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Effects of a multistage virtual reality
intervention on perioperative anxiety

and recovery in patients undergoing elective
gynecological surgery: a prospective single-
blind randomized controlled trial

Guanghui Zhang'", Jingxing Hu'", Muchun Zhang', Wenhui Tao' and Xianwen Hu'"

Abstract

Backgrounds Preoperative anxiety is a common concern among adult patients undergoing elective surgery and
is associated with poor outcomes.Virtual reality (VR)-based interventions have emerged as simpler, safer, and more
effective alternatives than traditional care in reducing anxiety in patients undergoing gynecological surgery.

Methods A prospective, single-blind, randomized controlled trial design was conducted, involving 109 American
Society of Anesthesiologists physical status I-Il patients scheduled for gynecological laparoscopic surgery, who were
randomly divided into a control group, a preoperative visit Virtual Reality group, and a preoperative visit combined
with surgical waiting area Virtual Reality group .The primary outcome, preoperative anxiety, was assessed using the
Amsterdam Preoperative Anxiety and Information Needs Scale, and secondary outcomes included sleep quality stress
and pain and postoperative satisfaction. Interventions and measurements were performed at 4 time points: the start
of the clinical session (T0), after the ward visit intervention (T1), in the surgical waiting area (T2), before anesthesia
induction (T3), and after surgery (T4).

Results The results showed that intervention group 2 exhibited significantly lower anxiety scores than the control
group at T2 and T3 (3=-4.15, p<0.001; 3=-5.88, p < 0.001), and postoperative acute pain scores (H=14.574, p<0.001)
and satisfaction (H=38.027, p<0.001) also improved significantly. However, anxiety and stress levels were transiently
elevated after the initial intervention (T1).

Conclusions Our study suggests that multiple VR interventions can effectively reduce preoperative anxiety and
improve the perioperative experience through exposure and distraction mechanisms.However, it is important to note
the possible short-term transient elevation in anxiety and stress levels after the initial intervention.
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Trial registration This study was retrospectively registered on February 21, 2025, at the Chinese Clinical Trial Registry
(which is part of the World Health Organization International Clinical Trials Registry Platform, registration number
ChiCTR2500097598). All patients included in the statistics were enrolled after this date, and each patient signed a

written informed consent form.
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Introduction

Anxiety is a common emotional state [1], and preopera-
tive anxiety refers to the anxiety and fear experienced
before undergoing surgery or other medical procedures.
Younger female patients and individuals with high infor-
mation needs tend to exhibit higher levels of preopera-
tive anxiety, while prior exposure to anesthesia or surgery
is associated with lower anxiety levels [2—4]. Prolonged
anxiety may trigger physiological responses such as
increased heart rate, elevated blood pressure, rapid
breathing, insomnia, and excessive sweating [5, 6]. These
physiological responses may negatively impact patients’
physical condition and even increase surgical risks.
Second, high levels of anxiety may lower patients’ pain
thresholds, thereby exacerbating postoperative pain [7].
Finally, preoperative anxiety may hinder effective com-
munication between patients and healthcare providers,
this situation may compromise the quality of the patient-
provider relationship and negatively impact treatment
outcomes and recovery progress [8].

Implementing effective strategies to alleviate preopera-
tive anxiety is crucial. While pharmacological interven-
tions (e.g., benzodiazepines or dexmedetomidine) have
been commonly used in this patient population, they
also have drawbacks, such as mucosal irritation, post-
operative nausea and vomiting, delirium, and prolonged
hospital stays [9, 10]. Currently, the role of Virtual Real-
ity (VR) technology in reducing preoperative anxiety is
being further explored [11, 12]. VR is a computer simu-
lation system that creates virtual environments for user
interaction. It uses a body-tracking motion sensor system
based on built-in gyroscopes and an eye-tracking system
to continuously capture the patient’s state, then generates
corresponding simulated environments in real-time via
a computer, thereby immersing the user in that environ-
ment [13]. Its primary mechanisms for alleviating preop-
erative anxiety are distraction and exposure [14].

Previous research comprising 6 randomized controlled
trials (RCTs) has indicated that VR-based interven-
tions significantly reduce preoperative anxiety in adults
[15-18] and children [19, 20] through pre-exposure and
distraction, with pre-exposure interventions being more
effective in adult populations. However, some studies
have indicated that VR-based interventions have no sig-
nificant effect on reducing preoperative anxiety [21-23].
Besides, the current VR therapeutic research land-
scape remains predominantly confined to single-phase

applications, whereas this study pioneers a multi-phase
protocol incorporating both preoperative consultation
and perioperative holding area implementation, estab-
lishing an evidence-based framework for phased VR
intervention in surgical settings.

Given this background, the objective of this study was
to evaluate the effectiveness of VR-based interventions
implemented at different time points in alleviating pre-
operative anxiety in patients undergoing elective gyneco-
logical surgery, and conduct an in-depth analysis of their
impact on perioperative sleep quality, stress levels, satis-
faction, and postoperative acute pain.

Methods

Setting and population

This prospective, single-blind, randomized controlled
trial was conducted between January to March 2025.
The experiment adhered to the ethical principles of the
WMA Declaration of Helsinki (2013). All subjects gave
their written informed consent before each experiment
and were paid for their participation.This manuscript
adheres to the applicable CONSORT guidelines.

