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Background: The COVID-19 pandemic drastically reduced opportunities for surgical skill sharing between
high-income and low to middle-income countries. Augmented reality (AR) technology allows mentors in
one country to virtually train a mentee in another country during surgical cases without international
travel. We hypothesize that AR technology is an effective live surgical training and mentorship modality.
Methods: Three senior urologic surgeons in the US and UK worked with four urologic surgeon trainees
across the continent of Africa using AR systems. Trainers and trainees individually completed post-
operative questionnaires evaluating their experience.

Results: Trainees rated the quality of virtual training as equivalent to in-person training in 83% of cases
(N = 5 of 6 responses). Trainers reported the technology's visual quality as “acceptable” in 67% of cases
(N = 12 of 18 responses). The audiovisual capabilities of the technology had a “high” impact in the
majority of the cases.

Conclusion: AR technology can effectively facilitate surgical training when in-person training is limited
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or unavailable.

© 2023 Published by Elsevier Inc.

1. Introduction

Global surgical partnerships allow for the transfer of surgical
skills, knowledge, and resources between high and low to middle-
income countries to the benefit of both the health professionals
involved and the patients. The COVID-19 pandemic halted global
surgery mission trips. The loss of opportunity for surgical skill
sharing between surgeons from different countries highlighted the
need for a surgical teaching modality that can be implemented
when in-person training is not feasible or is unavailable.
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Augmented reality (AR) technology may provide a welcome
supplement to the standard in-person surgical training model. AR
technology allows mentors in one country to virtually train and
skill-share with a mentee in another country during surgical cases.
The audiovisual capabilities of AR technology allow trainers to not
only see the surgical field and associated imaging but also provide
verbal and visual feedback to the trainee in real-time. Commer-
cially-available augmented reality technology is already being
investigated for use across surgical specialties for both surgical
planning and execution in the United States (US).' In Urology
specifically, augmented reality and virtual technology have been
introduced into procedures such as robotic assisted radical pros-
tatectomy, robotic assisted partial nephrectomy, as well as renal
and prostate biopsy.* ® The introduction of AR technology into
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global surgical partnerships allows for the continuation of collab-
oration, mentorship, and learning between international teams
without the necessity of international travel.” We aim to explore
the utility of augmented reality technology as a surgical training
modality.

2. Methods and materials

Three experienced Urologic surgeon trainers with sub-
specialization and expertise in general urology, endourology, and
reconstructive surgery in the US and the United Kingdom worked
with four urologic surgeon trainees in Benin, Ethiopia, Nigeria, and
Senegal. All trainees are trained urologic surgeons who completed
their training abroad but have not completed sub-specialty
training. Trainer-trainee pairs were based on previous mentorship
relationships. Trainer-trainee pairs completed surgical procedures
together using either the Proximie™ or Vuzix™ augmented reality
technology systems (Fig. 1). The market price of the Proximie™
system is ~$17,000/year while the Vuzix™ smart glasses range from
$1300—2500. Both technologies, however, were donated in-kind to
Medi Tech Trust UK Charity.

The Proximie™ system utilizes a standing console which
transmits audio and visual feedback between the trainee in the
operating room and the trainer in any location, in real time. The
console's camera is positioned over the operating table, trans-
mitting a live visualization of the procedure being performed and
facilitating telepresence. The fluoroscope can also be connected
into the console system. The mentor can then verbally provide
feedback or annotate on the live view of the surgical field or im-
aging which is then seen by the mentee on the Proximie screen.
Similarly, the Vuzix™ augmented reality glasses allow the trainer to
see the trainee's point-of-view in the operating room and provide
audiovisual feedback through the glasses. Through both technolo-
gies, the trainer is able to use virtual indicators to draw and provide
feedback on the OR field or imaging (Fig. 4) while simultaneously
providing verbal feedback through the audio capabilities of the
technology.

After each surgical case using one of the technologies, trainers
and trainees completed online questionnaires individually assess-
ing the training experience and the utility of the technology during
the surgical procedure.

3. Results

A total of 14 surgical cases were performed with augmented
reality technology and evaluated using the online questionnaires.
Surgical cases included percutaneous nephrolithotomy (PCNL) and
urethral reconstruction (Fig. 4). The questionnaires for both trainers
and trainees can be found in the supplemental data (Supplemental
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Data 1 and Supplemental Data 2). All of the trainers and trainees
completed online questionnaires (Table 1, Table 2, Fig. 2, and Fig. 3).

3.1. Technology set-up and use

Trainees used the Proximie™ system in 50% of cases reported
and the Vuzix AR system in 50% of cases (Fig. 2). Trainees experi-
enced some technical problems while using the AR technology in
83% of the cases (N = 5 of 6 responses). Trainees reported that the
virtual/augmented reality technology was easy to set up and use in
100% of cases (N = 5 of 6 responses) while trainers found the
technology easy to set up in 72% of cases (N = 13 of 18 responses)
and not easy to set-up and use in 11% of cases (N = 2 of 18 re-
sponses). Trainers reported technical problems in 11% of cases
(N = 2 of 18 responses) and “no” technical problems in 89% of cases
(N = 16 of 18 responses)(Fig. 2). The technical problems experi-
enced included difficulty connecting the C-Arm of the fluoroscope
and the videostack directly into the Proximie™ system, smart
glasses battery draining during the procedure, poor image quality
of the trainer on the mentee's side, and the occasional loss of the
mentor's camera during drops in connectivity.

