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atients experience anxiety before the operating
room for many reasons. These include fear of
complications and pain, nausea or vomiting after
surgery. There is also sometimes a fear of complete
recovery after surgery. Unfortunately, the impact of such
stresses on patients is manifested by increased blood
pressure and heart rate and so on. Researchers found that
patients who experience less postoperative pain
experience faster recovery and longer hospital stay when
using methods to reduce anxiety before surgery. Such
anxieties can be resolved with the short acting
benzodiazepine midazolam before surgery, but can also
cause various side effects. Benzodiazepines have adverse
effects, such as hemodynamic perturbations; respiratory
depression; and paradoxical effects, such as hostility,
aggression, and psychomotor agitation. It should be kept
in mind that the patient's acceptance and willingness to
use them should be assessed before providing the patient
with complementary or alternative options to relieve
anxiety. A number of cases that have been shown to be
effective in reducing anxiety in these conditions include
acupuncture, aromatherapy, music, dog therapy, visiting
(OR team members), training and virtual reality [1].
Virtual reality (VR) has already been shown to be one
of the most effective clinical cases. VR technology,
which can alleviate acute pain through distraction in burn
care and other settings, is becoming more available with
recent advances in technology [2-3]. This technology can
be used not only during the burn treatment process, but in
most age groups before surgery and sometimes even
during local anesthesia and any type of medical
intervention [2-3].
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The first use of the term "virtual reality" is attributed to
Jaron Lanier, the founder of VPL Research, a pioneer in
virtual reality development [4].

The first "virtual reality mirror box" was introduced by
Ramachandran and Rogers-Ramachandran to investigate
the effect of sight on false emotions. Huffman and his
colleagues also examined the effect of VR distraction on
pain-related human brain activity. Despite various
limitations, VR researchers have achieved success in
feasibility, satisfaction, and innovation to reduce pain
associated with medical interventions. VR technology
has also been shown to be effective in minimizing drug
therapy, thereby reducing the risks associated with
sedation. VR significantly reduced mental pain scores in
addition to decreasing pain-related brain activity in all
five areas of interest including the anterior cingulate
cortex, primary and secondary somatosensory cortex,
insula, and thalamus. Pain studies in children age groups
have focused mainly on interventions such as coping
strategies proposed by the US Department of Health and
Human Services, such as imagery, breathing, relaxation,
positive thinking, and social support [5].

In addition to the advertising applications seen in the
entertainment industry of this technology, virtual reality
techniques are now used in the industry as well. Power
plant workers in Japan experience the next opportunity
from computer-made virtual control rooms before taking
on real-life situations [4].

Reports of mental pain and functional magnetic
resonance imaging results indicate that there is evidence
of convergence on the analgesic effect of opioid use alone
or the use of VR technology alone. In addition, pain-
related brain activity patterns provide evidence that
demonstrates the significant analgesic effects created by
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VR distraction when used as an adjunct to opioid
analgesia. These results provide data supporting the
clinical use of multimodal analgesic techniques (e.g.,
combination pharmacologic and no pharmacologic) [6].

Obstetricians often report anxiety during epidural
delivery. Anxiety medications are rarely prescribed
because of concerns about fetal exposure, and
nonpharmacological methods such as music therapy and
hypnosis are used with little efficacy; And increased
satisfaction with using this method without side effects
has been reported. Limitations of VR include side effects
such as nausea, motor disease and dizziness and cost-
effectiveness. These findings also suggest that VR can be
a low-cost, low-risk complement to the distraction tools
offered to patients undergoing epidural placement [7].

Subjective and objective evidence about the
effectiveness of VR provides the pain relief experienced
at TUMT. In addition, a statistically significant decrease
in prostate blood flow index during VR use indicates that
physiological changes occur as a result of VR distraction
rather than its analgesic specificity. The hardware costs
VR $ 25100 ($ 22,050 cap, $ 3000 hardware, trackball $
50). The VR system is also easily portable into a small
cart [3].

Finally, it can be noted that this technique leads to a
pleasant feeling in the actual treatment of the patient and
consequently reduces anxiety. The training of
anesthesiologists is evolving, and compliance with the
highest standards in the field should make people more
secure. The importance of the role of training and
evaluation of programs is important. With the increasing
application of simulator technology, there is a need for
further validation studies and efforts to investigate the
results of knowledge translation in surgeries when using

these devices. Demand for non-technical skills is evident
despite demand.
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Abstract: Sedation protocols during spinal anesthesia often involve sedative drugs associated with
complications. We investigated whether virtual reality (VR) distraction could be applied during
endoscopic urologic surgery under spinal anesthesia and yield better satisfaction than pharmacologic
sedation. VR distraction without sedative was compared with pharmacologic sedation using
repeat doses of midazolam 1-2 mg every 30 min during urologic surgery under spinal anesthesia.
We compared the satisfaction of patients, surgeons, and anesthesiologists, as rated on a 5-point
prespecified verbal rating scale. Two surgeons and two anesthesiologists rated the scale and an
overall score was reported after discussion. Thirty-seven patients were randomized to a VR group
(n =18) or a sedation group (n = 19). The anesthesiologist’s satisfaction score was significantly higher
in the VR group than in the sedation group (median (interquartile range) 5 (5-5) vs. 4 (4-5), p = 0.005).
The likelihood of both patients and anesthesiologists being extremely satisfied was significantly
higher in the VR group than in the sedation group. Agreement between the scores for surgeons and
those for anesthesiologists was very good (kappa = 0.874 and 0.944, respectively). The incidence
of apnea was significantly lower in the VR group than in the sedation group (n =1,5.6% vs. n=7,
36.8%, p = 0.042). The present findings suggest that VR distraction is better than drug sedation with
midazolam in terms of patient’s and anesthesiologist’s satisfaction and avoiding the respiratory side
effects of midazolam during endoscopic urologic surgery under spinal anesthesia.

Keywords: virtual reality; sedation; spinal anesthesia; endoscopic urologic surgery

1. Introduction

Virtual reality (VR) technology has been investigated for its clinical applications [1,2]. Studies have
investigated the educational use of VR for simulation-based training [3-7]. VR has also been evaluated
as a non-pharmacological means of mitigating acute procedural pain and has also been demonstrated
to be effective for the attenuation of pain perception, anxiety, and general discomfort in both adults
and children [1,8-11].

VR may distract patients from noisy, scary, and uncomfortable environments during surgery
under spinal or regional anesthesia. A recent pilot study investigated whether immersive VR therapy
can be used as an adjunctive nonpharmacolgic sedating strategy in patients who receive drug sedation
with propofol [12] and found no significant difference in the propofol requirement between the groups,
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although there was less propofol consumption in the VR group [12]. However, the effect of VR
distraction alone under spinal anesthesia has not been evaluated. It is still unknown whether VR can
provide safe and effective distraction and replace pharmacologic sedation.

During endoscopic urologic surgery under spinal anesthesia, the patient may receive
pharmacologic sedation to lessen the effect of noise in the operation room, the unpleasantness of
the procedure, and the fear of surgery. However, sedative drugs may cause complications, such as
respiratory depression or hemodynamic instability [13,14]. Distraction by a VR program that includes
visual and audio suggestions for relaxation may achieve the intended goals of pharmacologic sedation
without drug-related side effects.

Therefore, we hypothesized that VR distraction might achieve greater patient satisfaction without
the side effects of drug sedation during urologic surgery under spinal anesthesia. To this end,
we conducted a randomized controlled trial comparing patient satisfaction between VR distraction and
midazolam-based sedation in patients undergoing endoscopic urologic surgery under spinal anesthesia.

2. Methods

2.1. Study Design

The protocol of this prospective, parallel, non-crossover, single-blind, randomized controlled
clinical trial was approved by the Institutional Review Board of Seoul National University Hospital
(No. 1611-069-808) and was registered prior to patient enrollment at http://www.clinicaltrials.gov
(NCT03055663, Principal investigator: Won Ho Kim, data of registration: 14 February 2017). All patients
provided written informed consent. This study was conducted at the Seoul National University
Hospital, Seoul, Republic of Korea between March and November of 2017.

2.2. Patients

The eligibility criteria were scheduled endoscopic urologic surgery, including holmium laser
enucleation of the prostate (HOLLEP) or transurethral resection of bladder tumor), and an American
Society of Anesthesiologists (ASA) physical status classification of I-IIl. The exclusion criteria were as
follows: history of chronic use of sedatives or narcotics (>6 months), alcohol or drug abuse, baseline
pulse oximetry saturation of less than 90%, and baseline hemodynamic or respiratory instability
(initial systolic arterial pressure <80 mmHg, respiratory rate >25 or <10 breaths/min). Medication
history was screened in all patients and chronic user of the listed drugs was excluded because
the response to the midazolam in these patients may differ. Patients were randomly assigned to
a VR group or a sedation group. Randomization was conducted by a number table generated
from an internet-based computer program (www.randomization.com). A staff anesthesiologist
who is independent of our study made a random allocation sequence, enrolled participants and
assigned participants to interventions. The study participants were allocated using sequentially
numbered, opaque, sealed envelopes containing random allocation numbers. The sealed envelope
was opened after induction of anesthesia by the attending anesthesiologist, who was not one of the
trial investigators. Surgeons who reported their satisfaction score and the outcome assessor who
measured the satisfaction score of the patients in the recovery room were blinded to group assignment.
The patients and attending anesthesiologists could not be blinded to group assignment.

2.3. Anesthesia Protocol

All patients underwent routine monitoring, including electrocardiography, non-invasive arterial
pressure monitoring, pulse oximetry, and capnography. Mean arterial pressure, respiratory
rate, and heart rate were measured every 3 min and oxygen saturation (SpO;) and end-tidal
CO, concentration (ETcpy) were monitored continuously. No premedication was administered.
Spinal anesthesia was induced by intrathecal injection of hyperbaric bupivacaine 12-14 mg with
fentanyl 20 ug at the L4-L5 or L5-51 spinal level to achieve a spinal sensory block level of at least T10.
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After induction of spinal anesthesia, all patients received their allocated study intervention. All patients
were observed postoperatively in the recovery room for at least 30 min.

2.4. VR Group

The patients assigned to the VR group were subjected to a 30-min VR program (Aqua 30 Korean
Version 4.0, Oncomfort SA, Wavre, Belgium) via a head-mounted display and earphone connected to
an android cell phone (Galaxy 7.0, Samsung, Seoul, Korea) (Supplemental Figure S1). This program
was designed for relaxation and distraction from anxiety or pain of patients (www.oncomfort.com/en).
The patients watched a VR underwater view of the ocean while listening to narrations designed to
induce relaxation and meditation. If the surgery was not completed within 30 min, the patient watched
the VR program again. Details of the narration are provided in Supplemental Text S1 and screenshots
are shown in Supplemental Figures 52-54. The sedation group underwent pharmacological sedation
with midazolam using an initial bolus dose of 1-2 mg and a maintenance dose of 1-2 mg every
10-30 min. Oxygen was supplied at 5 L/min via a facemask in the sedation group but not in the VR
group. However, to blind the surgeon to group assignment, the VR headset and earphone were also
used in the sedation group and a facemask was also used but without an oxygen supply in the VR
group. If a patient assigned to the VR group wanted to stop watching the VR program, propofol could
be administered as rescue medication and the incidence of rescue medication was recorded.

2.5. Study Outcomes

Baseline demographic data, including age, sex, and body mass index, were recorded
preoperatively. The type of surgery and the total operating time were also recorded. The primary
outcome variable was the patient-reported satisfaction score measured by a 5-point Likert-like verbal
rating scale according to a prespecified score-defining table (1, extremely dissatisfied; 2, dissatisfied;
3, undecided; 4, satisfied; 5, extremely satisfied; Table 1). Patient’s satisfaction score was measured at
the recovery room when the patient became alert. The surgeon’s and anesthesiologist’s satisfaction
scores were also measured at the end of surgery according to the same prespecified score table
(Table 1) as secondary outcomes. The criteria for reporting the satisfaction score were explained to the
patients, surgeons, and anesthesiologists before induction of anesthesia. To minimize reporting bias,
two surgeons and two anesthesiologists were involved in reporting the satisfaction score. These two
surgeons and two anesthesiologists discussed and reported a single satisfaction score. The two
anesthesiolgists included the attending anesthesiologist and a supervising staff anesthesiologist,
who were not otherwise involved in the study. Any discrepancy in the satisfaction score was resolved
by discussion and a single overall satisfaction score was reported for each patient. The assigned
surgeons and anesthesiologists did not change throughout the study period.

The incidence of patient discomfort intraoperatively for any reason, requests by patients to
stop watching the VR program, and unnecessary patient movements were recorded. Episodes
of SpO, desaturation (<90% for more than 5 s), apnea (undetectable ET¢cop for more than 5 s),
and administration of rescue sedation with propofol (if an optimal level of sedation was not achieved,
as judged by agitation or intolerance) were also recorded. Hypotension was defined as a decrease in
mean arterial pressure to <55 mmHg or up to a 20% reduction from baseline and bradycardia was
defined as a heart rate <50 beats/min or a 20% reduction from baseline. Hypotension was treated
by ephedrine 5 mg and bradycardia by atropine 0.5 mg intravenously. Desaturation or apnea was
treated with supplemental oxygen (10 L/min) via a face mask and respiratory assistance was provided
by a chin lift or jaw thrust maneuver or assisted mask ventilation. Laryngeal mask airway insertion
or tracheal intubation was allowed in the event of persistent apnea according to the decision of the
attending anesthesiologists.

The Ramsay Sedation Scale (RSS) could not be used because the patients in the VR group were
watching the VR program [15]. The incidence of nausea (>3 on an 11-point numeric rating scale
reported by the patient where 0 is no nausea and 10 is the worst nausea imaginable) and vomiting
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during surgery and in the recovery room was documented. During their stay in the recovery room,
the patients were presented with score table again and asked to rate their satisfaction when they
became completely alert. If the patient was confused by the residual effect of midazolam, the scoring
of satisfaction was performed after transfer to the general ward. The patients were also asked about
their memory of the surgical procedure or procedural pain they experienced during surgery (measured
a 0-10 numeric rating scale where 0 is no pain and 10 is the worst pain imaginable). Length of stay in
the recovery room was recorded. The criteria for discharge to the recovery room in our hospital is a

modified Aldrete score >9 (Supplemental Table S1) [16].