Inclusion and exclusion criteria

The main types of elective surgery included laparoscopic
hysterectomy with bilateral adnexectomy, laparoscopic
hysterectomy, and laparoscopic resection of ovarian
lesions. Patients attending the preanesthesia assessment
clinic were invited to participate in the study if they
met the following inclusion criteria: (1) Age 18—45; (2)
Scheduled for their first elective surgery under general
anesthesia within the subsequent week; (3) Voluntary
enrolled and provision of informed consent after the con-
tent of the clinical trial was fully explained; (4) Fluency
in Mandarin; (5) Classification as American Society of
Anesthesiologists (ASA) physical status I or II. The exclu-
sion criteria were as follows: (1) Undergoing emergency
surgery without pre-operative assessment; (2) Cogni-
tive impairment or inability to consent; (3) History of
any psychological disorders; (4) History of vestibular
dysfunction or motion sickness or audio-visual impair-
ment; (5) History of alcohol or drug abuse; (6) A diagno-
sis of Parkinson’s disease, multiple sclerosis or muscular
dystrophy.
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Sample size

The sample size calculation was based on the effect size
(Cohen’s d = 0.64) reported by Chiu et al. (2023) [13], a
randomized clinical trial that also investigated a single-
session VR intervention aimed at reducing preoperative
anxiety in adults undergoing elective surgery under gen-
eral anesthesia. This study was deemed highly compara-
ble to ours in terms of population (adults), intervention
type (preoperative VR exposure), primary outcome (pre-
operative anxiety), and measurement tool (APAIS).

Recruitment procedure

Potential participants were identified through chart
review, and patients who met the enrolment criteria and
were scheduled to undergo surgery in the near future
were recruited into the cohort and contacted by an
independent research assistant. A list of interested par-
ticipants was recorded and sent to the researchers for
further contact. Some of the study details and procedures
were explained to potential participants by the research-
ers on the ward. After obtaining written consent from
potential participants, an independent outcome assessor,
blinded to group allocation, collected baseline data (T0).

Randomization and blinding

The randomization procedure was performed by a
researcher independent of the recruitment, enrolment.
Participants were randomized into three groups (A, B,
and C) in a 1:1:1 ratio using block randomization with a
fixed block size of 6. Opaque, sealed, sequentially num-
bered envelopes containing group assignment cards were
prepared and opened sequentially by the researcher to
assign each participant to their group.

Due to the nature of the intervention in this study, full
double-blinding was not achievable, with the exception
that the outcome assessor was blinded to the group allo-
cation. However, participants were instructed not to dis-
close their group assignment to the scale assessor at the
time of the scale assessment and were asked not to share
specific details of the intervention with others.

Control and intervention groups

This study divided the participants into three groups:
A, B, and C. Group A served as the control group, while
groups B and C were the intervention groups.No pre-
operative sedative premedication (e.g., midazolam) was
administered.

Participants in group A received routine preopera-
tive visits and care measures before anesthesia, and the
ward nurses provided them with routine preoperative
information.In addition to standard care, participants in
both Group B and Group C received a VR-based inter-
vention using a PICO 4PRO.aParticipants in the VR
group received no additional explanatory materials or

Page 3 of 10

instructions pertaining to the virtual reality intervention
other than the use of the headset. The PICO 4 Pro is a
VR headset featuring Pancake optics, with a binocular
resolution of 2160 x 2160 per eye, a pixel density (PPI)
of 1200, a field of view (FOV) of 105°, and a pixels per
degree (PPD) of 20.6. It supports intelligent continuous
IPD adjustment from 62 to 72 mm and can memorize
IPD settings for multiple users. The device offers high-
quality color passthrough, is compatible with glasses,
and features an integrated audio system. Participants will
watch a customized 9-minute immersive VR tour of the
operating room. Based on previous studies [13, 15, 19], a
360° VR video has been produced to provide an immer-
sive experience through which subjects will receive infor-
mation regarding surgical and anesthesia procedures.
The video is divided into four narrated segments that
explain the perioperative process, emphasizing that all
participants will undergo similar experiences. Further
details are provided in Appendix 1 (pp. 5-7), including
screenshots of the presentation (Figures S1-1 to S1-5).
Moreover, participants in Group C received an additional
virtual reality intervention during the preoperative wait-
ing period, consisting of a 5 to 6-minute immersive pan-
oramic VR video. The video featured either novel scenic
environments or guided relaxation sequences, as illus-
trated in the representative screenshots provided in Fig-
ures S1-6 and S1-7 (Appendix 1).

Primary efficacy indicators and secondary efficacy indicators
The primary outcome was the amelioration of preopera-
tive anxiety, assessed using the Amsterdam Preoperative
Anxiety and Information Scale [24](range 6—30; higher
scores indicate greater anxiety). The Chinese version of
the translated and validated APAIS scale was used in the
present study [25], with Cronbach’s alpha for the anxiety
and information needs subscales being 0.862 and 0.830,
respectively).

