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and limited operative exposure on surgical training.

Objective: Our objective was to review the use of videoconferencing as a practical tool for remote surgical education and to \
propose a model to overcome the impact of a pandemic on resident training.

Summary Background Data: In response to the coronavirus disease 2019 pandemic, most institutions and residency programs
have been restructured to minimize the number of residents in the hospital as well as their interactions with patients and to promote
physical distancing measures. This has resulted in decreased resident operative exposure, responsibility, and autonomy, hindering
their educational goals and ability to achieve surgical expertise necessary for independent practice.

Methods: \We conducted a narrative review to explore the use of videoconferencing for remote broadcasting of surgical procedures,
telecoaching using surgical videos, telesimulation for surgical skills training, and establishing a didactic lecture series.

Results and Conclusions: We present a multimodal approach for using practical videoconferencing tools that provide the means
for audiovisual communication to help augment residents’ operative experience and limit the impact of self-isolation, redeployment,
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The coronavirus disease 2019 (COVID-19) pandemic has
caused dramatic changes to all facets of healthcare access and
delivery, and as a result, healthcare workers and institutions
are relentlessly adapting to overcome the many unprecedented
challenges.! As part of the overhaul and restructuring process,
healthcare systems and institutions have adopted a “dam-
age-control” response to limit the impact of this devastating ill-
ness, by focusing on ensuring the adequate supply of personal
protective equipment, human resources, and capacity to han-
dle the constant flow of patients, as well as preventative mea-
sures such as physical distancing.>* As a result, most surgical
departments have temporarily suspended nonurgent surgeries,
in accordance with recommendations from local governmental
agencies, the American College of Surgeons and other regula-
tory bodies, and have implemented redeployment protocols to
redistribute human resources where they are most needed.’-*
Surgical trainees have been an integral part of the response to
COVID-19 with many institutions adopting unique models to
restructure residency programs to minimize the daily number of
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residents in the hospital as well as the frequency of interactions
with patients.’

Although these measures have maximized physical distanc-
ing and promoted flattening of the COVID-19 incidence curve,
it has also affected training and the development of surgical
expertise amongst residents. The cancelation and postpone-
ment of scheduled surgeries means that many residents who
had planned to rotate on specific subspecialty rotations may
not have opportunities to do so. Often these rotations are the
only exposure residents would obtain throughout their resi-
dency, confounding a problem already present by lower case
volumes for more specialized procedures. The lack of patient
care and operative experience can leave trainees with a gap
in their surgical training and limited exposure to unique
and rare surgical pathologies that are vital for their training.
Furthermore, the atmosphere within the operative theater has
become increasingly more stressful where the central objective
is to perform the procedure in a safe and expeditious man-
ner and limit the operating team’s exposure to patients. This
results in residents having decreased intraoperative responsi-
bility and autonomy, often requiring 2 attending surgeons to
double-scrub on more complex cases to minimize operating
time. Most hospitals have also implemented restrictions to
limit the number of nonessential healthcare workers into and
out of the operating room to minimize the risk of transmission
and to preserve personal protective equipment. Consequently,
many residents do not have opportunities to observe, let alone
scrub, on cases.

Theories of professional expertise suggest that learning
is fostered through a continuous process of “experiencing,
reflecting, thinking, and acting,” whereby new experiences
provide learners with new data that are assimilated into their
mental model.'® This cycle continues until, over time, a level
of understanding is reached that allows a surgeon to retrieve
this knowledge quickly, adaptively, flexibility, and creatively
for unique and related operative scenarios. For instance, an
endocrine surgery rotation provides a limited but unique
experience for understanding the complex intricacies of neck
anatomy. A lack of participation in such cases will severely
limit graduating residents’ ability to acquire the necessary
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expertise to independently manage surgical pathologies in the
neck (eg, penetrating neck trauma). There is therefore a need
to augment surgical training, not only for redeployment of
human resources to handle the clinical challenges of the pan-
demic but also to ensure that residents’ educational objectives
continue to be met by actively engaging them throughout all
aspects of the operative experience. This review summarizes
the use of videoconferencing as a practical tool for surgical
education to limit the impact of self-isolation, redeployment,
and limited operative exposure on surgical training during a
pandemic.

