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ABSTRACT

ain and anxiety are prevalent among patients

undergoing cardiac surgery and percutaneous

cardiac interventions." Anxiety affects a sub-
stantial percentage of cases, ranging from 40% to
80%, across all treatment stages, including preproce-
dural, periprocedural, and postprocedural phases.”*
Pain, on the other hand, is most commonly experi-
enced during the periprocedural and postprocedural
periods, affecting approximately 40% to 75% of pa-
tients.>”’” Both pain and anxiety induce the release
of stress hormones, such as glucocorticoids, and
lead to an increase in pro-inflammatory cytokine

Pain and anxiety are common in patients undergoing cardiac surgery and percutaneous cardiac interventions. Virtual
reality (VR) is an emerging non-pharmacological tool for pain and anxiety management. However, its application around
cardiac procedures remains relatively unexplored. In this review, we perform a targeted non-systematic literature review
to assess the current state-of-the-art of VR for pain and anxiety management in patients undergoing cardiac procedures.
Contexts of interest were preprocedural, periprocedural, and postprocedural applications. Existing trials show inconsis-
tent results. The majority of studies in the preprocedural (7 studies, n = 302), periprocedural (1 study, n = 99), and
postprocedural stage (4 studies, n = 214) demonstrate significant reduction of pain and anxiety through VR distraction
therapy or VR patient education. However, larger-scale trials (2 preprocedural studies [n = 233], 1 periprocedural study
[n = 32], 2 postprocedural studies [n = 300]) report no effect. Current literature on effectiveness of VR for pain and
anxiety management in cardiac surgery and interventional cardiology remains inconclusive. (JACC Adv 2024;3:100814)
© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

levels.®'® These physiological changes have been
associated with various adverse events, including
kidney injury, cerebrovascular events, arrhythmias,
myocardial injury, impaired wound healing, delirium,
and depression.""?

Traditional approaches in pain and anxiety man-
agement involve patient education and medical
therapy with acetaminophen, nonsteroidal anti-
inflammatory drugs and opioids. However, in some
cases, these strategies have limited effects and are
associated with an elevated risk of side effects, drug
tolerance, and dependence.'* Adverse reactions
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ABBREVIATIONS
AND ACRONYMS

3D = 3-dimensional
AF = atrial fibrillation

APAIS = Amsterdam
Preoperative Anxiety

Information Scale

ICU = intensive care unit
NRS = numeric rating scale

RCT = randomized controlled

trial

STAI = State-Trait Anxiety

Inventory

TAVR = transcatheter aortic

valve replacement

VAS = visual analog scale

VR = virtual reality

associated with these medications include
respiratory depression, renal dysfunction,
gastrointestinal bleeding, sedation, nausea,

1516 Conse-

vomiting, and constipation.
quently, there is a growing need for non-
pharmacological interventions to address
pain and anxiety in order to mitigate the
shortcomings and risks associated with this
traditional approach.

Virtual reality (VR) is a modern emerging
technique that offers the ability to provide an
immersive digital simulation experience.
This technology can be effectively utilized
for 2 main purposes when it comes to pain
and anxiety management: distraction ther-
apy (Figure 1) and patient education
(Figure 2). Distraction therapy is accom-
plished in the form of immersive
3-dimensional (3D) videos,

calming music, and
breathing exercises.'”"'® By incorporating immersive
visual and auditory stimuli, VR creates a captivating
and serene environment that effectively diverts pa-
tients’ attention away from the anxiety-inducing as-
pects of the procedure. This technique can be applied
in preprocedural, periprocedural, and postprocedural
phase of care. For patient education purposes, VR
allows patients to embark on immersive 360° virtual
tours that provide a comprehensive representation of
their entire awaiting care process or a visual repre-
sentation of their concerning disease and treatment."®
Since this technique aims on education about the
awaiting procedure, this is only applied in the pre-
procedural stage. Various studies have already
explored the use of these applications as tools for
managing pain and anxiety in patients undergoing
cardiac interventions and have reported potential
benefits in this regard.*®>*

The objective of this review is to comprehensively
examine and elucidate the current and potential
impact of VR technology in specifically reducing pain
and anxiety across the preprocedural, periprocedural,
and postprocedural phases of cardiac surgery and
percutaneous cardiac interventions. By thoroughly
evaluating and summarizing the existing literature on
the application of VR distraction therapy for pain and
anxiety management in the cardiovascular field, we
aim to add a detailed novel overview to the literature
on the concrete potential benefits and limitations
associated with the implementation of VR distraction
therapy for this specific purpose.

