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ABSTRACT

Background: Augmented reality (AR) superimposes computer-generated content to a real-world environment through
multitudinous devices, and is used across multiple training fora. Its use in vascular surgery education is yet to be formally
investigated. The aim is to assess feasibility and effectiveness of remote teaching of vascular anastomosis skills enhanced
by AR in the form of the HoloLens2 Head-Mounted Display technology with traditional in-person skills teaching. A remote
trainer used video, gestures and images superimposed over participants’ field of vision via the HoloLens2 to teach the
skills.

Methods: Twenty-eight participants underwent a preassessment performing an end-to-end vascular anastomosis on an
artificial vessel. They were allocated randomly to an AR or in-person group, and underwent two teaching sessions.
Individuals were asked to complete a postsession feedback form and assessment (video recorded and anonymized). The
videos were marked by two blinded, independent assessors using the Objective Structured Assessment of Technical
Skills (OSATS) scoring.

Results: There was an overall improvement in both cohorts in OSATS score after the intervention by +7.083 in the
in-person group and +8.275 in the AR. Independent t test was performed and a P value of .422 was obtained, indicating
no statistically significant difference in the change in OSATS scores when comparing the skills teaching received
in-person with that through AR.

Conclusions: Remote teaching enhanced by AR is feasible and effective for the teaching of vascular surgical anastomosis
skills and noninferior to in-person teaching. There is scope for development of the use of AR in vascular surgical skills

training. (JVS-Vascular Insights 2024:2:100032.)
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Augmented reality (AR) is a technology whereby real-
world environments and interactions are modified through
computer-generated (CG) content in the form of CG sen-
sory stimuli. In contrast, virtual reality (VR) is an artificial
experience simulated solely in a synthesized world.' Both
AR and VR fall on the spectrum of the reality-virtuality con-
tinuum first proposed by Milgram and Kishino.?
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AR in medical education is usually provided in the form
of a head-mounted display worn by the user.? It allows
surgical procedures to be assimilated into segments
which can be taught, practiced, and evaluated.”
Although VR allows a trainee to practice a particular skill,
AR lends itself to more realistic simulation by its ability to
blend CGC content with physical experiences. For
example, the Microsoft HoloLens2>® used in this study,
used CG audio and video via a headset, to alter the reality
of the user. The HoloLens2 is a holographic hands-free
computer coupled with software to superimpose CG im-
ages over the real world.® This facilitates learners to gain
experience, build confidence, and gain feedback on
surgical skills that, although standardized, can also be
individualized to a learner's needs and becomes an
excellent resource in training and formative assessment.

In surgical training, AR has been widely cited for uses in
different specialties and different skills, with good results
in skill development”® owing, in part, to the realistic
depiction it offers in terms of visual, tactile, and handling
characteristics.”'© Despite this, literature on the use of AR
in vascular surgery skills teaching is limited.

Our aim for this study was to assess AR using the Holo-
Lens2 device and Remote Assist software as a method of
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teaching vascular anastomosis skills compared tradi-
tional, in-person teaching. We aimed to assess the feasi-
bility of AR in this context, as well as comparative
effectiveness and experience of trainers and trainees
compared to in-person training. The primary outcome
assessed is the paired change in the validated Objective
Structured Assessment of Technical Skill (OSATS)
scores,"™ comparing the two groups. Secondary out-
comes include trainer and trainee satisfaction.

Our null hypothesis proposes that there is no significant
difference in the paired OSATS scores after intervention
with either traditional in-person teaching or teaching us-
ing AR.

METHODS

Ethical approval was gained through the Imperial Col-
lege Education Ethics Research Process. Participants
were recruited through email and word of mouth. Inclu-
sion criteria consisted of medical students, postgraduate
year 1 doctors (PGY-1/foundation doctors) and other ju-
nior doctors who did not have prior experience with per-
forming a vascular anastomosis. Exclusion criteria
included doctors of PCY-5 grade (registrar) or more se-
nior and prior experience of performing a vascular
anhastomosis.

