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Supplementary Table 1. Summary of key studies on virtual reality (VR), augmented reality (AR), extended
reality (XR), and artificial intelligence (Al) in surgical training across multiple specialties, with a focus on
vascular surgery. The table outlines study characteristics, surgical field, technologies used, targeted skills,
main findings, and relevance to vascular surgery practice.

Study n type of Surgical | Technol- | Target Key Find- | Rele-
study Field ogy Used | Skills ings vance to
Vascular
Surgery
Palteret |20 random- | General |mixed Technical | VR-based | Supports
al. ized sin- | Surgery |withad- |+ non- curricu- | curricu-
(2013) gle- dition of |technical |lumim- |lum-
blinded VR proved based
prospec- laparo- skill
tive trial scopic transfer
perfor- to vascu-
mance lar train-
and non- |ing
technical
skills
Seymour |16 prospec- | General |VR Error VR group | High-
et al. tive, Surgery preven- | made 6x |lights
(2002) stratified tion fewer er- | role of
random- rors, VR in pa-
ized con- faster tient
trolled proce- safety
trial dure training
time
Mirchi et | 50 Prospec- | Neuro- Al +VR | Bench- 92% ac- | Al-based
al. tive, sim- | surgery | (Virtual |marking, | curacy evalua-
(2020) ulation- Opera- skill clas- | distin- tion
based tive As- | sification | guishing | transfer-
valida- sistant) experts | ableto
tion from vascular
study novices | simula-
tion
Yilmaz et | 97 RCT Neuro- Real- Technical | Al feed- | Validates
al. surgery |time Al | perfor- back im- | real-time
(2024) mance proved | Al feed-
perfor- back for
mance surgical
vs. face- | educa-
to-face tion
instruc-
tion
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Fazlol- 60 cohort Neuro- Al + VR | Safety, Im- High-
lahi et al. study surgery coordi- proved | lights
(2023) nation metrics, |need for
unin- careful
tended Al inte-
cognitive | gration
effects in vascu-
observed | lar sur-
gery
Lohreet |18 block Orthope- | Immer- | Effi- Signifi- Supports
al. random- | dics sive VR ciency, cantim- |VRas
(2020) ized, in- psycho- | prove- predictor
terven- motor mentin | of clinical
tion-con- OR met- | perfor-
trolled rics mance
clinical
trial
Logishett | 32 ortho- | prospec- | Orthope- | VR Visuospa | 79% er- | Encour-
y etal. pedic tive dics tial skill | ror re- ages VR
(2020) residents | training duction, |use for
plus 4 ex- | study learning | catheter-
pert hip curve based
surgeons visual- skills
ized training
Mao etal. | 307 system- | Mixed Immer- | Time, VR re- Quanti-
(2021) aticre- surgical |sive VR | precision |duced fies
view that | fields task time | broad VR
included (18- benefits
17 pri- 43%), across
mary im- fields
studies proved
checklist
scores
Sheik-Ali | Not re- narrative | Mixed VR/AR Skill ac- | Im- Stresses
etal. ported literature | surgical quisition | proved need for
(2019) review fields multi- stand-
tasking | ardiza-
and bi- tion in
manual | vascular
dexterity | simula-

tion
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Woodall | Not re- System- | Mixed XR Proce- Im- XR
etal. ported aticre- surgical dural proved shows
(2023) view fields skills proce- promise,
with 32 dural but clini-
studies scores, cal im-
included little im- | pact
(18 ran- pacton |needs
domized knowled | study
con- ge
trolled
trials, 7
compara-
tive stud-
ies, 7 sys-
tematic
reviews)
Mergen | Notap- |Scoping |Medical |VR Adop- Positive | Rein-
etal. plicable |review Educa- tion, in- | out- forces
(2024) protocol | tion frastruc- | comes, real-
ture costand | world
access limita-
barriers |tionsin
high- imple-
lighted menta-
tion
Aeck- 50 Random- | Vascular | Low-fi- Basic Compa- | Supports
ersberg ized con- | Surgery |delity VR | endovas- |rableto |use ofac-
etal. trolled cular other cessible
(2019) trial training | VR mod-
(three- methods |els
arm)
Wanget |Notre- Non-ran- | Vascular | VR + Catheter |Im- High-
al. ported domized | Surgery |force handling | proved |lights
(2017) pilot feedback hand- benefit of
evalua- eye coor- | haptic
tion dination | feedback
and
speed
Soenens | 48 start- | multicen- | Vascular | VR (PRO- | Stepwise | Im- Confirms
etal. ing train- | tre pro- | Surgery |SPECT) |curricu- |proved |value of
(2021) ees, of spective lum skills, but | struc-
whom 17 | registry logistical | tured
com- stud barriers |vascular
pleted exist VR pro-
the pro- grams
gramme
(65%
dropout
rate)
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Cateset |12 prospec- | Vascular | VR (Ca- | Technical | 49% Validated
al. tive, ran- | Surgery | rotid errors fewer er- | transfer
(2016) domised, stenting) rors, to clinical
blinded 21% less | carotid
trial fluoros- | proce-
copy dures
Moglia et | Not re- prospec- | Vascular |VR Profi- Defined | Supports
al. ported tive pro- | Surgery ciency objective | certifica-
(2020) ficiency bench- metrics | tion-
defini- marking | for EVAR | based
tion perfor- training
study mance models
Rudara- |22 prospec- | Vascular |Immer- |Team Only ex- | High-
kanchana tive sim- | Surgery |sive VR | perfor- peri- lights VR
etal. ulation- (rEVAR) | mance enced use for
(2014) based teams emer-
compara- com- gency
tive pleted team-
study full task | based
training
Van Her- |47 experi- Vascular |VR Cognitive | Im- Shows
zeele et mental Surgery out- proved cognitive
al. compara- comes perfor- simula-
(2008) tive mance in | tion ben-
study angio- efits for
plasty endovas-
tasks cular
proce-
dures
Ahmed et | Non ap- | review Vascular |VR Assess- | Im- One of
al. plicable | article Surgery ment, ed- | proved | the first
(2010) ucation |training |valida-
out- tions of
comes VR in
for endo- | vascular
vascular |educa-
proce- tion

dures
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