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Abstract

Aims: Pre-procedural anxiety can negatively impact outcomes in patients undergoing percutaneous
cardiac interventions, but its role in Transcatheter Edge-To-Edge Repair (TEER) is unclear. This study
evaluates whether Virtual Reality (VR)-based patient education reduces anxiety in adults scheduled for
TEER.

Methods: In this single-center randomized controlled trial, 76 patients referred for mitral or tricuspid
TEER at Amsterdam UMC were randomized 1:1 to receive either standard verbal education (control) or
standard education plus a 7.5-minute immersive VR experience. Anxiety was measured using the State-
Trait Anxiety Inventory (STAI) and Hospital Anxiety and Depression Scale (HADS) immediately after
education and within one week prior to the procedure.

Results: Baseline analyses included 70 patients (mean age 77.9+7.3 years, 60% male); 50 completed
follow-up. Immediately after education, mean state anxiety scores were significantly lower in the VR
group compared to controls (37.7 vs. 41.9; p=0.04). However, state anxiety increased over time in the VR
group (+3.7 points; p=0.023), while the control group showed no significant change. At follow-up, anxiety
scores were similar between groups. Trait anxiety and HADS-A scores remained stable.

Conclusion: VR-based education acutely reduces state anxiety before TEER, but the effect is transient.
Optimal timing of VR interventions is essential to maximize benefit.

Keywords: Virtual reality; MitraClip; Triclip; Mitral valve regurgitation; Tricuspid valve regurgitation;
Patient education

Abbreviations: EFS: Edmonton Frail Scale; HADS: Hospital Anxiety and Depression Scale; M-TEER: Mitral
Transcatheter Edge-To-Edge Repair; NYHA: New York Heart Association; S-STAI: State Anxiety; STAI:
State-Trait Anxiety; T-TEER: Tricuspid Transcatheter Edge-To-Edge Repair; T-STAI: Trait Anxiety; TEER:
Transcatheter Edge-To-Edge Repair; VR: Virtual Reality

Introduction

Pre-procedural anxiety is a significant concern for patients undergoing percutaneous
cardiac interventions [1,2]. Anxiety is categorized into State Anxiety (S-STAI), which reflects
situational emotional responses, and Trait Anxiety (T-STAI), a stable personality feature
[3]. Preoperative anxiety has been linked to adverse outcomes such as increased anesthetic
requirements, hemodynamic instability, elevated increased stress response, postprocedural
nausea, vomiting, pain, insomnia, delayed recovery, extended hospital stays and long-term
mortality [4,5]. However, its prevalence and impact in Transcatheter Edge-To-Edge Repair
(TEER) remain unclear. Pharmacological interventions, such as benzodiazepines, have shown
limited benefits in improving patient experience and are associated with delayed recovery
[6]. Consequently, non-pharmacological approaches, particularly patient education, have
gained attention. Virtual Reality (VR) has emerged as a promising tool for immersive patient
education, with evidence suggesting its efficacy in reducing preoperative anxiety in elective
surgeries [7,8], although in cardiology with mixed results [2,9]. This study aims to evaluate
whether VR-based patient education can reduce pre-procedural anxiety in adults undergoing
TEER procedures.
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Materials and Methods
Study design and participants

This single-center, prospective, randomized controlled pilot
trial was conducted at Amsterdam UMC from October 2021 till
December 2024. The primary aim was to assess the feasibility
and preliminary effectiveness of immersive Virtual Reality (VR)
education on pre-procedural anxiety in patients scheduled for
Transcatheter Edge-To-Edge Repair (TEER). No formal sample
size calculation was performed; a pragmatic target of at least 50
participants was set, consistent with previous feasibility studies
[2]. The study was approved by the local Ethics Committee, and
all patients gave informed consent. The study was retrospectively
registered at ClinicalTrials.gov = (NCT07263659). Eligible
participants were adults scheduled for elective mitral (M-TEER)
or tricuspid (T-TEER) procedures. Exclusion criteria included
insufficient Dutch proficiency, severe visual or auditory impairment,
or any condition interfering with participation (e.g., cognitive
decline, psychological distress, or inability to tolerate VR). Reasons
for declining participation were systematically recorded.