A power calculation was not performed, because there
were no studies found in the literature review using the
same skill and assessment method. Based on similar
studies, a sample size of 20 participants was selected.'*'®

Written informed consent was obtained from all appli-
cants, and each was anonymized by allocation of a
random CG participant number. Accepted applicants
were then asked to complete a preassessment feedback
form (Appendix 1), relating to their experience and confi-
dence in performing a vascular anastomosis.

Participants then underwent a 20-minute preassess-
ment, where they were asked to perform an end-to-
end vascular anastomosis on an artificial vessel mounted
on a jig (Fig 1). They were provided with all the standard
instruments usually present on a vascular tray, including
a basic surgical set, a Castroviejo needle holder, Ryder
needle holder, Gerald forceps and 5/0 double-ended
Prolene sutures. Each was also provided with printouts
illustrating step-by-step instructions on how to perform
an end-to-end anastomosis (Appendix Il). Videos of the
preassessment exercise were obtained by recording the
artificial vessel and the gloved hands of the participants
to ensure bias reduction; videos were labelled with the
respective anonymized participant number.

Participants were then randomized as either an AR
group or a traditional in-person group before the initial
training session by the investigators. This was done by
assigning a method to alternating sessions throughout
the training day, and allocating students to the sessions
(who were unaware of the method assigned) based on
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Fig 1. Set up of jig and instruments.

their availability. They were blinded to their group’s allo-
cation until after the preassessment.

Participants in both groups then underwent two sepa-
rate 40-minute teaching sessions in groups of no more
than three trainees, taught by a consultant vascular sur-
geon with expertise in medical education and training
in providing feedback. Participants were placed in the
same room, at separate tables, with their own set of sur-
gical instrument trays and artificial vessel. During the ses-
sions they received teaching, feedback, and support in
performing vascular anastomoses.

Participants in the AR group were provided a Holo-
Lens2, which had already been set up and were asked
to wear it (Fig 2). They were then asked to accept a video
call through Microsoft Teams from the trainer who was in
a remote location. The trainer was set up with three
separate laptops and was connected on three separate
calls during the teaching sessions with the different
trainees, which they would mute in turn depending on
which person the trainer was engaging with (Fig 3). For
the in-person teaching group, instruction was provided
in the traditional format, whereby the trainer would
circulate in the room to supervise the task and provide
feedback to each participant individually. The trainer
was involved in the design of the educational content
and assessment of the sessions. The trainer also received
a short brief at the beginning of the project, about how
to use the HoloLens. At least one person with more
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Fig 2. Participant wearing HoloLens head-mounted
display (HMD). They are able see the vessel and jig and
their trainer superimposed over their field of vision.

experience with the HoloLens was available on site, for
any troubleshooting or questions.

After completing two teaching sessions, the individuals
were asked to complete a postsession feedback form
(Appendix Ill) and then complete a 20-minute postassess-
ment exercise on the same jigs (Fig 4). These assessments
were once again recorded by collecting footage of the arti-
ficial vessels and participants’ gloved hands. Videos for all
participants in both preassessments and postassessments,
were obtained using a video camera mounted on a stand.

Before being marked, all videos had audio and partici-
pant numbers removed, and videos were renamed using
a web-based random number generator. Videos were
marked using the OSATS scoring system (Table |). The
validated OSATS score has been found to be a feasible,
effective, and reliable tool to assess surgical skills, with
acceptable construct and content validity. It has been
used in different surgical specialties, including vascular
surgery to assess competency.'”" This consists of seven
separate competencies which are marked from a range
of 1 to 5 for each category, including respect for tissue,
time and motion, instrument handling, knowledge of in-
struments, use of assistants, flow of operation and for-
ward planning, and knowledge of specific procedure.
The minimum achievable global score is 7 and the
maximum achievable global score is 35.
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Fig 3. The trainer is able to see their trainee’s point of view,
through a camera on the head-mounted display (HMD).

For the purposes of this study, six of the seven compe-
tencies were assessed. Use of assistants was not
assessed, because the trainees performed the assess-
ments independently thus the minimum achievable
global score was 6 and the maximum achievable global
score was 42.