Secondary outcomes, stress and pain, were assessed by
a visual analogue scale(VSA) [26] at 4 time points: base-
line at the start of the clinical session (TO0), at the end
of the clinical session after the ward visit intervention
(T1), in the operating theatre waiting area for the opera-
tion (T2), and prior to induction of anesthesia (T3). Pain
perception was assessed postoperatively (T4). Both VAS
instruments consisted of a 100-mm horizontal line con-
tinuum anchored by verbal descriptors of two extreme
symptom states. Participants marked their current level
of pain or stress on the line, with scores ranging from 0
(no pain/no stress) to 100 (worst imaginable pain/high-
est possible stress). Participants were instructed to mark
their current level of pain or stress on the line. The score
was determined by measuring the distance from the left
anchor to the participant’s mark, recorded in millime-
ters. Additionally, improvement in sleep was assessed as
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a secondary outcome using the Athens Insomnia Scale
(AIS) [27]. A detailed description of each outcome metric
is provided in Appendix 1.

Security indicators

Using the Simulator Sickness Questionnaire (SSQ) [28]
to observe patients’ adverse reactions to using the VR
equipment (e.g., vertigo, nausea, and vomiting, etc.),
those who were intolerant to severe motion sickness were
withdrawn from the intervention trial immediately in
order to ensure a positive experience during clinic visits.

Statistical analysis

Data were analyzed using SPSS statistical software ver-
sion 26.0 (IBM). Demographic characteristics and base-
line outcome measures were summarized by frequency,
percentage, mean (SD), and range. Normality of continu-
ous variables was assessed using normal Q-Q plots of
skewness and kurtosis of the data. For continuous vari-
ables, depending on whether they met the assumptions
of parametric tests, including normality and homoge-
neity of variances, either one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test was applied. Specif-
ically, one-way ANOVA was used to compare continuous
variables such as preoperative anxiety, pain, stress, and
satisfaction, while the Kruskal-Wallis test was employed
for the information needs scale due to its ordinal nature.
If the one-way ANOVA results indicated significant dif-
ferences between groups, post-hoc tests (e.g., Tukey’s

Page 4 of 10

HSD) were conducted to identify the specific sources of
these differences. For categorical variables, such as sleep
outcomes, the chi-square test or Fisher’s exact test was
used to assess the homogeneity of characteristics among
the intervention and control groups. Univariate with
unstructured correlation structure was then validated
with generalized estimating equation modelling (GEE),
which maximized statistical power compared with sep-
arate analyses for each time point. A two-sided p<0.05
was considered statistically significant.

Result

Characteristics of study population

A total of 149 people were identified as potential par-
ticipants through case review. Of these, 111 female par-
ticipants provided informed consent to participate in the
study. Thirty-seven participants were randomly assigned
to each group, and one patient in both intervention
groups was lost to follow-up due to a change in their date
of surgery (0% disengagement rate in the control group
and 2.7% disengagement rate in the Intervention group).
Accordingly, a total of 109 participants completed the
study. The Fig. 1 shows the study flow. Detailed demo-
graphic and sociological characteristics of the partici-
pants are presented in Table 1.

Impact of VR-based interventions on primary outcomes
Table 4 presents the results of the GEE model compar-
ing anxiety scores across different time points. Significant

Enrolment«

Assessed-foreligibility-(n=149-) ¢

Excluded-(n=38-)¢
Not-meeting-inclusion-criteria-(n=20)«¢
Declined-to-participate-(n=10) ¢
Other-reasons(n=8)¢

Randomised:(n=111)«

Allocation« l

|

Allocated-to-control-group+(n=37)«¢
Received-allocated-intervention:(n=37) ¢
Didnot-receive-allocated-intervention(n=0) ¢

Allocated‘tointervention-group-1:(n=37)«
Received-allocated-intervention-(n=37-)¢
Did'not-receive-allocated-intervention(n=0)«

Allocated-toiintervention-group-2:(n=37)«
Received-allocated-intervention:(n=37)«
Did-not-receive -allocated-intervention(n=37)«

Follow-Up«

l

Discontinue d-intervention-(n=0)«
Lostto-follow-up-for-primary-outcome-(n=0): ¢

Discontinue d'intervention*(n=0)«
Lostto-follow-up-for-primary-outcome*(Surgery-
date-change)-(n=1):¢

Discontinued-intervention-(n=0)«¢
Lostto-follow-up-forprimary -outcome-(Surgery
date-change)-(n=1):¢

1

! |

¢ ¢
Excluded-from-analysis-(give-reasons)-(n=0)«

Analysed-forprimary -outcome-(n=36)+ Analysed-forprimary -outcome(n=36)+
o
E

Excluded-fromanalvsis-(aive-reasons)(n=0)¢

xcluded-from-analysis-(give-reasons)-(n=0)¢

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram defining patient assessment and enrollment numbers in present study
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Table 1 Participant demographic sociological statistics
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Participants, No. (%) (N=109)

diagnostic property

control subjects

Intervention group | Intervention group Il

(n=37) (n=36) (n=36)

Age, mean (SD) [range] y 32.86(19-43)) 31.72(19-45)) 33.03(19-44)
Marital status

Unmarried or Divorced 9(0.243) 10(0.278) 7(0.194)

Married 28(0.757) 26(0.722) 29 (0.806)
Level of education

Junior high school and below 5(0.135) 5(0.139) 1(0.028)

High school and secondary school 7(0.189) 4(0.111) 11 (0.306)

Universities and colleges 25(0.676) 27 (0.750) 24 (0.667)
Living conditions

live alone 2(0.054) 2 (0.056) 2 (0.056)

Parental cohabitation 7 (0.189) 7 (0.194) 1(0.028)

