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Abstract
Objective: Metric based virtual reality simulation training may enhance the capability of interventional neuroradiologists
(INR) to perform endovascular thrombectomy. As pilot for a national simulation study we examined the feasibility and utility
of simulated endovascular thrombectomy procedures on a virtual reality (VR) simulator.
Methods: Six INR and four residents participated in the thrombectomy skill training on a VR simulator (Mentice VIST 5G). Two
different case-scenarios were defined as benchmark-cases, performed before and after VR simulator training. INR perform-
ing endovascular thrombectomy clinically were also asked to fill out a questionnaire analyzing their degree of expectation
and general attitude towards VR simulator training.
Results: All participants improved in mean total procedure time for both benchmark-cases. Experts showed significant
improvements in handling errors (case 2), a reduction in contrast volume used (case 1 and 2), and fluoroscopy time
(case 1 and 2). Novices showed a significant improvement in steps finished (case 2), a reduction in fluoroscopy time
(case 1), and radiation used (case 1). Both, before and after having performed simulation training the participating INR
had a positive attitude towards VR simulation training.
Conclusion: VR simulation training enhances the capability of INR to perform endovascular thrombectomy on the VR simu-
lator. INR have generally a positive attitude towards VR simulation training. Whether the VR simulation training translates to
enhanced clinical performance will be evaluated in the ongoing Norwegian national simulation study.
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Introduction

Acute ischemic stroke remains a major cause of morbidity
and mortality if left untreated, particularly in the case of
large vessel occlusions (LVO).1 Rapid treatment with
endovascular thrombectomy (EVT) is a highly effective
treatment for LVO stroke with a number needed to treat
as low as 2.6.2,3 Besides rapid triage and correct patient
selection, complete and timey reperfusion are key prere-
quisites for good patient outcome.4,5 Thus, the technical
skillset of the individual operator is crucial. That being
said, in smaller centers that perform a limited number of
procedures, it can be challenging to maintain a high
level of technical expertize and excellence. Additionally,
strict minimum volume requirements for certification
may not allow smaller centers to offer EVT and thereby
prevent establishing EVT in rural areas, remote from
Comprehensive Stroke Centers.6 We previously suggested
that simulation training might act as a complimentary tool
that can partially substitute experience gained through

treating patients, especially in low volume centers,
thereby accelerating learning curves of trainees and ensur-
ing an adequate level of experience of interventional
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radiologists (INR) performing EVT procedures.7 At our
institution, we have adopted simulation based team train-
ing since 2017 to improve the interplay between the
various members of the stroke team, which has reduced
door to needle times and improved patient outcomes
considerably.8

In addition to the team-based simulation approach, we
developed a pilot training program in which INR who
perform EVT at our hospital attended a structured training
program with metric based virtual simulation. We
hypothesized that the simulator-based task training curric-
ulum helps INR to develop their skill set, leading to better
performance on the simulator.

Methods

INR and radiology residents were recruited to perform
simulated EVT on a high-fidelity simulator. Participating
in this study was voluntary. The study consisted of a didac-
tic introduction, a baseline evaluation, a simulation training
period and a post-simulation evaluation, as described
below.

Endovascular simulator

For the virtual simulation training, we used a portable
high-fidelity endovascular simulator (Mentice VIST®
G5 simulator) that provides realistic scenarios for hands
on procedural training. The integrated thrombectomy soft-
ware program (Neurovascular Thrombectomy 1.0) used in
the study was constructed by a Delphi panel of 21 experi-
enced INR. This group of INR deconstructed the EVT
procedure into 10 phases, 46 steps, and 57 possible
errors.9 Collected metric based data parameters used in
the study were total procedure time (min), the number of
accomplished steps that were technically executed cor-
rectly, the number of handling errors, applied intraarterial
contrast volume (ml), fluoroscopy time (min) and patient
radiation dose exposure (mGy).

Pre- and post-simulation survey

Participants were asked about their expectation and general
attitude towards VR simulator training. Furthermore, parti-
cipants were questioned about whether they think simula-
tion training would improve their overall performance.
Finally, they were asked to rate the perceived impact of
simulator training on real patient treatment. The detailed
questionnaire that was used for the pre- and post-simulation
survey can be found in the Supplemental Material (Survey,
supplement).

