in English focusing on the use of telementoring in
the surgical field across the spectrum of medical education. Studies were
excluded if they were not primary research studies, the mentoring was
not primarily virtual, a full-text article was not available, or if they were
not pertaining to telementoring in surgery. Review articles, case reports,
commentaries, editorials, published conference abstracts, and letters
were excluded. Title/abstract and full-text studies were independently
screened by 2 reviewers (AL and MP). A standardized data abstraction
form was developed and utilized. Data extracted included the year of
publication, country, setting, mentee participants, mentor participants,
sample size, type of intervention, purpose of study, study design, tech-
nology used, data collection method, surgical task, and subspecialty. We
determined the style of mentoring relationships by utilizing the classi-
fications described in a study by Burgess et al.” These styles include the
classic model, ‘trans’ model, networking model, reverse mentoring,
group mentoring, spot mentoring, virtual mentoring, and shadowing.’
The data extraction was conducted in duplicates and independently by
AL and MP. Any disagreements from full-text screening and data
extraction were resolved through discussion with MM serving as a
tie-breaker. We conducted a qualitative scoping review due to wide
variations in the selected studies in terms of study design, type of
intervention, technology used, evaluation techniques, and outcomes.

We applied the four levels of evaluation model by Kirkpatrick to
analyze the types of outcomes measured in each study.” As is outlined in
his book “The Four Levels of Evaluation”, Level 1 is a measurement of
the learner’s attitude toward the training, Level 2 is a measurement of
the learning of the skill or knowledge itself, Level 3 is a measurement of
whether the participant has changed their behavior and will apply what
they learn going forward, and Level 4 is a measurement of direct results,
in this case, changing patient outcomes and satisfaction post-mentoring.

3. Results

Out of 813 studies, we selected 25 studies for the review after
removing duplicates and screening articles against inclusion/exclusion
criteria set a priori. The PRISMA flow diagram of study selection is
shown in Fig. 1.

What follows is synthesized evidence from the selected studies,
presented in 6 segments: 1) characteristics of selected studies; 2) style of
mentor-mentee relationship; 3) technology used; 4) number of surgeries
or tasks performed; 5) data collection methods; and 6) outcomes
described. The summary of key findings from each study is shown in
Table 1.

3.1. Characteristics of selected studies

Out of 25 studies selected, 13 studies were case series, 10 studies
were randomized controlled trials, with 2 studies following other study
designs. Among all studies included, 9 were conducted within the USA; 5
were conducted at sites in the USA and other countries; 9 were in
another country; 2 were between other countries outside the USA. For
example, in Bruns et al., two experienced fellowship-trained minimally
invasive pediatric surgeons in Akron, OH, and Denver, CO were
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| 2 Duplicate Article
1 Wrong population
°
o
3
E 25 studies included

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses
(PRISMA) flow chart.

connected with mentee pediatric surgeons in Paris, France.® Okrainec
and colleagues showed that through the use of telementoring, there was
an improvement in surgical skills in resource-restricted countries,
achieving a 100% technical skills pass rate.” This training platform
provided a cost-effective method of teaching in developing countries
and could be used to teach laparoscopic skills anywhere in the world
with internet access. This study along with many others implied that
telementoring can offer proficient teaching of medical and surgical skills
in countries that lack training opportunities. Snyderman et al. expressed
the importance of the geographical location of the mentee group if the
benefit is to provide skills and expertise to an area that is in need, stating
that it is “desirable to select centers that are geographically positioned to
become regional centers of excellence.“! In this way, those learning
centers would be able to disseminate the knowledge appropriately
throughout their region, and “become teachers for the next generation of
sulrgeons.“1 0

The setting of the telementoring experience also varied between
studies. Thirteen out of the 25 studies took place in clinical settings,
while 11 were conducted within simulation labs. Clinical settings
included the operating room as well as pre-operative and post-operative
consultations. Simulation labs often included learning sessions with
suturing skill tasks, laparoscopic surgical tasks, and surgical tasks on
animal models. Zakrison et al. utilized only online communication via
various modalities that revolved around fostering academic and per-
sonal growth in young acute care surgeons.' ! This study was not deemed
to specifically take place in either the clinical setting or simulation lab.

3.2. Types of mentoring participants

Although various forms of mentor-mentee relationships were found
within the 25 selected studies, some trends were noticed. Surgeon
mentors were the most common, seen in 20 of the 25 studies. Eight
mentor-mentee relationships were identified: surgeon to surgeon in 12
studies, surgeon to resident in 5 studies, and surgeon to medical student
in 2 studies. For example, the study by Glick and colleagues investigated
telementoring of medical students by physicians who previously served
as Israel Defense Forces battalion combat surgeons.'” Another example
is Snyderman et al. who described telementoring between a more
experienced surgical team from the University of Pittsburgh providing
mentoring to a similarly focused team from the University of Maribor in



M. Pfennig et al.

Table 1

Description of studies included in the scoping review.
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Author Country Setting

Technology
Used

Mentee Intervention

Participants

Measures of Outcome

Outcomes

Andersen USA Simulation Lab
et al.,

2016

USA Online

Communication

Zakrison
et al.,
2017"

USA Clinical,
Operating

Room

Ponce et al.,
2014°°

Ereso et al., USA Simulation Lab

2010”7

System for
Telementoring
with Augmented
Reality (STAR)