VIDEOCONFERENCING

To overcome these unprecedented educational challenges during
the COVID-19 pandemic, advances in distance communication
technology can be leveraged to help alleviate the impact on sur-
gical education by providing the means for remote and mean-
ingful interactions between mentors and mentees to promote
educational objectives while adhering to restrictions in physical
distancing. This includes simple audiovisual communication (eg,
videoconferencing), as well as interfaces that can accommodate
more advanced functions, such as telestration. Our institution
has begun implementing a multimodal approach using video-
conferencing tools to augment residents’ operative experience
(Fig. 1). In this model, videoconferencing is used for: (1) remote
broadcasting of surgical procedures; (2) telecoaching using sur-
gical videos; (3) telesimulation for surgical skills training; and
(4) didactic lecture series.
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Remote OR Broadcasting

Although it may not be possible to bring some residents into the
operating room to watch or be actively engaged, it is certainly
possible to broadcast procedures to members of the surgical
team remotely. The availability of advanced digital intraoper-
ative cameras and endoscopy can provide high-definition video
feeds that provide pristine views of the surgical anatomy. As a
result, live streaming of surgical videos has proven to be a highly
valuable asset in surgical education and an increasingly com-
mon method for continuing professional development activities
in the surgical community.!"'? By having an infrastructure that
permits residents to have a virtual presence in the OR, staff
surgeons can engage with them and provide real-time teaching.
For image-guided surgeries, many new operating suites come
equipped with an integrated digital platform whose video feed
can be broadcasted. Although not all institutions have this
capability, several commercially available platforms can also
be linked to provide views of both the surgical field and the
operating room for a virtual presence (Fig. 2). These systems
are often equipped with a microphone and speakers such that
members of the audience can freely interact with the operating
team. Open procedures tend to be more challenging due to the
innate difficulty of obtaining the optimal camera angle, image
resolution, and focus. In such instances, telemedicine platforms
that contain cameras often have powerful zoom functions and
resolution and can be positioned accordingly to view the area of
interest. Some platforms even provide the capability of remote
control of the camera angle and zoom to minimize any inter-
ference with the surgical workflow. Other options include the
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FIGURE 1. A multimodal approach using videoconferencing tools to augment residents’ operative experience through remote broadcasting of surgical proce-
dures, telecoaching using surgical videos, telesimulation for surgical skills training, and didactic lecture series.
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FIGURE 2. An example of a laparoscopic low anterior resection remotely broadcasted live to an audience of surgical residents with video feeds from a camera

in the operating theater and from the endoscopy platform.

use of head-mounted cameras worn by the surgical team for
recording or live streaming of open procedures. To optimize
the educational value of a broadcasted operation, it may also
be more valuable to have a moderator surgeon who can pro-
vide ongoing commentary and answer questions to the group
during the case. Regardless of the approach or platform, it is
critical for educators to be familiar with institutional protocols
for ethics approval and patient consent, and to adhere to patient
privacy standards when sharing this data (eg, Health Insurance
Portability and Accountability Act [USA] and Personal Health
Information Protection Act [Ontario, Canadal]).

Aside for the technological and logistical challenges, live
broadcasting of surgical cases can have several drawbacks,
including interference with the operating team, workflow, surgi-
cal performance, and potentially patient outcomes. Synchronized
Deferred Live Surgery has emerged as an alternative solution
to recreate the live surgical environment by recording a proce-
dure using multiple cameras.'® The procedure can therefore be
watched and paused for discussion at the audience’s pace with a
moderator. This model also overcomes most trainees and audi-
ence members’ hesitation with asking questions.

Telecoaching Using Surgical Videos

There is an abundance of e-learning platforms available to
surgical trainees on both computers and mobile devices, many
of which provide large libraries of procedures for residents to
watch and learn from.'* Although this can be a great source of
information for residents’ self-directed learning, without active
experiential learning, these surgical videos and e-learning plat-
forms have limited educational value. Evidence suggests that
professional expertise in complex tasks is attained and retained
when learners engage in deliberate practice of specific and mea-
surable competencies—that is by focusing on difficult aspects
and areas of weakness, receiving immediate, and focused feed-
back on performance and ample opportunities for repetitions.'s
By providing a trainee the means to be more intentional about

how they think and behave, this form of training can lead to
more long-term and robust learning.