Didactic introduction

All participants were given a standardized theoretical
introduction by an experienced simulation instructor
who was familiar with both clinical EVT procedures and
VR simulation training. The radiology residents, who gen-
erally had limited prior EVT experience were introduced

to the relevant basic anatomy of the cervical and intracra-
nial vasculature, to the properties and geometry of the
catheters and other endovascular devices, including the
basic techniques for the EVT procedure.

Pre- and post-simulation assessment of
participants’ EVT skills

The Mentice simulation curriculum consisted of nine
patient case scenarios, each with distinctive tasks and
learning objectives (Cases overview, supplement). We
chose two scenarios for the assessment of participants’
baseline skills.

The first case scenario (#1) was hereby chosen with the
educational goal to perform safe access to the carotid
artery through a Type I-II aortic arch using multi-purpose
forward curve catheters and perform clot extraction in a
right M1 segment middle cerebral artery occlusion.

For the second case scenario (#4), a more challenging
procedure was chosen with the main goal to perform
safe access to the carotid artery through a Type III aortic
arch using a Simmons catheter and perform clot extraction
in a left M1 segment middle cerebral artery occlusion.

Individual performance on these two case-scenarios
was tested (initial pre-simulation assessment) and
re-tested after 5 months of training (post-simulation
assessment). Both case-scenarios were exclusively used
for evaluation of participants’ baseline skills, and were
thus not used for training purpose. In turn, participants
were given free access to the remaining seven cases for
training purposes.

Simulation training period

After completing the baseline assessment, the 5 months
training period started, during which participants had
free access to the Mentice simulator. We defined no
upper training limit, but at least 30 cases without supervi-
sion had to be completed during the training period. As a
stationary training environment, we established an office-
room that was available for all participants 24 h, every day
(Figure 1).

Statistical analysis

All statistical analyzes were performed using SPSS
Statistics version 26 (IBM Cooperation, Armonk, NY,
USA). Participants who had performed more than 50
thrombectomies in total, were ranked as experts, those
performing less than 50 thrombectomies (including
those with no prior practical thrombectomy experience
at all) were categorized as novices. Numerical results
were described by providing means and standard devia-
tions. Differences between before and after training were
examined using paired samples t-tests in cases with posi-
tive correlation between before and after scores, and with
independent samples t-tests (with possible Welch correc-
tion if SD in one sample was more than 50% larger than
in the other sample) in cases with negative correlation
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between before and after scores. A significance level of
0.05 was used to determine statistical significance.

Results

The study was performed from October 2019 up to
February 2020, and six of the seven INR performing
EVT participated in the study. Additionally, four out of
eleven radiology residents with no prior experience in
interventional neuroradiology participated. For case 2
we lost one INR due to sabbatical leave and one resident
due to change of residence. During the five months of
training, the participants performed in total 436 training
sessions. All the participants performed at least 30 cases
(median 37). 71 (16.3%) of the training sessions were
aborted due to a runtime error in the program. The partici-
pant had to either reopen the software or restart the com-
puter to remove the error.

Because the questionnaire was based on the partici-
pants with clinical experience, we only included the six
interventional radiologists, but not the four radiology resi-
dents in the pre- and post-questionnaire. The two most
experienced INR had performed over 100 EVT proce-
dures, two INR had performed approximately 50 proce-
dures, and the remaining two INR had performed 23 and
10 procedures, respectively.

Pre- and post-simulation assessment - case
scenario 1 and 2

When comparing the pre- and post-simulation perform-
ance of participants in the first and second case-scenario

(Cases overview, supplement) total time used improved
significantly. In the first case scenario the participants
improved from 39.4 to 18.4 min (p < 0.001), while in the
second case scenario from 31.5 to 17.2 min (p < 0.001).
Both groups were able to successfully execute more pro-
cedure steps [(case 1: mean 25.8 pre-simulation vs. 32.6
post-simulation, p= 0.02) (case 2: mean 25.6 pre-
simulation vs. 38.4 post-simulation, p= 0008)] and nom-
inally made less handling errors, although this difference
did not reach statistical significance (p= 0.67). Equally,
there was a reduction in applied contrast volume (case
1: 109.6 ml pre-simulation vs. 75.1 ml post-simulation,
p= 0.04.Case 2: 109.8 ml pre-simulation vs. 63.5 ml post-
simulation, p= 0.05), fluoroscopy time (case 1: 16.6 s pre-
simulation vs. 7.4 s post-simulation, p= 0.004.Case 2:
15.3 s pre-simulation vs. 7.6 s post-simulation, p=
0.007) and radiation dose (case 1: 54.7 mGy pre-
simulation vs. 25.7 mGy post-simulation, p= 0.02.Case
2: 84.9 mGy pre-simulation vs. 20.6 post-simulation, p
= 0.02) by assembling both groups. For detailed compari-
son of pre- and post-simulation metrics of case 1 and 2,
see Tables 1 and 2.