Email,
FaceTime,
Skype,
GoToMeeting

Stryker
Endoscopic
tower

Mounted Canon
VB-50i

2 tasks with
multiple sets
each

20 Premedical
& Medical
Students

65 Resident, N/A
Fellow, &

Junior Faculty

6 Residents 15 surgeries

8 Residents 24 surgeries

871

Placement error of
incisions, number of
focus shifts, and task
completion time

Surveys

Length of surgery and
satisfaction surveys

Operative Performance
Scale and surveys

Improved placement 2
error (p < 0.001, p <
0.001 for port
placement and for
abdominal incision,
respectively)
Improved focus shifts
(p < 0.001, p=0.03
for port placement
and for abdominal
incision, respectively
Slower time
completion for port
placement (p =
0.003)

No difference in
abdominal incision
time (p = 0.165)
Satisfaction surveys
completed afterward
indicated that
although the
telestrator was
unnecessary for
several trainees, the
ability of the mentor
to indicate areas
directly in the
trainee’s field of view
was useful.

High mentee 1,3
satisfaction (91%
wished to continue
mentorship, 85%
would recommend to
peers)

Mentoring
relationship focused
on research (45%),
navigating “sticky
situations” [e.g.,
personal conflict,
challenging cases,
work-life balance,
communication, pro-
motion, negotiation]
(27%), education
(18%), or administra-
tive issues (10%)
Mean operative times 1,2
did not differ
significantly (p =
0.90, p = 0.57 for
rotator cuff repair and
shoulder instability
repair surgeries
respectively)

Easy and safe to use
Favorable utility of
VIP to highlight
anatomy and provide
feedback to the
resident

No lag between
motions or
interference w/
surgery

Higher performance 1,2
scores with individual
tasks of tissue
handling, instrument
handling, speed of
completion,

(continued on next page)

Level of
Evaluation
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Table 1 (continued)
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Author Country

Setting Technology

Used

Mentee
Participants

Intervention

Measures of Outcome

Outcomes

Level of
Evaluation

Chou et al.,
2019%

Forgione
et al.,
2015

Vera et al., USA
2014%

Treter et al., USA
2013*

Australia

Italy, Russia

Clinical Email

Clinical, OR1
Operating Smartconnect
Room

Simulation Lab Augmented
Reality
Telementoring

(ART)

Clinical, Video
Operating
Room

1 Surgeon

1 Surgeon

19 Medical
Students

2 Surgeons

85 surgeries

2 surgeries

10 suturing
tasks each

2 surgeries

Sink modification of the
Clavien-Dindo
classification system,
Harris Hip score, Harris
Pain Score, Yasunaga
classification of Hip
congruency, and Tonnis
classification of Pre- and
postoperative grading of
osteoarthritis

Surgical complications

Speed of placement,
placement errors,
Wright’s cumulative
average model of the
learning curve slope, and
surveys

Surgical complications
and length of surgery

knowledge of
anatomy (p < 0.001)

@ Higher overall mean
performance score (p
< 0.001)

@ Greater satisfaction
and comfort among
residents on the
survey (p < 0.001)

@ 3 of 7 residents
believed that the
telestrator was not
necessary or used
very much when
proctored through a
craniectomy.

@ 44 patients with Sink
grade of 0 (no
complications), 40
patients with grade I-
111, O patients with
Grades IV or V

@ The median Harris hip
score preoperatively
and postoperatively
was 58 and 78,
respectively

@® The median Harris
pain score
preoperatively and
postoperatively was
20 and 40,
respectively

@ Yasunaga hip
congruency improved
in 18 PAOs, and
decreased in two hips
postoperatively

@ Osteoarthritis of the
85 hips had a
preoperative mean
Tonnis grade of 0.6 to
a postoperative mean
of 0.9

@ 2 uncomplicated
successful surgeries
under telementoring
guidance

@ Post-mentoring
experience operated
independently on 25
more patients

@ Shorter learning
curve

@ Reduced # of failed
attempts (8 vs. 12)

@ Faster suture times (p
= 0.014) and more
attempts per hour of
training (p = 0.0208)

@ Surveys show most
students agree or
strongly agree that
the ART platform is an
effective mentoring
device (4.44/5)

@ Both procedures were
uneventful with no
complications

@ Operative times were
a total of 77 min for
patient 1 and 136 min
for patient 2,
compared to an
average time of 138

1,2

(continued on next page)
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Table 1 (continued)
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Author Country Setting

Mentee
Participants

Technology
Used

Intervention

Measures of Outcome

Outcomes

Level of

Evaluation

Clinical,
Operating
Room

Snyderman
et al.,
2016'°

USA,
Slovenia

Shin et al.,
2015

USA Clinical,
Operating

Room

USA Clinical,
Operating

Room

Ponsky
et al.,
2014"°

Canada, Simulation Lab

Botswana

Okrainec
et al.,
2010”7

Nguyen
et al.,
2017

USA, Canada
(two
surgeons in
Guatemala
and
Argentina)