Cohabitation of spouses 28 (0.757) 27 (0.75) 33(0.917)
Employment

schoolchildren 2 (0.054) 5(0.139) 2 (0.056)

domestic work 8(0.216) 8(0.222) 7(0.194)

individually 5(0.135) 3(0.083) 6(0.167)

staff member 22 (0.595) 20 (0.556) 21(0.583)
Hospitalization experience

No 24 (0.649) 26 (0.722) 18(0.5)

Yes 13(0.351) 10 (0.278) 18 (0.5)
Type of surgery

Laparoscopic resection of ovarian lesions 21 (0.568) 23 (0.639) 22 (0.611)

Laparoscopic resection of uterine lesions 16 (0.432) 13(0.361) 14 (0.389)

differences were observed at T1 (p=-2.32; 95% CI, -2.92
to -1.73; p<0.001), T2 (p=2.49; 95% CI, 0.63 to 2.29;
p<0.001) and T3 (B =3.24; 95% CI, 2.30 to 4.18; p<0.001)
when each intervention group was compared to baseline
(TO). Similar trends were found for the subscores of anxi-
ety and information needs at T1, T2, and T3 (see Figure
S2-1 in Appendix 2). Table 2 also summarizes the mul-
tiple comparison results for these subscores across the
three time points.

The findings indicate a significant reduction in anxiety
among participants in the operating theatre following
the intervention, with repeated interventions showing
greater efficacy. However, a transient increase in anxiety
was noted immediately after the initial intervention.

Impact of VR-based interventions on secondary out-
comes Additional analysis comparing participant stress
levels between the intervention and control groups at
T1 (Table 3) showed significantly higher stress scores
in Intervention Group I (B= 8.52; 95% CI,3.47 to 13.57;
p<0.001) and Intervention Group II (f= 8.52; 95% CI,2.68
to 14.36; p=0.004), indicating that participants experi-
enced a transient increase in stress immediately after the
intervention. In contrast, at T2 (= 15.00; 95%CI,10.54 to
19.46; p<0.001) and T3 (B= 27.43; 95%C1,23.23 to 31.63;
p<0.001) stress scores were significantly lower in the
intervention groups, suggesting that participants felt less

stressed in the operating theatre after the intervention
(Figure S2-2 in Appendix 2).

Results from multiple between-group comparisons fur-
ther indicated a significant difference in postoperative
satisfaction among the groups (H=38.027, p<0.001)(Table
4 and Figure S2-3 in Appendix 2). Post-hoc pairwise
comparisons revealed that Intervention Group 2 had sig-
nificantly higher satisfaction scores than the other two
groups. Additionally, a significant reduction in postoper-
ative pain scores was observed in the intervention group
compared to the control group (H=14.574, p<0.001) (Fig-
ure S2-4 in Appendix 2). No significant difference was
found in the amount of sufentanil used among the groups
(H=0.136, p=0.934) (Figure S2-5 in Appendix 2), indicat-
ing that the reduction in self-reported pain among VR
intervention patients occurred under equivalent analge-
sic conditions.

The sleep quality results presented in Table 5 revealed
that treating the intervention groups on the ward as a
single group yielded a significant difference at T2 (x2 =
8.434, p = 0.004), suggesting that increased information
improved participant sleep in the pre-operative period.

Discussion

Main findings

This randomized controlled trial adds to the evidence
on virtual reality (VR) interventions for perioperative
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Table 2 Comparison of Outcomes Scores Between Study Groups at 4 Time Points
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Result

Score, mean (SD)/Quartiles

Timeline?®  control subjects

Intervention group |

Intervention group Il

F/H value P-value HSD

Patient preoperative anxietyb

Baseline (TO) 17.46 (2.734) 17.28 (2.173) 17.44 (2.006) 0429 0.934 NA

T 15.14 (2.299) 17.44 (2.699) 16.92 (1.381) 11.105 <0.001 1,2>0d

T2 18.92 (2.203) 14.97 (1.341) 14.75 (1.251) 73.085 <0.001 1,2>0d

T3 20.7 (3.036) 1633 (2.111) 14.81 (1.925) 58.894 <0.001 2>1>0d
Anxiety scale®

Baseline (TO) 11.62 (2.126) 11.39(1.745) 11.61 (1.745) 0.176 0.934 NA

T1 10.86 (2.263) 12.92 (2.579) 12.31(1.564) 8.566 <0.001 1,.2>d

12 12.54 (2.076) 10.28 (1.542) 9.86 (1.496) 25497 <0.001 1,2>0d

T3 14.05 (2.738) 1142 (2.234) 9.81 (2.054) 30.106 <0.001 2>1>0d
Information needs®