In this review, we performed a targeted non-
systematic literature review within the electronic
Medline (PubMed) and Google Scholar databases to
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HIGHLIGHTS

e Virtual reality is an emerging non-
pharmacological tool for pain and anxiety
management.

e Literature on the potential of virtual re-
ality in cardiovascular medicine is scarce.

e Efficacy of virtual reality for pain and
anxiety in cardiac interventions remains
inconclusive.

e Future research requires larger sample
sizes and standardized outcome
measures.

identify the current state-of-the-art of VR for pain
and anxiety management in cardiac surgery and
percutaneous cardiac interventions. Contexts of in-
terest were preprocedural, periprocedural, and
postprocedural applications. Key search words
included: VR, cardiac surgery, percutaneous cardiac
interventions, preprocedural, periprocedural and
postprocedural, pain management and anxiety man-
agement. Additionally, reference lists of all included
articles were searched for additional relevant articles.
Articles were included if deemed relevant and/or had
content related to the aforementioned key words.
After the final selection of included articles, a risk of
bias assessment (Figure 3) was performed using the
Cochrane Risk of Bias Tool.>> Below, and in Table 1,
we present a comprehensive overview of the articles
that were included, focusing on the implementation
of VR distraction or education therapy for reducing
pain and anxiety in the preprocedural, periproce-
dural, and postprocedural contexts.

PREPROCEDURAL

CARDIAC SURGERY. Literature on preprocedural
application of VR for pain and anxiety management in
cardiac surgery is relatively limited compared to the
extensive body of research available in the context of
interventional cardiology. Currently, the available
studies in the field of cardiac surgery are limited to 2
randomized controlled trials (RCTs). The first one
investigated the impact of VR distraction therapy on
preprocedural anxiety in a cohort of 20 patients un-
dergoing coronary artery bypass grafting proced-
ures.”* The study involved random allocation of
subjects into either a control group or an intervention
group. The intervention group received VR distrac-
tion therapy at the preoperative ward on the day of
surgery. Outcomes were assessed using the State-
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Stressful Stimuli Present in the Environment

FIGURE 1 Virtual Reality Distraction Therapy Is Accomplished by Guiding Patients’ Attention Away From the Nociceptive and/or

Virtual Reality
Distraction therapy

It achieves this by immersing them in serene and calming virtual environments accompanied by soothing sounds.

Trait Anxiety Inventory (STAI) questionnaire,*” which
demonstrated notable improvements in the inter-
vention group. Specifically, the intervention group
showed significant enhancements in feeling calm
(P = 0.048) and experienced significant reductions in
stress (P = 0.001).

The second RCT in this domain assessed the impact
of preprocedural VR patient education on anxiety.>"
This study included 99 subjects undergoing cardiac
surgery, who were randomly distributed in 3 groups:
1) control group (n = 34); 2) VR patient education
(n = 31); and 3) 3D-printed model education (n = 34).
The interventions involved representations of the
specific concerning disease and the awaiting treat-
ment. Primary outcomes were assessed using the
STAI and visual analog scale (VAS) score both before
and after the intervention in each group. This study
revealed that only the VR patient education group
showed a significant decrease in anxiety levels based

on the VAS score (VAS 5.00-4.32, A-0.68, P < 0.001).
However, there were no significant differences in
anxiety levels measured by the STAI scores after the
interventions between the 3 groups (control:
2130 + 5.32, VR: 20.39 =+ 5.93, 3D-model:
20.82. + 5.18, P = 0.7638).

