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Abstract

This systematic literature review aimed to examine the effects of Virtual Reality (VR), Augmented Reality (AR), and
Mixed Reality (MR) head-mounted displays (HMDs) on patient understanding, satisfaction, and anxiety during preop-
erative informed consent. Following PRISMA-P guidelines (Prospero ID: CRD42023487281), we searched four major
databases from their inception to March 24, 2023. Studies were eligible if they utilized VR, AR, or MR HMDs to visual-
ize patient-specific data during informed consent across any medical specialty. Two reviewers independently conducted
all steps of the systematic review process, and the risk of bias was assessed using the Methodological Index for Non-
Randomized Studies (MINORS). Sixteen studies involving a total of 1067 patients were identified and included. These
comprised 10 Randomized Controlled Trials (RCTs) and 6 Non-Randomized Controlled Trials (non-RCTs), including
one comparative study and five non-comparative studies. The literature reviewed was heterogeneous, encompassing
patients with diverse conditions across various medical specialties, including cardiology, neurosurgery, transplantation
surgery, vascular surgery, plastic surgery, and urology. The results demonstrated that VR, AR, and MR HMDs positively
impact patient understanding, satisfaction, and anxiety reduction. Notably, the findings were more consistent for VR
HMDs compared to the limited and variable literature on AR and MR HMDs. VR, AR, and MR HMDs generally show
positive effects on patient understanding, satisfaction, and anxiety in preoperative informed consent. While VR HMDs
consistently yield positive outcomes, further research is needed to elucidate the effectiveness and benefits of AR and
MR HMDs in preoperative consultations.
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Introduction

Preoperative surgical informed consent is crucial for estab-
lishing strong patient relationships, often presenting com-
plex challenges. It involves providing patients with essential
information about the risks and benefits of treatments, genetic
testing, or clinical trials, enabling them to make informed
decisions. This process is grounded in the ethical principle
of patient autonomy, ensuring decisions are made based on a
thorough understanding of their medical situation [1].

A key aspect of informed consent is shared decision-mak-
ing, where physicians offer evidence-based and experience-
based treatment recommendations [2]. This collaborative
approach often involves deciding whether to treat an illness
conservatively or surgically, with the patient ultimately main-
taining autonomy in their choice. Studies indicate that patients
generally prefer to take responsibility for their decisions, and
increased involvement leads to better health outcomes [2-5].

To make informed decisions, patients need a comprehen-
sive understanding of their condition. Radiological imaging,
such as X-rays or CT scans of fractures, helps in this process.
For clarity, these images must be presented in a way that is
accessible and easy to comprehend. Traditional methods may
be insufficient for patients without medical backgrounds, often
leading to misunderstandings and anxiety.

Innovative visualization methods, including Virtual
Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR), can be utilized to present individualized
radiological imaging. VR head-mounted displays (HMDs)
provide full immersion, while AR and MR overlay virtual
objects, such as 3D holograms, onto the real environment
[6]. The distinction between AR and MR varies in the lit-
erature; some consider MR synonymous with AR, while
others suggest that MR simplifies the interaction between
the virtual and real worlds [7-9]. Consequently, patients
undergoing a wide variety of surgical procedures may
benefit from the use of these innovative technologies, par-
ticularly in cases where visualizing the surgical interven-
tion is a key factor in facilitating shared decision-making.

In the medical field, VR, AR, and MR HMDs are used
pre- and intraoperatively for planning and as surgical aids
[10-12], and also serve educational purposes for medical staff
and patients [11-13]. Studies indicate that 3D reconstructions
or virtual “magic mirrors” enhances patients’ understanding
of diseases compared to standard X-ray, CT, or MRI images
[14—-17]. has also been shown to reduce anxiety during anaes-
thesia induction, enhance parental comprehension, and increase
surgical preparedness in children and their families [18-21].

Despite these benefits, routine clinical use of these technologies
for informed consent remains limited due to challenges such as tech-
nical barriers, costs, and the need for training. Additionally, incon-
sistent study quality highlights the need for more robust research.
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This systematic review aims to summarize current evi-
dence on the use of VR, AR, and MR HMDs in preopera-
tive education for adult surgical patients and their impact on
informed consent. By synthesizing data from a broad range
of studies, this review seeks to elucidate the benefits and
limitations of these advanced visualization technologies in
enhancing patients’ understanding and satisfaction and in
reducing anxiety. Furthermore, it aims to identify gaps in the
existing literature and suggest directions for future research
to optimize the use of VR, AR, and MR in clinical settings.

Materials and Methods

This systematic literature review was conducted in accordance
with PRISMA guidelines. The study has been registered with
PROSPERO under the identifier CRD42023487281 [22].