Baseline (TO) 5.84 6(4,6) 5.896(6,6) 5.836(6,6) 0.068 0.966 NA

T 427 4(4,5) 453 4(4,6) 461 4(4,6) 2151 0.341 NA

T2 6.38 6(6,8) 4.69 4(4,6) 4.896(4,6) 2439 <0.001 1,2>0d

T3 6.656 (6, 8) 49255 (4,6) 4(4,6) 26.269 <0.001 1,2>0d
Self-perceived stress®

Baseline (TO) 54.46 (14.181) 53.33(14.88) 5292 (12.385) 0.121 0.886 NA

T 51.22 (15.157) 58.61(9.828) 58.19(11.961) 4.026 0.021 1,2>0d

T2 69.46 (12.681) 57.22 (10.586) 57.92 (9.44) 14.309 <0.001 1,2>0d

T3 81.89 (10.888) 68.61(10.929) 63.75 (7.404) 33.018 <0.001 1,2>0d

Abbreviations: NA Not applicable

T1is post-intervention. t2 is the time after entry into the operating theatre (reception area). t3 is prior to transfer to the operating theatre (ward).T4 is post-surgery

bOne-way ANOVA was used to compare data between groups

“Data were compared between groups using the Kruskal-Wallis H test. Data are means (quartiles)

do represents the control group, 1 represents intervention group |, and 2 represents intervention group Il

outcomes in elective gynecological surgery. We found
that VR-based interventions effectively reduced preop-
erative anxiety and improved perioperative sleep qual-
ity, pain perception, and patient satisfaction, particularly
when combined with other interventions in the surgical
waiting area.lt is important to note that the VR interven-
tion was supplementary to standard preoperative care,
not a replacement for it. The control group received the
full standard of care, including preoperative visits.

The study also demonstrated that using VR preopera-
tively in the ward—as an alternative to traditional pre-
operative education—can significantly alleviate patients’
anxiety, consistent to some extent with earlier findings.
[13, 18, 21].

On the other hand, using VR equipment as an alter-
native to standard preoperative visits increased the inter-
action time between anesthetists and patients, thereby
delivering more comprehensive preoperative informa-
tion. According to previous studies, providing such
information—including details about the surgical pro-
cess—can effectively reduce preoperative anxiety[13, 17,
19, 20]. Improved sleep quality the night before surgery
was also observed among patients who underwent VR-
based preparation[6], likely resulting from enhanced
informational clarity and reduced anxiety, which collec-
tively contributed to better rest.

The results of the current study showed that par-
ticipants who received the virtual reality intervention
reported significantly lower levels of self-perceived stress
compared to the control group. However, we found
that anxiety and stress levels were significantly higher
in patients immediately after receiving the virtual real-
ity intervention in the ward compared to the control
group, contrasting with the literature[13].The transient
increase in anxiety and stress immediately after the ini-
tial VR intervention (T1) may be attributed to the nov-
elty of the technology itself. For patients unfamiliar with
VR, the initial exposure can be arousing or slightly dis-
orienting, potentially leading to short-term discomfort
[29]. Furthermore, while the immersive VR experience
familiarizes patients with the surgical setting, the ini-
tial confrontation with the operating room environment
might momentarily heighten awareness of the impending
procedure. This suggests that the timing and delivery of
VR interventions require careful consideration; a gentle
introduction and clear explanation may help mitigate this
initial reaction.

This study found that a virtual reality-based interven-
tion had a significant impact on relieving patients' acute
postoperative pain levels, consistent with previous litera-
ture[30, 31]. Preoperative elevated anxiety levels are posi-
tively associated with increased postoperative leukocyte
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3 4 ~ count and inflammatory cytokine levels in patients [32,
g § § & 33]. Interventions aimed at reducing anxiety may allevi-
ate postoperative pain by mitigating the inflammatory
response. However, the precise mechanisms underly-

[} . . . . . .
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tion.. After accounting for the length of surgery and the
amount of intraoperative analgesic medications admin-
§ =35 istered, which were not statistically significant, it was

g 8 oo observed that patients who underwent the virtual real-
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£ postoperative pain and exhibited better pain tolerance.
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tion of approximately 12—14 points on a 100-mm VAS

f 0 in intervention groups), suggest a clinically meaningful

EL3 2 benefit. Future studies should aim to define the MCID

£ for APAIS in surgical populations to better interpret the

g clinical impact of such interventions.To the best of our
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% % ‘g preoperative anxiety and improving surgical outcomes
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' satisfactory perioperative experience and higher postop-

% erative satisfaction.

£ o Currently, the clinical adoption of VR remains lim-

T ited, mainly due to high economic and time costs[34].
" Although some evidence suggests that VR interventions
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g 238283 costs compared to conventional care[35], these savings
IS § do not yet offset the expenses associated with VR use.
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Table 4 Participant postoperative indicators
Score; quartiles

Results(T4?) control subjects Intervention group | Intervention group Il H-value P-value paired comparison
Satisfaction °
79.86 80 (70,87.5) 87.64 90 (85,90) 93.06 90 (90,98.5) 38.027 <0.001 2>1>0°
Pain®
46.22 45 (32.5,60) 34.86 32.5 (26.25,43.75) 32.36 30 (25,38.75) 14.574 <0.001 1,2>0¢
Length of surgery (minutes)®
124.73 120 (70,140) 106.81 100 (62.5,140) 119.17 120 (90,150) 2.645 0.267 NA
Sufentanil®
29.73 30 (25,35) 28.89 30 (25,35) 29.31 30 (25,35) 0.136 0.934 NA

Abbreviations: NA, not applicable
aT4is post-surgery
b The Kruskal-Wallis H test was used to compare data between groups. Data are expressed as means (quartiles)

crepresents the control group, 1 represents intervention group |, and 2 represents intervention group Il