INTERVENTIONAL CARDIOLOGY. In the domain of
interventional cardiology, a recent RCT investigated
the effect of VR patient education on preprocedural
anxiety in 60 patients planned for percutaneous
closure of a patent foramen ovale or atrial septal
defect.”” Participants were assigned to either the
control group, which received conventional pre-
procedural education, or the intervention group
which received VR patient education by means of an
immersive virtual tour through their whole awaiting
care process. After receiving their assigned education
pathway 1 month before their treatment, patients
were asked to complete the STAI questionnaire as a
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Will Undergo

FIGURE 2 Virtual Reality Education Therapy Involves Creating a Virtual Representation of the Entire Care Process That Patients

Virtual Reality
Patient education

This can include both a realistic simulation of the practice (A) and a virtual animation depicting the upcoming treatment (B).

measure of the outcome. The results indicated higher
levels of anxiety in the control group compared to the
intervention group (STAI score 45 + 11 vs 38 + 7,
P = 0.02). A week prior to their procedure, the STAI
questionnaire was administered again, revealing
increased anxiety levels in the control group, while
anxiety levels in the intervention group remained
unchanged. These findings not only highlight the
immediate impact of the different patient education
options on preoperative anxiety but also underscore
the distinction in long-term effects between the
2 groups.

Another study assessed the same effect on patients
undergoing cardiac catheterization.?® Sixty-four pa-
tients were randomly assigned to either receive con-
ventional preprocedural care or additional VR patient
education. Anxiety levels, procedural knowledge,
and satisfaction were evaluated using custom-made
questionnaires. The results revealed that patients in
the intervention group experienced a significantly
greater reduction in anxiety levels from baseline to
postprocedure compared to the control group (A-5.1
vs A-4.0, P = 0.03). Additionally, the intervention
group demonstrated higher overall satisfaction scores
(9.35 vs 8.97, P = 0.04) and a better understanding of
the procedure (3.88 vs 3.23, P < 0.01). A smaller

feasibility study in the same population confirmed
these results.”” A group of 8 patients underwent a
virtual tour, providing them with an immersive view
of their upcoming cardiac catheterization. Outcomes
were assessed using the Presence questionnaire
(mean 129.1 + 13.4), System Usability Scale score
(mean 89.1 + 12), and Client Satisfaction question-
naire (mean 27.1 + 3.2). All participants reported
feeling notably less anxious about the impending
procedure after experiencing the immersive VR edu-
cation program. The same results were reported in a
study with 33 patients undergoing atrial fibrillation
(AF) ablation.?® Twenty-two patients were allocated
to the control group and 11 patients to the VR patient
education group. Here again, anxiety was measured
by means of custom-made questionnaires. Results
reported significant lower preprocedural anxiety
scores in the VR patient education group compared to
the control group (5.0 vs 7.1, P < 0.05).

Surprisingly, a relatively large RCT that was pub-
lished recently did not find a significant effect of VR
patient education when compared to conventional
education.”® This study included 134 patients under-
going AF ablation who were equally distributed
among a control and VR patient education group. The
assessed primary outcome measure was anxiety, by
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FIGURE 3 Risk of Bias Assessment of All Included Studies Using the Cochrane Risk of Bias Tool

Risk of bias domains
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use of the Amsterdam Preoperative Anxiety and In-
formation Scale (APAIS).** This outcome measure did
not differ between the 2 groups (10 [SD 8-13] vs 10 [SD
7-12], P 0.402). Subjects additionally filled in a
questionnaire about worries on the procedure, which
demonstrated that the intervention group had a
significantly lower percentage of patients worrying

about the ablation procedure compared to the control
group (19.1% Vs 40.9%, P = 0.006). Nonetheless, it is
important to note that this was a nonvalidated
questionnaire.

VR distraction therapy, on its turn, showed more
consistent beneficial effects. An RCT with 60 patients
undergoing coronary angiography studied the effect
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TABLE 1 Overview of VR Studies for Pain and Anxiety Reduction in Cardiac Surgery and Interventional Cardiology by Means of VR Distraction

Therapy and Patient Education

Cardiovascular Study Sample Mean Age VR Conclusion of

Clinical Phase First Author, Year Domain Type Size (n) (y) Technique Results

Preprocedural  Hendricks et al, 2020** Cardiac surgery RCT 20 66.5 + 8.0 Distraction therapy Reduced stress (P = 0.001) and anxiety
(P = 0.048) in VR group compared to
control group