Randomization and intervention

Participants were randomized 1:1 to either the VR intervention
or control group, using a computer-generated sequence with block
randomization stratified by procedure type. Outcome assessors and
data analysts were blinded. The control group received standard
verbal education from a nurse practitioner. The intervention
group received the same education plus a 7.5-minute immersive
VR experience (Oculus GO headset), including a virtual tour, 3D
procedural visualization and messages from physicians. The VR
video was filmed in the clinical environment with 360° techniques
and spatial audio. Sessions took place after the outpatient
consultation, with technical support provided. Patients could pause
or stop the VR if needed, and adverse effects were documented.
Afterward, patients received a secure YouTube link to rewatch
the VR content at home; family members could also view the VR
content. 360 degrees VR video M-TEER |360 degrees VR video
T-TEER.

Control condition: Standard care education

The control group received standard procedural information
per Amsterdam UMC protocol, delivered verbally by a nurse
practitioner. No visual or immersive materials were used. Family
members could attend, reflecting routine practice.

Outcome measures

Anxiety was measured using the State-Trait Anxiety Inventory
(STAI) and Hospital Anxiety and Depression Scale (HADS). The STAI
Assesses State (S-STAI) and Trait (T-STAI) anxiety, with a cutoff of
40 for clinical anxiety [3]. The HADS-A subscale (range 0-21, cutoff
>8) screens for clinical anxiety symptoms [10]. Questionnaires
were completed after education (or VR exposure) and again within
one week before the procedure.

Data management and handling of missing data

Data were collected in Castor EDC, pseudonymized, and securely
stored. Only authorized personnel had access to identifiable data.
Missing questionnaire data were not imputed; analyses were

performed on complete cases. Reasons for missing data were
recorded, and outliers were identified using a predefined IQR rule.

Statistical analysis

Descriptive statistics were used for baseline characteristics.
Between-group comparisons used t-tests or Mann-Whitney U
tests; categorical variables used Chi-square tests. Within-group
changes were assessed with paired t-tests or Wilcoxon signed-rank
tests. Analyses were exploratory, with no adjustment for multiple
comparisons. Analyses were performed in RStudio; p<0.05 was
considered potentially meaningful for future research.

Results and Discussion
Patient characteristics

Atotal of 76 patients were randomized to either standard verbal
education (control group) or verbal education supplemented by
VR exposure (VR group). Of these, 70 participants completed the
baseline assessment. For the follow-up analysis, 50 participants
were included; 14 were excluded due to incomplete follow-up data
and 6 were excluded based on predefined outlier criteria using
the Interquartile Range (IQR) method (Figure 1). The mean age at
randomization was 77.9+7.3 years, and 42 patients (60%) were
male. Baseline demographic and clinical characteristics were well
balanced between groups, suggesting successful randomization
(Table 1).

Table 1: Baseline characteristics.

Overall VR-bril Control
p-value*
N=70 N=37 N=33
Age at randomization
77.9+7.3 77.3+7.4 78.6+7.3 0.47
(years)
Male sex, number (%) | 42 (60%) | 24 (65%) | 18 (55%) 0.47
Procedure type,
number (%) 54(77%) | 26 (70%) | 28 (85%)
0.17
M-teer 16 (23%) | 11(30%) | 5 (15%)
T-teer
EFS-score 3/17[2-5] | 3/17[2-5] | 4/17[2-5] |  0.93
NYHA class, number
(%)
I 1(2.9%) 1(2.8%) 1 (3%)
I 33 (48%) | 17 (47%) | 16 (49%) 1.00
1 32 (46%) | 17 (47%) | 15 (46%)
v 2(2,9%) 0 (0%) 1(3%)
Follow up N=50 N=27 N=23
Follow up, days 39[32-66] | 39[32-74] 3 44[72] 9- 0.14

Data are mean * standard deviation, median with
Interquartile Range (IQR), n(%). EFS=Edmonton Frail Scale,
FU=Follow-up (clinic visit-procedure), M-TEER=Mitral
Transcatheter Edge-To-Edge Repair, NYHA=New York
Heart Association, T-TEER=Tricuspid Transcatheter Edge-
To-Edge Repair. *Group differences were tested with the
t-test or with the Chi-square test.
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Enrolment

| Aasessed for eligibility (n=155 )

Excluded [n=73 )
Declined to participate (n=T% )

I Randomized (=76 ) |

Allscation

Allecabed b imtenvention (n= 40)
Received allocated imtenvention (=37 )
Did nod fill in baselne quesionnaing (3 )

Loest to follow-up for primary outcome (did not
complete 2™ questionnaine) (A=T )
Outher based on predefined threshold by the
Enterquanie rangs (IOR) ule (n=3)

Analyzad for primary outcoms (n=27 ) |

Follaw-Up

Allocated to control (n=35 )
Recehved control imtenvention (n=33 )
Diid nod fill in basebne questicniaine (=3 )

Lost to folow-up for primary outcome (did not
complete 2md questionnaing) (n=T )

Outlier based on predefined threshold by the
inlerquartde rangs (I0R) rule (re3)

Analyzad for primary oulcoms (n=23 )

Figure 1: CONSORT flow-chart.