Table 5 Results of analyses of generalized estimating equations

Variable APAIS Anxiety Scale Information needs Self-perceived stress
B(95percentCl)®  P-value B(95percentCl)®  P-value PB(95percentCl)®  P-value B (95 percentCl)° P-value
Group 19 -0.18(=1.30t0 0.93)  0.750 —023(-1.11t00.65) 0.604 0.05 (—0.50 to 0.60) 0.856 —1.13 (=7.71t0 545) 0.737
Group 2@ —-0.02(-1.10t0 1.07) 0978 -0.01(-0.89t0 0.87) 0.981 —0.01 (-0.55t0 0.54) 0.987 —1.54 (=756 t0 4.48) 0615
T -232(-292t0—-1.73) <0001 -0.76(-1.36t0—-0.16) 0.014 —-157(=2.12t0—-1.02) <0.001 -3.24(-6.511t00.03) 0.052
Group1*T1? 249 (147 to 3.51) <0.001 229(1.221t03.35) <0.001 0.21(-046 t0 0.87) 0.541 852 (34710 13.57) <0.001
Group2*T1? 1.80 (0.96 to 2.63) <0.001 145(0.61to2.30) <0.001 0.35(-0.31to 1.00) 0.300 8.52 (2.68't0 14.36) 0.004
T2¢ 146 (0.63t0 2.29) <0.001 092(0.12t0 1.72) 0.024 0.54 (0.15 t0 0.93) 0.006 15.00 (10.54 to 19.46) <0.001
Group1*T29 —-3.77 (-490to0 —2.63) <0.001 -2.03(-3.21t0-0.85 <0001 -1.74(-236to—-1.11) <0001 =11.11(=17.77to—445) 0.001
Group2*T29 —4.15(-5.24t0 —3.07) <0.001 -2.67(-3.76t0—-1.58) <0.001 -149(-2.06t0—-091) <0.001 -10.00(-16.09t0—-391) 0.001
T3¢ 324 (230t04.18) <0.001 243(1.53t03.33) <0.001 0.81(043t01.19) <0.001 2743(23.23t031.63) <0.001
Group1*T3? —4.19(-551t0—-2.87) <0001 -241(-3.71t0-1.10) <0001 -1.78(-237t0-120) <0.001 -12.16(-1853t0-578) <0.001
Group2*T39 —588 (-7.14t0 —4.62) <0.001 —4.24(-550t0-2.98) <0001 -1.64(-225t0—-1.04) <0001 -16.60(-22.74t0—-10.46) <0.001

“ Group 1 refers to the group difference at baseline between intervention 1 and the control group. Group 2 refers to the group difference at baseline between
intervention 2 and the control group

Group1*T1 refers to the change in additional scores for each variable at T1 for intervention group 1 compared to the control group
Group1*T2 refers to the change in additional scores for each variable at T2 for intervention group 1 compared to the control group
Group1*T3 refers to the change in additional scores for each variable at T3 for intervention group one compared to the control group
Group2*T1 refers to the change in additional scores for each variable at T1 for intervention group two compared to the control group
Group2*T2 refers to the change in additional scores for each variable at T2 for intervention group two compared to the control group

Group2*T3 refers to the change in additional scores for each variable at T3 for intervention group one compared to the control group. T1 is the change in additional
scores after the VR intervention, T2 refers to changes in the surgical waiting area, and T3 denotes changes after entering the operating theatre
5B refers to the between-group and time interaction term, representing the difference in the mean change in an outcome (mean change in the intervention group

minus mean change in the control group) between the intervention group (intervention 1, intervention 2) and the control group at a given time point compared
with baseline (T0)

Limitations

However, this study has several limitations that should
be considered. First, the sample was restricted to patients
undergoing gynecological surgery, with a total of 109
participants, which may constrain the generalizability
of the results. Hysterectomy, due to its distinct psycho-
social significance related to fertility and femininity, may
be associated with higher levels of preoperative anxiety
compared to oophorectomy. Consequently, surgery type
may represent an unmeasured confounder that could
affect the estimated efficacy of the intervention (e.g., a
new preoperative counseling method). Secondly, the
participants were relatively young (18-45 years) and

classified as ASA physical status I or II, undergoing rela-
tively low-risk and less painful procedures. This homoge-
neous sample limits the extrapolation of results to older
populations (e.g., over 60 years) or patients with higher
ASA grades (III-1V), who may exhibit different responses
to the VR intervention. Additionally, due to the nature of
the VR intervention, full double-blinding was not fea-
sible. The awareness of treatment allocation among both
participants and unblinded investigators may have intro-
duced performance bias, particularly affecting subjective
outcome measures. These factors could collectively com-
promise the internal validity of the trial and reduce the
reliability of the results.
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Conclusion

This study demonstrates that a multistage virtual real-
ity intervention can significantly reduce preoperative
anxiety and improve perioperative recovery outcomes in
patients undergoing elective gynecological surgery, with
enhanced effectiveness observed when VR is also used
in the surgical waiting area. However, an initial tran-
sient increase in anxiety highlights the need for careful
implementation. Future research should focus on older
patients, diverse surgical populations, and cost-effective-
ness analyses to further validate and promote the integra-
tion of VR into routine perioperative care.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512871-025-03474-4.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Acknowledgements

We thank the gynecologist and PACU nurses for their assistance in developing
the VR scenarios used in this study.We thank Home for Researchers editorial
team (www.home-for-researchers.com) for language editing service.