Two different assessors marked the videos indepen-
dently, blinded to the AR or in-person group allocation
of the participant and whether the video was a preteach-
ing or post-teaching assessment. They each marked two
20-minute videos per participant—approximately 18 hours
per assessor. Assessors were consultant vascular surgeons
with experience in medical education, who were provided
with the OSATS marking scheme and the anonymized
and randomly ordered. The assessors were not involved
in the teaching of the sessions. An average of both asses-
sors’ scores was taken for each video. Interassessor vari-
ability was analyzed. The difference for each participant’s
score in the preintervention and postintervention assess-
ments was calculated. Eight videos were duplicated,
and a new random video number assigned, to assess
intra-assessor variability.

The feedback results from the assessors and the partic-
ipants were also tabulated and compared. The study and
results were reported and submitted in line with CON-
SORT guidelines.
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in-person
teaching
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Pre-
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remote
teaching

sessions using
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Fig 4. Study design. AR, augmented reality.

RESULTS

Twenty-eight participants volunteered and were
eligible to contribute to the study. Fifteen identified as
male and 13 identified as female. Fourteen were medical
students, 9 were PGY-1 and 5 PCY-2 or -3. Of the 28 par-
ticipants, 15 were allocated to traditional in-person
teaching. Of the traditional in-person cohort, three par-
ticipants did not attend both sessions and were, there-
fore, excluded from the data analysis. Of the 13
participants randomized to AR, 2 were excluded from
the data analysis for not completing both sessions and
1 was excluded for poor assessment video quality unsuit-
able for assessment (Fig 5).

There was an overall improvement in both cohorts in
OSATS score after the intervention, by +7.083 in the tradi-
tional in-person teaching cohort and +8275 in the AR
teaching cohort (Table Il). The Shapiro-Wilk test did not
show a significant departure from normal distribution for
both the AR group and traditional in-person group data
(W = 0.896; P=.196 and W = 0.905; P =.182) (Fig 6). The F-
test was performed to assess for variance within the groups,
and both samples were found to have equal variance (F =
1.7748; P = 3659). Independent t test identified no statisti-
cally significant difference in the change in OSATS scores
when comparing the skills teaching received in-person
with that through AR (P = .422).

Comparing each of the individual surgical compe-
tencies assessed by the OSATS score, there was no statis-
tically significant difference in mean difference in
score in respect for tissue (P = .6570), time and motion
(P = .0954), instrument handling (P = .2169), knowledge
of instruments (P = .3936), flow of operation and forward
planning (P = .9823), or knowledge of specific procedure
(P = .8356), between the two groups. There was also no
significant difference found between participants of
the same grade between groups (medical student
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P =685, PGY-1 P = .2491; PGY-2 and -3 cohort too small
to calculate).

To quantify agreement between assessors and, there-
fore, assess for interobserver variability, the difference in
scores between the two independent assessors was
analyzed using intraclass correlation coefficient; Cron-
bach’s alpha was 0.811 (P<.001)'®; therefore, interobserver
bias was considered negligible.

Intraobserver variability between the average scores of
the original videos and their duplicates was compared.
Of the eight duplicated videos, two were excluded owing
to poor quality making videos unsuitable for assessment.
Therefore, a total of six pairs of assessment averages were
compared. Intraclass correlation coefficient Cronbach'’s
alpha was 0.941 (P .001), indicating a very good
strength of agreement; hence, intraobserver bias was
considered negligible.

Of the 28 participants, presession feedback forms were
completed by all 13 of the AR cohort and all 15 of the in-
person traditional cohort, postsession 1 and postsession 2
feedback forms by 12 and 13 of the AR cohort, respec-
tively, and 15 and 9 of the in-person cohort (Table IlI).

The difference in agreement with the statement. ‘I am
familiar with the steps of performing a vascular anasto-
mosis” increased by 2.77 compared with 2.27 (P = .1621)
for the AR cohort and in-person cohort, respectively, after
2 sessions. The difference in agreement with the state-
ment, ‘I am familiar with the instruments required to
perform a vascular anastomosis” increased by 2.85 and
242 (P 1356), ‘I am familiar with the technique
required to perform a vascular anastomosis” by 2.77
and 2.22 (P = .1994), and “I am confident in performing
a vascular anastomosis” by 2.77 and 2.31 (P = .0458) for
the AR cohort and in-person cohorts, respectively.