Pool et al, 2022 Interventional cardiology RCT 60  43.8 £ 11.0 Patienteducation Lower anxiety (P = 0.02) in VR group
compared to control group

Morgan et al, 2021°° Interventional cardiology RCT 64 68.7 Patient education  Lower anxiety (P = 0.03) in VR group
compared to control group

Aardoom et al, 2022'° Interventional cardiology  Feasibility 8 67.0 + 7.5 Patient education  Less anxiety in all subjects after VR
session (subjective reporting)

Keshvari et al, 202177 Interventional cardiology RCT 60 51.6 &+ 4.1 Distraction therapy Lower anxiety (P = 0.01) in VR group
compared to control group

Chang et al, 2021® Interventional cardiology ~ RCT trial 33 58.2 + 8.5 Patient education  Lower anxiety (P = 0.05) in VR group
compared to control group

Hermans et al, 2023%° Interventional cardiology RCT 134 66.3 Patient education  No significant effect of VR on anxiety
levels (P = 0.4)

Pouryousef et al, 2020°° Interventional cardiology RCT 90 50.7 + 8.1 Distraction therapy Lower anxiety (P = 0.001) in VR group
compared to control groups

Grab et al, 2023 Cardiac surgery RCT 99 64.8 +£10.9 Patient education  No significant effect of VR on anxiety
levels (P = 0.76)

Periprocedural  Bruno et al, 2020 Interventional cardiology RCT 32 83.0 = 4.8 Distraction therapy Lower anxiety (P = 0.04) in VR group but
no difference in pain (P = 0.61)
compared to control group

Roxburgh et al, 2021* Interventional cardiology RCT 99  63.8 +10.7 Distraction therapy Lower pain (P = 0.004) in VR group
compared to control group

Mitchell et al, 2020°* Interventional cardiology Case report 1 60 Distraction therapy The patient reported minimal pain during
procedure with VR

Zablah et al, 2021*° Interventional cardiology ~ Case series 3 14.7 +£ 0.5 Distraction therapy All subjects reported feeling comfortable
and minimal pain with VR

Postprocedural Mosso-Vazquez et al, 2014°° Cardiac surgery Observational 67 Unknown  Distraction therapy Decrease of pain levels in 88% of all
participants after VR session

Mosso-Vazquez et al, 2013*’ Cardiac surgery Observational 22 56.9 £ 10.0 Distraction therapy Decrease of pain levels in 95% of all
participants after VR session

Cacau et al, 2013°® Cardiac surgery RCT 60 50.6 4+ 2.5 Distraction therapy Lower pain (P = 0.05) in VR group
compared to control group after 3 d

Maciolek et al, 2020°° Interventional cardiology RCT 65 59.8 + 11.8 Distraction therapy Lower anxiety (P = 0.05) in VR group
compared to control group

Laghlam et al, 2021° Cardiac surgery RCT 200 68.0 + 7.4 Distraction therapy No significant differences for pain between
VR and control group.

Rousseaux et al, 2022*' Cardiac surgery RCT 100 66.0 + 11.5 Distraction therapy No significant differences for pain and

anxiety between VR and control group.

RCT = randomized controlled trial; VR = virtual reality.

of preprocedural VR distraction therapy in reducing
anxiety.”” Prior to undergoing coronary angiography,
the intervention group was exposed to an immersive
360-degree VR video featuring immersive natural
locations. Conversely, the control group did not
partake in this VR session. Anxiety was assessed
utilizing the STAI questionnaire. The outcomes
indicated a significant reduction in anxiety levels in
the intervention group after receiving VR distraction
therapy compared to the control group (13.1 vs 15.1,
P < 0.01). Another RCT involving 90 subjects un-
dergoing cardiac catheterization demonstrated
similar results. Here, subjects were divided equally

over 3 groups: 1) VR distraction therapy; 2) breathing
exercises; and 3) a control group.3° Subjects under-
went intervention 1 hour before their procedure or
received conventional care. The primary outcome
was anxiety assessed by the STAI questionnaire.
Results showed significantly less anxiety in the VR
distraction therapy group compared to the other 2
groups (P = 0.001).