Authors’ contributions

**Guanghui Zhang: ** Data curation, Methodology, Software, Formal
analysis, Visualization, Writing-Original draft preparation. **Xianwen Hu:

** Conceptualization, Methodology, Writing-Review & Editing, Validation.
**Muchun Zhang: ** Conceptualization, Methodology, Visualization, Review
& Editing. **Jingxing Hu: ** Methodology, Review & Editing. **Wenhui Tao: **
Supervision, Review & Editing.

Funding

This trial was funded by the Anhui Natural Science Foundation General Project
(No. 2408085MH212); Anhui Medical University Clinical Medicine Discipline
Construction Fund (No. 9101059801); Key Project of Clinical Training Plan of
the Second Affiliated Hospital of Anhui Medical University (No. 2021L.CZD02).
All sponsors were involved in the concept, study design, and agreed to be
accountable for all aspects of the work.

CRediT authorship contribution statement.

Guanghui Zhang : Data curation, Methodology, Software, Formal

analysis, Visualization, Writing-Original draft preparation.Xianwen Hu
:Conceptualization, Methodology, Writing-Review & Editing, Validation.
Muchun Zhang: Conceptualization, Methodology, Visualization, Review &
Editing.Jingxing Hu: Methodology, Review & Editing.Wenhui Tao: Supervision,
Review & Editing.

Data availability
The data are available via reasonable requests to the corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology, The Second Affiliated Hospital of Anhui
Medical University, No. 678 of Furong Road, Jingkai District, Hefei 230000,
Anhui, China

Page 9 of 10

Received: 7 July 2025 / Accepted: 28 October 2025
Published online: 06 December 2025

References

1. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-70.

2. Zhang L, Hao LJ, Hou XL, et al. Preoperative anxiety and postoperative pain in
patients with laparoscopic hysterectomy. Front Psychol. 2021;12:727250.

3. Friedrich S, Reis S, Meybohm P, et al. Preoperative anxiety. Curr Opin Anaes-
thesiol. 2022,35(6):674-8.

4. OhJ,Lee W, Ki§S, et al. Assessment of preoperative anxiety and influencing
factors in patients undergoing elective surgery: an observational cross-
sectional study. Medicina (B Aires). 2024. https://doi.org/10.3390/medicinac0
030403.

5. Butris N, Tang E, Pivetta B, et al. The prevalence and risk factors of sleep distur-
bances in surgical patients: a systematic review and meta-analysis. Sleep Med
Rev. 2023;69:101786.

6. Huang X, Wu D, Wu AS, et al. The association of insomnia with depression and
anxiety symptoms in patients undergoing noncardiac surgery. Neuropsychi-
atr Dis Treat. 2021;17:915-24.

7. Tadesse M, Ahmed S, Regassa T, et al. Effect of preoperative anxiety on post-
operative pain on patients undergoing elective surgery: prospective cohort
study. Ann Med Surg. 2022;73:103190.

8. Garcia ACM, Siméo-Miranda TP, Carvalho AMP, et al. The effect of therapeutic
listening on anxiety and fear among surgical patients: randomized controlled
trial. Rev Lat Am Enfermagem. 2018;26:23027.

9. Bauer KP, Dom PM, Ramirez AM, et al. Preoperative intravenous midazolam:
benefits beyond anxiolysis. J Clin Anesth. 2004;16(3):177-83.

10.  CaiYH, Wang CY, Fang YB, et al. Preoperative anxiolytic and sedative effects
of intranasal remimazolam and dexmedetomidine: A randomized controlled
clinical study in children undergoing general surgeries. Drug Des Devel Ther.
2024;18:1613-25.

11. Rizzo AS, Koenig ST. Is clinical virtual reality ready for primetime? Neuropsy-
chology. 2017;31(8):877-99.

12. Tong QY, Liu R, Zhang K, et al. Can acupuncture therapy reduce preop-
erative anxiety? A systematic review and meta-analysis. J Integr Med.
2021;19(1):20-8.

13. Chiu PL, Li H, Yap KY, et al. Virtual reality-based intervention to reduce preop-
erative anxiety in adults undergoing elective surgery: a randomized clinical
trial. JAMA Netw Open. 2023;6(10):e2340588.

14. Koo CH, Park JW, Ryu JH, et al. The effect of virtual reality on preoperative
anxiety: a meta-analysis of randomized controlled trials. J Clin Med. 2020. htt
ps://doi.org/10.3390/jcm9103151.

15.  Bekelis K, Calnan D, Simmons N, et al. Effect of an immersive preoperative
virtual reality experience on patient reported outcomes: a randomized
controlled trial. Ann Surg. 2017;265(6):1068-73.

16. Lahti S, Suominen A, Freeman R, et al. Virtual reality relaxation to decrease
dental anxiety: immediate effect randomized clinical trial. JOR Clin Transl| Res.
2020;5(4):312-8.

17. Yang JH, Ryu JJ, Nam E, et al. Effects of preoperative virtual reality magnetic
resonance imaging on preoperative anxiety in patients undergoing
arthroscopic knee surgery: A randomized controlled study. Arthroscopy.
2019;35(8):2394-9.

18.  Bruno RR, Wolff G, Wernly B, et al. Virtual and augmented reality in critical
care medicine: the patient’s, clinician’s, and researcher’s perspective. Crit Care.
2022,26(1):326.