Table 1. Satisfaction score.

Rater Score Description
Any of the following:
. L 1. Patients involuntarily moved or repeatedly spoke, which made the surgical procedure sto;
1 (extremely dissatisfied) more than twice. z Persistent plv:e’nile er}e]ctlioon (3 or more episode las%ing 510 s) that i}
significantly interfered with the surgical procedure and required phenylephrine injection.
Any of the following:
2 (dissatisfied) 1. Patients involuntarily moved or repeatedly spoke, which made the surgical procedure stop
once. 2. Persistent penile erection (2 or more episodes >10 s) that interfered with the surgical
procedure, but not used phenylephrine.
Surgeon Any of the following:
3 (undecided) 1. Patients involuntarily moved or spoke a little, but no interference with the surgical
procedure. 2. Transient penile erection (<10 s) that did not interfere with surgical procedure
significantly.
All of the following:
4 (satisfied) 1. No patient’s voluntary movement or speaking. No interference with the surgical procedure.
2. Transient penile erection (<10 s) which did not interfere with the surgical procedure at all.
All of the following:
5 (extremely satisfied) 1. No patient’s voluntary movement or speaking. No interference with the surgical procedure.
2. No penile erection at all.
Any of the following:
1 (extremely dissatisfied) 1. Patients recalled all steps of the surgical procedure. 2. Patients felt severe pain during
surgery (NRS > 7). 3. Patients repeatedly moved due to discomfort.
Any of the following:
2 (dissatisfied) 1. Patients recalled about two-thirds of the surgical procedure time (including recall of
inserting and withdrawing the fiberoptic scope into the urethra). 2. Patients felt moderate
pain (NRS of 4 to 6). 3. Patients moved several times due to discomfort.
Patient Any of the following:
3 (undecided) 1. Patients recalled less than one-third of the surgical procedure time. 2. Patients felt mild pain
(NRS of 2 to 3).
4 (satisfied) All of the following:
1. No patient’s recall of surgery. 2. No pain at all. 3. Patients felt comfortable during surgery.
All of the following;:
5 (extremely satisfied) 1. No patient’s recall of surgery. 2. No pain at all. 3. Patients felt extreme comfort and were
not concerned about the lithotomy position and surgery at all.
Any of the following;:
1. Patients involuntarily moved 3 or more times and repeatedly spoke which interfered the
1 (extremely dissatisfied) surgical procedure. 2. More than three events of apnea.
3. Desaturation (SpO; < 90% more than 5 s) more than twice.
4. Assisted ventilation required due to desaturation and apnea.
Any of the following:
2 (dissatisfied) 1. Patients involuntarily moved or spoke 1 to 2 times, which interfered the surgical procedure.
2. Apnea developed twice. 3. Desaturation (SpO, < 90% more than 5 s) once. 4. Oral or nasal
Anesthesiologist airway insertion due to desatgration or apnea.
All of the following;:
3 (undecided) 1. Patients involuntarily moved or spoke 1 to 2 times, but did not interfere with the surgery.
2. Apnea developed once but did not require oral or nasal airway insertion or assisted
ventilation.
All of the following:
4 (satisfied) 1. No patient’s voluntary movement or speaking. 2. Apnea developed once but did not

5 (extremely satisfied)

require oral or nasal airway insertion or assisted ventilation.
All of the following:
1. No patient’s voluntary movement or speaking. 2. No Apnea.

NRS = Numerical Rating Scale.

Finally, considering all the variables mentioned above, the incidence of a composite of optimal
patient, anesthesia and surgical conditions was determined for each study participant when all the
following five criteria were satisfied: (1) the patient did not complain of discomfort, did not move
unnecessarily, did not try to detach the monitoring devices, and remained lying still; (2) desaturation or
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apnea did not occur; (3) the patient did not need assisted ventilation, laryngeal mask airway insertion,
or tracheal intubation; (4) there was no need for rescue medication; and (5) hypotension or bradycardia
did not occur or occurred only once.

2.6. Statistical Analysis

No previous study has compared satisfaction scores between VR and drug sedation groups.
We calculated that a sample size of 17 subjects would be needed in each group based on a power
analysis assuming a mean difference in the satisfaction score of 1.0 and a standard deviation of 1.0.
Allowing for a dropout rate of 10%, 37 patients were required.

The final results were evaluated by intention-to-treat analysis. Categorical variables were analyzed
by the chi-squared or Fisher’s exact test. Continuous variables were compared using the unpaired
t test or Mann-Whitney U test according to the normality of the variables, and mean differences were
calculated with the confidence intervals (Cls). The Shapiro-Wilk test and Q-Q plots were used to
test the normality of the data distribution. The Cohen’s kappa statistic was used to determine the
agreement beyond chance between the two surgeon’s and two anesthesiologist’s satisfaction scores.
The agreement was interpreted according to the following scale: 0.80 to 1.00, very good; 0.60 to 0.80,
good; 0.40 to 0.60, moderate; 0.20 to 0.40, fair; less than 0.20, poor agreement. p < 0.05 was considered
statistically significant. All statistical analyses were performed using SPSS Version 22.0 (IBM Corp.,
Armonk, NY, USA).

3. Results

Of the 40 patients assessed for eligibility to be included in this study (Figure 1), three patients
refused to participate. The remaining 37 patients were enrolled and randomized to the VR group
(n = 18) or to the sedation group (1 = 19). All 37 patients finished the study protocol and were included
in the analysis. No patient in the VR group asked to stop watching the VR program and no rescue
medication was administered in either study group. All patients were able to report their satisfaction
score in the recovery room. There were no missing data for any of our study variables. The patient
characteristics at baseline are shown in Table 2. The patient demographics and comorbidity were
comparable. The duration of surgery and weight of the prostate were not different between the groups.

The satisfaction scores failed the normality test. The distribution of the satisfaction scores of the
patients and anesthesiologists were significantly different between the groups (p = 0.025 and p = 0.001,
respectively), while the score of the surgeons was not significantly different (Figure 2). The incidence
of extreme satisfaction (satisfaction score 5) for patients and anesthesiologists was significantly higher
in the VR group than in the sedation group (patients, n = 17, 94.4% in the VR group vs. n =12, 63.2% in
the sedation group, p = 0.042). Two independent assessors of the satisfaction score showed very good
agreement beyond that expected by chance (surgeons, kappa = 0.874, 95% CI = 0.730-1.000, p < 0.001;
anesthesiologists, kappa = 0.944, 95% CI = 0.739-1.000, p < 0.001). There were two cases of discrepancy
in reporting the satisfaction score of the surgeons and one case of discrepancy for the score of the
anesthesiologists. The difference was one-point and a higher score was selected for all cases.

Table 3 shows the comparison of outcome variables between the groups. Most patients did not
move inadvertently during surgery in the VR group. There were significantly more patients who
developed apnea in the sedation group than in the VR group (n = 1, 5.6% in group VR vs. n =7, 36.8%
in the sedation group, p = 0.042, risk difference (95% CI) —0.34, (—0.09 to —0.58)). One patient in the
sedation group received assisted mask ventilation. Two patients in the VR group fell asleep while
watching the VR program. They did not receive propofol and their group assignment was not changed.
The hemodynamic variables during surgery, including the incidence of hypotension and bradycardia,
were not different between the groups. The duration of stay in the recovery room was not different
between the groups.
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Assessed for eligibility (n = 40)

Excluded (n = 3)
Refused informed consent (7 = 3)

[ Enrollment ]

Randomized (n =37)

Allocated to intervention [ I . ] Allocated to control
Virtual reality sedation (n=18) Allocation Drug sedation (n = 19)

A

Received allocated intervention (n =18 ) Received allocated intervention (n = 19)

Follow-Up ]

Excluded during follow-up (n = 0) Excluded during follow-up (n = 0)
v

Analyzed (n = 18) [ P J Analyzed (n = 19)

Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Figure 1. Flow diagram of the study according to CONSORT 2010.

Table 2. Baseline characteristics of patients and surgical characteristics.

Variables VR Group Sedation Group
Case number, n 18 19
Age, years 69 (65-70) 69 (63-72)
Weight, kg 69 (64-73) 64 (62-69)
Height, cm 167 (163-170) 167 (162-170)
Body-mass index, kg m—2 24.8 (23.3-26.9) 23.9 (21.3-25.1)
ASA PS,1/2/3 7/7/4 9/7/3
Underlying disease (1)
Hypertension 8(44.4) 8 (42.1)
Diabetes Mellitus 3(16.7) 3(15.8)
Angina pectoris 3(15.8) 3(16.7)
Stroke 2 (11.1) -
Chronic obstructive pulmonary disease - 1(5.3)
Chronic kidney disease 2 (11.1) -
Prostate weight (g) 65 (38-98) 75 (39-110)
Duration of anesthesia (min) 65 (55-100) 65 (60-85)
Duration of surgery (min) 40 (35-75) 45 (30-60)
Fluid administration (mL) 200 (60-200) 100 (70-150)

Colloid administration (mL) - -

The values are expressed as the median (interquartile range) or number (%). VR Group = virtual reality
group; ASA PS = American society of anesthesiologist physical status classification. p-values are the results
of Mann-Whitney U test for continuous variables and Fisher exact test for categorized variables.

The incidence of optimal patient, anesthesia and surgical conditions was significantly higher in
the VR group than in the sedation group (n = 17, 94.4% in VR group vs. n = 13, 68.4% in the sedation
group, p = 0.043, risk difference (95% CI) 0.17 (—0.08 to 0.42)). There was no harmful or unintended
effect of the study interventions other than the reported outcomes.
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Figure 2. Box-and-whisker plots of the satisfaction scores of patients, surgeons, and anesthesiologists.
Thick horizontal bars, boxes, and error bars represent the median, 25th, 75th, 10th and 90th percentile.
VR group = Virtual Reality group, 1 = extremely dissatisfied, 2 = dissatisfied, 3 = undecided, 4 = satisfied,
5 = extremely satisfied, o means outlier and * means extreme outlier. Extreme outlier is determined
when outliers is located distal to 1.5x interquartile range from 25 or 75 percentile.

Table 3. Sedation-related characteristics.

Variables VR Group Sedation Group p-Value
Case number, n 18 19
Intraoperative variables

Patients who do not move involuntarily during surgery, n 16 (88.9) 13 (68.4) 0.001
Patients who requested to stop watching VR, n 0 -
Midazolam administration, mg 4 (4-6) -
Administration of rescue sedative, n 0 0

Desaturation (SpO; < 90%, more than 5 s), n 0 1(5.3) 0.999

Apnea (flat ETco,, more than 5 s)
Develop, n 1(5.6) 7 (36.8) 0.042
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Table 3. Cont.
Variables VR Group Sedation Group p-Value
Frequency in the patients with apnea, range 1-2 1-5
Assisted mask ventilation, n 0 1 0.999
Conversion to general anesthesia, 1 0 0
Ephedrine administration
Incidence, n 2 (11.1) 6 (31.6) 0.232
Dose, median (IQR) (range), mg 0[0,0] (5-10) 0 (0-5) (5-10) 0.313
Atropine administration
Incidence, n 1(5.6) 4(21.1) 0.340
Dose, median (IQR) (range), mg 01[0,0] (0-0.5) 0 (0-0) (0-0.5) 0.425
Nausea (>3 of numerical rating scale), n 0 2 0.486
Vomiting. n 0 0
Satisfaction score as a continuous variable
Patient 5 (5-5) 5 (4-5) 0.105
Surgeon 5 (5-5) 5 (4-5) 0.558
Anesthesiologist 5 (5-5) 4 (4-5) 0.005
Incidence of extreme satisfaction
Patient 17 (94.4) 12 (63.2) 0.042
Surgeon 14 (77.8) 13 (68.4) 0.714
Anesthesiologist 17 (94.4) 8 (42.1) 0.001
Recovery room parameters
Remember the operative procedure, n 0 3(15.8) 0.230
Felt procedural pain during surgery, n 0 0
Duration of recovery room stay, min 27 (21-44) 29 (22-53) 0.620
Nausea (>3 of numerical rating scale), n 1 2 0.999
Vomiting, n 0 0
Optimal patient, anesthesia, and surgical condition, n 17 (94.4) 12 (63.2) 0.042

The values are expressed as the median (interquartile range) or number (%). VR Group = Virtual reality group;
ASA PS = American society of anesthesiologist physical status classification, ETco, = end-tidal carbon dioxide.
P-values are the results of Mann-Whitney U test for continuous variables and Fisher exact test for categorized
variables. Hypotension was determined when heart rate <50/min or 30% or more decrease from baseline.
Bradycardia was determined when heart rate <50/min or 30% or more decrease from baseline.

4. Discussion

We conducted a randomized controlled trial comparing VR distraction and drug sedation in
patients undergoing endoscopic prostatectomy under spinal anesthesia. The satisfaction score of
the anesthesiologists was significantly higher in the VR group than that in the sedation group.
The incidences of extreme satisfaction reported by the patients and anesthesiologists were significantly
higher in the VR group than those in the sedation group. Our study results suggest that VR distraction
may be preferable for both patients and anesthesiologists during endoscopic urologic surgery under
spinal anesthesia.

VR has been studied for its potential use in simulated medical training [17,18], pain control
for medical procedures and physical trauma [19-21], and rehabilitation of patients with stroke or
Parkinson’s disease [22,23]. Recently, VR distraction has been studied in regional anesthesia to assess
its sedation and analgesic-sparing effects [12,24]. However, the studies included only a small number
of patients as a pilot and feasibility study or were retrospective in nature. Furthermore, the commercial
VR programs used did not aim to improve patient relaxation and included no verbal narration inducing
relaxation. In this prospective randomized controlled trial, we used a commercially available VR
sedation program specifically designed for perioperative settings to evaluate participants’ satisfaction.
The supplemental text and figures present a glimpse of the program, including the narration and a silent
scene of the three-dimensional undersea environment inducing relaxation and sedation. Our study
may have value as the first trial to investigate the effect of a specific VR program as a single modality
to replace drug sedation during spinal anesthesia.