Pre- and post-simulation survey

Prior to the simulation training, five of the six INR
thought that VR simulator training would lead to large
time savings on the simulator, only three thought it
would translate into large time-savings in clinically
treated patients. Four INR thought that VR training
would have impact on recanalization results in clinically
treated patients, only one that it would have large impact.

Figure 1. "Office room" (1).
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In the survey after the simulation training, unchanged,
five of the six INR thought that VR simulator training
would lead to large time-savings on the simulator, and
three INR thought the training would also translate to
time savings in EVT in clinical practice, yet only with
a small impact. Only two INR thought that VR training
would have impact on recanalization results in clinical
practice. Informal feedback from the INR training on
their simulator experience highlighted that they

sometimes perceived the training sessions as somewhat
boring and unpleasurable, as the system provided little
positive feedback.

Discussion

In this simulator-based task training study, VR simulation
training enhanced the capability of INR to perform EVT in
a VR simulation environment.

Table 1. Benchmark case 1 on the simulator.

Benchmark case 1

All (n= 10) Experts (n= 4) Novices (n= 6)

Time [s] before 39.4 (12.8) 34.1 (10.1) 42.8 (14.1)
after 18.4 (3.3) 16.7 (3.2) 19.5 (3.2)
p value <0.001 0.02 0.006

Steps finished before 25.8 (7.5) 25.3 (3.8) 26.2 (9.5)
after 32.6 (3.4) 29.8 (2.6) 34.5 (2.5)
p value 0.02 0.10 0.09

Handling errors before 25.9 (10.6) 30.3 (10.3) 23 (10.7)
after 23.6 (13.1) 21.3 (6.7) 25.2 (16.5)
p value 0.67 0.08 0.79

Contrast volume [ml] before 109.6 (39.6) 111.4 (24) 108.3 (49.8)
after 75.1 (30.8) 73.2 (16.5) 76.4 (34.8)
p value 0.04 0.02 0.25

Fluor time [s] before 16.6 (8) 13.9 (5.2) 18.4 (9.4)
after 7.4 (1.9) 6.5 (1.2) 8.1 (2.1)
p value 0.004 0.05 0.04

Kerma area product [J/kg] before 54.7 (40.9) 28.1 (6) 72.4 (45.3)
after 25.7 (12.8) 22.8 (8.5) 27.7 (15.4)
p value 0.02 0.29 0.02

All values are given in mean (standard deviation), n= numbers. ml and J/kg are fictive values calculated from the simulator.

Table 2. Benchmark case 2 on the simulator.

Benchmark case 2

All (n= 8) Experts (n= 3) Novices (n= 5)

Time [s] before 31.5 (7.6) 30.7(4.7) 32 (9.5)
after 17.2 (4.4) 15 (1.9) 18.5 (5.2)
p value 0.001 0.02 0.03

Steps finished before 25.6 (9.6) 33.7 (3.8) 20.8 (8.7)
after 38.4 (6.2) 33.7 (8.7) 41.2 (1.3)
p value 0.008 1.00 0.005

Handling errors before 23.4 (8.9) 30 (10.4) 19.4 (5.6)
after 20.3 (19) 17.3 (8.6) 22 (24.1)
p value 0.67 0.04 0.82

Contrast volume [ml] before 109.8 (53.1) 124.3 (33.3) 101.1 (64.3)
after 63.5 (28) 69 (31.4) 60.2 (29.1)
p value 0.05 0.03 0.25

Fluor time [s] before 15.3 (5.8) 12 (1.3) 17.3 (6.7)
after 7.6 (3.5) 5.9 (0.8) 8.6 (4.2)
p value 0.007 0.004 0.06

Kerma area product [J/kg] before 84.9 (66.9) 65 (29.2) 96.8 (83.3)
after 20.6 (13) 15.1 (7.4) 24 (15.2)
p value 0.02 0.06 0.11