Clinical,
Operating
Room

1 Skull-based
Surgical Team

VisitOR1

da Vinci 11 Residents

Connect

Skype, VisitOR1 4 Surgeons

Skype 13 Surgeons &
3 Junior

Trainees

VisitOR1 15 Surgical
Fellows &

Surgeons

873

10
procedures

55 surgeries

6 surgeries

5 FLS tasks
each

30+ surgeries
with a
minimum of
2 surgeries
per mentee

Telesurgery Evaluation
Form, Surgical
complications, the extent
of tumor resection,
length of surgery, and
satisfaction survey

Global Evaluative
Assessment of Robotic
Skill (GEARS) form and
an evaluation of the
mentoring interface

Surgical complications
and length of surgery

Simulator scores for each
task and Fundamentals
of Laparoscopic Surgery
(FLS) score

Surgical complications
and survey on quality of
telecommunication and
effectiveness of
mentoring by both
mentee and mentor

min for non-mentored
comparison

@ The benefit of
telementoring
includes providing an
instant experienced
second opinion

@ No surgical
complications

@ Improved surgical
exposure

@ Increased extent of
tumor resection

@ Decreased duration of
surgery

@ Results of survey
positive

@ The greatest value is
the opportunity to
share surgical tips and
tricks with operating
surgeons

@ No significant
difference between in-
room and remote
cases was felt by the
residents or mentors
(p=05p=038
respectively)

@ Mentors preferred
remote (p = 0.05),
trainees had no
significant difference
in preference (p >
0.05)

@ One intraoperative
complication was
noticed and handled
accordingly

@ No postoperative
complications in
either group

@ All six procedures
were completed
successfully
laparoscopically
without loss of
transmission, in a
time-efficient manner

@ No surgical
complications

@ Surgeons in the
telesimulation group
had much higher
scores for all tasks,
significant for four
tasks (p = 0.002, p =
0.001, p = 0.004, p =
0.02) except for the
ligating loop task (p
= 0.06)

@ Significantly higher
overall Fundamentals
of Laparoscopic
Surgery (FLS) score
(p = 0.001)

@ No reported
intraoperative or
postoperative
complications in any
of the telementoring
cases

@ Both mentees and
mentors saw
telementoring as

1,2,3,4

1,2, 4

2,4

1,2,3,4

(continued on next page)
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Table 1 (continued)
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Author Country Setting Technology Mentee Intervention Measures of Outcome Outcomes Level of
Used Participants Evaluation
satisfactory and as an
excellent educational
tool
@ Rated 4.7/5 by
mentors, 4.8/5 by
mentees (1 for poor, 5
for excellent)

Mizota Japan Simulation Lab Go Pro 20 Residents 91 remote Survey, task completion @ All participants 1,2
et al., HERO3+, sessions time, and knot error agreed remote system
2017'° Google points, and duration of increases

Hangouts coaching opportunities to
practice skills, most
(90%) agree that it is
useful for training

@ The step-wise training
group had an insig-
nificant increase in
training scores (p =
0.20) compared to the
comprehensive
training group

@ Shorter coaching
times (p = 0.002)

Miller et al., USA, Clinical, Skype 1 Surgeon 3 surgeries Surgical complications @ All 3 procedures were 2, 3, 4

20117 Australia Operating and length of surgery successful and
Room uneventful with no
intraoperative or
postoperative
complications
@ 23 successful PRAs
after the
telementoring
experience

Kirkpatrick Canada Simulation Lab Skype 12 Med techs 1 simulation Performance on incision @ Survey resultsshowed 1,2
et al., task fluid loss and time, mentoring increased
2015'¢ retraction fluid loss and non-surgeon proce-

time, direction fluid loss dural confidence (p =

and time, identification 0.004)

fluid loss and time, @ No significant

packing fluid loss and difference in the fluid

time, number of sponges, loss in those being

skin incision closure mentored than the

percentage, and survey unmentored group (p

of participants =0.073)

confidence levels @ Significant increase in
fluid loss between
mentored group and
the surgeon group (p
=0.001)

Hinata et al., Japan Clinical, da Vinci S 4 Surgeons 120 surgeries Operating time, blood @ No significant 2,4
2014%° Operating with 30 loss, transfusion %, differences between

Room surgeries per complication %, the surgeons in each
surgeon continence rate at 3 group in operating
month post-op, and time (p = 0.933),
surgical margin % estimated blood loss
(p = 0.090),
complication rate (p
= 0.299), 3-month
continence rate (p =
0.315), positive sur-
gical margins (p =
0.376, p = 0.161 for
pt2 and pt3
respectively)

Fuertes-Guir ~ Spain Clinical, Adobe Connect 2+ Surgeons 36 patients Operating time, length of ~ @ Shorter operating 2,4
etal., Operating hospital stay, times (p < 0.01)
2016"° Room conversions, post-op @ Shorter hospital

outcomes admissions among
patients receiving
surgery (p < 0.01)

Dawe et al., Canada Simulation Lab Reacts Lite 4 Non-Surgeon 3 tasks per Task-specific scores @ All tasks completed 1,2

2018°! Medical mentee determining success, successfully
Officers comfort and pre- and @ Perceived increase in

874

post-operative
willingness survey

comfort after the
telementoring activity

(continued on next page)
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Author Country

Setting Technology

Used

Mentee
Participants

Intervention

Measures of Outcome

Outcomes

Level of

Evaluation

Datta et al., USA,
2015%° Paraguay,
Brazil,
Germany

Burckett-St Canada
Laurent
et al.,

2016"°

Budrionis
et al.,
201 63()