Literature Search

The PICOS strategy was determined as shown in Table 1.

A systematic search was conducted across four electronic
databases: Medline (PubMed), Embase, Scopus, and Central.
The search strategy, implemented on March 24, 2023, com-
prised three principal components connected using the Boolean
operator “AND”. The first component focused on visualiza-
tion methods (VR, AR, or MR), the second component linked
these methods to surgical procedures, and the third component
addressed patient education and patient satisfaction. To mini-
mize the risk of excluding relevant studies, various synonyms
were employed for each search term. The search strategy was
tailored to meet the specific requirements of each database.

Additionally, the references of identified reviews and
studies were examined for potential inclusion. Studies identi-
fied through this manual review that were not captured in the
electronic search, were also included. Corresponding authors
of papers were contacted by the author (KW) for missing
data or necessary clarifications. Detailed information on the
search strategy is provided in the Appendix.

Study Selection and Data Extraction

The literature search was conducted separately across the
selected databases, and the findings were exported to End-
Note™ (version 21.4; Clarivate). After removing duplicates,
the studies were imported into Covidence™ (Melbourne,
Australia). All results were independently reviewed by two
investigators (RN, KW) for relevance based on titles and
abstracts. Studies deemed relevant to the research question
by both investigators were selected for full-text review. In
cases of disagreement, a team discussion (HP, RN, KW) was
conducted to reach a consensus.
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Table 1 PICOS (population, intervention, comparison, outcome, study design) strategy of the study

Description Inclusion Exclusion
Population Adults needing surgery > 18 years < 18 years, parents of patients
Intervention  Preoperative patient education with VR, =~ HMDs must be glasses Non-glasses HMDs (e.g. phone holders)
AR, or MR HMDs
Comparison  Preoperative patient education with other Non-HMD tools (e.g., verbal, paper, No exclusion
tools X-ray)
Outcome Impact on patients’ understanding, satis-  Subjective and objective data from No concrete outcome
faction, and anxiety patients
Study design  Studies in English/German, published by RCTs, Non-RCTs, prospective trials, case Studies <5 patients, reviews, meta-anal-

March 24, 2023

series (> 5 patients)

yses, non-English/German, published
after March 24, 2023

All studies involving the use of VR, AR, and MR HMDs in
preoperative educational discussions were included, provided
they had a sample size of at least five participants. Exclusions
were made for studies where patients did not use the HMDs
(e.g. studies focused on surgical planning by surgeons) and for
those addressing other forms of education (e.g. student or resi-
dent training). Additionally, duplicates, systematic reviews,
meta-analyses, commentaries, and letters to the editor outside
the scope of the topic were excluded. The inclusion process is
illustrated in a flow diagram in Fig. 2.

Extracted data included evidence level, study details
(author, publication date, clinic and country of study, num-
ber of patients, patient age and gender, study design with
intervention and control groups), and the measured impact
of the preoperative use of VR, AR, and MR HMDs on
informed consent, patients’ education, patients’ satisfaction
and patients’ anxiety. Interventions were categorized accord-
ing to the type of visualization tool used: VR, AR, or MR.

Level of Evidence and Quality Assessment

The risk of bias was assessed using the Methodological Index
for Non-Randomized Studies (MINORS), which allows for
the quality assessment of randomized, non-randomized, com-
parative, and non-comparative studies. For non-comparative
studies, four domains are omitted [23]. We modified the
MINORS tool by excluding two domains (D) that assess the
follow-up period, as this aspect was irrelevant to our included
study types, and none of the studies conducted a follow-up.
Two authors (RN, KW) independently assessed the included
studies, with disagreements resolved through discussion (HP).
The maximum achievable score for each study type was
divided by four, and studies were rated based on this scale.
Non-comparative studies were categorized as very high
risk (0-3), high risk (4-6), medium risk (7-9), and low risk
(10-12). Comparative studies were categorized as very high
risk (0-5), high risk (6-10), medium risk (11-15), and low
risk (16-20). Among the included studies, 2 were found to

have a high risk of bias, 8 showed a moderate risk of bias, and
6 demonstrated a low risk of bias (Fig. 1).

Results
Results of the Literature Search

The search yielded 7830 items, from which 3022 dupli-
cates were removed. Of the remaining 4801 articles, 4758
were deemed irrelevant to the scope of this review. Conse-
quently, 43 papers were selected for full-text review. Fol-
lowing the application of inclusion criteria, 16 papers were
included in the final analysis (Fig. 2). The results were
conducted using the PICO framework, which also provided
the reasons for excluding studies after full-text screening.