The incidence of extreme satisfaction reported by both patients and anesthesiologists was higher in
the VR group than in the sedation group and the anesthesiologist’s satisfaction scores were significantly
higher in the VR group. However, there was no difference in the surgeon’s satisfaction scores between
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the groups. From a surgeon’s perspective, the respiratory depression caused by midazolam may not
influence the surgical conditions, although the patient may move purposelessly during respiratory
depression or snoring. The incidence of apnea caused by respiratory depression also influenced the
rate of adequate sedation in our study.

The persistent penile erection that occurs during HOLLEP may interfere with the surgical
procedure because any movement of the cystoscope could be interrupted. Drug sedation with
midazolam may cause sleep-related penile erection [25], whereas VR distraction may avoid this
sleep-related problem and contribute to better surgical conditions. A previous study that monitored
penile tumescence reported that sleep-related erectile episodes occurred in nearly all patients who
received midazolam. Therefore, we included penile erection in our criteria for the surgeon’s satisfaction
score (Supplemental Table S1). However, there was no difference in this regard between the groups,
suggesting that our study was not adequately powered to detect the small difference in the incidence
of penile erection during midazolam sedation under spinal anesthesia.

We compared VR distraction with drug sedation with midazolam. However, this benzodiazepine
has a relatively long duration of action and is not a preferred sedative nowadays compared
with propofol or dexmedetomidine. Our study results indeed showed a high incidence of apnea
during sedation with midazolam. Propofol or dexmedetomidine are also used frequently for
procedural sedation [26-29]. Propofol is associated with rapid recovery, although arterial hypotension
may develop in response to suppression of reflex tachycardia. Sedation with dexmedetomidine
provides improved analgesia and causes less respiratory depression than other sedatives, including
benzodiazepines and propofol [30,31]. Further studies are required to compare VR sedation with drug
sedation using propofol or dexmedetomidine.

Our study has several limitations. First, the primary outcome variable was the patient-reported
satisfaction score. Our sample size was calculated based on the difference in this score. Other secondary
variables were not considered when calculating the sample size; therefore, our study may have
lacked statistical power for the secondary outcomes. Furthermore, the satisfaction score of the
patient was reported by different patients who were not blind to the group assignment. To decrease
the patient-dependent reporting bias, our patients determined their satisfaction score according
to a prespecified scoring scale (Table 1). However, our score was not validated in any previous
study. Although the satisfaction scores of the surgeons and anesthesiologists were reported by two
personnel after discussion and their kappa statistics were analyzed, the patient scores could not be
analyzed in that manner. Second, our study was a small single-center trial, so its external validity
may be limited. The effect of VR distraction may be different in different surgical settings and age
groups. Third, the attending anesthesiologists and patients could not be blinded to group assignment,
which could have confounded the satisfaction scores of anesthesiologists and patients.

5. Conclusions

Our study results suggest that VR distraction is preferable to pharmacologic sedation with
midazolam in terms of patient’s and anesthesiologist’s satisfaction and avoiding the respiratory side
effects of midazolam during endoscopic urologic surgery under spinal anesthesia in patients with ASA
physical status classification of I-1II. Further studies are required to detect a true clinical advantage of
VR distraction over drug sedation.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/1/2/
s1, Supplemental Table S1: Modified Aldrete Score, Supplemental Figure S1: Patient during Holmium laser
enucleation of the prostate under spinal anesthesia with virtual reality distraction, Supplemental Figure S2: A
Screenshot of “Aqua 30’, Supplemental Figure S3: A Screenshot of “Aqua 30", Supplemental Figure S4: A Screenshot
of “Aqua 30’, Supplemental Text S1: Script of ‘Aqua 30" (Introduction part only).
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ABSTRACT

Background: Immersive virtual reality (IVR) is utilized as an adjunct to anesthesia to distract patients
from their intraoperative environment, thereby potentially reducing sedative and narcotic medication
usage. This study evaluated intraoperative and acute postoperative results of patients undergoing pri-
mary total hip (THA) and total knee arthroplasty (TKA) with and without IVR.
Methods: Utilizing IVR as an adjunct to spinal anesthesia, 18 primary THAs (n = 8) and TKAs (n = 10)
were performed. These cases were 1:2 matched based on procedure type, age, sex, and body mass index
to those performed without IVR. Intraoperative and postanesthesia care unit sedative/narcotic usage,
vital signs, and pain scores were compared. Acute perioperative outcomes, including 24-hour oral
morphine equivalent (OME), first ambulation distance, length of stay, and 30-day complications, were
also analyzed. Pearson Chi-square and Wilcoxon-Mann-Whitney tests evaluated categorical and
continuous variables, respectively.
Results: When compared to non-IVR primary THAs and TKAs, those performed with IVR utilized
significantly less intraoperative sedation (48 mg vs 708 mg of propofol; P < .001) and trended toward less
narcotic usage (13 mcg vs 39 mcg of fentanyl; P =.07). In the postanesthesia care unit, IVR and non-IVR
patients showed no significant differences (P > .3) in vital signs, pain scores, or OME received. Addi-
tionally, similar (P > .3) postoperative outcomes were noted in both cohorts’ 24-hour OME use, distance
at first ambulation, length of stay, and 30-day complications.
Conclusions: The use of spinal anesthesia with the IVR adjunct to perform primary THAs and TKAs ap-
pears to be well-tolerated and associated with less intraoperative sedative medication usage than spinal
anesthesia alone.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

applied as a form of distraction in medical patient care to attenuate
anxiety and general discomfort during interventions such as

Immersive virtual reality (IVR) is the creation of an artificial
environment with a 3-dimension-enabled head-mounted device
and noise-canceling headphones [1]. Most IVR devices aim to
provide soothing experiences by using natural environments such
as forests, beaches, snowy canyons, space, or botanical gardens to
replicate calming surroundings [2—4]. Recently, IVR has been
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wound care, physical therapy, dental procedures, and perioperative
processes of peripheral nerve blocks and anesthesia induction
[1,5—10]. IVR utilization has further expanded intraoperatively as
an adjunct to surgeries performed under regional or neuraxial
anesthesia [11—-14].

For orthopedic surgeries, early studies have provided favorable
results on IVR's application, safety, and efficacy in reducing pa-
tients' anxiety and sedation requirements although utilization has
been primarily for outpatient procedures [11,12]. This success has
led to growing interest in IVR usage as an adjunct to spinal anes-
thesia during total hip arthroplasty (THA) and total knee arthro-
plasty (TKA) [13,14]. Despite the known advantages and pain-

2352-3441/© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is an open access article under the CC BY-
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reduction seen with spinal anesthesia compared to general anes-
thesia, sedative and narcotic medications are often still required to
attenuate noxious stimuli associated with these procedures [15].
The addition of IVR as an adjunct would appear to be comple-
mentary to spinal anesthesia and perhaps decrease the need for
these medications during THA and TKA.

The goal of this study was to compare the intraoperative, im-
mediate postoperative, and 30-day acute postoperative results of
patients undergoing primary THA or TKA with IVR as an adjunct to
spinal anesthesia to those of procedures performed with spinal
anesthesia alone. We hypothesized that IVR patients would require
less intraoperative sedation and narcotics, maintain similar peri-
operative pain scores, and utilize fewer postoperative narcotics.

Material and methods

After the institutional review board approval was obtained, a
single institutional retrospective review identified 18 patients from
January 1, 2021 to July 1, 2021 who underwent primary THA (n = 8)
or TKA (n = 10) with spinal anesthesia and IVR as an adjunct. Pa-
tients were excluded if aged <18 years, they had indications other
than osteoarthritis, or were unable to tolerate the IVR experience
fully during the surgery. IVR patients were matched 1:2 to controls
that did not use IVR based on procedure type (THA or TKA), age (+3
years), sex (exact), and body mass index (+5 kg/m?).

During the routine preoperative evaluation, elective total joint
arthroplasty patients met with both surgeon and anesthesia pro-
viders to review the risks and benefits of the procedure and the
choice of anesthetic options. Patients were provided information
related to anesthesia options of general, spinal, or spinal with IVR
and eventually self-selected into a surgery performed with or
without IVR. Spinal anesthesia remains our current institutional
recommendation and preference for THA and TKA and was solely
utilized in both cohorts. For those patients interested in the
adjunct, the IVR hardware (PICO G2 4K Enterprise [PICO, San
Francisco, CA] goggles and Bose Quiet Comfort QC 35 noise-
canceling headsets [Bose, Framingham, MA]), choice of the 4
different visual content environments created by HypnoVR (Stras-
bourg, France; https://hypnovr.io/en/solutions/softwares/), and
voice-guided relaxation techniques/sounds were demonstrated
(Fig. 1). On the day of surgery, both the anesthesiologist and sur-
geons confirmed the informed consent, including the patient’s
anesthetic plan and preference. If patients elected to receive an
ultrasound-guided, single-shot nerve block, fascia iliaca for THA or
saphenous (adductor canal) for TKA was performed. In the oper-
ating room, patients received a 10- to 30-mg dose of propofol prior
to spinal anesthesia with 1.5% mepivacaine. Further sedation or
narcotic dosing was titrated based on a subjective evaluation of
patients' requirement as indicated by comfort level, pulse oximetry,
and noninvasive arterial pressure monitoring. Specifically, both IVR
and non-IVR patients initially received no sedation unless they felt
uncomfortable or anxious about being fully awake per their request
or abnormal vital signs/monitoring. In this case, propofol infusion
was given to a level of minimal to moderate sedation as assessed by
purposeful response to verbal or tactile stimuli, airway protection,
and hemodynamic stability. Those patients selecting IVR were
fitted for the IVR headset and headphones and informed of ex-
pected sounds, vibrations, or smells associated with the surgery.
High-volume arthroplasty surgeons performed the THAs and TKAs
at a single institution via the same approach (direct anterior for
THA and medial parapatellar for TKA), contemporary techniques/
implants, and standardized acute postoperative recovery protocols.

Perioperative results were separated and compared according to
preoperative, intraoperative, immediate postoperative, and acute
postoperative outcomes. Patient demographics, American Society

Figure 1. A patient undergoing primary total hip arthroplasty under spinal anesthesia
with immersive virtual reality goggles and noise-canceling headphones including a
view from anesthesia (a) and side profile (b).

of Anesthesiologists score, Charlson Comorbidity Index, anesthesia
type (ie, spinal alone vs spinal and peripheral nerve block), and
quantity of sedation (both preoperative and intraoperative) were
recorded. There were no patients in either the IVR or non-IVR
matched cohort that required intraoperative conversion to gen-
eral anesthesia. Intraoperative outcomes included maximum heart
rate, maximum systolic blood pressure, anesthesia time, intra-
operative oral morphine equivalents (OMEs), and complications.
Immediate postoperative outcomes included postanesthesia care
unit (PACU) sedative/narcotic usage, vital signs, pain scores (Nu-
merical Pain Rating Scale from O to 10), and recovery duration.
Acute outcomes analyzed 24-hour OMEs, first ambulation distance
with physical therapy, length of stay, and 30-day complications
(readmissions or reoperations).

For patients undergoing THA and TKA with IVR-adjunct anes-
thesia, the mean age was 74 years (range, 54-93 years), 67% were
female, and the mean body mass index was 28 kg/m? (range, 20.0-
345 kg/m?). No significant difference existed between cohorts
except for the IVR patient cohort having significantly (P = .007)
more patients who were American Society of Anesthesiologists
score 3 (Table 1). Additionally, there were no significant differences
in preoperative hemoglobin levels, heart rate, systolic blood pres-
sure, or OMEs provided before the surgery.

Statistical analysis

Matched cohorts were evaluated on differences in preoperative,
intraoperative, immediate postoperative, and acute postoperative
outcomes. Study demographics and outcomes were described as
frequency and percentages or means and standard deviations.
Pearson Chi-square tests were used for categorical variables while
Wilcoxon-Mann-Whitney tests were used for continuous variables.
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Table 1
A comparison of baseline characteristics between patients undergoing total joint arthroplasty with and without IVR-adjunct anesthesia.
Characteristics IVR No IVR P value
Age (mean, range) 74 (57-93)y 73 (54-89)y .601
Sex
Female 12 24 999
Male 6 12
Body mass index (mean, range) 28 (20-35) kg/m? 28 (22-34) kg/m? .659
ASA score
2 8 29 .007
3 10 7
Anesthesia type
Spinal 5 6 203
Spinal with block 13 30
Procedure
Total hip arthroplasty 8 16 999
Total knee arthroplasty 7 14
Robotic-assisted total knee arthroplasty 3 6
Preoperative heart rate (mean, SD) 81 (+14) beats/min 84 (+15) beats/min .588
Preoperative systolic blood pressure (mean, SD) 125 (+24) mm/Hg 114 (+20) mm/Hg .106
Preoperative hemoglobin (mean, SD) 13.8 (+1.4) g/dL 13.5 (+1.2) g/dL .653
Preoperative OME given (mean, range) 24 (0-55) OMEs 28 (1-58) OMEs 178

ASA, American Society of Anesthesiology score; SD, standard deviation.

Stata/MP 17.0 (StataCorp, College Station, TX) was used to conduct
the analysis, and P values of less than 0.05 were considered sta-
tistically significant.

Results
Intraoperative outcomes

Primary THA and TKA performed with IVR utilized significantly
less intraoperative sedation (48 mg vs 708 mg of propofol; P <.001)
than those without IVR. Although not significant with the numbers
available, there was a trend toward less narcotic usage (13 mcg vs
39 mcg of fentanyl; P = .07) for the IVR patients. The operating
room time was not different between cohorts (P = .4), and no IVR
cases were intraoperatively abandoned. No significant differences
were noted in maximum heart rate (P =.1) or systolic blood pres-
sure (P = .3), and there were no intraoperative complications in
either cohort (Table 2).

Immediate postoperative outcomes

The overall recovery duration in the PACU was 1.7 hours for IVR
patients and 2.3 hours for controls (P = .4) (Table 3). There
remained no significant difference between cohorts’ maximum
heart rate (P = .4), systolic blood pressure (P = .4), utilization of
OMEs (P =.7), or antiemetics (P =.7). Additionally, pain scores upon
patient arrival to the PACU and final pain scores were not signifi-
cantly different (P > .2).