Declined patients

A total of 79 patients (51%) declined participation in the study.
30 patients (38.5%) declined participation due to lack of interest
in research, 22 patients (28.2%) due to no interest in additional
information, 9 patients (11.5%) because of anxiety or psychological
barriers, 10 patients (12.8%) because of discomfort with VR
glasses, 5 patients (6.4%) because of health-related limitations, and
2 patients (2.6%) because of language barriers.

5-5TAIl Baseline S5-STAI Over Time

Mean S-5TAI
Maan S-STAI
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Anxiety Scores

Patients in the control group reported significantly higher
S-STAI compared to those in the VR group (41.9+8.5 vs 37.7+7,7;
p=0.04). There was no difference in T-STAI levels between control
and VR group (35.4+8.0; =32.3+7.7; p=0.10). At follow-up, S-STAI
scores were similar between control and VR group (mean 41.2+8.7
vs 40.9£8.9; p=0.88), S-STAI within the VR group was increased
significantly when comparing the baseline score to the follow-up
score (+3.70+7.9; p=0.023) while S-STAI remained unchanged in
the control group (-1.04+6.54; p=0.45) (Figure 2).
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Figure 2: Anxiety measures.
Blue indicates control group, orange indicates VR group. Dot is the mean score, the error bars represent Standard
Errors of the Mean (SEM). Asterisks (*) refer to statistically significant between-group differences or within-group
changes (p<0.05), dotted line indicates clinical cutoff value of 40. Panel A shows the after clinic visit measures of
the S-STAI, Panel B shows the measures over time of the S-STAI, Panel ¢ shows the after clinic visit measures of the
T-STAI, and Panel shows the measures over time of the T-STAI.
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Next, anxiety symptoms using the HADS-A subscale were
assessed. There was no difference in anxiety scores between
the control group and the VR group measured by the HADS-A
questionnaire at baseline (5.91+4.38 vs 3.81+2.65; p=0.053) or at
follow up (3.91+3.99 vs 3.93+3.25; p=0.99).Satisfaction was high
in both groups at baseline (Control: 8.9£0.9; VR: 9.2+0.6; p=0.30)
and remained high at follow-up (Control: 8.1+1.3; VR: 8.5%0.9;
p=0.23). Between-group differences in satisfaction were small and
not statistically significant.

Discussion

This is the first study to assess VR-based patient education for
reducing pre-procedural anxiety in TEER patients, representing an
important advance in non-pharmacological anxiety management
for this group. Our results show that VR education Significantly
Lowers State Anxiety (S-STAI) immediately after exposure,
bringing scores below the clinical cutoff of 40, while the control
group’s anxiety remained unchanged and above 40. However, this
reduction was temporary, anxiety in the VR group rose again by
follow-up, exceeding the threshold, while the control group showed
no significant change. This indicates that the timing of VR education
is crucial, delivering it too early may reduce its benefit, as anxiety
increases again before the procedure.

There were no differences in Trait Anxiety (T-STAI) or HADS-A
scores, consistent with the idea that brief interventions do not
affect stable personality traits. To maximize benefit, VR education
should be given close to the procedure or repeated to maintain
lower anxiety. Further research is needed to determine the best
timing and frequency for VR interventions.

Limitations

This pilot study’s small sample size (70 patients) limits
statistical power, so findings are mainly hypothesis-generating.
Larger, multicenter studies are needed to evaluate long-term
effects. Also, the absence of a true pre-intervention baseline limits
conclusions about natural anxiety trends, and lack of long-term
follow-up means the impact on recovery, satisfaction, and quality
of life is unknown.

Conclusion

VR-based patient education is effective in acutely reducing
state anxiety in patients undergoing TEER procedures. However, its
anxiolytic effect is transient and therefore VR education should be
delivered close to procedure. Further research is needed to refine

the timing and integration of VR education into pre-procedural
care.
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