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ABSTRACT
Background and objectives During ultrasound- 
guided regional anesthesia and surgery, patients 
receive sensory input, which combined with stress 
and anxiety, can exacerbate or cause pain. Virtual 
reality therapy could provide digital sedation. Our 
aim is to assess the effect of virtual reality therapy 
on pain levels during the placement of regional 
anesthesia and surgery.
Methods This prospective randomized controlled 
superiority trial enrolled 120 patients undergoing 
elective hand surgery to investigate the effect of 
perioperative virtual reality therapy, consisting of 
a visual and audible three- dimensional, passive 
program. Patients were randomized to virtual reality 
therapy (n=60) or no virtual reality therapy (n=60) 
during regional anesthesia block placement and 
surgical procedure. Mean pain score (11- point 
numerical rating scale) during ultrasound- guided 
regional anesthesia placement was the primary 
outcome. Secondary outcomes were the mean 
pain score during surgery, heart rate variation 
during ultrasound- guided regional anesthesia 
placement and surgery, perioperative opioid use, 
anxiety (11- point numerical rating scale where 
0=no anxiety at all and 10=extremely anxious), 
virtual reality immersion and presence (Igroup 
Presence Questionnaire), adverse events and patient 
satisfaction (11- point numerical rating scale where 
0=not satisfied at all and 10=extremely satisfied).
Results Mean pain scores during ultrasound- guided 
regional anesthesia placement were 3.9±2.4 in 
the control group and 3.6±2.4 in the virtual reality 
group, with a mean difference of −0.3 (95% CI 
−1.2 to 0.5; p=0.22). Heart rate variation during 
ultrasound- guided regional anesthesia placement 
and surgery was non- significantly different. Anxiety 
during ultrasound- guided regional anesthesia 
placement showed no significant difference; 
however, it was significantly different during surgery 
(control: 1.5 (0.0, 4.0) vs virtual reality: 0.0 (0.0, 
2.0), p<0.01). Virtual reality immersion showed a 
total mean score of 4.2±0.9. Seven patients (11.9%) 
suffered from adverse virtual reality effects. Patient 
satisfaction during surgery and perioperative opioid 
use showed no significant difference. Satisfaction 
with virtual reality was high: 9.0 (8.0, 10.0).

Conclusion Our results show that the use of 
virtual reality therapy during ultrasound- guided 
regional anesthesia placement and hand surgery 
does not result in lower pain scores. A perioperative 
significant positive effect on anxiety was measured, 
combined with a clinically significant effect on 
perioperative anxiety. The clinical influence of 
different virtual reality therapy systems on pain and 
anxiety should be further investigated in (other) 
elective procedures.
Trial registration number NCT05183412.

INTRODUCTION
Ultrasound (US)- guided regional anesthesia (RA) is 
widely used in orthopedic surgery and is regarded 
as the golden standard due to its safety and reli-
ability.1 2 For various procedures, RA is sufficient 
to manage pain during surgery. However, patient 
expectations and anxiety can vary,3 4 and studies 
have shown that psychological variables can impact 
the perception of pain, and the needle- related 
process of RA is often accompanied by dread or 
worry.5 During RA placement and surgery, patients 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Limited studies concerning the effect of virtual 
reality (VR) therapy on pain relief and anxiety in 
orthopedic surgery are present.

WHAT THIS STUDY ADDS
 ⇒ In the current study, we could not demonstrate 
VR therapy to reduce elicited pain during 
placement of US- guided regional anesthesia 
nor during surgery using objective heart rate 
variability measurement results. However, 
measurements of anxiety during surgery 
showed to be significantly different in favor of 
VR therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ These results indicate that further research on 
the clinical effect of VR therapy on anxiety is 
necessary.
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may receive sensory input. Combined with stress, anxiety and 
fear, this can exacerbate or possibly cause pain.5