3.2. Virtual connection

These questions queried internet connectivity throughout each
case. Trainees reported “rarely” having difficulty staying connected
with the trainer in 91% of cases (N = 11 of 12 responses). Trainers
reported “rarely” having difficulty with maintaining connection in
39% of cases (N = 7 of 18 responses) and “never” having difficulty
connecting in 50% of cases (N = 9 of 18 responses). Trainees re-
ported “often” having difficulty maintaining connection in 9% of
cases (N = 1 of 11 responses) and trainers reported “often” having
difficulty in 11% of cases (N = 2 of 18 responses) of cases. Trainees
“rarely” experienced delay or time lag in 100% of cases (N = 12 of 12
responses) while trainers “never” experienced delay or time lag in
56% of cases (N = 10 of 18 responses) and “rarely” in 11% of cases
(N = 2 of 18 responses) but “often” in 33% of cases (N = 6 of 18
responses). Trainers reported that time lag was problematic in 11%
of cases (N = 1 of 9 responses).

3.3. Audiovisual capabilities

Trainers reported that the visual quality while using the tech-
nology was “acceptable” in 67% of cases (N = 12 of 18 responses)
and “looks like I'm there” in 33% of cases (N = 6 of 18 responses).
Trainers rated the impact of visual input/ability to draw on the
screen for trainees as “high” in 83% of cases (N = 15 of 18 re-
sponses), “neutral” in 11% of cases (N = 2 of 18 responses), and
“low” in 6% of cases (N = 1 of 18 responses). Trainees rated the

Fig. 1. A) Proximie™ Augmented Reality System. Photo courtesy of Proximie™. B) Vuzix™ Augmented Reality Smart Glasses in use during surgery. Photo courtesy of Vuzix™.

2



Table 1

Trainee demographics.

Where do you
work?

What is your
designation?

For how long have you What does your

practiced urology? practice entail?

If you chose “other” for your practice,
please explain ...

Does your Urology department
collaborate with or host urologists from does collaborate or host

High Income Countries?

If your Urology department

urologist from High Income

Countries, how many times per

What is the average duration

spent by visiting surgeon at

your site at a given time?

year?

Cotonou, Benin General 5—10 years Minimally open surgery and endourology Yes 2-5 times 1-2 weeks
Urologist invasive surgery

Dakar, Senegal General >10 years Other RECONSTRUCTION + MINIMALLY Yes 2-5 times 1-2 weeks
Urologist INVASIVE + OPEN SURGERY

Abuja, Nigeria General >10 years Other Open Surgery and Minimally Invasive Yes Once <1 week
Urologist surgery

Addis Ababa,  General <5 years Open surgery Yes Once <1 week

Ethiopia Urologist
Table 2

Trainer demographics.

Where do you
work?

What is your
designation?

For how long have you
practiced urology since
finishing training?

What does your
practice entail?

If you chose “other” for your
practice, please explain ...

Does your Urology department
collaborate with or host
urologists from Low Income
Countries?

If your Urology department
does collaborate or host
urologist from Low Income
Countries, how many times per
year?

What is the average duration
spent by visiting surgeon at
your site at a given time?

East Sussex, United

Kingdom
Norfolk, Virginia

Los Angeles,
California

Endourologist

Reconstructive
urologist
Endourologist

>10 years
>10 years

<5 years

Minimally invasive

surgery

Open surgery

Minimally invasive

surgery

Yes

Once

Once

>4 weeks

1-2 weeks
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Trainee Responses

What communication system are you using?

Were you able to complete the surgery?

Was there a technical problem with any of the equipment?

Did you experience any delay or time lag while using the technology?

What was the impact of the audio?

How useful was the technology in allowing you to receive anatomical guidance from the
trainer?

How often was there difficulty connecting virtually with the trainer?

Did you experience any delay or time lag while using the technology?

Using this technology for teaching other procedures would be useful

This virtual d reality

is easy to set up and use

How would you describe the quality of virtual training v. in-person training?

Fig. 2. A composite of online questionnaire responses completed by trainees.

Trainer Responses

What communication system are you using?

This vir reality

is easy to set up and use

What was the quality of visualization?

What was the impact of the visual input/ability to draw on the screen?

How useful was the technology in allowing you to provide the trainee with anatomical guidance?

How useful was the technology in allowing you to provide the trainee with feedback on technique?

What impact did the virtual reality technology have in the success of the procedure?

How often was there difficulty connecting virtually with the trainee?

Did you experience any delay or time lag while using the technology?

If you experienced lag, was the time lag problematic?

Was there a technical problem with any of the equipment?

How would you describe the quality of virtual training v. in-person training?