PERIPROCEDURAL

CARDIAC SURGERY. VR has demonstrated effective-
ness in reducing pain and anxiety when used
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A Visual Synopsis Highlighting the Key Points of This Study

Periprocedural

«Virtual reality is an emerging nonpharmacological tool for pain and anxiety management
* Efficacy of virtual reality for pain and anxiety in cardiac interventions remains inconclusive
« Future research requires larger sample sizes and standardized outcome measures

alongside conscious sedation or local/regional anes-
thesia during invasive procedures.** However, in
case of cardiac surgery, patients are typically placed
under general anesthesia, which renders them un-
conscious and unresponsive to external stimuli,
including VR. Consequently, the periprocedural use
of VR applications in these patients is not feasible.

INTERVENTIONAL CARDIOLOGY. Only 2 studies
have reported about the periprocedural application of
VR in interventional cardiology. The first study
examined the impact of VR distraction therapy on
pain and anxiety during transcatheter aortic valve
replacement (TAVR) procedures.®”> The study
involved a sample size of 32 participants. The inter-
vention group (n = 16) underwent VR distraction
therapy during the TAVR procedure utilizing a head-
mounted device, while the control group (n = 16)
received conventional treatment. All patients under-
went conscious sedation during the intervention.
Primary outcomes were periprocedural anxiety and
pain, both assessed with the VAS score. The

intervention group demonstrated significantly lower
levels of periprocedural anxiety (2 [IQR: 0-3.75] Vs 5
[IQR: 2-8]; P = 0.04). However, there was no signifi-
cant difference in periprocedural pain levels between
both groups (4 [IQR: 3-4.8] vs 4 [IQR: 2-6], P = 0.61). A
similar RCT was conducted involving 99 subjects
undergoing AF ablation.>® Forty-eight patients
received VR distraction therapy during the proced-
ure, while 51 were treated conventionally. Peri-
procedural pain was assessed as the primary outcome
using the VAS score. Results showed significantly
lower periprocedural pain experience in patients who
received VR distraction therapy compared to those
who were treated conventionally (3.5 + 1.5 vs 4.3 +
1.6; P = 0.004).

Additionally, a case report and a case series (n = 3)
documented the periprocedural utilization of VR
distraction therapy for pain and anxiety management
during, respectively, emergency pericardiocentesis
and diagnostic cardiac catheterization.>**> In both
contexts, the patients received VR distraction therapy
throughout the procedures. Subsequently, all

Postprocedural
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patients reported feeling comfortable and experi-
encing minimal pain during the procedure, attrib-
uting it to the distraction provided by the VR
experience.

POSTPROCEDURAL

CARDIAC SURGERY. Several studies have examined
the impact of postprocedural VR distraction therapy
in cardiac surgery patients. An observational study
involving 67 subjects described the use of VR
distraction therapy to reduce pain after cardiac sur-
gery on the intensive care unit (ICU).>° All patients
received a 30-minute session of VR distraction ther-
apy on the first day following surgery in the ICU. The
primary outcome measure was pain, which was
assessed using a custom-made Likert scale. Results
showed that 88% of the patients reported a decrease
in pain levels (mean A-3.75) after the VR intervention.
Another study by the same research group supported
these results in a smaller group of patients (n = 22).%”
Patients received the same aforementioned VR
intervention during their ICU stay following cardiac
surgery and pain was assessed using a custom-made
Likert scale survey. Among 22 patients, 21 reported
experiencing a decrease in pain levels after under-
going the 30-minute VR intervention. An RCT con-
ducted in the same setting with 100 subjects, yielded
contrasting results.*' This study assessed the impact
of postprocedural VR distraction therapy on pain and
anxiety in the ICU. The study design consisted of a
control group and 3 intervention arms, which
received different treatments: 1) VR distraction
therapy; 2) VR distraction therapy with hypnotic
audio; and 3) hypnosis by audio. All groups under-
went a 20-minute intervention session on the day
before and the day after cardiac surgery. Pain and
anxiety were evaluated as primary outcomes using
a VAS scale. Results showed no significant differ-
ences in postprocedural pain and anxiety between
all groups. Another RCT consisting of 200 subjects
also showed no significant effect of VR distraction
therapy on postprocedural pain after cardiac surgery
in the ICU.*° In this study, subjects were allocated
to either a VR distraction therapy group (n = 99) or
a control group (n = 101). The primary assessed
outcome was postprocedural pain by use of the
analgesia/nociception index*> and the numeric rate
scale (NRS). Results demonstrated no significant
differences between the 2 groups in terms of both
the analgesia/nociception index score and the
NRS score.