Sedatives and/or systemic opioids are often administered to 
increase the efficacy of RA blocks. Nevertheless, these partially 
neutralize the advantages of RA.6 Recent data showed that 
64,3% of patients prefer to stay awake during RA if possible.3 
Non- pharmacologic analgesic techniques (eg, hypnosis, music) 
sometimes referred to as ‘Digiceuticals’ have been promoted as 
useful adjuncts to pharmacological anesthesia. Finally, there is 
an increased interest in immersive virtual reality (VR) tools as a 
distraction to alleviate pain and distress during medical proce-
dures.7 VR is a computer- generated simulation, with images 
and sounds that represent a real place or situation that can be 
interacted with in a seemingly real or physical way by a person 
using special electronic equipment.8 By distancing patients from 
reality, VR might potentially alleviate pain sensations caused 
by hazardous stimuli.9 Two important concepts of VR for pain 
reduction are presence and immersion.10–12 Presence can be 
defined as one’s sense of being in an artificial environment, and 
immersion is the physical/sensory stimulus offered by the arti-
ficial environment.10–12 Previous research showed that a high 
level of VR presence correlated with increased analgesic effects9 
and should be quantified when conducting clinical research 
using validated measurements (Igroup Presence Questionnaire 
(IPQ)).13 VR has become a desirable complementary option in 
pain management in conjunction with RA. Various VR therapy 

systems are available; however, the effectiveness of VR therapy 
can vary depending on the specific system used.

A few studies have been focusing on the pain relief effect of 
VR in orthopedic surgery.14–16 However, major limitations in 
previous research were the focus on subjective measurements 
of stress, pain and anxiety, whereas the objective measurements 
were limited. Ideally, objective parameters of stress, pain and 
anxiety within an operative, anesthesiologic framework should 
also be assessed. An objective parameter of sympathetic activity 
is heart rate variability (HRV).17 HRV is the fluctuation in length 
between consecutive heartbeats and refers to the heart’s ability 
to react to a wide range of physiological and environmental 
stimuli. Hence, HRV is a good indicator of sympathetic activity 
and indirectly correlates with stress.18 19

This study aims to assess the effect of VR therapy on pain levels 
of patients undergoing ambulatory hand surgery performed 
under US- guided RA.

We hypothesize that the use of VR in elective hand surgery 
under US- guided RA provides a significant decrease in proce-
dural pain scores. Also, a possible effect of VR on HRV and 
subjective levels of anxiety will be evaluated.

METHODS
This prospective, monocenter, randomized controlled superi-
ority trial was approved by the ethical committee of the Jessa 

Figure 1 CONSORT diagram. BMI, body mass index; CONSORT, Consolidated Standards of Reporting Trials; LAST, local anesthetic systemic toxicity; 
VR, virtual reality.
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Hospital, Hasselt, Belgium (Chairperson Dr K. Magerman, regis-
tration number B2432021000031 on 21 December 2021, regis-
tered on  clinicaltrials. gov on 5 January 2022 (NCT05183412) 
and executed according to the Declaration of Helsinki. After 
obtaining informed consent, we recruited 120 consecutive 
patients between 18 and 65 years with an ‘American Society of 
Anesthesiologists’ (ASA) physical status of 1 to 3, scheduled for 
elective hand surgery using US- guided axillary brachial plexus 
block (ABPB) or US- guided distal peripheral forearm nerve block 
(DPFNB) between 26 January 2022 (first patient enrolled) and 6 
September 2023 (last patient enrolled).1 20 This study is reported 
according to the Consolidated Standards of Reporting Trials 
(CONSORT) statement.21

Exclusion criteria were an ASA physical status >3, <18 years 
old, >65 years old, bilateral surgery, a body mass index (BMI) 
≥40, a local site infection, pregnancy,22 a history of neurolog-
ical disorders, motion sickness, chronic pain symptoms, allergy 
to local anesthetic, taking medication that affects the heart 
rhythm (beta blocker), opioid use within the past 3 months, 
mental impairment, heart transplant patients, patients with 
diabetic neuropathy, patients with myocardial infarction (or 
having passed through it) and/or tetraplegic patients,23 patients 
with autonomic nervous system dysfunction,24 the inability to 
experience the VR experience (vision disorders and self- reported 
difficulties in perceiving VR visuals clearly) and the inability to 
understand and adhere to the study design.