Acute postoperative outcomes

During the first 24 hours of acute hospital stay, no significant
difference in OME (P =.3) or antiemetic utilization (P =.9) was seen

between IVR and non-IVR patients (Table 4). Similarly, ambulation
distance with physical therapy during the first attempt (P = .5),
hospital length of stay (P =.9), and discharge home (P =.2) were not
significantly different. Two complications (1 patient with post-
operative anemia requiring a gluteal artery embolization and
1 patient with a postoperative hematoma requiring aspiration at
6 weeks) and 1 readmission/reoperation for a periprosthetic hip
fracture at 2.5 weeks after the surgery occurred in the non-IVR
cohort; none occurred in the IVR patients.

Discussion

The use of IVR-adjunct anesthesia represents a novel technology
with the potential to reduce the use of sedative and narcotic
medication during a major elective lower-extremity joint replace-
ment. Less is known about the possible subsequent physiologic,
psychologic, and pain-reduction benefits of a distraction therapy in
this setting. According to our results, patients undergoing THA and
TKA with IVR adjunct to spinal anesthesia required significantly less
sedation and showed a trend toward less narcotics during the
procedure compared to non-IVR controls. Otherwise, postoperative
pharmacologic requirements, pain scores, and 30-day outcomes
were similar between the groups.

The application of the IVR adjunct appeared to be well-tolerated
by THA and TKA patients with intraoperative outcomes such as
operative time, vital signs, and anesthetic complications that were
not different from those of matched non-IVR surgeries. Perhaps the
most encouraging finding was that IVR patients’ maximum heart
rate and systolic blood pressure remained well-controlled
throughout the surgeries, which we believe confirms a calming,
anxiolytic effect of the IVR experience despite significantly less
sedation being utilized. Chan and Scharf found similar decreased
sedation requirements in their pilot study of patients undergoing

Table 2

Intraoperative outcomes of patients undergoing total joint arthroplasty with and without IVR-adjunct anesthesia.
Intraoperative outcomes IVR No IVR P value
Intraoperative maximum HR (mean, SD) 80 (+13) beats/min 6 (+12) beats/min .079
Intraoperative maximum SBP (mean, SD) 134 (+12) mm/Hg 134 (+22) mm/Hg 315
Operating room time (mean, SD) 128 (+22) min 131 (+17) min 373
Intraoperative OME (mean, SD) 1.7 (+3.8) OMEs 1 (+5.5) OMEs 93
Intraoperative propofol sedation (mean, SD) 48 (+27) mg 708 (£293) mg <.001

HR, heart rate; SBP, systolic blood pressure.
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Table 3

Immediate postoperative outcomes in the PACU of patients undergoing total joint arthroplasty with and without IVR-adjunct anesthesia.
Immediate postoperative outcomes IVR No IVR P value
PACU duration (mean, SD) 1.8 (+x1.3)h 23 (+1.8)h 404
Initial pain score (mean, SD) 0.6 (+1.7) 1.2 (+2.4) 329
Final pain score (mean, SD) 1.2 (+1.5) 2.1 (+2.1) 159
Maximum heart rate (mean, SD) 81 (+14) beats/min 85 (+15) beats/min .368
Maximum systolic blood pressure (mean, SD) 150 (+17) mm/Hg 145 (+23) mm/Hg 378
Antiemetics (mean, SD) 6.1 (+2.5) mg 5.5 (+3) mg 738
OMEs (mean, SD) 61 (+44) OMEs 64 (+42) OMEs 645

various hip, knee, and foot procedures [11]. However, the results
were not significant, likely due to inadequate power [11]. In
contrast, a randomized controlled trial by Huang et al. showed no
significant decrease in sedation medication between IVR and non-
IVR THA and TKA cohorts [13]. It is important to note that in this
study, intraoperative sedation needs were self-administered by the
patient, and the treating anesthesiologist provided adjunct anal-
gesia. As seen in our results with IVR patients, the benefits of
reducing sedation requirements may only be evident if the anes-
thesia provider solely controls sedation during the case.

Although it did not reach significance, there was also a trend
toward less narcotic requirements during THA and TKA performed
with an IVR adjunct. Similar pain-mitigating effects of IVR have
been seen in burn victims undergoing physical therapy sessions,
which are crucial for minimizing long-term disability and pre-
venting contractures. Burn patients performing physical therapy
with virtual reality for distraction reported significantly lower vi-
sual analog scores than those without virtual reality. The magni-
tude of pain reduction did not diminish with repeated use of IVR in
subsequent therapy sessions [5]. A randomized controlled trial of
patients with hand injuries undergoing dressing changes also
demonstrated significantly lower visual analog scores with the use
of virtual reality [16]. Preliminary pain and narcotic use reduction
during surgeries performed with IVR is encouraging; however, such
a difference appears to be limited intraoperatively as pain scores
and OMEs in the PACU and during hospitalization were not
different between groups. The study is likely underpowered to
determine such difference; thus, further research will be required
to fully realize if the utilization of IVR during any potential painful
episodes (ie, physical therapy, dressing change, sleeping etc.) could
impact postoperative pain and narcotic requirements.

The immediate postoperative PACU experience of the IVR pa-
tients, including factors like overall time, vital signs, pain medica-
tion/antiemetic usage, and serial pain scores, is noninferior to that
of the non-IVR group indicating at least an equal experience.
Despite less sedation being utilized in the IVR group, we believe the
nondifferent immediate postoperative outcomes may be due to the
relatively quick half-life of the propofol sedation itself (estimated to
be 40 minutes) [17]. A similar amount of time often elapses as the
surgery is completed, dressings are placed, patients are transferred
from the OR bed to a stretcher and transported to the PACU, and

PACU arrival intake is completed by nursing. Given this duration,
the propofol sedation is likely to be worn off in both groups. Any
potential differences in vital signs, pain scores, or medication usage
between the IVR and non-IVR patients may have been less evident.
IVR may also have a role in enhanced recovery programs after
THA and TKA which are known to provide cost-efficient and high-
quality patient care. Patient expectations and motivation are key
components to ensuring their success [18—20]. Additionally, the in-
hospital and 30-day postoperative outcomes between the 2 groups
were also equivocal, with no significant differences in discharge
location or complications, readmissions, or reoperations. Given our
findings of decreased sedation and noninferior acute outcomes, IVR
appears to be a safe, novel adjuvant for the rapid recovery protocol
and/or same-day discharge for outpatient total joint replacements.
The major limitation of our study includes the relatively small
sample size, which can result in inadequate power for insignificant
findings. Patient selection bias is inherent as patients were offered
and eventually self-selected the IVR experience for their surgery.
Despite standardized care pathways, multiple anesthesia providers
and surgeons were involved in the patients’ surgical care episode,
and subjective differences in anesthesia practice and procedural
techniques exist. Furthermore, no blinding can be performed given
the application of the IVR device, and such ongoing interactions may
have also led to differences in the amount of sedation given by the
treating anesthesia providers. It is important to note that no uni-
versally accepted or superior scale of assessing the depth of sedation
and subsequent dosing currently exists [21]. Nevertheless, our
anesthesia practitioners routinely perform anesthesia for a high
volume of THAs and TKAs, and the practice standard is to minimize
sedation based on the response to verbal and tactile stimulation
similar to previously published sedation-assessment methods
[22—24]. Baseline and postoperative mental status or health as-
sessments were not obtained and could further elucidate the benefits
of decreased pharmaceutical requirements between the groups. A
well-powered randomized controlled trials will be needed to further
delineate the potential benefits of IVR in total joint arthroplasty.

Conclusions

In summary, the use of spinal anesthesia with an IVR adjunct to
perform primary THAs and TKAs appears to be well-tolerated and

Table 4

Postoperative outcomes of patients undergoing total joint arthroplasty with and without IVR-adjunct anesthesia.
Acute postoperative outcomes IVR No IVR P value
Antiemetics (mean, SD)* 5.1 (+2.5) mg 5.9 (+5.4) mg 871
Oral morphine equivalents (mean, SD)* 55 (+24) OMEs 64 (+30) OMEs .306
Postoperative day 1 hemoglobin (mean, SD) 10.9 (+1.3) g/dL 10.7 (+1.6) g/dL 427
Ambulation distance on first attempt (mean, SD) 84 (+67) feet 71 (£67) feet .520
Length of stay (mean, SD) 30(+9) h 35(+27)h .898
30-D complications 0 2 .547
30-D readmissions 0 1 .999
30-D reoperations 0 1 999

¢ Antiemetic medication and OMEs administered during the first 24 h of hospital admission.
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associated with less intraoperative sedative medication usage than
spinal anesthesia alone. Additionally, with the numbers available,
the surgical experience with IVR does not lead to worse immediate
and acute postoperative outcomes for interested patients under-
going an elective arthroplasty. The utilization of the IVR adjunct
may be considered a novel, safe anesthetic approach to total joint
arthroplasty, and further investigation is warranted, particularly on
the utility in outpatient total joint programs.
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Virtual Reality for Pain Relief s

in the Emergency Room (VIPER) — a prospective,
interventional feasibility study

T. Birrenbach’, F. Bihimann, A. K. Exadaktylos, W. E. Hautz, M. Miller" and T. C. Sauter?

Abstract

Background: Pain is one of the most common, yet challenging problems leading to emergency department (ED)
presentation, despite the availability of a wide range of pharmacological therapies. Virtual reality (VR) simulations are
well studied in a wide variety of clinical settings, including acute and chronic pain management, as well as anxiety
disorders. However, studies in the busy environment of an adult ED are scarce.

The aim of this study is to explore the feasibility and effectiveness of a VR simulation for pain and anxiety controlin a
convenience sample of adult ED patients presenting with traumatic and non-traumatic pain triaged 2-5 (i.e., urgent
to non-urgent) with a pain rating of > 3 on a numeric rating scale (NRS 0-10).

Methods: Prospective within-subject, repeated measures interventional feasibility pilot study at a Swiss University
ED. The intervention consisted of a virtual reality simulation in addition to usual care. Pain and anxiety levels were
measured using a verbally administered numeric rating scale (NRS) before and after the intervention. Information on
patient experience was collected using established rating scales.

Results: Fifty-two patients were enrolled. The most common pain localisations were extremities (=15, 28.8%) and
abdomen (n=12, 23.1%). About one third of patients presented with trauma-associated pain (n =16, 30.8%). Dura-
tion of pain was mainly acute (< 24 h) (n=16, 30.8%) or subacute (>24 h) (n =32, 61.5%). The majority of patients
were triage category 3, i.e. semi-urgent (n =48, 92.3%). Significant reduction in pain (NRS median pre-VR simulation
4.5 (IQR 3-7) vs. median post-VR simulation 3 (IQR 2-5), p <0.001), and anxiety levels (NRS median pre-VR simulation
4 (IQR 2-5) vs. median post-VR simulation 2 (IQR 0-3), p <0.001) was achieved, yielding moderate to large effect sizes
(Cohen’s d estimate for pain reduction =0.59 (95% Cl 0.19—0.98), for anxiety level on NRS=0.75 (95% Cl 0.34—1.15).
With medium immersion and good tolerability of the VR simulation, user satisfaction was high.

Conclusions: Virtual reality analgesia for pain and anxiety reduction in the busy setting of an ED is feasible, effective,
with high user satisfaction. Further randomized controlled studies are needed to better characterize its impact on
pain perception and resource utilization.

Keywords: Pain management, Anxiety, Virtual reality simulation, Emergency department, e-Health, Telemedicine,
Telehealth

Background
M Maller and TC Sauter contributed equally to this work. Pain is one of the most common prOblems leading to
emergency department (ED) presentation. However, pain
management in the ED remains challenging [1-3]. Many
barriers to effective pain management in the ED have
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been reported, and include the individual pain level of
the patient (e.g., the highly subjective experience of pain)
as an important influencing factor [1, 4]. A wide range
of pharmacological therapies including both opioid and
non-opioid medications exist and are broadly applied in
the ED via different routes of application, yet there are
specific side effects and contraindications to consider [3].
Furthermore, EDs are a major source of opioid prescrip-
tion and thus, in some countries, contribute to the rising
opioid dependency crisis [5, 6]. Non-pharmacological
therapies (e.g. relaxation techniques, traditional distrac-
tion, and transcutaneous electrical nerve stimulation are
recommended as well, but are oftentimes underused in
the busy acute-care setting of an ED [3].

Virtual Reality (VR) affects the visual and the auditory
senses allowing immersion in a virtual world thanks to
a VR headset, giving participants the illusion of “being
there” in the 3 dimensional computer generated world as
if it is a place they are visiting. The mechanism of how
VR works to alleviate pain is only partially known. The
gate control theory postulates pain perception to be
modulated by interaction among different neurons. VR
or other stimuli might lead to a closure of the neural
gateways, thus reducing pain perception [7]. In addition
to distraction [8], there are novel mechanisms for VR
treatment in pain, such as producing neurophysiologic
changes related to conditioning and exposure therapies
[9], or regulating autonomic, affective (mood, anxiety),
and evaluative (subjective pain and enjoyment rating)
responses associated with acute pain [10]. fMRI studies
have demonstrated that VR can reduce pain comparable
to a moderate dose of opioids [11, 12]. The effects of VR
simulations are well studied in a wide variety of clinical
settings, including acute and postoperative [13-21], as
well as chronic pain management [13, 17, 22], neuro-
pathic pain [23], in patients undergoing invasive proce-
dures [22, 24, 25], and for treatment of burn patients [26,
27]. Furthermore, there is a growing body of evidence for
the application of VR simulation especially in the pedi-
atric population (burn pain, painful procedures, chem-
otherapy, anxiety, and palliative care [11, 21, 28-32].
Additionally, VR simulation can be used for the treat-
ment of anxiety disorders [18, 20, 30, 33].

Studies in the busy environment of an adult ED are
scarce [34], and mainly focus on procedural analgesia
during painful medical interventions.