Norway

Bruns et al.,
2016°

USA, France

Andersen USA
et al.,
2017

Clinical,
Operating
Room

Google Glass

Simulation Lab Skype

Simulation Lab Laprotrain
Endoscopic

Trainer

Clinical, VisitOR1
Operating

Room

Simulation Lab System for

Telementoring

with Augmented

Reality (STAR)

2 Surgeons

19
Anesthetists

8
Telemedicine
& E-Health
Students

2 Surgeons

20 Premedical

& Medical
Students

10 surgeries

19 tasks

6 tasks per
mentee

2 surgeries

2 tasks per
mentee

Lichtenstein-Specific
Operative Performance
Rating Scale (OPRS) and
post-training survey

22 item procedural
checklist and 9 item
Global Rating Scale
(GRS) and post-training
survey questionnaire

Localization error
distance, duration of
task, quality of
mentoring
communication, user
satisfaction survey

Surgical complications
and length of surgery

Placement error, focus
shifts, and time of task
completion

@ High rating of the
benefit of
telementoring

@ Successful 4
operations, meeting
criteria in all
parameters

@ Trainee indicated an
increase in confidence

@ The trainee has since
trained 46 additional
surgeons using the
same training
paradigm

@ Significantly higher
post-training check-
list scores for both on-
site and off-site
training locations via
telesimulation (p <
0.001 for both on-site
and off-site)

@ Significantly higher
GRS scores for both
on-site and off-site
training (p < 0.001
for on-site, p = 0.003
for off-site training)

@ Increased confidence
and positive learning
experience with
training

@ Sessions mentored by
telestration were 33%
shorter in duration
than verbally guided

@ No significant
improvement in
accuracy (p = 0.5241)
between
telementoring with
telestrations and
those with solely
verbal

@ Mentee survey
reported increased
quality of mentoring
(6/8 students
preferred
telestrations)

@ Successful surgeries,
no intraoperative
complications

@ One postoperative
complication of
postoperative abscess
that required IV
antibiotics

@ Positive experiences
from mentees and
mentors

@ Mentee successfully
performed the same
procedure
independently two
months after

@ Significantly lower
placement error (p =
0.0003)

@ Significantly less
focus shifts (p =
0.003)

@ No significant
difference in length of

(continued on next page)

1,2

1,2,3,4
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Author Country Setting Technology Mentee Intervention Measures of Outcome Outcomes Level of
Used Participants Evaluation
task completion (p =
0.165)
Glick et al., Israel Simulation Lab HoloLens AR 13 Medical 13 tasks Surveys, placement No significant 1,2
2020'? glasses Students accuracy, placement difference in

time, and nine thoracotomy
procedure-specific placement or time to
parameter assessments placement

@ Statistical significant
improvement in 2 of 9
skill assessments
(correct plane of
dissection p = 0.006,
blunt dissection at the
superior border of rib
p = 0.045) with
improved quality

@ No significance in the
other 7 assessments

@ Statistical significant
increased mentee
confidence (p =
0.035)

Number of Articles per Mentoring Relationship

Resident to resident [

—
—
—
—
—

————

Other mentor to medical student
Attending surgeon to fellow
Attending surgeon to medical student
Other mentor to other mentee
Attending surgeon to other mentee

Attending surgeon to resident

Attending surgeon to surgeon

Fig. 2. Types of mentoring relationships.

Slovenia.'” Some studies involved multiple mentor-mentee relation-
ships. Fig. 2 depicts the types of mentoring relationships and the number
of studies that implemented that style of mentorship.

The studies in our scoping review exemplified more than one style of
mentoring based on the model of mentoring styles classified by Burgess
et al.® Virtual mentoring encompasses all 25 studies that we selected,
and under the umbrella of virtual mentoring, the most commonly uti-
lized mentoring style was the classic model. The classic model is seen
between a more experienced mentor and a less experienced mentee
within the same field with a “formal approach, well planned, with a
specific setting.*"

A wide array of mentoring relationships was highlighted in the
selected studies. In a study by Burckett-St. Laurent et al., training was
provided for telementoring including four online simulation sessions
and one offline lecture.'® In contrast, the study by Vera et al. involved
mentees and mentors in either a traditional mentoring or a tele-
mentoring experience for only 1 h, during which both groups were
assessed on their laparoscopic skills and the efficiency of the
mentoring. 14

3.3. Type of technology used in telementoring
Out of 25 included studies, over 15 different technologies were uti-

lized to facilitate telementoring, with the most common being video call
software, used by 11 studies. Screen sharing software was utilized in 6

876

studies, robotic cameras in 5 studies, and augmented reality in 4 studies.
The screen-sharing software was often utilized for laparoscopic surgeries
or robotic surgeries, particularly helpful if the screen was the primary
visual source of the mentee surgeon. Various telementoring software
programs were used in the included studies: video or conference call
software (e.g., Skype, FaceTime, Google Hangouts, Adobe
Connect), ! 1315719 yisitoR b 101520 gystem for Telementoring with
Augmented Reality (STAR),ZI’22 Email,l 1,23 and da Vinci Connect.>>?°
Other technologies were employed as well, including Stryker Endo-
scopic Tower,26 Canon VB-SOi,27 OR1 Smartconnect,28 GoPro Hero
3+,'° Google Glass,”” Laprotrain Endoscopic Trainer,”” HoloLens AR
Glasses,'? Reacts Lite,”! an augmented reality telementoring (ART)
platform,'* and an unspecified video-sharing system.?? A few studies
utilized multiple technologies for telementoring.'"'® For example,
Mizota and colleagues utilized both Google Hangouts and a wearable
camera (GoPro Hero3+) to transmit the images and facilitate the
telementoring. '®