Baseline assessment parameters included patients' demographic 
data such as gender, age, BMI, ‘ASA’ physical status classification, 
level of education and work status. Baseline and expected pain 

Table 1 Baseline demographics

No VR group N=60 VR group N=60

Age (years) 52.5 (45.3, 59.0) 55.5 (45.3, 59.0)

Gender (male) 23 (38.3%) 25 (41.7%)

BMI 25.5 (22.7, 28.5) 27.5 (24.8, 30.3)

ASA 1.0 (1.0, 2.0) 1.0 (1.0, 2.0)

Smoking

  No 29 (48.3%) 32 (53.3%)

  Yes 15 (25.0%) 14 (23.3%)

  Ex 16 (26.7%) 14 (23.3%)

Alcohol consumption

  Never 23 (38.3%) 21 (35.0%)

  <10 units/week 33 (55.0%) 33 (55.0%)

  >10 units/week 4 (6.7%) 6 (10.0%)

Working status

  Unemployed 5 (8.3%) 5 (8.3%)

  Volunteer 0 (0.0%) 0 (0.0%)

  Student 1 (1.7%) 0 (0.0%)

  Retirement 8 (13.3%) 5 (8.3%)

  Incapacitated (>6 months) 5 (8.3%) 8 (13.3%)

  Paid employment 35 (58.3%) 38 (63.3%)

  Self- employed 6 (10.0%) 4 (6.7%)

Education

  Elementary school 2 (3.3%) 4 (6.7%)

  Secondary school 47 (78.3%) 34 (56.7%)

  Bachelor’s degree 10 (16.7%) 18 (30.0%)

  Master’s degree 1 (1.7%) 4 (6.7%)

  Pain (NRS) 2.4±2.8 2.1±2.5

  Expected pain during block (NRS) 4.0±2.6 3.5±2.7

  Expected pain during surgery (NRS) 0.6±1.2 1.1±2.1

  Anxiety (NRS) 2.7 (0.0, 5.0) 2.0 (0.0, 4.0)

Surgical fear

  Short term 1.7 (0.5, 3.0) 1.0 (0.0, 3.0)

  Long term 0.3 (0.0, 1.7) 0.5 (0.0, 1.7)

  Heart rate variability N=50 N=48

  HF (ms2) 425.5 (165.1, 704.3) 334.1 (170.1, 643.2)

  RMSSD (ms) 43.3 (27.8, 64.1) 40.6 (27.6, 61.9)

Type of surgery

  Carpal tunnel syndrome 28 (46.7%) 25 (41.7%)

  Trigger finger 11 (18.3%) 7 (11.7%)

  Dupuytren’s contracture 11 (18.3%) 14 (23.3%)

  Fracture 1 (1.7%) 1 (1.7%)

  Tendon repair 1 (1.7%) 0 (0.0%)

  Cyst 1 (1.7%) 2 (3.3%)

  Burton- Pelligrini 0 (0.0%) 1 (1.7%)

  De Quervain 1 (1.7%) 4 (6.7%)

  Mallet finger 2 (3.3%) 1 (1.7%)

  ROM 1 (1.7%) 0 (0.0%)

  Prosthesis 2 (3.3%) 2 (3.3%)

  Skier’s thumb 1 (1.7%) 2 (3.3%)

  Corpus alienum 0 (0.0%) 1 (1.7%)

Type of regional anesthesia

  Distal peripheral forearm nerve block 44 (73.3%) 44 (73.3%)

  Axillary brachial plexus block 16 (26.7%) 16 (26.7%)

  Earlier VR experience 14 (23.3%) 10 (16.7%)

Data are expressed as median (25%, 75%), mean±SD or frequencies (%). A difference 
between groups was measured with the Mann- Whitney U test, a Student t- test or χ2 test.
ASA, American Society of Anesthesiologists’ ; BMI, body mass index; HF, high- frequency 
power; NRS, Numeric Rating Scale ; RMSSD, root mean square of successive differences; 
ROM, removal of osteosynthesis material; VR, virtual reality.