All values are given in mean (standard deviation), n= numbers. ml and J/kg are fictive values calculated from the simulator.
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As simulation task training is still lacking implementa-
tion in the educational curriculum, there is limited infor-
mation about its translation into clinical results. We
could earlier show that EVT simulation team training con-
tributes to reduce treatment times in stroke and that this
training has positive effects on patient outcome.8 EVT
simulation task training in addition to team based simula-
tion training has been shown to reduce treatment times in
acute patients with large vessel occlusions stroke.10

In our study, all participants, regardless of their level of
experience, showed significant improvement over the 5
months training period in their total procedural times.
Additionally, at the end of the simulation training, partici-
pants were able to successfully execute more procedure
steps, and fluoroscopy time, radiation dose and contrast
volumes were reduced (Tables 1 and 2): Novices
showed significant improvement in the number of suc-
cessfully executed procedure steps (case 2), a reduction
in fluoroscopy time (case 1) and radiation dose (case 1).
Experts showed significant improvements in handling
errors (case 2), a reduction in contrast volume used
(case 1 and 2), and fluoroscopy times (case 1 and 2).
The results from the current study therefore disagree
with results of previous studies, which suggested that
simulation training might have less effect in experienced
participants.11,12

Both prior to the simulation training and after having
completed the training curriculum, the participating INR
had a positive attitude towards VR simulation training.
This generally positive attitude of INR towards simulation
training has been shown in several studies, but this may be
partially related to selection bias, since participation in our
and most previous studies was on a voluntary basis.13–15

Indeed, simulator-based task training has only recently
been introduced into stroke training and one of the main
obstacles to overcome is the acceptance of this training
method as supplement to the traditional supervised learn-
ing approach.7 Simulation training is still often considered
a potential training tool mainly for beginners in the
absence of experienced supervisors and acceptance
among senior physicians is limited, although it has the
potential to serve as a useful and valuable lifelong training
and preparation tool.7 The limited acceptance may be par-
tially related to the lack of positive feedback that is pro-
vided during the simulation itself, and the relative
“boring” simulation environment, as it was described
informally by some of the participants. There were tech-
nical issues with some of the training sessions, which
had negative impact on the motivation for training, we
believe updates of simulators and technical improvements
will limit this obstacle in the future. A greater degree of
gamification of the simulation training, for example
through internal competitions among physicians with
awards, could probably lead to wider acceptance and
use of simulators, as playing games improves learning
outcomes and has positive impact on behavioral, percep-
tual, cognitive and social skills.16–18 Gamification of
task simulation training could thus improve intrinsic and
extrinsic motivation and user engagement.

Our hospital has a long tradition and culture for simu-
lation training.8,19,20 Other hospitals without a similar
simulation culture might experience institutional chal-
lenges introducing simulation training.21,22 Thus, we are
currently testing our simulation training curriculum in a
nation-wide study in Norway. Experience from this
large collaboration will provide valuable information
about broader implementation of simulation training in a
busy routine hospital setting. By analyzing data from the
national Norwegian EVT registry, we will also be able
to acquire data about impact of this training on patient out-
comes in clinically treated LVO stroke patients.

Our study has limitations. First, although almost the
complete department for interventional neuroradiology
participated in the study, the number of participants was
small, and our study was a single-center pilot study. As
such, the current results are not generalizable to other hos-
pitals. Second, participation was voluntary and simulation
is a longstanding cornerstone of our hospital culture,
which means that the attitude of the participants towards
simulation training may have been more positive com-
pared to the average physician. Because daily clinical rou-
tines had to be covered, not everyone in the department
could participate in the simulation-training program.
Third, we performed only one post-simulation assessment
using two cases, immediately after the training period fin-
ished. Thus, we cannot analyze long-term effects of task
training and effects on clinically treated patients. This
study was a pilot study for a currently ongoing nation-
wide simulation study in Norway, which will soon
provide more evidence for some of the questions that
could not be answered in the current study.

In conclusion, this simulation-based pilot study shows
that VR simulation task training enhances the capability of
INR to perform EVT in a VR simulation environment.
INR generally have a positive attitude towards VR simu-
lation training. Whether VR simulation-based task train-
ing for EVT also translates to enhanced clinical
performance will be evaluated in the ongoing
Norwegian simulation collaboration.
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