Lastly, another RCT was performed in the clinical
ward with 60 subjects, evaluating the use of VR

JACC: ADVANCES, VOL. 3, NO. 2, 2024
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distraction therapy for clinical rehabilitation,
including pain, after cardiac surgery.’® Subjects
were equally divided between a control group and
intervention group. The VR intervention consisted
of immersive exercises such as distractive breathing
techniques and physical activity. Primary outcomes
were measured using the Nottingham Health Profile
questionnaire,’® assessing patients’ incapacity
across various domains, including pain levels. Re-
sults showed no significant difference in pain scores
between the groups in the first 2 days. However,
after 3 days, there was a significant decrease in
pain score among patients in the VR group
compared to the controls (P < 0.05). Subsequently,
patients who received the VR intervention had also
a shorter hospital stay compared to those in the
control group (9.4 + 0.5 days vs 12.2 £+ 0.9 days,

P < 0.05).

INTERVENTIONAL CARDIOLOGY. In the field of
interventional cardiology, there is a single study
reporting the effect of postprocedural VR distraction
therapy. This study assessed the impact of VR
distraction therapy on postprocedural anxiety in pa-
tients after percutaneous cardiac angioplasty.>° Sixty-
five patients were included and divided among a
control (n = 33) and intervention group (n = 32). The
intervention group received 6 sessions of VR
distraction therapy during the first 3 days of the
postprocedural stage. Each VR session lasted for
20 minutes. The primary outcomes for anxiety were
measured using the STAI questionnaire. Results
showed that both groups experienced a reduction in
anxiety after 3 days. However, this reduction was
significantly greater in the intervention group
compared to the control group (STAI score
reduction —4.89 vs —2.72, P = 0.05).

DISCUSSION

Cardiac procedures, encompassing both cardiac sur-
gery and percutaneous cardiac procedures, often
result in the experience of pain and/or anxiety.'™*
These 2 side effects are interconnected, creating a
detrimental cycle when left untreated.?” Conse-
quently, these factors may have a negative impact on
clinical outcomes. Hence, it becomes imperative to
provide optimal management for pain and anxiety in
this specific patient population. This paper explores
the potential of VR as a nonpharmacological tool to
reduce pain and anxiety among cardiac patients
before, during, and after surgical and percutaneous
cardiovascular interventions (Central Illustration).
Trials evaluating the use of VR in preprocedural

settings for cardiac surgery and interventional



JACC: ADVANCES, VOL. 3, NO. 2, 2024
FEBRUARY 2024:100814

cardiology show inconsistent results regarding the
effects on pain and anxiety. While the majority of
trials (7 studies with a total number of 302 subjects)
have demonstrated promising potential in signifi-
cantly reducing preprocedural pain and anxiety
through VR distraction therapy or VR patient educa-
tion,'9:?428:39 2 larger-scale trials (N = 233) have re-
ported no significant effect**3' (Table 1).

This same inconsistency persists in the periproce-
dural assessment of VR distraction therapy for pain
and anxiety during TAVR and AF ablation procedures.
One RCT (n = 32) reported no significant effect on
pain,>* while another RCT (n = 99) demonstrated a
significant reduction of periprocedural pain.>* The
latter is further supported by the reported case series
showing beneficial effects of periprocedural VR
distraction therapy in individual patients during
cardiac catheterization (n = 3) and pericardiocentesis
(n = 1).3435

The postprocedural stage presents a significant
opportunity to apply VR distraction therapy for pain
and anxiety reduction. However, in this context as
well, the existing literature presents conflicting re-
sults. While the majority of trials (4 studies with a
total number of 214 subjects) report a significant
reduction in postprocedural pain and anxiety with VR
distraction therapy,3®3° 2 larger-scale trials (shared
total of 300 subjects) show no significant difference
compared to conventional treatment.*%*'