Table 2 Procedural information

No VR VR P value

Duration of 
VR during US- 
guided block 
placement

/ 11:13±07:52 /

Duration of VR 
during surgery

/ 19:20±12:41 /

Needling time 04:42 (03:27, 06:52) 04:28 (03:08, 06:00) 0.58

Surgical time 08:48 (05:27, 15:51) 08:43 (05:41, 18:45) 0.69

Data are expressed as median (25%, 75%) or mean±SD. Time in minutes. A 
difference between groups was measured with the Mann- Whitney U test. p<0.05 is 
considered statistically significant.
US, ultrasound- guided; VR, virtual reality.

Figure 2 Mean NRS pain scores. Evaluation of the superiority of VR 
therapy versus the control group. NRS, Numerical Rating Scale; VR, 
virtual reality.
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scores (using the Numerical Rating Scale (NRS) score), fear of 
the surgical procedure (using an 8- item surgical fear question-
naire),25 quality of recovery (using the 1- item Global Surgical 
Recovery)26 index and the Functional Recovery Index27 as well 
as quality of life, using the 5- dimensional European Quality of 
Life questionnaire were collected.28

Randomization and blinding
Participants were randomly assigned in a 1:1 ratio to either of the 
two study groups: a group undergoing US- guided RA with VR 
therapy (n=60) and a group undergoing US- guided RA without 
VR therapy (n=60). Randomization was performed using a 
computer- generated random allocation sequence in which strat-
ification for the type of US- guided RA (ABPB or DPFNB) was 
applied due to differences in procedural pain scores between the 
blocks.29 Allocation numbers were sealed in opaque envelopes 
and were opened by an independent anesthesiologist. Patients 
were not blinded and two independent assessors gathered 
outcome data. A blinded assessor obtained the patient satisfac-
tion questionnaire, NRS pain and anxiety scores. An unblinded 
assessor collected the Virtual Reality Symptom, the IPQ and 
Simulator Sickness Questionnaire (SSQ). Data processors were 
blinded.

Study procedures
Preoperative phase
All patients received an IV access with NaCl 0.9% 100 mL at 
60 mL/hour in the contralateral arm, standard non- invasive 
monitoring (non- invasive blood pressure monitoring, ECG, 
saturation measurement), electrodermal activity and HRV 
measurement. RA was performed by RA specialists 30 min before 
surgery.30 No sedatives were provided during RA placement and 
surgery. HRV will be analyzed using photoplethysmography 
(PPG) measured by the Empatica E4 wristband,31 which will 
be placed on the contralateral arm and contains PPG sensor to 
measure blood volume pulse (BVP) from which it extracts HR 
and the inter- beat interval.32 Baseline HRV data were measured 
after 5 min of rest in a supine position for acclimatization. 
Changes in body positioning can affect HRV and were therefore 
avoided throughout the monitoring process. Room tempera-
ture and relative humidity were constant during the monitoring 

process, around 20°C–21°C.31 33–35 HRV data were collected 
during the placement of the RA and during surgery.

Depending on the surgery, the patient received an US- guided 
ABPB or an US- guided DPFNB. The US- guided ABPB was 
performed as described by Hadzic et al and the US- guided 
DPFNB as described by Jalil et al.1 20 29 A General Electric 
LOGIQe device and a 12 MHz linear echo transducer with a 
4 cm footprint were used. The echo probe was taped with a 
sterile Tegaderm film, and sterile US gel was used. Injection of 
medication for the ABPB was US guided and injection pressure 
monitoring and peripheral nerve stimulation (22G Stimuplex 
Ultra 50 mm (B. Braun Medical, Melsungen, Germany) were 
used to ensure optimal patient safety. After placement of the RA 
block, NRS pain and NRS anxiety of the block placement were 
scored by the blinded assessor.

In the VR group, 5 min before RA placement, VR glasses were 
adequately placed on the patients’ head after verbal reassurance, 
this is to acquire a better patient immersion. The VR glasses used 
in this study were Sedakit (Oncomfort SA, Wavre, Belgium). By 
using this system, the patients were subjected to a visual and 
audible three- dimensional, passive 360° VR program via a head- 
mounted display and headphones, watching an underwater view 
of the ocean following the tail of a whale to induce relaxation, 
while listening to speeches to induce relaxation and medita-
tion.36 RA needling started only after 5 min into VR therapy. 
After placement of RA (an ABPB or DPFNB), the VR glasses 
were temporarily removed.