Study Characteristics

The included papers comprised the following study
designs: Randomized Controlled Trials (RCTs) (n =10)
and Non-Randomized Controlled Trials (non-RCTs) (n
=6). The non-RCTs included one comparative study and
five non-comparative studies. The study characteristics are
summarized in Tables 2, 3, 4, 5, 6 and 7 in the appendix.

Description of the Patient Population

A total of 1067 patients were included in this systematic
review, with 32% being female and 68% being male. The
low proportion of female participants is primarily due to
the study by Wake et al. (10% women), which focused
on prostate and kidney cancer, and studies by Hatzl et al.
(12% women) and Grab et al. (13% women), which involved
patients with vascular diseases [28, 37, 38].

The average age of patients from 14 of 16 studies is 57.4
years. Two studies reported patient age in ranges, excluding them

@ Springer
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Fig. 1 Risk of bias evaluation using the Methodological Index for Non-Randomized Studies (MINORS)

from the average calculation. Castellanos et al. [25] reported
4% of patients aged 41-60 years and 96% over 61 years, while
Chang et al. reported 6% aged 3040 years, 15% aged 40-50
years, 24% aged 50-60 years, and 55% over 60 years [25, 26].

The systematic review includes studies from various
specialties: cardiology (n =6), neurosurgery (n =5),
organ transplant surgery (n =2), vascular surgery (n =1),
plastic and reconstructive surgery (n = 1), and urology (n
=1) [24-39] (Table 2).

Used Interventions

For the descriptive presentation of the results, the stud-
ies were divided into three categories based on the
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interventional visualization tool used: VR HMD (n =12),
AR HMD (n =2), and MR HMD (n =2) [24-39]. Details
on the interventional visualization tools are presented in
Tables 2, 3,4, 5, 6, and 7.

Description of the Study Outcomes

This systematic review focuses on the impact of using dif-
ferent HMDs on patients’ understanding, satisfaction, and
anxiety.

The term"patients’ understanding"encompasses various
terms used in the included studies, such as"patient knowl-
edge", “informational gain”, “procedural knowledge”,

“patients comprehension” and “information desire” [27,
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Fig.2 PRISMA flow chart depicting the different phases of the systematic review

Table 2 Study characteristics (NRS =Non-randomized study; U= Understanding; S = Satisfaction; A= Anxiety; 1 Increased; =No difference; |

Records identified through Records identified through Records identified through Records identified through
database searching database searching database searching database searching
(PubMed) (Embase) (Scopus) (Central)
5 (n = 2444) (n=1371) (n = 2803) (n=1212)
g \/
=
5
=2 Records after duplicates
removed
(n = 4801)
S Records screened
(] (n = 4801)
(3]
]
Records excluded based on
P predefined exclusion criteria
\ 4 (n =4758)
2 Full-text articles assessed
5 for eligibility
=) (n=43) Full-text articles excluded
i (n=27)
> Reasons:
v Clinical trial, no results:
3 Studies included in Lo
° : 2 Not enough patients:
3 systematic review nEE
£ (n=16) No published paper:
n=3
Wrong study design:
n=11

Reduced)

Study HMD  Study design Specialty Participants  Results
Aardoom et al. 2022, Netherlands [24] VR Non-RCT Cardiology N=8§ S:=
Castellanos et al. 2020, USA [25] VR NRS (non-comparative)  Cardiology N =46 U: ;S =
Chang et al. 2021, Taiwan [26] VR RCT Cardiology N =33 U: 1S 1
Chang et al. 2021, Taiwan [27] VR NRS (non-comparative)  Cardiology N =32 U: ;S =
Grab et al. 2023, Germany [28] VR RCT Cardiology N =99 UtS: AL
Hermans et al. 2023, Netherlands [29] VR RCT Cardiology N=134 S A
Bekelis et al. 2017, USA [30] VR RCT Neurosurgery N =127 S:tsA |
Perin et al. 2021, Italy [31] VR RCT Neurosurgery N =33 U: S A=
Wright et al. 2021, USA [32] VR NRS (non-comparative)  Neurosurgery N =50 U:1:S:1
Kapikiran et al. 2022, Turkey [33] VR RCT Organ transplant surgery N=120 S:t A

Xie et al. 2021, USA [34] VR NRS (non-comparative)  Organ transplant surgery N=14 Ut A
Kwon et al. 2023, Korea [35] VR RCT Plastic and reconstructive surgery N =80 U S A L
Lee et al. 2022, USA [36] AR NRS (non-comparative)  Neurosurgery N=24 u:1;S:1
Wake et al. 2019, USA [37] AR RCT Urology N =200 U= St
Hatzl et al. 2023, Germany [38] MR RCT Vascular Surgery N =50 U= St
House et al. 2019, Germany [39] MR RCT Neurosurgery N=17 Ut S AL

@ Springer



89 Page 6 of 20

Journal of Medical Systems (2025) 49:89

28, 31, 35, 38, 39]. For simplicity, all these outcomes are
summarized as"patients’ understanding".