It is important to acknowledge the variability in
these reported findings throughout all stages of car-
diac care. The conflicting results observed in trials
investigating VR for pain and anxiety in cardiac sur-
gery and interventional cardiology can be attributed
to several factors. Firstly, the effectiveness of VR in-
terventions may vary depending on factors such as
the duration and number of the intervention(s),
technical quality of the intervention, patient charac-
teristics such as age, and the specific clinical context
in which the tool is utilized. For instance, a wide
variety of technical tools is employed in VR distrac-
tion therapy, yielding possibly a corresponding
spectrum of outcomes and effects. Secondly, it is
important to recognize that the majority of studies
included in this paper have small sample sizes, which
raises concerns about the reliability of the reported
outcomes. Thirdly, there is inconsistency in the way
outcomes are measured and reported. Many studies
utilize nonvalidated custom-made scores, further
casting doubt on the reliability of the findings.
Furthermore, the performed risk of bias assessment
reveals notable concerns in at least 8 out of the 19
studies incorporated, emphasizing the imperative
need for additional qualitative research.

el Mathari et al
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Nevertheless, the efficacy of VR for pain and anx-
iety management in cardiac surgery and interven-
tional cardiology remains inconclusive. To address
this, future research should prioritize conducting
trials with larger sample sizes to enhance statistical
power and improve the generalizability of findings.
Additionally, studies should focus on using validated
instruments (STAI, APAIS, NRS) to measure out-
comes, ensuring more reliable and standardized as-
sessments. Furthermore, it is important to note that
current research primarily relies on subjective pain
experience assessments through questionnaires,
which may raise concerns about the validity of these
outcomes. Pain and anxiety are a complex phenom-
enon influenced by biological, social, and psycho-
logical factors, and their manifestation can vary
among individuals. Therefore, incorporating objec-
tive measures such as heart rate variability and
changes in blood pressure would provide a more
comprehensive evaluation of the impact of VR on
pain and anxiety. By structurally considering these
recommendations, future studies can provide a more
robust understanding of the effectiveness of VR in
managing pain and anxiety in cardiac procedures.

Moreover, the cost-effectiveness of utilizing VR for
pain and anxiety management must be carefully
assessed. This evaluation encompasses not only the
expenses associated with software and hardware but
also the time commitment required for integrating VR
devices into daily clinical practices. Given that nurses
are already engaged in essential clinical duties,
introducing additional staff for the implementation of
VR devices would incur additional costs. While other
medical fields have demonstrated economic benefits
of VR,*®%9 including reduced average costs per
quality-adjusted life year through shorter hospitali-
zation, decreased medication usage, and lower risk of
clinical readmission, the cardiovascular field has yet
to assess these factors. Conducting cost-effectiveness
analyses specific to cardiac procedures would provide
valuable insights into the economic impact of imple-
menting VR interventions. Such analyses can help
health care providers and policymakers make
informed decisions about the adoption and integra-
tion of VR technology into routine cardiac care,
considering both its clinical efficacy and financial
implications.

We acknowledge that the narrative nature of this
review is a limitation. While a thorough and
comprehensive literature review was conducted, it is
important to note that it was not a systematic litera-
ture review. This is primarily due to the scarcity of
available data on this topic, which hinders the feasi-
bility of conducting a comprehensive systematic



10

el Mathari et al
Virtual Reality for Pain and Anxiety Management

review with a meta-analysis. Yet, we can conclude
that the current literature on the efficacy of VR ap-
plications for pain and anxiety management in car-
diac surgery and interventional cardiology remains
inconclusive. The conflicting results and limitations
of the available studies highlight the need for future
research with larger sample sizes and the standard-
ized use of validated outcome instruments. It is
important to recognize that VR is evolving rapidly,
and as it continues to advance, the potential for VR in
pain and anxiety management may expand in the
future. Further exploration and investigation in this
field are warranted to fully understand the benefits
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and limitations of VR in improving patient outcomes
and experiences.
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