Remote telestration using surgical videos has shown to be
a more deliberate method of improving advanced cognitive
skills.'!” In this simulation exercise, a moderator shares surgi-
cal videos with trainees. Instead of simply watching the video as
a group, the video is paused at specific time-points and trainees
are prompted to make critical decisions throughout the case,
specifically by making annotations (free-hand drawing) on the
surgical field (Fig. 3), with subsequent assessment and feedback
on their decisions by the moderator. For instance, trainees are
asked to describe the best plane of dissection, the location of
critical anatomical structures, or the optimal location and vec-
tor of retraction. In this manner, participants are deliberately
practicing and committing themselves to making intraopera-
tive decisions while getting immediate feedback on the results
of their decisions, with multiple opportunities for repetition—a
phenomenon that is often neglected, but all-too critical to the
acquisition of expertise. This form of training by using visual
concordance of annotations on a surgical canvas has shown
to be a very promising method of improving intraoperative
judgment.'$"?

Telesimulation for Technical Skills

Deliberate practice, refinement and retention of technical skills
are an added challenge for surgical trainees during a pandemic.
Telesimulation is a method of linking instructors to learners at a
distant location, to provide real-time training and feedback with
a focus on the psychomotor domain of surgical performance.
Telesimulation also offers a trainee-centered approach to surgi-
cal education by tailoring instruction to prioritize the individ-
ual objectives of each learner. This simulated experience is an
opportunity for residents to evaluate, refine, and enhance the
mental models that can improve operative performance in real
life. Telesimulation has been shown to be a cost-effective way
of teaching the Fundamentals of Laparoscopic Surgery skills in
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FIGURE 3. Example of telecoaching using surgical videos for laparoscopic transabdominal adrenalectomy. The coach prompts multiple audience members to
actively engage by making annotations on the surgical field, with real-time feedback on their situational awareness and decision-making.

resource-restricted countries and can be applied to any setting
with internet access.? It is particularly well-suited for scenarios
requiring self-isolation and physical distancing, where remote
linking of simulators can facilitate demonstration and hands-on
practice of skills between 2 parties.

Trainees are provided with a laparoscopic box trainer, all
essential equipment (ie, penrose drains, sutures, and needle driv-
ers), and are connected with a surgeon-mentor using basic video-
conferencing technology (Fig. 4). A duplicate box trainer is used

by the surgeon to demonstrate the correct manner in which fun-
damental skills, such as intracorporeal suturing and knot tying,
are to be performed. This is followed by repetitive practice and
learner-specific feedback. Residents are encouraged to continue
to practice at home and are invited to several follow-up sessions
to maximize retention and optimize performance. The avail-
ability of a laparoscopic skills simulator at home also facilitates
independent learning as on-site training facilities, such as simu-
lation centers, may be closed during a pandemic and not readily

FIGURE 4. Telesimulation provides real-time training and feedback with a focus on the psychomotor domain of surgical performance. In this example, residents
and proctors are provided box trainers with inanimate objects and predefined tasks for replicating an intracorporeal anastomosis. The proctor provides live

feedback through demonstration and according to the needs of the learner.
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accessible to residents. Telesimulation is a portable, accessible,
convenient, and relatively inexpensive solution to support sur-
gical skills training, especially during periods of resource lim-
itation such as a pandemic. This approach can also be modified
using different simulators and webcams to teach many different
technical skills.2!?2

Didactic Lectures

Implementing a didactic lecture series is important to supple-
ment the experiential learning offered by remote OR broadcast-
ing, telecoaching, and telesimulation. This can be accomplished
by engaging a diverse cohort of surgeons, with unique clinical
and research interests, tasked to deliver theory and knowledge
about specific surgical conditions or topics related to their area
of expertise. The virtual format can facilitate delivery across
multiple sites, thereby targeting a larger body of trainees, from
medical students to senior residents. Besides faculty-led didac-
tics, there are a multitude of other e-learning platforms that can
provide free, online education for surgical residents during the
pandemic. Some examples include the Behind the Knife pod-
cast, Incision Academy, and the Project Quarantine: Surgical
Education series sponsored by the American College of Surgeons.
The utility of these resources, however, hinges on trainee moti-
vation to allocate self-study time. These platforms also provide a
limited opportunity to ask questions and clarify concepts in real-
time. At times, their effectiveness is also limited by the large num-
ber of attendees (150-200) from across North America, which
can preclude any meaningful interaction with the presenter. Our
weekly series consists of three to four 60-minute sessions, with
a maximum of 15 learners across 2 hospitals. The didactic com-
ponent of each session is complemented by case-based learning,
which has been shown to improve understanding, retention, and
application of theoretical concepts into the clinical setting.