Thus, we conducted a within-subject, repeated meas-
ure interventional feasibility pilot study to investigate:

i) The feasibility of deployment of a VR simulation in
the busy setting of the ED for an adult population
presenting with traumatic or non-traumatic pain >3
on a numerical rating scale (NRS) (0-10).
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ii) The effectiveness of the VR simulation in pain and
anxiety control. Impact of gender and pain location
on response.

iii) The acceptance of the VR simulation in the study
population and patient experience (user satisfaction,
simulator sickness, sense of presence and immer-
sion).

Methods

Study design, setting, and ethical approval

This is a prospective self-controlled interventional feasi-
bility pilot study at the ED of the University Hospital of
Bern, Switzerland. Our ED is a tertiary care centre, caring
for a patient population of around 2 million and treating
over 45,000 adult patients each year with an interdiscipli-
nary team [35, 36].

The study took place from March 22", 2021 until July
9th 2021, during daytime hours depending on availability
of the study investigator.

All patients admitted to the ED were triaged by regis-
tered nurses using the Swiss triage scale, a five-level tri-
age scale with high inter-rater and intra-rater reliability
[37]. Chief complaints, objective parameters (vital signs),
and key questions are used to stratify the risk: 1—Ilife-
threatening emergencies requiring immediate care, 2—
urgent conditions requiring medical evaluation within
20 min, 3 - semi-urgent conditions, requiring medical
evaluation within 2 h, 4 — non-urgent conditions and
5—follow-ups.

This study was classified as a quality evaluation
study by the local institutional review board (Kanton-
ale Ethikkommission Bern (KEK), BASEC-Number
Req-2020-01,266).

Inclusion/exclusion

We recruited a convenience sample (#=52) of adult
(> 18 years of age) ED patients triaged 2—-5 on the Swiss
triage scale, i.e. excluding critically ill/injured patients in
shock, with a pain rating of NRS > 3 on a numeric rating
scale (0—10) who presented to the ED with the following
complaints: traumatic and non-traumatic musculoscele-
tal pain (back, pelvis, neck, extremities), abdominal or
chest pain, or headache.

Exclusion criteria were as follows:

+ Hemodynamically unstable patient (e.g., planned
for admission to the intensive care unit or deemed
unstable by the physician in charge)

+ DPatients without decision-making capacity or with
communication deficits (e.g., hearing loss, patient
unable to communicate in German at a level suffi-
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cient to give informed consent and answer questions
about pain and anxiety)

« Altered mental status (e.g., intoxication, cognitive
impairment, acute confusional state, acute psychosis,
acute stroke, and developmentally delayed patients).

+ History of drug abuse

+ DPatient unable to use VR due to vision problems (e.g.,
blindness or without his/her glasses).

«+ Datient suffering from epilepsy or other sensitivity to
flashing light or motion

+ Pregnancy or other medical condition prone to
severe nausea and vomiting

« Datient suffering from claustrophobia

+ Datients on non-invasive ventilation and patients
requiring oxygen delivered by face mask

+ DPatients requiring droplet, aerosol and contact pre-
cautions

+ Patient with injuries/skin affections (rashes, open
wounds) to face/neck including traumatic brain
injury that prevents the use of the VR headset

« Imprisoned patients

« Patient who participated in this study at a previous
consultation

+ Refusal to participate in the study

Baseline data

Sociodemographic data (gender, age, highest level of
education, need to wear glasses, prior experience with
VR), clinical data regarding pain presentation (locali-
sation, association with trauma or tumor, presence of
neuralgic pain, duration (acute<24 h, subacute>24 h,
chronic>3 months) and triage level according to the
Swiss triage scale) [37] were collected in a survey.

Intervention

The study investigator (FB) informed the patient about
the study aims, handed out the information form and
ensured the absence of contraindications, responded to
the patient’s questions and collected the patient’s free,
informed and expressed consent.

The intervention consisted of the application of the
Healthymind VR simulation (HEALTHY MIND, Paris,
France), using a Pico G2 4 K VR headset (Pico Interac-
tive Inc., San Francisco, California, USA) with resolu-
tion of 1920 x 2160 and a diagonal field of view of 101
degrees and Bose Quiet Comfort 35 II noise-cancelling
headphones (Bose Corporation, Framingham, Massachu-
setts, USA) as an adjunct to usual care in the ED. Pain
medication was administered throughout the patient’s
stay in the ED as it would be during a usual ED visit. In
our ED, analgesia is administered according to a clearly
defined standard and protocol, which was also adhered to
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unchanged during the study. If necessary the VR simula-
tion was interrupted, so that medication (or other medi-
cal interventions) could be provided. The content of the
simulation has been developed by a private company
(HEALTHY MIND, Paris, France) and is a registered
Class I medical device that is commercially available.
The company was not involved in any aspects of the
study. The immersive, but not interactive experience,
consists of a contemplative relaxing landscape accompa-
nied by a sound universe specifically composed to relax
the patient. The patient could choose between either a
forest or beach setting (Supplemental materials Figs. 1
and 2). The duration of the VR simulation was aimed at
20 min. If necessary, the simulation could be interrupted
for important medical procedures or because of patient
preference.

The application was controlled by the study investiga-
tor using an android tablet (Samsung Galaxy Tab A 2019,
4G; Samsung Electronics Co.,Ltd., Suwon, South Korea).
The study investigator (FB) was always present during
the simulation and worked with ED staff as necessary to
ensure the patient was receiving appropriate clinical care
throughout the duration of the intervention.

Primary and secondary outcomes
Primary outcome measures

Pain reduction Effectiveness of the VR simulation on
the patients’ self-assessment of their current pain inten-
sity by a verbally administered numeric rating scale (NRS
from O to 10 integers) immediately pre- and post-inter-
vention. This scale has been demonstrated to be a valid
and reliable tool for the assessment of acute pain in the
ED [38].

Secondary outcome measures

Anxiety reduction Effectiveness of VR simulation on
the patients’ self-assessment of their current anxiety
measured on a verbally administered numeric rating
scale (NRS from 0 to 10 integers) immediately pre- and
post-intervention. Furthermore, the validated Patient-
Reported Outcomes Measurement Information System
(PROMIS®) Anxiety short form 8a (8 Items) was filled
out by the patient immediately before and after the inter-
vention [39, 40].

To evaluate the raw score of the anxiety intensity on the
PROMIS Anxiety short form 8a, the value of the response
options ranging from one to five for each of the eight
items is summarized (raw score ranges from 8 to 40, with
higher scores indicating higher anxiety levels).
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Vital signs Vital signs (blood pressure, heart rate, res-
piratory rate) were collected within a 10-min time-frame
before and after the simulation.

Patient experience

Motion sickness Motion sickness was assessed on a ver-
bally administered numeric rating scale (NRS 0 to 10),
immediately before and after the procedure.

“Visually-induced motion sickness” was assessed with
four-items (nausea, headache, blurred vision, dizziness)
according to the Simulator Sickness Questionnaire (SSQ)
adapted from Kennedy et al. (total score ranges from
1=no simulator sickness to 5=strong simulator sick-
ness) [41].

Sense of presence and immersion Presence and immer-
sion in the virtual world was determined according to
the 6-item questionnaire developed by Slater-Usoh-Steed
(total score ranges from 1=no immersion to 7=full
immersion) [42].

User satisfaction User satisfaction was assessed using a
7-item questionnaire (1: I liked the experience with the
simulation; 2: The headset and headphones were com-
fortable; 3: The audio quality was pleasant; 4: The image
quality was pleasant; 5: The simulation improved my dis-
comfort; 6: I would use this simulation again with these
complaints; 7: I would recommend this simulation to
others. Answers on a Likert Scale from 1=totally disa-
gree to 5 =totally agree) directly after the procedure.

Confounders

Information on the analgesic and anxiolytic medication
administered in the ED was collected from the electronic
patient healthcare dossier (e-care).

Statistical analysis
Data was analysed in Stata® 16.1 (StataCorp, The College
Station, Texas, USA).

Baseline characteristics are presented as numbers and
percentage or median and interquartile range (IQR)
using descriptive statistics as appropriate. Comparisons
between two independent groups (e.g. male vs. female)
were carried out by Chi-square or Wilcoxon rank sum
test depending on variable (categorial or continuous).

Pre- and post-simulation comparisons (e.g. pain) were
performed with McNemars test or Wilcoxon signed rank
test. Incomplete variables are indicated. No data were
imputed. Only complete data pairs could be evaluated.
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A p-value<0.05 was considered significant. There was
no p-value adjustment in this exploratory data analysis.
Effect sizes with 95% confidence intervals (CI) for pain
and anxiety levels before and after the simulation were
determined by Cohen’s d. Effect size was determined
as follows: Cohen’s d<0.5 small, 0.5 — 0.8 moderate,
and >0.8 large.

Results

Recruitment, missing data

A total of 310 ED patients were screened, with in 194
patients meeting eligibility criteria (Flowchart Fig. 1).
After determining eligibility, 28 patients were missed by
the study investigator due to patient undergoing a clini-
cal evaluation, diagnostic study or procedure, 77 patients
had already left the ED, and 37 patients refused to par-
ticipate in the study. Finally, 52 patients were enrolled in
this study, and all but 2 patients included completed at
least 10 min of the VR simulation (two patients required
urgent medical intervention leading to discontinuation of
the simulation after one and two minutes, respectively).

Characteristics of patient population

Baseline characteristics of the patient population are
detailed in Table 1. Overall, 52 patients were recruited,
32 females and 20 males. The most common pain local-
isations were extremities (n=15, 28.8%), abdomen
(n=12,23.1%), head (n=38, 15.4%), back, and chest (each
n=>5, 9.6%). About one third of patients presented with
trauma-associated pain (n=16, 30.8%). No patient pre-
sented with tumor-associated pain. Duration of pain was
mainly acute (<24 h) (n=16, 30.8%) or subacute (>24 h)
(n=32, 61.5%). Over ninety percent of patients were tri-
aged level 3 (n=48, 92.3%). Median pain level before VR
on a NRS from 0 to 10 was 4.5 (IQR 3-7), median anxiety
level was 4 (IQR 2-5). Median anxiety level on the 8-item
PROMIS questionnaire was 14 out of a maximum of 40
points (IQR 11-21), with significant differences between
females (median 18, IQR 12-26) and males (median 12.5,
IQR 9.5-15), p=0.002.

Simulation details

Technical details of the VR simulation are described in
Supplement Table 1. 28.8% of simulations were inter-
rupted at least once, mainly due to medical interventions.
Mean simulation time was 20 min. No significant differ-
ences regarding gender were found.

Pain and anxiety reduction

Significant reduction in pain (NRS median pre-simula-
tion 4.5 (IQR 3-7) vs. median post-simulation 3 (IQR
2-5), p<0.001), and anxiety levels (NRS median pre-
simulation 4 (IQR 2-5) vs. median post-simulation 2
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Screening
n=310 patients

Medical contraindications, n=116
- Patient deemed instable/unsuitable by treating
physician, n=5
- Communication deficits, n=15
- Altered mental state, n=6
- History of drug abuse, n=8
- Epilepsy, n=8
- Pregnancy, n=2
- Severe nausea/vomiting, n=8
- Immobilisation, n=14
- Traumatic brain injury, face/neck affection, n=6
- Pain NRS <3, n=44

\ 4

Eligible
n=194 patients

Organisational dropouts, n=142
- Concurrent appointment/treatment/diagnostic
study, n=28
- Patient already left ED, n=77
- Refusal to participate, n=37

A4

Included
n=52 patients

Fig. 1 Flowchart

(IQR 0-3), p<0.001; PROMIS median pre-simulation 14
(IQR 11-21) vs. median post-simulation 8 (IQR 8-11),
p<0.001) was achieved (Table 2). Effect sizes were moder-
ate to large (Cohen’s d estimate for pain reduction=0.59
(95% CI 0.19—0.98), Cohen’s d estimate for anxiety level
on NRS=0.75 (95% CI 0.34—1.15), Cohen’s d estimate for
anxiety level on PROMIS=1.15 (95% CI 0.72—1.57).

No significant differences in vital parameters were
observed pre- and post-simulation (Supplement Table 2).

Pain and anxiety levels according to gender are detailed
in Fig. 2.

Effects of the VR simulation on pain and anxiety lev-
els (NRS 0-10) according to pain location are detailed in
Fig. 3. No significant differences of the effectiveness of
the VR simulation on pain and anxiety levels according to
gender were found (p =0.324).

Forty-two percent of patients (n=22) received analge-
sics before the simulation, and only 11% (n=6) received
opioids. Compared to males, the proportion of females
receiving pain medications and opioids was significantly
higher (p=0.010 and p=0.040, respectively) (Supple-
ment Table 3). Only three patients received analgesics
during the intervention.

A significant reduction of pain and anxiety levels was
achieved using adjunctive VR (Fig. 4).