Fig. 3. A composite of online questionnaire responses completed by trainers.

impact of the audio as “high” in 83% of cases (N = 5 of 6 responses).
Trainees rated the usefulness of the anatomic guidance from the
trainer through the technology as “significant” in 83% of cases
(N =5 of 6 responses). Trainers rated the usefulness of being able to
provide anatomical guidance as “significant” in 72% of cases (N = 13
of 18 responses) and “invaluable” in 22% of cases (N = 4 of 18 re-
sponses). For trainers, the ability to provide anatomical guidance
had “minimal” utility in 6% of cases (N = 1 of 18 responses). The
utility of the technology in allowing trainers to provide feedback on

technique to trainees was “significant” in 67% of cases (N = 12 of 18
responses), “invaluable” in 27% of cases (N = 5 of 18 responses), and
“minimal” in 6% of cases (N = 1 of 18 responses).

3.4. Surgical training utility

On their initial questionnaire response, all trainees reported
having trained face-to-face 1 to 5 times with the trainer before the
procedure. In 100% of the cases (N = 6 of 6 responses), trainees
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Fig. 4. A) A purple crayon indicator being used by the trainer to guide dissection during urethral reconstruction. B) A purple scalpel indicator being used by the trainer to guide wire
placement during a percutaneous nephrolithotomy (PCNL) procedure. C) A trainee performing an ultrasound for a PCNL procedure with the AR technology, D) allowing the trainer to
see the imaging in real time. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

were able to complete the procedure they were being trained on.
Trainees rated the quality of virtual training as “equivalent” to in-
person training in 83% of cases (N = 5 of 6 responses) and “infe-
rior” in 17% of cases(N = 1 of 6 responses). Trainees responded in
100% of cases (N = 6 of 6 responses) that using this technology for
teaching other procedures would be useful. Trainers rated the
quality of virtual training as “inferior” to in-person training in 67%
of cases (N = 12 of 18 responses), “cannot compare” in 22% of cases
(N =4 of 18 responses), and “equivalent” in 11% of cases (N = 2 of 18
responses).

4. Discussion

In this study, augmented reality technology proved a useful
surgical training modality when in-person teaching was restricted
due to the global pandemic. Trainees and trainers both reported
easy set-up and use of the technology in the majority of cases with
little issue connecting virtually. When delay and time lag did occur,
which we have now come to expect with any virtual meeting, it was
only problematic in a small minority of cases. In fact, though
trainees experienced technical problems during a majority of the
cases, they were able to complete every case and did not have to
forgo the intended procedure. Bandwidth was not measured in this
study, and we are unable to infer the magnitude of its contribution
to delay or time lag. The visual quality was acceptable or “looks like
I'm there” in all cases. The impact of the audio and visual input/
ability to draw on the screen was high in the majority of cases. The
usefulness of the ability to provide anatomical guidance through
the AR technology was “significant” in the majority of cases for both
the trainer and trainees. Trainees felt that there was equivalence to
in-person training in the majority of the cases and that using the
technology for teaching other procedures would be useful. Trainers,
however, rated virtual training as inferior to in-person training in
the majority of cases and equivalent only in a small percentage of
cases. We believe that this disconnect may be attributed to the
seniority and training experience of the trainers. The trainers
involved in this study have combined 15+ years of in-person global
partnership training experience while the trainees are more junior
and have less global surgical partnership training experience to
compare the virtual training sessions to. While it certainly cannot
replace in-person surgical training, augmented reality technology

can be explored as a supplemental teaching modality when in-
person teaching is unavailable or restricted.

There are several limitations to our study that can be improved
upon for further exploration of the utility of augmented reality
technology in surgical training. This study utilized a small trainer/
trainee cohort consisting largely of pairs connected by previous
global surgical partnership trips before the pandemic travel re-
strictions. Thus, the small sample size may not allow the findings to
be generalizable. We did not control for the experience level of
trainees or trainers which may have had an influence on the
training experience and comfort level during cases. Though all
cases in this study were completed even with problems in
connection, it is important to emphasize that our study consisted of
mentees that are trained urologists and had previously performed
the procedure they were receiving training on. The trainees and
their teams are equipped to handle complications with or without
mentorship. The surgical experience of the mentee is important to
take into consideration when deciding to use AR technology for
surgical training as the mentee and their surgical team will have the
sole physical ability to operate if complications arise during the
training. It may be unethical to attempt this type of training
without confidence that the mentee and their team are capable of
handling surgical complications. By the same token, surgical
training via AR technology is not meant to replace in-person
training but rather complement and strengthen global partner-
ships by facilitating more interactions without the logistics or cost
of travel between countries. In fact, the technologies continue to be
used between mentor and mentee pairs who participated in this
study. We understand that the sticker price of the AR technologies
may present a deterrent in replicating this study in other global
partnerships, however, both companies are eager to work with
individuals and institutions in order to further integrate their
technologies into the healthcare field. Future studies should utilize
a larger cohort of trainer-trainee pairs for comparison and consider
stratification of responses by trainer seniority and/or trainee sur-
gical experience. Research on the utility of augmented reality
technology for use in surgical training would also benefit from a
more formal comparison of the different types of commercially
available technologies (e.g. standing augmented reality console v.
eyewear). Nonetheless, our study showed benefit to the addition of
augmented reality technology to the surgical training landscape.
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