Patients’ satisfaction was measured directly with ques-
tionnaires in some studies, while others used additional
terms such as “usability”, “effectiveness”, “self-efficacy”,
“preferred patient education tool”, “comfort level”, “use-
fulness”, “happiness” and “Patient-Doctor Relationship”
[24-27, 29, 30, 32, 33, 35-39]. For simplicity, all these out-
comes are summarized as"patients’ satisfaction."

Objective outcomes were assessed using pre- and post-
intervention questionnaires, and post-intervention question-
naires only.

Patients’ Understanding

Among the 16 studies using VR, AR, or MR HMDs in preopera-
tive informed consent, 12 examined patients’ understanding. Of
these, 8 studies utilized VR HMDs, two studies used AR HMDs,
and two studies used MR HMDs [25-28, 31, 32, 34-39].

All 8 studies employing VR HMDs reported positive effects
on patients’ understanding. Four non-randomized, non-compar-
ative studies indicated improved patients’ understanding, with
Wright et al. demonstrating statistically significant improvement
in patients undergoing elective craniotomy [32]. The other three
studies reported an improved understanding with no informa-
tion of statistical significance in 98% of participating patients
with cardiac interventions, in anatomic understanding of kidney
patients, and in 97% of participating patients about their upcom-
ing atrial fibrillation ablation procedures [25, 27, 34].

Four RCTs evaluated the impact of VR HMDs compared to
standard educational methods including 2D images, verbal edu-
cation, and paper education [26, 28, 31, 35]. In the study by Grab
et al., patients were divided into three groups: one receiving
VR-HMD-based education about their cardiac surgery, another
using 3D printed models, and a control group. The VR-HMD
group demonstrated the most significant statistical improve-
ment in understanding their medical condition after informed
consent [28]. Perin et al. also included two intervention groups,
one using VR-HMDs for brain tumor visualization and the other
utilizing a 3D screen. Patients in the VR-HMD group exhibited
the highest level of understanding, significantly surpassing the
control group [31]. Kwon et al. found that patients educated with
VR-HMD:s had a significantly lower information desire regard-
ing their plastic or reconstructive surgery compared to the con-
trol group, indicating a better understanding of their condition
and the procedure [35]. Additionally, Chang et al. reported that
patients undergoing catheter ablation for atrial fibrillation who
received VR-HMD education showed improved pre-procedure
knowledge compared to those in the control group [26].

Among the two studies that examined patients’ understand-
ing using AR HMDs, the results differ. In the non-randomized
non-comparative study by Lee et al., all patients reported a sta-
tistically significant improved understanding of their medical
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condition using AR HMDs, whereas Wake et al. found no
improvement compared to 2D imaging used in the control
group in their RCT [36, 37]. In the study by Wake et al.,
patients’ understanding was additionally examined by using
3D printed models and visualization as 3D computer models in
further intervention groups. The use of 3D printed models sig-
nificantly improved patients’ understanding. The 3D computer
model also performed significantly better as an intervention
group than the AR HMD compared to the control group [37].

Studies utilizing MR HMDs generated mixed results. Notably,
the variation in control group visualization methods between the
two studies limits their comparability. In an RCT by Hatzl et al., the
use of MR HMDs during preoperative informed consent was com-
pared with 2D images displayed on a monitor. Both groups exhib-
ited improved patients’ understanding compared to the pretest, but
no significant difference was found between the two groups [38].
In contrast, House et al. compared MR HMDs with a rubber brain
model, demonstrating that patients’ understanding was statistically
significant higher when using the MR HMD compared to the rub-
ber brain model (Fig. 3) [39]. Additional detailed information can
be found in Tables 3, 4, 5, 6, 7, and 8 in the appendix.

Patients’ Satisfaction

Of the 16 studies that utilized VR, AR, or MR HMDs in pre-
operative informed consent, 15 examined patients’ satisfaction.
The only study that did not assess this outcome was conducted
by Xie et al. [34].

All 11 studies that employed VR HMDs reported positive
effects on patients’ satisfaction. Three of these were non-rand-
omized, non-comparative studies. Castellanos et al. [25] noted
a 24.3% increase in patients’ satisfaction post-VR HMD use,
while Chang et al. reported that 96% of patients were happy
with the educational process facilitated by VR HMDs. Neither
study provided information on statistical significance. In con-
trast, Wright et al. found a statistically significant improvement
in the patient-physician relationship post VR-HMD education
[25, 27, 32].