Perioperative phase
In the operation room (OR), the VR glasses were remounted 
to the VR group patients. After the installation of the patient, 
antiseptic decontamination and placement of surgical drapes, the 
surgeon and study staff entered the OR. The quality of the block 
was determined by the surgeon before the start of the operation 
using forceps prick in the hand dermatomes. Surgery started if 
the RA was sufficient. When the block showed to be insufficient, 
more analgesics were provided by initial administration of local 
anesthetic in the surgical field and/or IV opioids (alfentanil or 
sufentanil). Conversion to deep sedation or general anesthesia 
was applied if it was still not sufficient for surgery. Furthermore, 
all patients received preoperatively IV paracetamol 15 mg/kg 
(max 1 g), ketorolac 0.5 mg/kg (max 30 mg) and dexamethasone 
0.1 mg/kg (max 5 mg). The HRV was measured by the Empatica 
E4 wristband.31

Outcome measures
The primary outcome was the NRS pain score during the place-
ment of the US- guided RA block (mean±SD) with an 11- point 
NRS, where 0=no pain and 10=worst pain possible).

Secondary outcomes were mean (±SD) NRS Pain scores 
during surgery (where 0=no pain and 10=worst pain possible), 
median (IQRs) NRS Anxiety scores during RA placement, and 
surgery (where 0=no anxiety at all and 10=extremely anxious), 
perioperative opioid use, patient satisfaction (during RA place-
ment and surgery) and with the use of VR therapy were assessed 
after surgery with an 11- point NRS scale (where 0=not satisfied 
at all and 10=extremely satisfied).37

VR immersion and presence were measured via the IPQ tool 
(maximum score is 6) after block placement and at the end 
of surgery.13 38 It is a validated measurement, which encom-
passes four subscales: Spatial Presence, Involvement, Expe-
rienced Realism and Overall Sense of Presence.39 IPQ scores 
(ranging from 0 to 6) were collected at two time points: after 

Table 3 Heart rate variability measurements

No VR group VR group P value

HF baseline (ms2) 425.5 (165.0, 704.3)
N=50

334.1 (170.1, 643.2)
N=48

0.48

HF placement block (ms2) 319.1 (151.3, 587.5)
N=54

379.6 (199.9, 622.0)
N=56

0.33

HF surgery (ms2) 320.6 (142.6, 501.7)
N=54

310.2 (143.5, 558.3)
N=55

0.97

RMSSD baseline (ms) 43.3 (27.8, 64.1)
N=50

40.6 (27.6, 61.9)
N=48

0.59

RMSSD placement block 
(ms)

38.7 (28.0, 48.6)
N=54

37.8 (26.6, 49.6)
N=56

0.63

RMSSD surgery (ms) 37.4 (25.9, 45.3)
N=54

34.0 (23.7, 44.0)
N=56

0.37

Data are expressed as median (25%, 75%). A difference between groups was 
measured with the Mann- Whitney U test. p<0.05 is considered statistically 
significant.
HF, high- frequency power; RMSSD, root mean square of successive differences; VR, 
virtual reality.
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RA placement and after surgery. Subscales were presented as 
mean±SD. The Overall Sense of Presence score was calculated 
by taking the mean of all IPQ items (including those from all 
subscales).

HRV was measured at baseline and during placement of 
US- guided RA and surgical procedure.

Adverse events related to VR therapy (dizziness, headache, 
oculomotor discomfort and disorientation) were assessed with 
the VR Symptom Questionnaire and SSQ.32

Statistical analysis
Sample sizes were determined for primary outcome with the aim 
to demonstrate superiority of VR therapy over standard treat-
ment (no VR therapy). A difference in pain NRS score of 1.3 
points or more was considered clinically relevant.40 Based on 
a retrospective analysis of unpublished data from our hospital, 
we assumed a mean NRS score of 3.64 during placement of the 
block with an SD of the NRS scores of 2.51. We determined the 
sample size for each group to be 59 (α=0.05, power=0.80). To 
account for possible drop- out, the sample size was increased to 
60 patients per group.