In addition to the traditional telementoring video and audio
communication, multiple studies also utilized on-screen annotations.
Budrionis et al. studied the impact of on-screen telestrations on the ef-
ficacy of telementoring education for laparoscopic tasks.>” The results of
their study showed a decreased duration of assigned tasks, increased
quality of mentoring, and an overall positive attitude of the participants
in the group with on-screen annotations.’’ The study suggests that
various modalities, such as on-screen annotations, can be added or
subtracted from the traditional telementoring format depending on the
needs of the specific task or surgery. In a study by Fuertes-Guiro et al.,
on-screen annotations were also utilized to help “specify specific
anatomical points where action should be taken” and “minimize doubts
in the operating room.«'? A full breakdown of characteristics for each
study can be found in Table 1.

3.4. Types of interventions

Depending on the study, participants within a mentor-mentee rela-
tionship performed surgeries, surgical tasks, or worked with simulators
all under telementoring guidance. In total, of the 25 studies we
reviewed, 12 simulations, 149 tasks, and 491 surgeries were conducted
through the use of telementoring technology.

In Ereso et al., general surgery residents with no formal subspecialty
training beyond 3 clinical years were instructed to participate in 3 sce-
narios designed to simulate the performance of a subspecialty operative
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procedure, including a cardiac operation of suture repair of right ven-
tricular injury, an orthopedic operation of external fixation of open tibial
fracture, and a neurosurgical operation of craniectomy for a traumatic
subdural hematoma.?” The subspecialty task was performed in order to
demonstrate the “feasibility of the technology in transferring subspe-
cialty skills by the proctor to the operating resident.“?” Table 2 shows a

full breakdown of the specific tasks performed in each study, as well as

the surgical subspecialty of the task or surgery.

Table 2
Surgical subspecialty and surgical task.
Author Subspecialty Task
Andersen et al., Non-specified surgical Port placement, abdominal
2016* training incision
Zakrison et al., N/A N/A
2017"
Ponce et al., Orthopedics Arthroscopic shoulder surgery
2014%° (rotator cuff repair, and shoulder
instability procedures)
Ereso et al., General surgery Penetrating right ventricular
20107 (performing scenarios in injury requiring suture repair, an
Cardiac, Orthopedic, open tibial fracture requiring
Neurosurgery) external fixation, and a traumatic
subdural hematoma requiring
craniotomy
Chou et al., Orthopedics Periacetabular osteotomy (PAO)
2019*
Forgione et al., Colorectal surgery Laparoscopic colonic resections
2015
Vera et al., Non-specified surgical Laparoscopic suturing and knot-
2014% training tying tasks
Treter et al., Endocrine surgery Posterior retroperitoneoscopic
2013% adrenalectomy (PRA)
Snyderman Otolaryngology Endoscopic endonasal surgeries of
et al., 2016'° the skull base
Shin et al., Urology Prostatectomy and kidney cases
2015% (radical or partial nephrectomy)
Ponsky et al., Pediatric surgery Thoracic surgery left lower lobe
2014'° resection, gastric stimulator

Okrainec et al.,
20107

Nguyen et al.,
2017%°

Mizota et al.,

Non-specified surgical
training
Bariatric surgery

General surgery, thoracic

placement, laparoscopic inguinal
hernia repair

Laparoscopic suturing and knot-

tying tasks

Laparoscopic sleeve gastrectomy

Suturing tasks (needle-holding,

2017'¢ surgery needle-driving, knot-tying)
Miller et al., Endocrine surgery Posterior retroperitoneoscopic
20117 adrenalectomy (PRA)
Kirkpatrick Trauma Laparotomy with midline incision
et al., 2015'¢ into the peritoneal cavity
followed by sponge packing of an
exsanguinating liver hemorrhage
Hinata et al., Urology Robotic surgery prostatectomy
2014
Fuertes-Guir Bariatric surgery Laparoscopic bariatric surgery
et al., 20167 (Roux-en-Y gastric bypass and
sleeve gastrectomy)
Dawe et al., Non-specified surgical ED thoracotomy, surgical airway,
2018°" training chest tube insertion
Datta et al., General surgery Lichtenstein hernioplasty
2015

Burckett-St
Laurent et al.,
2016

Budrionis et al.,
2016

Anesthesiology

Non-specified surgical
training

Ultrasound-guided
supraclavicular brachial plexus
block (SCB)

4 localizations and 2 cutting
exercises using a laparoscopic
simulator

Bruns et al., Pediatric surgery Laparoscopic appendectomy;
2016° thoracoscopic total thymectomy
Andersen et al., Military medicine Adhesive placement and
20177 abdominal incision
Glick et al., Military medicine Chest thoracotomy
2020'”
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3.5. Measures of outcome from telementoring