Aardoom et al. [24] conducted the only non-randomized
comparative study, which evaluated patients’ satisfaction
with VR HMD-informed consent both in the hospital and
at home. Both settings yielded high satisfaction, with
higher levels noted in the hospital [24].

Among the seven RCTs investigating VR HMDs, four com-
pared them with paper-based education. Chang et al. and Beke-
lis et al. observed improved satisfaction without reporting the
statistical significance [26, 30]. Grab et al. and Hermans et al.
reported statistically significant improvements in patients’ sat-
isfaction with VR HMDs compared to the control group [28,
29]. Grab et al. also noted that satisfaction with a 3D-printed
heart model was intermediate between the control and VR
HMD groups [28]. Kapikiran et al. and Kwon et al. used verbal
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education for control groups, both reporting higher patients’
satisfaction with VR HMDs; Kapikiran et al.’s results were
statistically significant, while Kwon et al.’s were not [33, 35].
Perin et al. found high satisfaction in both intervention groups
receiving tumor visualization using VR HMDs and a 3D screen,
although the control groups’ satisfaction was not reported [31].
In studies using AR HMDs, Lee et al. found all patients
satisfied in their non-randomized, non-comparative study [36].
Conversely, Wake et al. observed significantly greater satisfac-
tion in the AR HMD group in their comparative study [37].
Regarding MR HMDs, Hatzl et al. reported non-significantly
higher satisfaction in the MR HMD group compared to the 2D
image control group [38]. House et al. found significantly higher
satisfaction in the intervention group compared to a rubber brain
model control, by allowing patients to choose their preferred
patient education tool (Fig. 4) [39]. Additional detailed informa-
tion can be found in Tables 3, 4, 5, 6, 7, and 8 in the appendix.

Patients’ Anxiety

Overall, 9 out of 16 studies utilizing VR, AR, or MR HMDs
in preoperative informed consent examined patients’ anxi-
ety. Notably, none of the studies in the AR HMD category
assessed patients’ anxiety.

For VR HMDs, 7 out of 8 studies observed a reduction in
anxiety following the preoperative educational discussion [26,
28-30, 33-35]. The RCT by Perin et al. was the only study
reporting no difference in patients’ anxiety between the two
intervention groups and the control group [31]. Hermans et al.
present mixed results: while the proportion of patients with
anxiety was statistically significantly lower in the VR HMD
intervention group, the information and anxiety scores of both

study groups were comparable [29]. Grab et al. and Kapikiran
et al. reported statistically significant lower patients’ anxi-
ety after informed consent using VR HMDs compared to
before education [28, 33]. Kwon et al. found significantly
lower patients’ anxiety in the VR HMD intervention group
compared to the verbal control group [35]. Xie et al., Chang
et al., and Bekelis et al. reported reduced anxiety in patients
regarding their surgery after receiving informed consent via
VR HMDs, although they did not provide information on
statistical significance [26, 30, 34]. Among the studies using
MR HMD for preoperative informed consent, House et al.
reported a statistically significant reduction in patients’ anxi-
ety as a result of the education process (Fig. 5) [39]. Addi-
tional detailed information can be found in Tables 3, 4, 5, 6,
7, and 8 in the appendix.

Overall,12 studies examined patients’ understanding, of
which 50% reported a statistically significant improvement, 33%
reported an improvement without any information about statisti-
cal significance, and 17% reported no difference using HMDs
in the preoperative informed consent [25-28, 31, 32, 34-39]
(Fig. 3). Regarding patients’ satisfaction, 33% of the 15 studies
that examined patients’ satisfaction reported statistically signifi-
cant improvement, 13% reported a non-significant improvement,
27% reported an improvement without any information about
statistically significance, and 7% reported no difference using
HMDs [24-26, 28-30, 32, 33, 35, 37-39]. Additionally, 20%
reported high satisfaction without comparative value (Fig. 4)
[27, 31, 36]. Concerning patients’ preoperative anxiety, 56% of
the 9 studies reported a statistically significant reduction, 33%
reported a reduction without any information about the statisti-
cal significance, and 7% reported no difference using HMDs in
preoperative informed consent (Fig. 5) [26, 28-31, 33-35, 39].
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Discussion

This systematic review synthesizes current literature on the use
of Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR) head-mounted displays (HMDs) in preoperative
informed consent. It highlights the growing application and
potential of these technologies in improving patients’ educa-
tion, satisfaction, and reducing preoperative anxiety.

Key Findings
Most included studies focused on VR HMDs, likely due to

their earlier development and greater availability compared
to AR and MR. The findings consistently indicate that these
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visualization tools enhance patient understanding and satis-
faction, while also lowering anxiety. Many studies reported
significant improvements in patients’ understanding and
satisfaction, along with a notable reduction in preoperative
anxiety [28, 29, 31-33, 35-37, 39]. Specifically, VR HMDs
demonstrated the most consistent benefits; results for AR
and MR were more heterogeneous.