Data were analyzed according to an intention- to- treat basis and 
are presented as mean±SD, median (25%, 75%) or frequencies 
(%). The normality of the data was tested by the Kolmogorov- 
Smirnov and Shapiro- Wilk tests. Anxiety scores were presented 
as median (25%, 75%) due to non- normal data. To determine 
the superiority of the NRS score pain during the placement of 
the US- guided RA block, a mean difference with 95% CIs was 
computed. The other NRS scores for pain and the IPQ scores 
were compared using the independent t- test.

HRV was analyzed in the two groups using the BVP measured 
by the Empatica E4 and was determined in Root Mean Square of 
Successive Differences between consecutive heartbeats (RMSSD) 
and in High Frequency (HF- HRV).26 34 39 41 A Mann- Whitney U 
test was used for comparison between patients with VR glasses 
and the control group.42 Statistical significance was reached at 
p<0.05 and all analyses were performed using IBM SPSS V.28 
(IBM Corporation, Armonk, New York). Empatica Manager and 
Kubios were used in the HRV analysis.

RESULTS
A CONSORT flowchart is presented in figure 1. In total, 
120 patients were enrolled and 118 patients were included in the 
analysis. Baseline characteristics are presented in table 1. Both 
groups significantly differed in mean BMI (p=0,04) while they 
were comparable for all other characteristics. Additional infor-
mation on VR duration during US- guided RA placement and 
surgery, needling time and surgical time is presented in table 2.

For the primary outcome, VR therapy showed no significant 
difference in mean pain during the placement of US- guided RA 
(NRS control 3.9±2.4 vs NRS VR glasses: 3.6±2.4, p=0.22) 
(mean difference (95% CI) −0.3 (−1.2 to 0.5)) (figure 2). Like-
wise, the mean NRS pain score during surgery was not signifi-
cantly different between both groups (No VR: 1.5±2.4 vs VR: 
1.1±2.0, p=0.12) (mean difference (95% CI) −0.5 (−1.3 to 
0.3)).

No significant differences were found between the control 
and the VR group regarding HRV measurement results gath-
ered during US- guided RA placement and surgery (table 3) and 
perioperative rescue opioid need present in three patients of 
each group (5.1% p=1.00).

Median anxiety scores (measured by an 11- point anxiety NRS 
score, where 0=no anxiety and 10=extremely anxious), during 

US- guided block placement were not significantly different 
between the two groups (No VR: NRS 2.0 (0.0 to 5.0) vs VR: 
1.5 (0.0 to 4.0), p=0.07). However, patients in the VR group 
showed significantly lower levels of anxiety compared with the 
control group during surgery (No VR: 1.5 (0.0 to 4.0) vs VR: 
0.0 (0.0 to 2.0), p<0.01).

VR immersion total mean score, assessed with the IPQ in the 
experimental group (n=59), was 4.2±0.9. Subanalysis showed a 
spatial presence of 4.6±1.1, involvement of 4.2±1.2 and reality 
experience of 3.7±1.2. The value 4.3±0.9 corresponds to a 
percentile range of 56%–86% on the scale from 0 to 6, showing 
a moderate to high overall sense of presence score.41

Three patients in each group received intravenous opioids 
(n=1: 0.5 mg alfentanil and n=2: 5 µg sufentanil in both groups). 
One patient in the No VR group was converted to general anes-
thesia. No conversion to deep sedation was needed.

Seven patients (11.9%) suffered from adverse VR effects. 
These adverse events varied from general discomfort (n=2, 
3.4%), difficulty focusing (n=4, 6.8%), increased salivation 
(n=1, 1.7%), sweating (n=2, 3.4%), difficulty concentrating 
(n=2, 3.4%), fullness of head (n=1, 1.7%), blurred vision 
(n=2, 3.4%), dizziness (eyes open) (n=2, 3.4%), dizziness (eyes 
closed) (n=2, 3.4%) and vertigo (n=1, 1.7%). Total nausea- 
related, oculomotor- related and disorientation- related symptom 
subscores were calculated for the entire VR group (n=59) as 
76.3, 113.7 and 222.7 respectively, leading to a total score of 
1543.65.