19. Ryu JH, Park SJ, Park JW, et al. Randomized clinical trial of immersive virtual
reality tour of the operating theatre in children before anaesthesia. Br J Surg.
2017;104(12):1628-33.

20.  Park JW, Nahm FS, Kim JH, et al. The effect of mirroring display of virtual
reality tour of the operating theatre on preoperative anxiety: a randomized
controlled trial. IEEE J Biomed Health Inform. 2019;23(6):2655-60.

21. Eijlers R, Dierckx B, Staals LM, et al. Virtual reality exposure before elective day
care surgery to reduce anxiety and pain in children: a randomised controlled
trial. Eur J Anaesthesiol. 2019;36(10):728-37.

22. Noben L, Goossens S, Truijens SEM, et al. A virtual reality video to improve
information provision and reduce anxiety before Cesarean delivery: random-
ized controlled trial. JIMIR Ment Health. 2019;6(12):e15872.

23. Robertson AK, Riaz, Fick D, Robertson, Willian B, Gunaratne DG. Rajitha and
Yapa, Shanil and Bowden, Vanessa and Hoffman, Hunter and Rajan, Ramesh.


https://doi.org/10.1186/s12871-025-03474-4
https://doi.org/10.1186/s12871-025-03474-4
https://doi.org/10.3390/medicina60030403
https://doi.org/10.3390/medicina60030403
https://doi.org/10.3390/jcm9103151
https://doi.org/10.3390/jcm9103151

Zhang et al. BMC Anesthesiology

24,

25.

26.

27.

28.

29.

30.

(2026) 26:29

The effect of Virtual Reality in reducing preoperative anxiety in patients prior
to arthroscopic knee surgery: A randomised controlled trial. 2017 IEEE 5th
International Conference on Serious Games and Applications for Health
(SeGAH). 2017:1-7.

Moerman N, van Dam FS, Muller MJ, et al. The Amsterdam preoperative
anxiety and information scale (APAIS). Anesth Analg. 1996;82(3):445-51.

Wu H, Zhao X, Chu S, et al. Validation of the Chinese version of the Amster-
dam preoperative anxiety and information scale (APAIS). Health Qual Life
Outcomes. 2020;18(1):66.

Chiarotto A, Maxwell LJ, Ostelo RW, et al. Measurement properties of visual
analogue scale, numeric rating scale, and pain severity subscale of the brief
pain inventory in patients with low back pain: a systematic review. J Pain.
2019;20(3):245-63.

Jahrami H, Trabelsi K, Saif Z, et al. Reliability generalization meta-analysis of
the Athens insomnia scale and its translations: examining internal consis-
tency and test-retest validity. Sleep Med. 2023;111:133-45.

Kennedy RS, Lane NE, Berbaum KS, Lilienthal MG. Simulator sickness ques-
tionnaire: an enhanced method for quantifying simulator sickness. Int J Aviat
Psychol. 1993;3(3):203-20.

Ramsey KA, Essoe JK, Boyle N et al. Immersive virtual reality exposures for the
treatment of childhood anxiety. Child Psychiatry Hum Dev. 2023 Nov 20.
McCune M, Tufano S, Gill M, et al. Virtual reality for the treatment

of postoperative pain after laparoscopic hysterectomy for benign

31.

32.

33.

34.

35.

Page 10 of 10

indications: a randomized controlled trial. Eur J Obstet Gynecol Reprod Biol.
2023;289:19-22.

Wang Y, Sun J, Yu K, et al. Virtual reality exposure reduce acute postopera-
tive pain in female patients undergoing laparoscopic gynecology surgery: a
randomized control trial (RCT) study. J Clin Anesth. 2024;97:111525.
Gorrepati VS, Yadav S, Stuart A, et al. Anxiety, depression, and inflammation
after restorative proctocolectomy. Int J Colorectal Dis. 2018;33(11):1601-6.
Gao Q, Mok HP, Zhang HY, et al. Inflammatory indicator levels in patients
undergoing aortic valve replacement via median sternotomy with preopera-
tive anxiety and postoperative complications: a prospective cohort study. J
Int Med Res. 2021;49(2):300060520977417.

Lloréns R, Noé E, Colomer C, et al. Effectiveness, usability, and cost-benefit
of a virtual reality-based telerehabilitation program for balance recov-

ery after stroke: a randomized controlled trial. Arch Phys Med Rehabil.
2015;96(3):418-e4252.

Liping WYW. Application progress of virtual reality in pain management of
children. Chin J Mod Nurs. 2021,27(7).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effects of a multistage virtual reality intervention on perioperative anxiety and recovery in patients undergoing elective gynecological surgery: a prospective single-blind randomized controlled trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Setting and population
	﻿Inclusion and exclusion criteria
	﻿Sample size
	﻿Recruitment procedure
	﻿Randomization and blinding
	﻿Control and intervention groups
	﻿Primary efficacy indicators and secondary efficacy indicators
	﻿Security indicators
	﻿Statistical analysis


	﻿Result
	﻿Characteristics of study population
	﻿Impact of VR-based interventions on primary outcomes
	﻿Impact of VR-based interventions on secondary outcomes



	﻿ Discussion
	﻿ Main findings
	﻿ Limitations

	﻿ Conclusion
	﻿References