A mixture of telementoring evaluation techniques was detailed
across the included studies. Of the 25 studies, 11 studies assessed the
effectiveness of the telementoring experience via measurements of sur-
gical performance based on task accuracy, speed, surgical outcomes, etc.
Task completion time'“?"?>3" and length of surgery were also
measured.®!%17:19:25:26:32 Ty studies only surveyed participants (both
mentors and mentees) to determine the effectiveness. The most common
method, used by 12 studies, was to evaluate both the surgical perfor-
mance and surveys of participants. Other surgical telementoring out-
comes were measured with more specific scales, including the Global
Rating Scale of Operative Performance,”’ Sink modification of the
Clavien-Dindo classification system, Harris Hip Score, Harris Pain Score,
Yasunaga system for hip congruency, Tonnis Classification for Pre- and
postoperative grading of osteoarthritis,”® Global Evaluative Assessment
of Robotic Skill (GEARS) form,”* Fundamentals of Laparoscopic Surgery
(FLS) score,” Lichtenstein-Specific Operative Performance Rating Scale
(OPRS),?* and a Telesurgery Evaluation Form."’

Using Kirkpatrick’s Four Levels of Evaluation Model” we found that
out of the 25 studies, 60% used a Level 1 evaluation, 96% had a Level 2
evaluation, 28% had a Level 3 evaluation, and 44% had a Level 4
evaluation. The outcomes and level of evaluation of each study can be
found in Table 1.

3.6. Outcomes reported

The overall surveyed consensus of telementoring experience among
all 25 studies was generally positive, citing “positive experience,”
“increased confidence,” and “increased surgical skill” as a few of the top
reactions to their telementoring experience. Survey responses of “posi-
tive experience” were seen in 11 studies.®!%!1>13:1416,20,24,27,30,31 giop¢
studies included the positive feedback of “increased surgical skill”
through the use of telementoring.”'?'*?1-2%%7 Gelf-reported increased
confidence was found in 6 studies.''>!%%72%31 In only two studies did
some respondents mention that the use of telementoring technologies
was unnecessary or not used very much.?>?’

Two studies showed that there were no significant surgical skills
differences.'®*® One study suggested a shorter coaching time,'® and
another study showed a shorter length of postoperative admission.'’

No unanimous consensus was found on the length of operation time
between studies. A shorter operation time was found in 5
studies.'*' 19732 No significant difference in operation time was seen
in 3 additional studies.'>?>?° Only one study noted a longer operation
time.?!

Studies also looked at how beneficial the application of tele-
mentoring can be in real-time operations by measuring “successful”
surgeries. These were defined as completed surgeries with no compli-
cations, or surgeries with no significant difference in complications
between the telementoring group and the non-telementoring groups.
Seven studies had surgeries with no complications®!%!17:28:29:32 anq
one study had no significant difference between the groups.”> Only one
study had a single intraoperative complication which was handled
accordingly.**

Table 1 provides a thorough report of the outcomes with brief de-
scriptions of each of the 25 studies.

4. Discussion

This scoping review summarizes the available published literature on
the current use of telementoring within the surgical field. Telementoring
provides an alternative form of medical education to overcome
geographical barriers in a cost-effective manner. Such practices are
gaining more recognition, especially with the recent COVID-19
pandemic and its associated restrictions to in-person training. By iden-
tifying and highlighting the use of telementoring in both clinical and
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non-clinical settings, many recommendations can be considered and
implemented to enhance education in the surgical field. This review
highlights telementoring in terms of mentoring relationships, future
technological advances, and its current challenges.

4.1. Mentoring relationships

The review reveals that surgical mentorship in medical education
extends beyond a surgeon to student relationship. The most common
type of relationship identified was surgeon to surgeon in 12 studies,
followed by surgeon to resident in 5 studies. Surgeon to surgeon men-
toring was commonly used for procedures done across the globe such as
from the USA to Australia.17 By connecting a more experienced physi-
cian for a specific procedure to another less experienced physician, niche
procedures may be more feasible for greater populations. The imple-
mentation of distant preceptorship can help provide care to patients in
those areas lacking a nearby surgical specialist. This reduces the cost not
only to the patient who no longer needs to travel to receive specialized
surgical care but also to the experienced physician who would have
sacrificed travel time otherwise spent. Additionally, telementoring has
the potential to address resource-poor areas and their burden of surgical
disease. One study explored the applicability of telementoring trans-
continentally to deliver safe surgical care to underserved populations.?’
The study found applicability in expanding the ability to train and
mentor physicians in resource-poor locations using wearable technol-
ogy, and this has promising insight for the expansion of global surgical
education.

Telementoring was also utilized to connect surgeons to medical
students. While these studies primarily measured surgical skill perfor-
mance pre- and post-mentoring, this relationship opens the door to a
much wider variety of use for students. Those interested in pursuing a
career in the surgical field may be able to increase hands-on learning
opportunities e.g. augmented reality. Students who practiced laparo-
scopic skills using augmented reality were found to have increased
surgical skills with a positive mentoring experience.>® Performing these
tasks under the supervision of a physician can serve as a gradual intro-
duction into the surgical field, mitigating predisposed fears and fostering
a stronger desire to pursue this career path.>* Additionally, students who
gained earlier clinical surgical exposure through these technologies re-
ported increased confidence,'? which may help prepare students to excel
during their surgical clerkships.