Comparison with Further Literature

While many studies have explored VR, AR, and MR in
healthcare, there is a lack of comprehensive systematic
reviews focusing on the use of these HMDs in multidisci-
plinary preoperative patient education. This gap is likely
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due to the recent adoption of these technologies, particu-
larly MR, in the medical field. Prior reviews often focus
on specific specialties or intraoperative use, rather than on
informed consent [11, 12, 40—44]. The key findings of this
review are further supported by studies that, despite not
meeting the inclusion criteria, still demonstrated that HMDs
can improve patients’ understanding and communication in
surgical contexts [10, 45-47].

Clinical Implications

Integrating VR, AR, and MR HMDs into preoperative educa-
tion aligns with patient-centered care by offering immersive,
interactive tools that clarify complex medical information.
These technologies promote informed decision-making and
can strengthen patient autonomy and satisfaction. The anxi-
ety-reducing effects further suggest positive implications for
surgical outcomes. In complex or high-risk cases, their abil-
ity to facilitate shared decision-making is particularly valu-
able. Clinicians should consider implementing these tools to
improve the quality and clarity of preoperative consultations.

Bias Risk and Study Outcomes

An important aspect of the review was the assessment of
bias risk, using the MINORS tool. Upon analysis, we found
no consistent correlation between the risk of bias and the
statistical significance of the study outcomes. Both studies
with high risk of bias [27, 32] and those with low risk of bias
[29-31, 33, 35, 38] reported significant findings. However,
studies with a lower risk of bias, reflecting higher meth-
odological quality, are generally more reliable and provide
stronger evidence for the reported outcomes.

Limitations

Included studies varied in methodology, sample size, and
study design. Research on AR and MR often involved
smaller samples, limiting generalizability [36, 39]. While
most studies employed rigorous methodologies, including
randomized controlled trials (RCTs), some non-compar-
ative studies and one non-randomized comparative study
were also included [26, 28-31, 33, 35, 37-39].

A significant limitation identified was the variability
in the amount of pre-information provided to patients
across studies [29, 34, 37]. This heterogeneity compli-
cates the comparison of outcomes, as the baseline level of
patient knowledge before the HMD-based informed con-
sent varied. Additionally, the use of varied and sometimes
unvalidated assessment tools complicates data synthesis
[27-39]. Future research should aim for standardised pre-
information and validated outcome measures to improve
reliability.

Future Research

Future research on AR and MR HMDs should involve larger
and more diverse patient populations to improve the gener-
alizability of findings. Additionally, comprehensive evalu-
ations of cost-effectiveness are crucial to support broader
clinical adoption, taking into account not only implementa-
tion costs but also potential savings from reduced anxiety
and improved outcomes. Investigating long-term impacts
on surgical success and patient satisfaction remains equally
important.

Conclusion

This systematic review provides evidence supporting the
use of VR, AR, and MR HMDs in preoperative education
and informed consent processes. These technologies offer a
promising approach to enhancing patients’ understanding,
satisfaction, and emotional well-being in the perioperative
period. By leveraging HMD-based interventions, healthcare
providers can foster more meaningful patient engagement
and facilitate shared decision-making, ultimately improv-
ing the quality of care delivered to surgical patients. The
integration of these advanced visualization tools into clini-
cal practice represents a significant step forward in patient
education and engagement.

It should be noted, however, that most of the available
evidence relates to the use of VR, as fewer studies have
reported results for AR and MR. As the technology continues
to evolve, further research and standardisation of methodolo-
gies will be essential to fully realize the potential of VR, AR,
and MR HMDs in enhancing preoperative care.

Appendix

Lists of abbreviations

Abbreviation Meaning

AR Augmented Reality

CT Computerized Tomography

D Domain

HMD Head-mounted display

HMDs Head-mounted displays

MINORS Methodological Index for Non-Randomized Studies
MR Mixed Reality

NRS Non-Randomized Study
Non-RCT Non-Randomized Controlled Trial
RCT Randomized Controlled Trial

VR Virtual Reality

@ Springer
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Search Strategy

Pubmed:

(virtual reality[Mesh] OR"Virtual Realit*"[Tiab] OR
Mixed Reality[MESH] OR"Mixed Realit*"[Tiab] OR Aug-
mented Reality[Mesh] OR"Augmented Realit*"[Tiab] OR
holography[Mesh] OR "three-dimensional hologram"[Tiab]
OR"three-dimensional virtual model"[Tiab] OR"3D
holograms"[Tiab] OR"surgical visualization"[Tiab]
OR"holograms"[Tiab] OR"preoperative imaging"[Tiab]
OR"preoperative planning"[Tiab] OR"holographic"[Tiab]
OR"3D visualization"[Tiab] OR"3D reconstruction"[Tiab]
OR"Surgery, Computer-Assisted'[Mesh]).