In the AR cohort, the majority of participants agreed or
strongly agreed that the HoloLens2 was easy to set up,



JVS-Vascular Insights
Volume 2, Number C

Stoner et al 5

Table I. Objective Structured Assessment Technical Skills (OSATS) scoring system'”

Time and motion Many unnecessary

moves

Efficient time/
motion, but some
unnecessary
moves

Economy of
movement and
maximum
efficiency

Knowledge of
instruments

Frequently asked
for wrong
instrument or
used
inappropriate
instrument

Flow of operation
and forward
planning

Frequently stopped
operating or
needed to discuss
next move

Knew the names of Obviously familiar

most instruments with the

and used instruments
appropriate required and their
instrument for names

the task

Demonstrated
ability for forward
planning with

Obviously planned
course of
operation with

steady effortless flow
progression of from one move to
operative the next
procedure

comfortable to use, and that the video and audio from
the HoloLens2 were clear. The majority of participants
in this cohort strongly agreed that they were able to
clearly understand instructions from their trainer, found
it beneficial that their instruments were not taken over
by their trainer, and found that feedback was clear. The
majority disagreed that they felt it was detrimental that
they could not see their trainer and did not experience
side effects from the HoloLens. The majority of students
strongly agreed or felt neutral about preferring to have
been taught this skill in person. However, the vast major-
ity strongly agreed that this modality of training would
be a good alternative if in-person teaching was restricted.
Negative comments received mainly focused on tech-
nical problems related to the HoloLens2 equipment
(“call dropping, video stops working, video quality”), side
effects (‘headache”), and some difficulty in understand-
ing instructions (“difficult to explain hands-on things in

words”). Most of the feedback was positive (‘Flexibility.
Comfortable. Less pressure than in person. Trainer can
explain from our shared perspective, less confusion
about left/right etc.”, “The trainer can see my work
without myself being interrupted,” “Great that trainer
can see what you do from their eyes”). Suggestions for
improvement included having a monitor to be able to
see the trainer, adjusting table height for comfort and
improving the technology of the HoloLens2.

In contrast, the majority of the in-person cohort strongly
agreed that it was beneficial that they could see their
trainer and the majority disagreed that they would
have preferred to have this teaching carried out via Hol-
olLens2. Interestingly, numerous feedback comments
about the negative perceived aspects of this method
included having to travel to the location and not being
able to receive this teaching internationally. Participants
strongly agreed that their trainer was able to reference to
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28 eligible participants

13 randomised to AR cohort

2 did not
complete 2
sessions

1 participant
video unsuitable
for assessment

10 participants’
data analysed

15 participants
randomised to in-person
cohort

3 did not
complete 2
sessions

12 participants’
data analysed

Fig 5. Allocation of eligible participants to the augmented reality (AR) and in-person arms of the study.

part of their grafts, and they were able to understand in-
structions and feedback. The majority were neutral
about the statement, “my trainer occasionally took over
my instruments.” Positive comments about this method
of teaching included ‘real-time feedback,” “able to get
the attention of trainer.” and “trainer being able to point
to things,” which were also possible through the AR
method. Positives limited to this modality included “no
technical difficulties,” “building rapport through in
person contact,” and “taking over instruments.”

DISCUSSION
The results of this study confirm that using AR via the
HoloLens2 to teach vascular anastomosis skills was

Table Il. Change in Objective Structured Assessment
Technical Skills (OSATS) scores comparing the augmented
reality (AR) and in-person teaching

10 125

10.5 S

+7.083 +8.275

equally as effective as traditional in-person teaching in
all domains studied, including respect for tissues, effi-
ciency, handling instruments, flow, and knowledge of
the procedure. The trainees’ perceived effectiveness
was also comparable, with trainees finding both modal-
ities acceptable. This finding supports the literature,
which demonstrates effectiveness in improving surgical
skills in other specialties such as ophthalmic surgery, or-
thopedics, and laparoscopic surgery,”®' as well as
acceptability by trainees, which has also been demon-
strated in specialties such as neurosurgery, urology, and
general surgery.”19%°