This review found that the majority of studies measured surgical skill
improvement or learner attitude; however, one study considered the
application of telementoring in a non-clinical setting to foster academic
and personal growth in developing surgeons.'! Such mentoring re-
lationships that may be limited due to the number of available mentors
or communication challenges were overcome through the EAST Men-
toring Program.'! The establishment of a certified program via tele-
mentoring may be beneficial for the development of young surgeons to
find mentorship opportunities outside of the operating room. Programs
such as these that offer career development advice in both academia and
personal growth may be a reliable supplement to the in-person men-
toring of surgical skills and knowledge.

4.2. Future technological advances

The advancement of audio and visual communication systems has
led to a more promising approach to telementoring in real-time. While
video calling software was the most common form of technology uti-
lized, other forms were adjunctively used such as robotic cameras or
augmented reality systems. Rather than learning through passive
observation, learning can instead be enhanced with the localization of
more finite details. For example, certain tools can highlight anatomy for
the surgeon to identify quickly rather than having to describe its location
verbally.?® Such telestration tools enable the mentor to emphasize and
make note of specific anatomical points for the surgeon’s operative field.
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One form of technology allowed the mentoring expert surgeon to
“virtually touch the tissue” by capturing the image of the mentor’s hands
over a video input from an endoscopic tower, which then processed a
hybrid image to be sent back to the performing surgeon’s field of view.>”
This form of technology had positive feedback from participants as it
allowed for better communication between participants, easier identi-
fication of anatomy, and greater potential for recipients to improve
surgical skills while receiving supervision.*®

Since many telementoring platforms utilize both audio and video
streaming services, these surgeries can reach a greater number of people
for educational purposes. Datta et al. note that of their 10 streamed
surgeries, they had “7939 unique stream views and 26 comments logged
by teleproctors among the streamed operations.“>® The use of real-time
video streaming services can be a beneficial educational tool utilized by
medical students or even practicing surgeons. Videos can also be
broadcasted transcontinentally to target a greater audience and to in-
crease learning opportunities worldwide.

The implementation of technological advancements in regard to fi-
nances is of great concern, especially in resource-restricted nations.
While many studies have seen positive experiences using augmented
reality trainers or da Vinci robots, these surgical platforms are not al-
ways financially feasible. However, certain studies such as one con-
ducted by Okrainec et al. found several alternative solutions to adjunct
telementoring across the nation. Their setup, utilizing two computers to
connect to a Fundamentals of Laparoscopic Surgery trainer box with
gooseneck camera and external webcam, as well as access to the internet
and use of a free video calling software (Skype), found a solution to
providing low-cost equipment and software for developing countries.*”
The limiting factor of weak internet connectivity saw frequently drop-
ped connections due to bandwidth issues, but lasted a few minutes and
did not prevent training from continuing. This mentoring platform al-
lows expert surgeons to provide live feedback and insight to other
mentees while overcoming both financially and geographically isolated
areas of the world.

4.3. Challenges to telementoring

A common challenge to the implementation of telementoring in-
cludes addressing geographically restricted areas with limited access to
the internet. As mentioned earlier, many institutions are limited by their
financial constraints and may lack a stable internet connection with
wireless capabilities. Although there are financially forgiving platforms
for audio and video feedback, these solutions require a reliable internet
connection to broadcast a live-feed. Okrainec et al. mention a solution to
providing internet access to resource-less communities via satellite, but
even such would require additional funding.”” Not only is having a
stable internet connection vital to broadcast audio and video demon-
strations but there is also a reliance on the modality of communication
systems that has the potential risk of failure.'>>® Such failures have
clinical implications such as operative errors and the need for conver-
sion, and institutions may not have backup assistance available on-site.

The ethical and legal considerations are other limitations that must
be factored in. Because surgical mentoring can be done inter-
continentally, each case needs to be reviewed carefully due to differing
medical qualifications among various countries. There needs to be a
comprehensive discussion about the technical form of telementoring as
well as informed consent including approval of the mentor’s contribu-
tion.>” Additionally, the patient-physician relationship may be
compromised through the use of telementoring. Antoniou et al. state
that the traditional relationship between the physician and patient is
disturbed with the addition of a remote mentor, and the latter rela-
tionship is somewhat undefined.>® One study suggests that there should
be a triangulation of information between the patient, mentor, and
surgeons so that the patient can provide consent to the encompassing
team’s contribution to the operation.>” Another alternative solution
suggested by Ponsky et al. is that the mentor solely “acts as an informal
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consultant” and there is no emphasis on the mentor physician-patient
relationship.'® They note the essentiality of the performing surgeon’s
ability to complete the case without the mentor’s help, and that the
surgeon is only receiving advice on surgical technique or knowledge.

The financial model of telementoring can also be challenging, as
expert physicians and their employers are unlikely to be compensated
equally for the telementoring experience as they would for their usual
surgical operations. There is also an initial cost to set up telementoring
at a specific program, which can vary widely in price. Antoniou et al.
estimate that the cost of a telementoring system, its software, and
complete installation ranges from 50,000 to 85,000 USD, with the
addition of annual maintenance fees of approximately 15,000 USD.>®
Although there are lower-cost options available, one study found several
shortcomings compared to a more expensive telementoring technology.
Ponsky et al. indicate that the low-cost solution via store-bought
equipment and a Skype connection lacked “interactivity, telestrator
capacity, and HIPAA-compliant video encryption.“*’ A more expensive
telementoring robot was then utilized with telestration capabilities and
laser pointing which had much better visualization. However, the more
expensive software may also come with certain limitations. Andersen
et al. state that the trainee subsystem is not truly a transparent display,
which has negative effects on the ability of the mentee to have true
visualization of the surgical field and can negatively affect depth
perception.?! In a later study, Andersen et al. stated that they required
more bandwidth and more robust video streaming solutions.?”> While
there may be a variety of telementoring technologies that range from
free video streaming capabilities to more advanced robotic simulators,
institutions should consider the cost-benefit analysis that aligns with
their clinical and educational goals.