Patient experience

Presence and immersion in the virtual world accord-
ing to the questionnaire of Slater, Usoh and Steed was
“medium illusion of being there” (median 3.8 on a scale
from 1 to 7, IQR (2.8-4.7). The 4-item Simulator Sick-
ness Questionnaire in the intervention group revealed
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Table 1 Baseline characteristics of the patient population as a whole and according to gender
Total Gender
Number (n=52) Female (n=32) Male (n=20) P-value
Sociodemographic characteristics
Age, med (IQR) 42 (35.5-55.5) 415 (36-56) 425 (34.5-56) 0.829
Gender, n (%)
Male 20 (38.5) 0 (0.0) 20 (100.0)
Female 32 (61.5) 32 (100.0) 0 (0.0)
Highest education level, n (%)

No formal education 1 (1.9 1 (3.1 0.0

Obligatory 10 (19.2) 4 (12.5) (30.0)

Secondary 18 (34.6) 14 (43.8) (20.0)

Tertiary 23 (44.2) 13 (40.6) 10 (50.0) 0.184
Glasses, n (%) 22 (42.3) 15 (46.9) (35.0) 0.399
Prior experience in VR, n (%) 22 (423) 13 (40.6) (45.0) 0.756
Pain characteristics
Pain localisation, n (%)

Extremities 15 (28.8) 9 (28.1) 6 (30.0)

Abdomen 12 (23.1) 5 (15.6) 7 (35.0)

Head 8 (15.4) 7 (21.9) 1 (5.0)

Back 5 (9.6) 3 (9.4) 2 (10.0)

Chest 5 (9.6) 4 (12.5) 1 (5.0)

Neck 2 (3.8) 2 (6.2) 0 (0.0)

Pelvis 1 (1.9 0 0.0) 1 (5.0)

Other 4 (7.7) 2 (6.2) 2 (10.0) 0324
Trauma-associated pain, n (%) 16 (30.8) 11 (34.4) 5 (25.0) 0476
Tumor-associated pain, n (%) 0 (0.0) 0 0.0 0 (0.0)

Neuralgiform pain, n (%) 1 (1.9 1 3.1 0 0.0 0425
Duration of pain, n (%)

Acute<24 h 16 (30.8) 9 (28.1) 7 (35.0)

Subacute>24 h 32 (61.5) 21 (65.6) Il (55.0)

Chronic> 3 months 4 (7.7) 2 6.2) 2 (10.0) 0.726
Triage level, n (%)

2 (urgent) 2 (3.8) 2 6.2) 0 (0.0

3 (semi-urgent) 48 (92.3) 29 (90.6) 19 (95.0)

4 (non-urgent) 1 (1.9) 0 (0.0) 1 (5.0)

5 (follow-up) 1 (1.9 1 (3.1 0 (0.0) 0.321
Pain level, pre [NRS 0-10], med (IQR) 45 (3-7) 5 (3-7.5) 4 (3-5.5) 0.255
Pain bearable, pre, n (%) 45 (86.5) 27 (84.4) 18 (90.0) 0.563
Anxiety level, pre [NRS 0-10], med (IQR) 4 (2-5) 5 (2-6) 35 (1-5) 0.205
PROMIS anxiety total, pre, med (IQR), [scores 14 (11-21) 18 (12-26) 125 (9.5-14) 0.002
ranging from 8-40J°
Pain level, pre [NRS 0-10], med (IQR) 45 (3-7) 5 (3-7.5) 4 (3-5.5) 0.255

@ Number n=51, due to incomplete questionnaire

Abbreviations: IQR Interquartile range, med Median, PROMIS Patient-Reported Outcomes Measurement Information System

a good tolerability of the VR simulation. Motion sick-
ness measured on a NRS (0-10) was significantly lower
after than before the simulation (median pre-simula-
tion 0.5, IQR 0-3, median post-simulation 0, IQR 0-1,

p<0.001). The overall responses in the user satisfaction
survey were positive. Over half of the patients agreed
to the statement that the simulation helped with their
pain (n=26, 53.1%), and over 90% would recommend
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Table 2 Pain and anxiety levels before and after the VR simulation. Median (IOR) if not mentioned otherwise

Pre Post

N Result N Result P-value
Pain level, [NRS 0-10] 52 45 (3-7) 50 3 (2-5) <0.001
Anxiety level, [NRS 0-10] 52 (2-5) 49 2 (0-3) <0.001
PROMIS anxiety total, scores 51 14 (11-21) 49 8 8-11) <0.001
ranging from 8-40
Pain bearable, n (%) 52 45 (86.5) 48 46 (95.8) 0.125

Abbreviations: IQR Interquartile range, med Median, PROMIS Patient-Reported Outcomes Measurement Information System

the simulation (n=46, 93.9%) (Fig. 5). No significant
differences in user satisfaction were found according to
gender.

Discussion

Summary

In this prospective within-subject, repeated meas-
ure interventional pilot study, adjunctive virtual real-
ity simulation proved to be feasible, effective and safe in
a convenience sample of adult patients presenting with
traumatic and non-traumatic pain, even in the busy set-
ting of an adult ED, to reduce pain and anxiety.

Our patients mainly presented with acute and suba-
cute musculosceletal, and abdominal pain, but also
headache. We could demonstrate a significant pain
and anxiety reduction after the 20 min VR distraction
simulation, regardless of gender. Furthermore, the
simulation proved effective regardless of the admin-
istration of analgesics before the intervention. We
found good tolerability of the VR simulation with a
high user satisfaction.

Recruitment

Mosadegi et al., studied feasibility of an immersive
VR experience in hospitalized patients. Recruitment
in their study proved crucial with only a small num-
ber of patients ultimately able and willing to partici-
pate. Consistent with the “digital divide” for emerging
technologies, they found younger patients were more
willing to participate, a finding we did not replicate
[43, 44]. In the current study, patient recruitment was
much less of an issue. The more advanced VR system
used in the current study may contribute to the higher
patient acceptance. The main reasons for exclusion
were organizational (i.e. concurrent appointment, diag-
nostic study, medical treatment, or the fact that the
patient had already left the ED after consultation). As
we did not want to disturb normal patient diagnostic
and treatment flow in our busy ED with the study inter-
vention, this finding was not unexpected.

Effectiveness on pain and anxiety
The current study found a significant reduction in pain
and anxiety levels through the VR simulation. Our results
confirm the little existing evidence regarding effective-
ness of VR on pain reduction in the ED. Sikka et al. were
the first to study of the effect of VR in ED patients with
acute pain [34]. In their convenience sample of 100 adult
patients presenting to an urban academic ED with undif-
ferentiated pain of at least 3 on a NRS (0-10), around 2/3
of the population were women and African American,
presenting mainly with musculosceletal, abdominal and
back pain. The mean VR application time in their study
was shorter (6.9 +4.4 min). Both their reported pain and
anxiety scores dropped significantly from pre- to post-
intervention (pain 7.16+2.5 to 6.49+2.7, p<0.0001;
anxiety 2.06+0.8 to 1.81+0.8, p<0.0001) with good
tolerability. However, as a main limitation, they did not
provide information regarding concurrent analgesic
medication administered. In our study, we noticed a sig-
nificant reduction of pain and anxiety levels, regardless of
administration of analgesics before the simulation.

Spiegel et al. conducted a prospective randomized con-
trolled study (VR on demand vs. specialized television
program) in hospitalized patients with pain scores of at
least 3 out of 10 on a NRS and achieved a similar level of
pain reduction (mean within-subject difference in imme-
diate pre- and post-intervention pain scores in the VR
group (-1.72 points; SD 3.56), with a significantly greater
pain reduction in the VR group than in the control group
(-0.46 points; SD 3.01) [14]. Although the effect of VR on
pre- and post-simulation pain scoring was statistically
significant, the absolute reduction in pain scores in these
and our patients was relatively small but clinically mean-
ingful. The minimal clinical important difference (MCID)
on the NRS usually lies between 1 and 2 points [45, 46].
A recent study demonstrated that patients perceived a
change of 1.65 points on NRS in their pain severity as
meaningful [47].

We did not find a significant change in physiologi-
cal parameters, in line with the current lack of firm evi-
dence that VR therapy can affect autonomic arousal or
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Fig. 2 Pain and anxiety levels (NRS 0-10) before and after the VR simulation according to gender

demonstrate its analgesic properties through modulation
of these parameters [20].

Increased levels of anxiety can lead to worsening pain
perception, decreased pain threshold and less coop-
erative patients [20, 48]. We found significantly higher
levels of anxiety in women, and such gender differences

have been reported elsewhere [49]. The ability of VR
to remove patients from the anxiety-inducing clini-
cal environment of a busy ED and immerse them in a
relaxing virtual environment reduced both the asso-
ciated pain and anxiety regardless of gender in our
patients. One might also speculate, that VR pain and
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Fig. 3 Pain and anxiety levels (NRS 0-10) before and after the VR simulation according to pain location

anxiety control can potentially help reduce the patients
risk of developing chronic pain or post-traumatic stress
symptoms in the future.

Patient experience
Our simulation was well tolerated, with a low incidence
of side effects such as nausea, headache, blurred vision
or dizziness or motion sickness, in accordance with pre-
vious other reports [20, 21]. The use of calm VR worlds
may have helped minimize simulator sickness in the cur-
rent study.

Strong evidence has also shown that the quality of VR
and the amount of immersion as well as interactivity

delivered by the VR technology directly correlates with
the measured quantity of analgesic effect 8, 9, 48]. Even
though the sense of presence and immersion measured
according to Slater in our patients was medium (prob-
ably due to interruptions, and the busy setting ED), our
simulation still proved to be effective and safe with good
subjective user satisfaction. In comparison to other VR
systems, the interactivity of our simulation was deliber-
ately low, in order not to overburden the VR inexperi-
enced person. Further studies are needed to determine
the optimal degree of presence and immersion as well as
interactivity possible to achieve good results in the busy
setting of an adult ED.
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Limitations

These results need to be interpreted with some reserva-
tions. First, this was a single tertiary care academic center
study with a limited number of participants, that may be
affected by selection bias, and thus have impact on gener-
alizability. Furthermore, as this was a feasibility study, we
included an uncontrolled convenience sample (no rand-
omization or blinding), and results may been influenced

by performance bias. We cannot exclude the novelty
effect of using a previously unknown technique [50],
but other studies have shown VR continued to reduce
pain with repeated use [32]. This research was limited to
patients with a self-reported pain level of 3 or greater on
a NRS but did not control for baseline medication, final
diagnosis, or pharmacological interventions. But note
that we report pre- and post-intervention measures for
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each individual patient, and only three patients received
additional pain medications during the VR.

Although premature to recommend VR as standard of
care in the ED, the current results warrant consideration
of a multicenter study in a larger patient group. Further
comprehensive and structured research is needed to
measure additional confounders and outcomes to iden-
tify optimal use of the VR simulation application in the
ED setting. In addition, studies on the exact mechanism
of action of the VR simulation beyond simple distraction
would be valuable.

Conclusion

VR simulation for pain and anxiety reduction in the busy
setting of an ED is feasible, effective, and safe. Further
and larger randomized controlled studies are needed to
better characterize its impact on pain perception and
resource utilization.
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Abstract

Purpose: To assess the impact of different electronic relaxation devices on common stressful patient symptoms
experienced in intensive care unit (ICU).

Methods: Sixty critically ill patients were enrolled in four relaxation sessions using a randomized cross-over design:
standard relaxation (TV/radio), music therapy (MUSIC-CARE®), and two virtual reality systems using either real motion
pictures (DEEPSEN®©) or synthetic motion pictures (HEALTHY-MIND®©). The goal was to determine which device was
the best to reduce overall patient discomfort intensity (0-10 Numeric Rating Scale (NRS); primary endpoint). Sec-
ondary endpoints were specific stressful symptoms (pain, anxiety, dyspnea, thirst, and lack of rest feeling) and stress
response measured by Analgesia/Nociception Index (ANI). Multivariate mixed-effect analysis was used, taking into
account patient characteristics and multiple measurements.

Results: Fifty patients followed the full research protocol, and ten patients did at least one research planned ses-
sion of relaxation. HEALTHY-MIND® was associated with a significant decrease in overall discomfort, the primary
endpoint (median NRS =4[2-6] vs. 2[0-5]; p=0.01, mixed-effect model), accompanied by a significant decrease in
stress response (increase in ANI, secondary endpoint; p <0.01). Regarding other secondary endpoints, each of the two
virtual reality systems was associated with a decrease in anxiety (p <0.01), while HEALTHY-MIND®© was associated also
with a decrease in pain (p=0.001) and DEEPSEN®© with a decrease in lack of rest (p =0.01). Three incidents (claustro-
phobia/dyspnea/agitation) were reported among 109 virtual reality sessions. Cybersickness was rare (NRS = 0[0-0]).

Conclusion: Electronic relaxation therapy is a promising, safe, and effective non-pharmacological solution that can
be used to improve overall discomfort in alert and non-delirious ICU patients. Its effectiveness depends on technical
characteristics (virtual reality using a synthetic imagined world versus a real world or music therapy alone without
virtual reality), as well as the type of symptoms.
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Key messages

patients.

+ Electronic relaxation therapies are effective supportive care tools for improving stressful symptoms in ICU
+ Effectiveness depends on the type of symptom and the characteristics of the devices.

+ Overall discomfort and adrenergic stress response are more significantly improved by virtual reality using a syn-
thetic imagined world than using a real world or music therapy alone.

Keywords: Virtual reality, Music therapy, Non-pharmacological therapies, Supportive care, Intensive care
.

Introduction

Admission in an intensive care unit (ICU) is associated
with many causes of suffering, related to the illness or
intensive therapies and environment [1, 2]. The conse-
quences can be serious, from the development of an adr-
energic stress response interfering with critical illness
(tachycardia, polypnea, patient/ventilator asynchrony,
agitation, immunosuppression, etc.) [3, 4] to the develop-
ment of a post-intensive care syndrome (PICS), includ-
ing neuro-psychological disorders (anxiety, depression,
post-traumatic stress syndrome) and chronic pain that
delay the return to a social and professional normal life
[5, 6]. The link between suffering in ICU and the devel-
opment of PICS has been highlighted for a long time [7],
leading to conceptualize modern intensive care as the
most humane possible [8, 9]. For all these reasons, sup-
portive care has become part of intensive care, along with
the treatment of organ dysfunctions. In order to prevent
drug-related side effects that can be serious in critically
ill patients [10], current guidelines for the management
of pain, agitation, delirium, immobility, and sleep disrup-
tion (PADIS) suggest to develop non-pharmacological
therapies [1, 11].

Electronic innovative technology has been developed
in medical settings, such as music therapy using pro-
grammable shape and length of music score [12, 13], and
immersive virtual reality (VR), to offer a non-pharmaco-
logical treatment of pain and anxiety [14]. The literature
regarding the use of VR in medical care is beginning to
be abundant, but its use to relieve overall discomfort and
baseline stressful symptoms in ICU has never been the
object of a randomized study.

In this context, we propose to assess the impact of
different electronic relaxation devices to improve ICU
patients’ stressful symptoms, through a cross-over ran-
domized study. The primary goal was to determine
the best technique to improve overall patient discom-
fort (primary endpoint), among 3 different relaxation
devices (VR system with real motion pictures, VR system
with computer-generated pictures, music therapy pro-
vided through a computer and an headset), compared

to a standard relaxation session (TV, radio available at
bedside). Secondary goals were to measure the impact
on 5 of the main stressful symptoms experienced by
ICU patients (pain, anxiety, dyspnea, thirst, and lack of
rest) and on electrophysiological measurement of stress
response using the Analgesia/Nociception Index (ANI)
and usual physiological variables (secondary endpoints).