Training modalities may be assessed against five
factors—face validity (resemblance to a real situation),

o 1 1
AR In Person

c

8

§ Box and Whisker Plot
E 15

£

b

n°- 10 T
5

o

s 2

o 1
o

3

Fig 6. Box and whisker plot demonstrating the distribu-
tion of Objective Structured Assessment Technical (OSAT)
score changes comparing the augmented reality (AR) and
in-person teaching arms of the trial.
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Table Ill. Mean self-assessment agreement scores reflecting perception between the augmented reality (AR) and in-person
(IP) cohorts before the intervention and after teaching

Post session 1 mean 12 15 4.00 4.07

Preassessment 2 mean 13 9 4.46 4,33

content validity (positive evaluation of the educational
value by experts), construct validity (how accurate the
assessment is in terms of experience of the user and re-
sults they obtain), concurrent validity (how it compares
to established training methods), and predictive validity
(how the skills translate to real practice)?’ This study
assessed concurrent validity and compared it with the
current established method of training, which is in-
person teaching. The teaching of surgical techniques
such as vascular anastomosis is often based on the
concept of social constructivism first proposed by Vygot-
sky??> owing to its apprentice-based nature whereby a
more knowledgeable other—a teacher, peer, or CG
expert—facilitates the transition to competency by
traversing the zone of proximal development via a
defined social interaction, such as a teaching session.
When teaching, the use of similar instruments and
equipment along with the type of feedback can further
play into the high-fidelity replication of the actual envi-
ronment, allowing participants to develop in this envi-
ronment and facilitating integration within the actual
theatre environment at a later time. For this reason, the
study also indirectly looks at predictive validity. Consid-
ering the Cognitive Load theory, which suggests that
cognitive processing systems are finite in capacity and
are often cited in performing procedural skills and com-
plex tasks,”* in the design of this study, the distribution of
teaching across two sessions dispersed the formative
feedback, thus decreasing cognitive load for novice
learners in the hope of more effective learning® in
both study armes.

This study was limited to teaching novices alone, to
ensure that those participating in the study had no prior
experience in performing vascular anastomoses. With
junior trainees, trainee-trainer rapport has not yet been
established and not seeing the trainer may not influ-
ence training significantly. Furthermore, these trainees
would certainly benefit from not having their instru-
ments taken over as they begin to become comfortable
with using them. It is interesting to consider more

experienced trainees, who work closely with their
trainers and may have established a mentorship rela-
tionship with them.?® It may also be that, as they need
fine tuning of their technique, they may find that their
trainer adjusting their instruments is useful to
improving performance.

The OSATS score has been validated for surgical skills,
which have been found to correlate to years of surgical
experience. OSATS allow training to be performed in a
standardized way?® and without risk to patients, while still
obtaining feedback and gaining experience in practical
skills. Some disadvantages quoted include bias when
marking, which is why intra-assessor and interassessor
variability was minimized through the study design,
assessed for, and significant contribution confirmed to
be absent.

The improvement in performance improved by 7 to 8
points on the OSATS with no significant difference being
found between the groups. It has been reported that
dedicated training sessions in vascular surgery skills do
lead to improvement of skills, both in group settings
and one on one'*"® The OSATS improvement found in
this study is higher than quoted in other studies (3-5
points).'>"® This could be due to subjectivity in rating: how-
ever, it further supports that time spent training with a
tutor, including through AR, is effective in anastomoses
training.

The results from the anonymized assessments found
improvement in skills through AR teaching to be compa-
rable with in-person teaching, with feedback from stu-
dents suggesting that they also feel that they have
improved similarly. With a limited number of clinical
hours and increasing clinical commitments, hands-on
training and formal teaching are limited. Having effective
remote options for teaching practical skills could be
beneficial in terms of efficiency and time management.

Although the reported satisfaction with the AR method
was comparable with the in-person method, the major-
ity would still have preferred to have this teaching
done in person. Similarly, the in-person cohort also
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disagreed that they would have preferred to have this
teaching done via AR. This finding may be related to
not having experience with using AR for teaching previ-
ously. From the feedback from participants and experi-
ence of the investigators, several technical problems
incurred while using the HoloLens2, such as connectivity,
videos being interrupted, and insufficient battery life. For
this reason, additional support was needed in person to
assist with technology. It is interesting that the AR cohort
felt it did not matter that they could not see their trainer,
but the in-person cohort reported that they preferred to
see their trainer. It has been found that one of the predic-
tors of trainee satisfaction is trainer rapport.?” It is unclear
how much rapport is impacted with virtual communica-
tion, particularly if the trainer and trainee have not yet
worked together.