AND

("surgery"[Subheading] OR"surgical"[Tiab]
OR"surgery"[Tiab] OR"operative"[Tiab] OR"operation"[Tiab]).

AND

("Informed Consent"[Mesh] or"Informed Consent"[Tiab]
OR"Patient Education as Topic"[Mesh] OR"Patient
Participation"[Mesh] OR"Patient Participation"[Tiab]
OR"Patient Education"[Tiab] OR"preoperative
communication"[Tiab] OR"medical comprehension"[Tiab]
OR"objective comprehension"[Tiab] OR"Patient-physi-
cian relationship"[Tiab] OR"Preoperative Care"[Mesh]
OR'"intuitive communication"[Tiab]).

Embase:

(virtual reality.mp OR Virtual Realit*.ab,kf,ti OR
Mixed Reality.mp OR Mixed Realit*.ab,kf,ti OR Aug-
mented Reality.mp OR Augmented Realit*.ab, kf,ti
OR holography.mp OR three-dimensional hologram.
ab,kf,ti OR three-dimensional virtual model.ab,kf,ti
OR 3D holograms.ab,kf,ti OR surgical visualization.
ab,kf,ti OR holograms.ab,kf,ti OR preoperative imag-
ing.ab,kf,ti OR preoperative planning.ab,kf,ti OR
holographic.ab,kf,ti OR 3D visualization.ab,kf,ti OR
3D reconstruction.ab,kf,ti OR Surgery, Computer-
Assisted.mp).

AND

(surgery.mp OR surgical.ab,kf,ti OR surgery.ab,kf,ti OR
operative.ab,kf,ti OR operation.ab,kf,ti).

AND

(Informed Consent.mp OR Informed Consent.ab,kf,ti
OR Patient Education as Topic.mp OR Patient Participa-
tion.mp OR Patient Participation.ab,kf,ti OR Patient Edu-
cation.ab,kf,ti OR preoperative communication.ab,kf,ti
OR medical comprehension.ab,kf,ti OR objective compre-
hension.ab,kf,ti OR Patient-physician relationship.ab,kf,ti
OR Preoperative Care.mp OR intuitive communication.
ab,kf,ti).

@ Springer

Scopus:

TITLE-ABS-KEY ("virtual reality"OR"Virtual
Realit*"OR"Mixed Reality"OR "Mixed Realit*"OR" Augmented
Reality"OR"Augmented Realit*"OR"holography"OR "three-
dimensional hologram"OR"three-dimensional virtual
model"OR"3D holograms"OR"surgical visualization"OR
"holograms"OR"preoperative imaging"OR"preoperative
planning"OR"holographic"OR"3D visualization"OR"3D
reconstruction"OR"Surgery, Computer-Assisted").

AND

TITLE-ABS-KEY ("surgery"OR"surgical"OR"surgery"
OR"operative"OR"operation").

AND

TITLE-ABS-KEY ("Informed Consent"OR"Informed
Consent"OR"Patient Education as Topic"OR"Patient
Participation"OR"Patient Participation"OR"Patient
Education"OR"preoperative communication"OR"medical
comprehension"OR"objective comprehension"OR "Patient-
physician relationship"OR"Preoperative Care"OR "intuitive
communication").

Central:

(MeSH descriptor: [virtual reality] OR"Virtual
Realit*":ti,ab,kw OR MeSH descriptor: [Mixed
Reality] OR"Mixed Realit*":ti,ab,kw OR MeSH
descriptor: [Augmented Reality] OR"Augmented
Realit*":ti,ab,kw OR MeSH descriptor: [hologra-
phy] OR"three-dimensional hologram":ti,ab,kw
OR"three-dimensional virtual model":ti,ab,kw OR"3D
holograms":ti,ab,kw OR"surgical visualization":ti,ab,kw
OR"holograms":ti,ab,kw OR"preoperative
imaging":ti,ab,kw OR"preoperative planning":ti,ab,kw
OR"holographic":ti,ab,kw OR"3D visualization":ti,ab,kw
OR"3D reconstruction":ti,ab,kw OR MeSH descriptor:
[Surgery, Computer-Assisted]).

AND

(MeSH descriptor: [General Surgery]
OR"surgical":ti,ab,kw OR"surgery":ti,ab,kw
OR"operative":ti,ab,kw OR"operation":ti,ab,kw).