Material and methods

Ethics approval

This randomized controlled trial (RCT) was approved by
an ethics committee [Comité de Protection des Personnes
Sud-Méditerranée-1 (ID-RCB:2016-A00748-43)] accord-
ing to French law [15] and registered on Clinical Trials
NCT04017299, 12 July 2019. The research was funded
by the French healthcare ministry (Direction Générale
de I'Offre de Soins (DGOS)/General Healthcare Supply
Direction).

Patient population

The trial took place in the medical-surgical ICU of the
University Hospital of Saint Eloi, Montpellier, France,
from July 2019 to December 2019.

All consecutive patients over 18 yo admitted to the
ICU were eligible if they were alert and non-delirious,
following the French validated versions of the Confu-
sion Assessment Method for the ICU (CAM-ICU) [16,
17] and the Richmond Agitation Sedation Scale (RASS)
that had to be>0 [18], and with current organ dysfunc-
tions defined by a Sequential Organ Failure Assessment
(SOFA) score >3 [19].

The exclusion criteria were: patient transferred from
another ICU, dying patients, patients needing hygiene
precautions limiting the access to the headsets, patients
usually treated by antipsychotics or with previous known
cognitive impairment, patients hospitalized for brain
injury, and according to French law [15]: pregnant or
breastfeeding women, patients under tutelage or curator-
ship, patients not registered with the national social secu-
rity system, or who refused to participate.
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Conduct of the study and description of the electronic
relaxation tools

Patients were screened daily for eligibility by investigators
and included in the study after written consent. Patients
underwent four relaxation sessions consecutively, after
randomization of the session order, using a cross-over
design. The cross-over randomized design was chosen to
take into account the possible impact of the session order
on the outcomes, the subjective nature of the measure-
ment, and the possible cumulative effect on memory for
repeated sessions during a short time (intensive care).
The randomization was made by the statistic department.
The randomization table was generated by randomly
drawing the permutations between the 4 interventions
(relaxation sessions). The order of the 4 relaxation ses-
sions was provided via sealed numbered envelopes avail-
able for the ICU investigators who opened the envelopes
after enrolling the patient consecutively. At least one
hour of washout was planned between two sessions. The
four relaxation sessions are described as follows:

o STANDARD SESSION: a relaxation and distraction
period of 15 min during which usual distraction was
chosen by the patient (e.g., television, radio). The
bedroom’s door was kept closed, and any nursing or
medical procedures of care were prevented during
the session.

o MUSIC-CARE® (Paris, France): a 15-min relaxation
session of psycho-musical intervention (music ther-
apy) using the MUSIC-CARE® device. As described
previously [12], this device provides pieces of music
played by musicians, with music score’s components
(tempo, intensity, number of instruments) decreasing
slowly until a minimal stage, and re-increasing just
before the end of the relaxation session (U-shaped
score). The duration of the session is modifiable.
Music therapy was provided through a high-quality
audio headset, the style of music being chosen by the
patient from the range offered by the software avail-
able at each bed-side computer, with the duration of
the session set at 15 min.

o HEALTHY-MIND® VR system (Paris, France): a
15-min relaxation session of VR immersing the
patient into an artificial world created from com-
puter-generated pictures using a software linked to
the Occulus Rift© helmet and a headset. The patient
is able to choose four kinds of environments (beach,
mountain, snow and Japan) using synthetic motion
pictures, breathing exercises and hypnotic speech, as
proposed by the manufacturer.

+ DEEPSEN® VR system (Saint-Didier-au-Mont-d'Or,
France): a 15-min relaxation session of VR, immers-
ing the patient into a series of filmed sequences, using
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an “all-in-one” headset created by the company. The
patient was able to choose the film among four kinds
of videos (Norway, mountain countryside, India, and
Camargue, a quiet seaside in South of France, near
Montpellier) using real motion pictures, breathing
exercises, and hypnotic speech, as proposed by the
manufacturer.

Figure 1 shows an example of virtual reality’s world
and headsets. Headsets and headphones were cleaned

Fig. 1 Examples of virtual reality’s worlds. A.1. ICU patient with
DEEPSEN © Virtual Reality headset. A.2. DEEPSEN®© provides motion
pictures from real environment, here Norway. B.1. ICU patient with
HEALTHY-MIND® Virtual Reality headset. B.2. HEALTHY-MIND©
provides synthetic motion pictures from imagined environment, here
Japan
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before and after each session. Protections were placed
between the device and the patient.

Data handling

After enrollment in the study, a relaxation technique
was proposed to the patient at the time of the day she
or he preferred, from morning to afternoon, in the
order of randomization. At baseline, before starting
the session, the following vital variables were recorded
from the patient’s bedside monitoring: heart rate, blood
pressure, respiratory rate, and Analgesia/Nocicep-
tion Index (ANI). ANI measures heart rate variability
from the bed-side electrocardiographic monitoring of
the patient, providing a number from 0 to 100 through
spectral analysis. This number is an estimation of the
balance between parasympathetic and sympathetic out-
flows: 100 means a high parasympathetic modulation
(low stress level =low risk of suffering) and 0 means
extremely low parasympathetic modulation (high stress
level =high risk of suffering) [20]. Only instant-ANI
(PhysioDoloris© monitor, MDoloris Medical Systems,
Lille, France) was recorded because it provided an anal-
ysis of heart rate variability on 64 s compared to 4 min
for mean-ANI. It had previously been reported that
instant-ANI was more accurate than mean-ANI in ICU
patients [20, 21]. Delirium was assessed before each
session by the CAM-ICU. In the absence of delirium,
the relaxation session was provided and the patient was
asked to report her or his symptoms’ intensity before
and after the session using a large visual Numerical
Rating Scale (NRS) ranging from 0 to 10 (0=no symp-
tom at all; 10 = the worst possible symptom). This scale
is the most valid self-report pain scale in ICU patients
[22] and is therefore the tool recommended to assess
pain intensity in ICU patients who are able to commu-
nicate [1, 23]. Intensities of other stressful symptoms
can also be measured using self-report pain scales such
as the 0—10 NRS [2] and were currently used in studies
investigating thirst [24], anxiety [25, 26], dyspnea [25],
and sleep privation [1]. Overall discomfort (physical
and psychological discomfort) and five current stressful
symptoms were assessed: pain, anxiety, thirst, dyspnea,
and lack of rest. All parameters were recorded again
after the end of each relaxation session.

Statistical analysis

Primary endpoint

Variation in the intensity of overall patient discom-
fort before and after each relaxation session to deter-
mine which technique was the most effective to reduce
discomfort.
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Exploratory secondary endpoints

Secondary endpoint related to patient’s suffering Varia-
tion in the intensity of five stressful symptoms: pain, anxi-
ety, dyspnea, thirst, lack of rest [2]

Secondary endpoints: physiological stress response Vari-
ation in physiological variables (heart rate, arterial blood
pressure, respiratory rate), and ANI, as an electrophysi-
ological parameter related to the stress response.

Safety and feasibility

The intensity of cybersickness (defined as a visuospatial
vertigo associated or not with nausea and vomiting) was
self-reported by the patient after the relaxation session.
The feasibility of the relaxation technique was assessed
by the investigation team using the 0—10 NRS to report
the ease of device installation/setting for the investiga-
tors (from 0 “not easy at all” to 10 “the easiest possible”).
The investigation team collected also any incidents that
occurred during the relaxation sessions.

Number of patients needed to be enrolled

Taking into account the exploratory nature of the study,
the sample size was calculated based on the number of
possible orders of relaxation sessions that was calcu-
lated as follows: 4 types of sessions x 3 x 2=24 possible
orders of sessions. Two different patients were expected
to be enrolled at least for each kind of sequence (i.e., 48
patients), to allow for a homogenous repartition of differ-
ent possible relaxation orders among the studied popula-
tion. To take into account lost to follow-up patients and
missing data, 60 patients were expected to be enrolled in
the study.

Presentation of data and analysis

Description of the data was made using usual descrip-
tive statistics for quantitative variable (mean (standard
deviation) or median [25th—75th percentiles] depending
on the distribution of the data) and for qualitative data
(1, number of data available (frequency in percentage)).
All relaxation sessions were included in intent-to-treat
analysis. Univariate analysis was carried out to compared
data «before» versus «after» each relaxation sessions for
NRS, ANI, and physiological variables, using the Stu-
dent’s ¢ test or the Wilcoxon-Mann—Whitney’s U test
according to the distribution of data.

The comparison of electronic techniques between
them and the standard relaxation session was carried
out by a mixed-effect multivariate analysis, adjusted on
session’s order and significant patient’s characteristics,
to take into account potential biases (fixed factors) and
repeated measurements (patient was considered as the
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random factor). A backward selection was made manu-
ally by removing at each step the variable with the highest
p-value to ultimately keep only the significant variables
(p<0.05) in the model. The type of relaxation technique
and the session order were always maintained in the
model during the selection.

For all statistical tests, a p value of 0.05 was considered
statistically significant. Data were analyzed by an inde-
pendent statistician using the SAS Enterprise Guide ver-
sion 9.4 (SAS Institute, Cary, NC).

Results

Patient baseline characteristics

Among the 277 patients admitted to the ICU during the
study period, 190 were eligible and 60 were enrolled.
Figure 2 shows the study flow chart. Fifty patients (83%)
achieved the full protocol (four relaxation sessions), and
ten patients performed one to three sessions. Reasons
to not perform all sessions were mainly sight problems,
claustrophobia, patients who became too tired or deliri-
ous (CAM-ICU+), or who left the ICU before the end
of the protocol. Patient demographic and medical char-
acteristics are summarized in Table 1. Briefly, patients
were admitted to the ICU for a surgical reason in 58%
and for a medical reason in 42%. Multimodal analgesia
was used preferentially with a minimal use of major opi-
oids and a short duration of sedation in order to optimize
the liberation from invasive mechanical ventilation. Dur-
ing the first session, 18 patients were assisted with high-
flow oxygen therapy, two with non-invasive ventilation
(facemask), and one was intubated; two patients were on
continuous extra-renal replacement therapy; and seven
required vasopressors.

Impact of relaxation sessions on overall discomfort
(primary endpoint)

In univariate analysis, HEALTHY-MIND® VR system
was associated with significant decrease in overall dis-
comfort (median NRS=4 [2-6]) before the session ver-
sus 2 [0-5] after the session, p=0.02). The two other
specific relaxation techniques and the standard relaxation
were not associated with significant changes (Table 2).
These results were confirmed by mixed-effect multivari-
ate analysis, showing that HEALTHY MIND® VR system
was the only relaxation technique associated with a sig-
nificant decrease in overall discomfort (reduction by 0.8
point; p =0.01, mixed-effect model) (Table 3).

Impact of relaxation sessions on five common ICU stressful
symptoms (exploratory secondary endpoints related

to patient’s suffering)

Variation in symptoms’ intensities is shown in Table 2
(univariate analysis) and Table 3 (multivariate analysis).
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HEALTHY-MIND® VR system was associated with a
reduction in pain and anxiety intensities by 0.8 points
compared to the standard relaxation (p=0.001 and
0.004, respectively, mixed-effect model). DEEPSEN® VR
system was associated with a reduction in anxiety by 0.9
point (p=0.004) and a reduction in lack of rest by 1.6
points (p=0.01).

Impact of relaxation sessions on analgesia/nociception
index (ANI) and physiological variables (exploratory
secondary endpoints)

ANI increased significantly after each relaxation session
except for the standard relaxation (univariate analysis,
Table 2). The multivariate analysis showed a significant
change for HEALTHY-MIND® VR system only (estimate
gain+13, p<0.01) (Table 3). Other physiological vari-
ables did not change significantly.

Safety

Incidents were reported in three patients during the 109
VR sessions: self-withdrawal related to claustrophobia
(n=1) or agitation (n=1) and displacement of the head-
set to the nose and mouth associated with tachypnea
and dyspnea (n=1). In all, premature interruptions of
relaxation sessions before the end of the 15-min planned
session occurred in 12/218(6%) sessions (3/54(6%),
4/53(8%), 3/56(5%), 2/55(4%), for the standard relaxa-
tion, HEALTHY-MIND® and DEEPSEN® VR systems,
and MUSIC-CARE®, respectively). Main reasons were
eyesight problems, annoyance, interruptions related to
visit of patient’s relatives, or urgent care. Cyber-sickness
was rarely observed after the use of music therapy or
VR headsets, with a median NRS of dizziness of 0 [0-0].
Five on 56 patients (11%) reported a NRS >4 for dizzi-
ness after a session with DEEPSEN® VR system, 2/53
(4%) after a session with HEALTHY-MIND® VR system,
1/55 (2%) after standard session, and none after MUSIC-
CARE® relaxation. No other serious side effects were
observed. Ten patients (17%) did not complete the four
sessions: three because of discharge from ICU, three
because of fatigue or anxiety, two because of eyesight
problems, one because of the appearance of delirium, and
one who developed claustrophobia.