Satisfaction during US- guided RA placement showed no signif-
icant difference between study groups (No VR: 9.0 (8.0 to 10.0) 
vs VR: 9.0 (8.0 to 10.0), p=0.44) nor during surgery (No VR: 
9.0 (9.0, 10.0) vs VR: 10.0 (9.0, 10.0), p=0.70). Global satisfac-
tion rates with VR therapy were high (n=59): 9.0 (8.0 to 10.0).

DISCUSSION
In this study, we failed to demonstrate the superiority of VR 
therapy to reduce elicited pain during placement of US- guided RA 
nor during surgery. HRV measurement results (during US- guided 
RA placement and surgery) and perioperative rescue opioid need 
seemed also not significantly different between groups.

The effect of VR on anxiety during US- guided RA placement 
showed a slight decrease, but no significant difference in anxiety. 
However, measurements of anxiety during surgery showed to be 
significantly different in favor of VR therapy.

Also, no significant differences were found between the 
control and VR group regarding HRV measurement results gath-
ered during US- guided RA placement and surgery.

Seven patients suffered from adverse effects due to the VR 
therapy, varying from general discomfort to dizziness. However, 
patients recovered fast from them. Only one patient had to 
remove the VR glasses during the block placement and did not 
resume VR therapy during surgery. However, the data were 
analyzed based on an intention to treat approach. The anesthesia 
VR experience used by Sedakit (Oncomfort SA, Wavre, Belgium) 
for this type of procedure, is a passive visual and audible three- 
dimensional experience and less interactive and challenging for 
the brain compared with full- immersion VR games. Currently, 
no absolute definition of what is a mild, moderate or severe 
adverse effect of VR therapy is available in the literature and 
future research should investigate this topic further. We have 
to address that it is challenging to determine with absolute 
certainty that these adverse effects were solely attributable to 
VR, as factors such as individual susceptibility, procedural stress 
or other external influences may have also played a role.
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Satisfaction during US- guided RA placement and surgery 
showed to be not significantly different between the groups. 
When we investigated the global satisfaction with VR in our 
patient population, we found a high VR satisfaction rate, 
showing these patients to be open- minded to new technologies.

To assess the quality of the VR therapy, we took the IPQ test 
that showed an excellent overall sense of presence score.

Our results are in contrast with current literature on the effect 
of VR therapy on procedural pain sensation. A previous system-
atic review in burn patients showed potent analgesic effects of 
different VR therapy options, being largely based on distraction 
by full immersion in engaging and interactive environments.38 
However, for orthopedic surgery under RA in combination with 
sedation, there was only limited evidence on peri- procedural 
analgesia and anxiolysis using passive VR therapy systems, with 
only a few controlled trials reporting heterogeneous procedures 
and outcome measures.14 43 44 The non- superiority of VR therapy 
on pain scores during US- guided RA placement for ambulatory 
hand surgery may be partly explained by the relatively lower 
levels of pain in this study population compared with previous 
studies in burn patients. A study by Hoffman et al reported a 
clinically meaningful reduction in worst pain levels from NRS 7 
(pharmacologic analgesics) to 2 (passive VR therapy with phar-
macologic analgesics) during burn wound care.45 Future research 
should focus on the effect of VR therapy systems in other elec-
tive more painful surgical procedures and investigate other VR 
therapy systems available as well- defined patient subgroups may 
potentially benefit more from one type of VR therapy to another 
VR therapy system with regard to pain reduction.

Determining clinical significance for anxiety can be chal-
lenging. However, based on the previous literature, a commonly 
used cut- off value for clinically relevant anxiety reduction is 
20%.46 Both our observations showed an NRS anxiety score 
reduction of over 20% in median NRS anxiety scores, suggesting 
a clinically significant effect during RA placement and during 
surgery.

Our results on the effect of VR therapy on procedural anxiety 
are somewhat in line with the literature. A systematic review 
of six articles with 356 included patients showed inconclusive 
evidence on the significance of immersive VR in reducing anxiety 
for patients with cancer undergoing medical interventions.47

A possible explanation for this two- part result is the removal 
of auditive and visual guidance during RA by using VR therapy. 
Consequently, the patient may focus on the awaited experience 
of a painful stimulus, which can lead to augmented stress. After 
RA had been performed and the patient was reassured that no 
more painful stimuli followed, VR therapy could have reduced 
stress perioperatively by omitting auditive and visual surgical 
input.