Unique points from the AR group that were found to be
valuable included the trainer being able to see from the
learner's point of view and not having the instruments
taken from them, which may aid in efficiency for teaching
practical skills. The opportunity to have the perspective of
the operator/trainee documented in the literature, and
has been found to be realistic and helpful to training,*®
and this feature should be maximized when using it for
training.

Building in-person rapport, which was mentioned by
the in-person group, can possibly still be achieved
through AR, but may need increased experience and fa-
miliarity with the technology to facilitate. It is also impor-
tant to note that, unlike other educational technologies,
AR is interactive and allows participants to ask questions
and gain individualized feedback in real time.

The results of this study were encouraging that AR is a
suitable and convenient alternative to teaching vascular
anastomosis skills. AR could be further used in multiple
vascular teaching scenarios including remote provision
of endovascular planning and training, remote trauma
settings and complex procedures requiring multidisci-
plinary input. It can also be used in other surgical skill
training and in time with improving technology could
be used to integrate the haptic feedback to learn skills
using solely AR overlay instruments to reduce the need
for physical objects and instruments allowing the devel-
opment of surgical skills independent of location or sur-
gical equipment. This would entail virtual or simulated
instruments, being superimposed over the real model,
which would be manipulated to perform the skill being
learnt. The technology available for AR continues to
improve, becoming more affordable, reliable, efficient,
and accessible, and will inadvertently reflect frequent
use of this technology in he future.

Future work in this area could focus on expanding the
use of AR to other skills in vascular surgery and other spe-
cialties, adapting technology to be able to teach larger
groups of students at the same time and increasing
the availability of the technology. Limitations in this study
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included technical issues with the hardware and soft-
ware such as connectivity and battery life. More work is
needed to ensure that the available technology is more
user friendly, more suitable for purpose and requires
less on-site support. The cost of AR technology, as well
as the personnel needed to support the use, is not negli-
gible. The cost of the HoloLens2 is advertised on the
Microsoft website as £3349 per headset, and there is
also a yearly subscription that needs to be paid. The pro-
grams used were not at a cost. During the training ses-
sions, it was necessary to have one person on site with
experience using the HoloLens and this person was often
the person setting up the sessions. It would be useful and
interesting to assess the cost of this compared with the
cost of time and travel related to in-person training.
Trainees were also uncertain of AR, having never been
exposed to it before. With increasing familiarity and
experience, the acceptability of AR should improve and
may become considered a standard alternative to tradi-
tional teaching. Participants in both cohorts underwent
training sessions in the same room, with a possibility
that those in the in-person cohort could have overheard
some of the feedback, comments, or questions between
the trainer and other participants, with the AR cohort be-
ing able to overhear only the participant side. However,
the distance between tables was far enough that partic-
ipants were largely out of hearing range, and anything
heard would have been limited. The aspect of learning
from peers’ questions and mistakes was lost from both
cohorts owing to separating participants. This function-
ality could be added in the future to AR teaching, by hav-
ing the trainer on the same call with all participants as
opposed to separate individual calls. In this way, trainees
can overhear and watch corrections being made at the
same time while they learn the same skill.

Simulation training and VR have been well-documented
in the literature for the teaching of practical skills in
medical education,>'”*?*" with successful outcomes and
acceptability. The technology in AR is more novel and
less available, and therefore it may take some time for
its use and evidence to grow and be comparable to VR.
Benefits of AR include translating the learning experience
into a more realistic context, as there is a mix of both CG
content as well as real objects, which provides a more
representative experience.

CONCLUSIONS

AR can provide an effective method for teaching
vascular surgical skills and can lead to objective improve-
ment in task-specific evaluations that are comparable
with in-person teaching and offers further scope for
expansion in its applicability in the specialty. Research
assessing its use in future surgical education, in different
vascular skills and different surgical specialties, is
certainly supported by the results of this paper.
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