4.4. Strengths of study

A thorough literature search was conducted by a librarian utilizing
various sources of data (PubMed, Embase, Web of Science, Scopus, and
Cochrane library) to retrieve published literature for this scoping re-
view. Our search strategy followed the PRISMA Systematic Review
guidelines to ensure that this review process is transparent and repro-
ducible. Because retrieved articles were screened by two reviewers
independently, this allowed any data extraction disagreements to be
resolved through thorough discussion and helped prevent selection bias
which could alter the conclusions of the study.

Another strength of this review was the application of Kirkpatrick
Level of Evaluation Model. This model added value to all of the tele-
mentoring relationships and associated impact on the mentees’ skills,
attitudes, behaviors, and direct surgical outcomes.7 These outcomes
provide substantial evidence demonstrating how beneficial tele-
mentoring can be to a training program and its resulting impact on its
mentees. Additionally, this review analyzed the various types of men-
toring relationships, emphasizing the broad range of mentor-mentee
opportunities regardless of one’s current level in medical education.
These findings suggest strong implications for different institutions in
improving undergraduate medical education or enhancing surgical skills
for practicing surgeons or surgical trainees.

4.5. Limitations

This review is subjected to several limitations. For one, only studies
published in English concerning telementoring in the surgical field were
included for the review. Exclusions of articles in other languages and in
other specialties may restrict the level and quantity of evidence pre-
sented. Additionally, the inclusion of only surgical specialties limits the
number of available studies on telementoring. Future analysis should
include non-surgical specialties as this can provide different perspec-
tives on the effectiveness of telementoring in medicine. This information
could potentially reveal diverse types of mentoring relationships and
associated outcomes of telementoring beyond improved surgical skills
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and positive experiences.

It was also noted that there may be potential bias inherent in 25
studies with small sample sizes of study participants and outcomes;
therefore, these conditions may limit the generalizability of study results
and may in turn affect the strength of synthesized evidence presented in
the review.

Another limitation of the studies included for the review was the
level of evaluation performed. For a majority of selected articles,
outcome evaluation was limited to Level 1 and Level 2 on the Kirkpa-
trick Level of Evaluation model.7 Only seven of the 25 studies assessed
outcomes at Level 3 (28%) and 11 studies measured outcomes at Level 4
(44%). The assessment of surgical performance (behavioral change) and
patient-important outcomes (bottom-line results) in these studies look
promising; however, further research would be warranted to investigate
long-term impacts of telementoring on surgical skills and patient out-
comes with longitudinal studies with a large sample size of participants
from multiple institutional sites follow-up assessments.

5. Conclusions

This is a scoping review conducted from a very comprehensive
literature search on the topic to date, and our research findings shed
further light on telementoring used in surgical medical education. It is
our hope that more program educators can explore telementoring as a
valuable, scalable tool for mentorship. Telementoring was highlighted
in the chosen studies as a growing and effective modality to enhance
medical education in the surgical field from within both the simulation
setting and the operating room. The results suggest that many forms of
technology can be used to overcome the geographical and financial
barriers to mentoring across the spectrum of medical education, espe-
cially due to the restrictions in place during the COVID-19 pandemic.
While this scoping review indicates the feasibility of telementoring
programs for learners ranging from attending surgeons to medical stu-
dents, future studies are needed with larger sample sizes, longitudinal
evaluation of patient-oriented outcomes, and rigorous study designs to
increase the generalizability of study results. Telementoring used in
surgical training for enhanced clinical and educational outcomes ap-
pears to be applicable and promising in this field.
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Appendix

PubMed Search Strategy

(Telementoring OR tele-mentoring OR ementor OR e-mentor OR
((tele OR remote* OR

distance OR web OR video* OR online OR on-line OR virtual) AND
mentor*)) AND.

(education, medical [mh] OR schools, medical [mh] OR faculty,
medical [mh] OR

“medical education” OR “medical training” OR “medical instruction”
OR “medical

teaching” OR “internship and residency” OR “medical school” OR
“medical schools” OR

“medical student” OR “medical students” OR ‘residency and
internship” OR “medical

resident” OR “medical residents” OR “medical faculty” OR “clinical
faculty”)


https://www.zotero.org/google-docs/?xgblay
https://www.zotero.org/google-docs/?ixrvl5
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AND (“Specialties, Surgical"[Mesh] OR surgery OR surgical OR or-
thopedic OR orthoped* OR neurosurgery OR neurosurg* OR gynecology
OR gynecolog* OR

obstetric* OR ophthalmology OR ophthalmolog* OR otolaryngology
OR otolaryngolog*

OR neurotology OR neurotolog* OR traumatology OR traumatolog*
OR urology OR urolog*)
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