Another potential hypothesis is that the two- part result was 
due to the additional adaptation time of the patient to the OR 
setting in combination with absence of visual OR input. Patients 
come to the OR, receive their RA block and due to the time 
component, become slightly more relaxed, although this was 
not observed in the VR therapy group. By removing the visual 
stimuli of the OR itself in combination with the time component, 
anxiety could have dropped. While the non- VR therapy group 
had continued visualization of the OR setting. VR immersion 
measurements were performed by the IPQ to assess the effect 
of VR on our patients. It encompasses four subscales: Spatial 
presence, Involvement, Experienced realism and Overall sense 
of presence. This last one determines the general subjective sense 
of being in the virtual environment, which is obtained by aver-
aging the mean scores of the Spatial Presence, Involvement and 

Experienced Realism subscales.39 48 In our data, the IPQ of the 
VR group showed a moderate to high overall sense of presence 
score, suggesting optimal VR therapy conditions were present 
and optimal VR therapy effect was to be expected.41

In the current literature on VR therapy during RA, a major 
limitation was that outcomes mostly focused on subjective 
measurements of stress, pain and anxiety. Studies that did 
measure objective parameters were limited to intraopera-
tive values such as blood pressure and heart rate. Within the 
cardiovascular system, the balance of the parasympathetic 
and sympathetic nerve systems results in consecutive heart-
beat interval variation or HRV.17 19 Thus, HRV is a good 
indicator of sympathetic activity and is indirectly correlated 
with stress. The HRV can objectively support the subjective 
experience of the patient as can be provided during verbal 
questioning. HRV analysis has previously been positively 
evaluated in neuroanesthesia, quantifying patients’ intraop-
erative stress response during asleep–awake craniotomy.49 
To our knowledge, this is the first study to objectively inves-
tigate the effect of immersive VR in orthopedic surgery using 
HRV monitoring. However, to our surprise, we did not find 
significant differences between the control and VR group 
regarding HRV measurement results gathered, although 
significant differences in anxiety scores were found during 
surgery. A purely theoretical reason for this could be the 
short interval of measurements of HRV, however, a 5 min 
interval allows for approximately 300 total heartbeats and 
is suggested as a standard to investigate short- term HRV 
by the Task Force of the European Society of Cardiology.23 
Also, our study was not powered for HRV.

From a practical point of view, we can say that overall, 
the VR intervention was well integrated into our hospital 
workflow, but we encountered some minor practical consid-
erations. Setting up the VR system required minimal addi-
tional time, but occasional adjustments (headset and VR 
glasses) were needed to ensure patient comfort and posi-
tioning. In a few cases, adverse effects led to early VR 
removal, requiring brief intervention from the clinical team. 
While these factors introduced minor disruptions, they did 
not significantly impact the overall workflow.

This study contains some limitations. First, patients could 
not be fully blinded to group allocation because of differ-
ences in the appearance of the patients with and without 
VR (observer partially unblinded). Second, our included 
surgical patients underwent relatively small, elective 
surgical procedures, a potentially bigger effect of VR on 
pain scores could be suspected for more painful procedures 
or procedures with a higher factor of anxiety, for example, 
burn wounds or cancer surgery. Third, the participation of 
multiple surgeons might provide external validity, however, 
could also be a confounding factor in the surgical stimulus 
or other objective measures, therefore only one surgeon 
performed all surgeries to avoid intersurgeon variability in 
evaluating VR therapy. Fourth, it is possible that the dura-
tion of VR therapy was not sufficient to see a positive effect 
on all outcomes, however, the IPG scores showed adequate 
VR immersion and presence scores.39 Finally, the general-
izability of this study may be questioned due to its single- 
center design.

CONCLUSION
Our results show that the use of VR therapy during 
US- guided RA placement and hand surgery does not result 
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in lower pain scores. A perioperative statistically significant 
positive effect on anxiety was measured, combined with a 
clinically significant effect on perioperative anxiety. The 
clinical influence of different VR therapy systems on pain 
and anxiety should be further investigated in (other) elective 
procedures.
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