ASSESSMENT

In addition to finding creative and practical solutions to train-
ing residents, surgical educators are also finding it increasingly
challenging to assess residents’ operative performance. The lack
of resident participation and engagement in the operating room
means there are less opportunities for them to be evaluated on
specific competencies and domains of intraoperative perfor-
mance: psychomotor skills, declarative knowledge, advanced
cognitive skills, interpersonal skills, and personal resourceful-
ness.” Although videoconferencing cannot fully replace the full
operative experience (especially for the nontechnical aspects of
an operation), it can help bridge this gap. For instance, psycho-
motor skills for basic and advanced laparoscopic tasks can be
evaluated via telesimulation in a simulated environment.**?S
Also, surgical videos can be used to immerse trainees into opera-
tive scenarios, where they can be prompted at various time points
to assess their declarative knowledge (eg, recitable facts about
relevant anatomy, pathology, and surgical techniques) and more
complex tacit knowledge representing higher-order mental pro-
cesses that determine intraoperative judgment. As a supplement,
the Visual Concordance Test provides an objective and measur-
able metric to remotely evaluate intraoperative decision-making
using telestration.'®!” Users are asked to answer specific ques-
tions by making annotations on the surgical field (eg, location of
critical anatomy, safe planes of dissection) and those annotations
are compared to experts’ annotations to yield accuracy scores.

LIMITATIONS

Despite the advantages of using videoconferencing and telemen-
toring technology to supplement residents’ surgical experience,
there are several limitations. Notably, face-to-face interactions
are more personable and have a greater tendency to develop a
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trusting and longitudinal mentor-mentee relationship, which is
critical to the learning process. In contrast, audiovisual commu-
nication through computer platforms, while promising and suc-
cessful in many ways, do not provide the same degree of social
interaction that fosters this relationship. The lack of presence
and activity in the surgical field also leads to limited kinesthetic
and tactile feedback that is necessary to develop trainees” men-
tal model of surgical anatomy. Furthermore, most videocon-
ferencing platforms require adequate Wi-Fi connectivity and
bandwidth to provide high-quality video feeds, which may not
always be available in every geographic location. Regardless of
whether it is used to augment learning or assessment, videocon-
ferencing will not replace the full operative experience and these
strategies are only meant to minimize the impact of a pandemic
on resident training. Consistent, deliberate and focused practice
in the operating room remains the cornerstone of acquiring sur-
gical expertise.

Another important consideration is patient confidentiality
and the use of software that meet privacy standards for record-
ing surgical videos and broadcasting procedures, either live or
deferred-live fashion. Although most institutions have protocols
and consent forms for using deidentified videos for educational
and quality-improvement, these typically do not involve live
broadcasting. Institutional ethics review is typically required,
along with the use of platforms that adhere to patient privacy
standards. Finally, implementing videoconferencing into sur-
gical curricula can be costly both from a material and human
resources standpoint, especially when deploying integrated sys-
tems and telemedicine platforms with built in cameras, micro-
phones, and speakers. Nevertheless, many videoconferencing
platforms are available for free and provide easy solutions for
training programs wishing to use preobtained surgical videos
for telecoaching and deferred live broadcasting. It is also chal-
lenging recruiting faculty to commit their time to engage in edu-
cational activities.

CONCLUSION

The COVID-19 pandemic has resulted in many unprecedented
challenges, leading to substantive changes to surgical care mod-
els and restructuring of residency programs. This has led to
decreased resident operative exposure and autonomy, hindering
their educational goals and ability to achieve surgical expertise
for independent practice. By adhering to best-practices in edu-
cation, videoconferencing technology can help limit the over-
whelming impact felt by surgeons-in-training around the world.
Specifically, audiovisual telecommunication can augment resi-
dents’ operative learning, assist with evaluating operative per-
formance and limit the impact of self-isolation, redeployment,
and limited operative exposure on surgical training.
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