AND

(MeSH descriptor: [Informed Consent]
OR"Informed Consent":ti,abkw OR MeSH descrip-
tor: [Patient Education as Topic] OR MeSH
descriptor: [Patient Participation] OR"Patient
Participation":ti,ab,kw OR"Patient Education":ti,ab,kw
OR"preoperative communication":ti,ab,kw
OR"medical comprehension":ti,ab,kw OR"objective
comprehension":ti,ab,kw OR"Patient-physician
relationship":ti,ab,kw OR MeSH descriptor: [Preoperative
Care] OR"intuitive communication":ti,ab,kw).
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Table 5 Augmented Reality Study Information
Author (year), Country Interventional visualiza-  Study design Specialty Population characteristics Outcome
tion tool
Lee et al. 2022, USA [36] AR, visualization plat- Non-rand- Neurosurgery N =24 patients with an Patients’ understand-
form (ARVP; Surgical omized, non- identifiable pathology on ing, satisfaction, and
Theater, Inc) Headset comparative intracranial imaging that comfort level
Magic Leap study required a neurosurgical
consultation; mean age 53
years; 79.2% female
Wake et al. 2019, USA AR, Microsoft HoloLens ~ Randomized Urology N =200 patients with Patients’ understanding
[37] controlled kidney or prostate cancer;  and comfort level
trial, compara- mean age 63,6; 10%
tive study females
Table 6 Augmented Reality Study Results
Author (year), Country  Intervention Control Questionnaire Results Quality of study
Lee et al. 2022, USA Patients were allowed  No control 1: Patient Survey of 6  Understanding: MINORS: 8/12

[36] to use the 360-degree
ARVP concurrently
with the neuro-
surgeon. Further
explanation of the
patient’s pathology
and treatment plan
were discussed with
the patient in the AR
environment

questions

All patients (19 strongly
agreed and 5 agreed)
reported that using
the 360 ARVP system
helped them improve
their understand-
ing of their medical
condition. Under-
standing rating before
experiencing 360
ARVP mean rating
was 6.8, after expe-
riencing 360 ARVP
mean rating was 9.3.
The difference in
mean score between
patients’ understand-
ing before and after
VR HMD use was
statistically significant
(p <0.0017)

Satisfaction:

All patients (20 strongly
agreed and 4 agreed)
reported that they
were satisfied with
their 360 ARVP expe-
rience. All but one
patient either agreed
or strongly agreed that
the 360 ARVP experi-
ence helped them to
feel more comfortable
with their proposed
treatment options and
to feel involved in
decisions about their
treatment

Anxiety:/
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Table 6 (continued)

Author (year), Country  Intervention

Control

Questionnaire

Results Quality of study

Wake et al. 2019, USA  Pre-operative planning
[37] with imaging plus a

patient-specific 3D
model which was
either 3D printed,
visualized in AR,

or viewed in a 3D
computer model

Pre-operative plan-
ning with imaging
alone

1: Likert-scale survey
to assess patient
understanding of dis-
ease and procedure

2: Survey to assess
patient-perceived use-
fulness of 3D models

Understanding and MINORS: 12/20
Satisfaction:

AR model showed no
improvement over
standard imaging in
terms of understand-
ing, but it did lead to
a significant increase
in user satisfaction.
Patients had a better
understanding of
their anatomy and
disease and felt more
comfortable using
3D-printed models
than AR models
(range 4.60-4.70/5 vs.
3.50-4.23/5, p< 0.05)

Patients perceived the
3D printed models
to be more helpful
than the AR models
in terms of their
understanding of the
anatomy (9.21 +1.49
vs. 7.92 +£2.84, p=
0.04). In addition,
patients found the 3D
printed models more
valuable than the AR
and 3D computer
models in terms of
their understanding of
disease (9.11 +£1.86
vs. 7.50 £3.35 vs.
8.59 +2.05, p< 0.05)

Anxiety:/

Table 7 Mixed Reality Study Information

Interventional visualiza-
tion tool

Author (year), Country

Study design Specialty

Population characteristics Outcome

Hatzl et al. 2023, Ger-
many [38]

MR, Mixed Reality
Viewer (BrainLab AG)

House et al. 2019, Ger-
many [39]

MR, HoloLens (Micro-
soft)

Randomized controlled
trial, comparative study

Randomized controlled
trial,
comparative study

Neurosurgery

Vascular Surgery

N =50 patients with open Patients’

or endovascular repair for ~ informa-
juxtarenal or infrarenal tional
abdominal aortic aneu- gain and
rysms; mean age 68.5 satisfac-
years; 12% female tion

N =17 patients with Patients’

epilepsy surgery and informa-
stereotactic implantation tional
of deep brain stimulation gain,
(DBS) or stereo-EEG anxiety

electrodes; mean age 36.1
years; 58.8% female
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