Feasibility

The placement and use of devices were easy accord-
ing to the investigators (feasibility-NRS of 10 [10;10] for
standard; 10 [9;10] for MUSIC-CARE®; 10 [8;10] for
DEEPSEN®; 10 [8;10] for HEALTHY-MIND®). Investi-
gators were present for the placement and configuration
of headset. Some patients learned their use very quickly
and used it with autonomy after the end of the research
protocol.
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Table 1 Demographic and medical characteristics

Medical characteristics upon admission to ICU

Age (yr) 62 [51-69]
Sex (F/M) 20/40
BMI (kg.m™2) 27 [22-30]
SAPS Il score 36 [28-44]
SOFA score 6 [4-8]
Reason for admission to the ICU
Liver transplant, n (%) 18 (30%)
Post-operative, n (%) 17 (28%)
ARDS, n (%) 6 (10%)
Hemorrhagic shock, n (%) 5 (8%)
Septic shock, n (%) 4 (7%)
Others, n (%) 10 (17%)
Characteristics upon enrolment into the study
RASS level 0[0-0]
CAM-ICU negative, n (%) 60 (100%)
Length of stay in ICU before enroliment (days) 2.7 [1.1-3.6]
Invasive mechanical ventilation before enrollment, n (%) 36 (60%)
Time between extubation and enroliment (hours) 25 [14-42]
Sedation before enrollment, n (%) 36 (60%)
Number of tubes or catheters at inclusion 4 [2-5]
Medical characteristics of patients on the first relaxation session
Mechanical ventilation, n (%) 1 (2%)
Non-invasive ventilation, n (%) 2 (3%)
High flow nasal oxygen therapy, n (%) 18 (30%)
Dialysis, n (%) 2 (3%)
Vasopressors, n (%) 7 (12%)
Sedation at enrollment, n (%) 0 (0%)
Analgesic administration at enrollment, n (%) 45 (75%)
Acetaminophen, n (%) 19 (32%)
Nefopam, n (%) 38 (63%)
Tramadol, n (%) 32 (53%)
Major opioid, n (%) 2 (3%)
Epidural analgesia, n (%) 3 (5%)
Anxiolytic administration at enrollment, n (%) 16 (27%)
Patients’ outcomes
Length of stay in ICU (days) 8.0[5.2-12.1]
Mortality in ICU, n (%) 3 (5%)
Total length of stay in hospital (days) 21.8[12.6-39.3]
Total mortality in hospital, n (%) 7 (12%)

Continuous data are expressed in median [25th-75th percentiles].

BMI Body mass index; SAPS Il Simplified acute physiology score Il; SOFA
Sequential organ failure assessment score; RASS Richmond agitation-sedation
scale; CAM-ICU Confusion assessment method for the ICU; ARDS Acute
respiratory distress syndrome

Discussion

The main findings of this cross-over randomized study
are that using electronic relaxation devices is feasible,
safe, and well tolerated in more than 90% of alert and
non-delirious critically ill patients. Some devices are
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more effective than others to relieve ICU patients from
stressful symptoms. VR with synthetic motion pictures
(imagined world) is the most effective to decrease over-
all discomfort, compared to real world or music therapy
only (primary endpoint). This result is reinforced by a
significantly greater increase in ANI with this kind of
VR compared to other devices. Exploratory secondary
endpoints may explain this result because this relaxation
device was also associated with a significant decrease in
both pain and anxiety, while the other kind of VR (real
world) was associated with a significant decrease in anxi-
ety and lack of rest, but not pain (multivariate analysis).
These findings should be discussed and nuanced by the
fact that some symptoms (pain, anxiety, dyspnea) had a
light intensity (<4/10) in the included population. These
devices could demonstrate different properties in other
populations of ICU patients, and these results should
not discourage further research in patients with moder-
ate to severe pain, anxiety, or dyspnea. Such research is
mandatory because similar relaxation devices may have
different impacts depending on the type of symptoms, as
reported by the present study.

The study highlights also that today pain is not always
the most important stressful symptom in ICU patients,
contrary to other symptoms like thirst. Pain management
has been improved in ICU for many years [27], including
the elaboration of new pain scales [22, 28], the measure-
ment and recognition of pain and related outcomes [29,
30], and the development of practice guidelines promot-
ing multimodal analgesia as the top priority [1]. Pain
could be considered as the cornerstone for improvement
in patient suffering in ICU. However, other symptoms
should be considered [2, 31] and have created more and
more interest, like anxiety [26], dyspnea [32, 33], thirst
[24, 34], and sleep disruption [1]. It should be noted that
for the latter symptom, the intensity of “lack of rest” was
measured in the present study instead of “sleep disrup-
tion” because the relaxation sessions were organized dur-
ing the day and not at night.

There has been an increased interest to use non-phar-
macological strategies to relieve stressful symptoms in
ICU. Listening music was proved to be effective on anxi-
ety [26] while optimizing the ventilator setting was effec-
tive on both anxiety and dyspnea [25] and should even be
encouraged first before escalating analgesia sedation in
mechanically ventilated patients [35, 36]. Sleep and thirst
should be facilitated using a bundle of non-pharmaco-
logical techniques (e.g., earplugs, eyemask, reduction
in noise, light, and care to promote sleep [1], oral swab
wipes, ice-cold water sprays, lip moisturizer, mini mint
ice cubs to minimize thirst [24, 34]).

The present study reports promising results regarding
the use of VR to improve anxiety (both devices), pain
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Table 2 Symptoms, Analgesia Nociception Index, and physiological variables recorded before and after each of the four relaxation

sessions
Type of relaxation techniques
Standard Music care® VR Deepsen® VR Healthy mind®

Symptoms

NRS overall discomfort
Before 4 [2;6] 4 [2:6] 5 [2;6] 4 [2;6]
After 4 [2;5] 25 [1;5] 4 [1.5;5] 2 [0;5]
D 027 0.06 0.21 0.02

NRS pain
Before 2 [0;5] 2 [0;5] 3 [0;5] 25 [0;5]
After 2 [0;5] 1 [0;5] 2 [0;4] 1 [0;4]
p 0.7 0.3 0.12

NRS anxiety
Before 25 [0:5] 3 [0;5] 3 [0;5] 3 [0;5]
After 2 [04] 2 [0;5] 1 [0;4] 1.7 [0;4]
D 0.52 0.32 0.03 0.05

NRS thirst
Before 6 (1,9 6 [1;8] 5 [1;8] 4 [0;7]
After 6 [0;8] 5 [1;8] 4 [0;8] 4 [0;6]
D 0.68 0.53 0.38 093

NRS Dyspnea
Before 15 [0;5] 2 [0,5.5] 2 [0;5] 2 [0;4]
After 1 [0;4] 1 [0;4] 2 [0;5] 0.5 [0;4]
p 0.89 0.13 0.44 0.5

NRS lack of rest
Before 4 [2;6] 5 [2;7] 5 [3;8] 5 [3;8]
After 4 [1;6] 4 [0;5] 2 [1;5] 35 [2;5]
p 049 0.05 <001 0.02

ANl and physiological variables

ANI
Before 62 [48;85] 66 [56;82] 72 [53;80] 67 [51;80]
After 69 [51,82] 82 [65;93] 80 [70,98] 91 [70,98]
p 045 <0.01 <0.01 <0.01

Heart rate (/min)
Before 89 [81;102] 88 [80;102] 87 [78;99] 88 [77;100]
After 92 [79;102] 85 [81;101] 84 [74;98] 92 [80,97]
p 0.88 0.68 0.51 0.69

Respiratory rate (/min)
Before 21 [18;24] 20 [17;26] 20 [17;25] 21 [16;27]
After 22 [18;27] 19 [15;24] 21 [17;26] 20 [16;24]
D 0.74 0.34 0.81 0.14

Systolic blood pressure (mmHg)
Before 134 [120;144] 128 [117;154] 136 [121;151] 134 [118;146]
After 133 [119;146] 127 [113;143] 137 [120;151] 131 [115;148]
p 0.99 051 0.86 0.82

Diastolic blood pressure (mmHg)
Before 72 [65,82] 71 [62,82] 70 [62;81] 73 [65,82]
After 72 [64;79] 66 [61;77] 75 [61;84] 71 [62,81]
D 0.52 0.18 0.38 0.65

The data correspond to a rating from 0 to 10 on a numerical rating scale, where 0 is the best and 10 the worst intensity, and are expressed in median [25th-75th
percentiles]. The p value was calculated via Mann-Whitney-Wilcoxon test for nonparametric data and via Student’s t test for parametric data
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Table 2 (continued)
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The italic, bold values are for significant or trend toward significant p values

Table 3 Multivariate mixed-effect model—benefits of specific electronic relaxation techniques compared to standard relaxation

Gain estimate p Gain estimate p
Overall discomfort ANI
Music care® —04 025 Music care® 0.7 087
VR Deepsen® —0.1 085 VR Deepsen® 85 0,07
VR Healthy mind® —08 0.01 VR Healthy mind® 13 0.006
Standard 0 Standard 0
Pain Heart rate
Music care® -03 023 Music care® 0.1 039
VR Deepsen® —03 0.19 VR Deepsen® —05 0.75
VR Healthy mind® -08 0.001 VR Healthy mind® 10 047
Standard 0 Standard 0
Anxiety Systolic blood pressure
Music care® —-01 07 Music care® 22 07
VR Deepsen® —09 0.001 VR Deepsen® 2.1 05
VR Healthy mind® -08 0.004 VR Healthy mind® 22 08
Standard 0 Standard
Thirst Diastolic blood pressure
Music care® 0.0 0.88 Music care® -2 0.2
VR Deepsen® 00 0.93 VR Deepsen® 18 02
VR Healthy Mind® -03 045 VR Healthy Mind® -03 08
Standard 0 Standard 0
Dyspnea Respiratory rate
Music care® —06 0.06 Music care® —1 04
VR Deepsen® -03 042 VR Deepsen® 05 065
VR Healthy mind® -03 0.39 VR Healthy mind® -2 0.12
Standard 0 Standard 0
Lack of rest feeling
Music care® - 07 0.26
VR Deepsen® -16 0.01
VR Healthy mind® -12 007
Standard 0

This multivariable mixed model was performed to compare different electronic devices between them, dealing with multiple assessments, different orders of
relaxation sessions, and significant patient characteristics. The estimate of the improvement in the self-reported assessment of symptoms'’intensity, Analgesia/
Nociception Index (ANI), and physiological variables was reported for each relaxation device, compared to the standard relaxation session

The italic, bold values are for significant or trend toward significant p values

(imagined world), or lack of rest (real world). Previ-
ous studies reported that music therapy could improve
anxiety [26] and pain in ICU [12, 37]. In the present
study, MUSIC-CARE® was the only device associated
with a possible effect on dyspnea, with a trend toward
significance (decrease of 0.6 additional point, p=0.057,
multivariate analysis, Table 3). In a larger popula-
tion or in patients with higher dyspnea intensity, this
technique may demonstrate significant improvement.
This is consistent with a previous report by our group

that observed significant improvement in ventilatory
parameters with MUSIC-CARE® in intubated patients
during the weaning of mechanical ventilation [12].

The present study reports that devices using both
music and VR could be more effective than music ther-
apy alone on overall discomfort and specific symptoms.
Strong scientific arguments supporting the beneficial
effect of VR have recently spread in medical sphere,
especially for the management of mental health dis-
orders including anxiety [38]. Results are promising
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to manage pain after surgery, severe burns [39, 40], or
before nociceptive procedures [41]. Hypothesis is that
VR, by providing multisensory inputs, deflects atten-
tion into the virtual world and lowers the pain intensity
[42]. Thus, the kind of virtual world may play a role as
suggested by our results. However, patient characteris-
tics that were not investigated in this study (preference
for real or computed generated pictures for example)
should be taken into account as potential bias when
interpreting the results.

The present study is the first randomized study about
VR evaluating the improvement in overall patient base-
line comfort in a mixed medical-surgical ICU, com-
pared to music therapy and standard relaxation. A recent
review on VR in ICU reported 21 studies, mostly of
them being observational, non-comparative, feasibility
studies [43], whose reports are consistent with the pre-
sent study with a completion rate of 74%, (95%CI 51%-
96.0%). In two proof-of-concept studies designed by the
same group, heart rate and blood pressure decreased in
37 patients [44], while respiratory rate and discomfort
decreased in 33 patients [45]. Physiological variables did
not change in the present study. This may be explained by
differences in the severity of critical illness among studied
populations. Usually, physiological variables may change
only a little in critically ill patients compared to behavio-
ral pain scales [46, 47] or heat rate variability devices [20].
Among RCTs, one assessed the type of computer-gener-
ated video (urban versus mountain world versus a video
displayed on the bedroom-TV screen) on 45 patients,
reporting a better restoration feeling with the mountain
world [48], consistently with findings of the present study
that highlights a different impact of VR related to device
characteristics. Three RCTs included 48(24/group) [49],
100(25/group) [50], and 200(100/group) [51] post-cardiac
surgery patients. VR improved significantly sleep [49]
and relaxation [50] but failed to improve anxiety and pain
at rest [50] or during chest drain removal [51]. In the lat-
ter study, VR was compared to nitrous oxide. Another
negative RCT investigated the impact of VR on PICS in
89 patients with COVID-19 [52].

The present study presents some strengths and limi-
tations. Strengths include the prospective recording of
parameters by a research team who assured non-distur-
bance of care during the relaxation time, the cross-over
randomized design, the multivariate analysis that was
performed as a method to compare different electronic
devices between them, dealing with multiple assess-
ments, different orders of relaxation sessions, and the
characteristics of patients that were diverse by nature
in a mixed medical-surgical ICU population, as well as
the measurement of the most common stressful symp-
toms [2] using validated complementary subjective
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and objective tools [20, 22]. Regarding the study limits,
as previously discussed, a lack of power related to only
moderate symptoms intensities could explain the lack of
significance for some results. This study should be repro-
duced in patients with clinically significant symptoms
(i.e., pain, anxiety, dyspnea), and calibrated on each of
these stressful symptoms. However, although the abso-
lute values of symptom improvement were rather small,
it is important to note that all the results pointed in
the same direction: a specific relaxation device, such as
music therapy or VR, can improve self-reported patient
symptoms and patient stress response. Finally, these
results may be biased by the fact that much attention was
paid to enrolled patients during the study: multi-daily
visit, dialogue, taking into account diverse symptoms and
pain, with multiple assessments by nurses and physicians,
followed by frequent multidisciplinary management as
basically performed for pain according to the guidelines.
Also, only a selected group of ICU patients was included;
specifically, they were alert and non-delirious, taken in
charge in a ICU where a strategy of fast liberation from
invasive mechanical ventilation was implemented [35],
including a minimal use of major opioids and sedatives
according to current guidelines [1, 8, 36]. Thus, further
studies are needed to measure the impact of electronic
devices in ICU at a large scale, in multiple centers with
diverse ICU populations and cultures, and to explore all
different characteristics of the devices and their impact
on short and long-term outcomes. Because managing
ICU patients who are often weak or tired is challeng-
ing, these findings could also promote the evaluation
of these innovative devices to help managing diverse
stressful symptoms in other hospital settings or at home,
where they could be easier to implement that in the ICU.
Finally, one important finding highlighted by the explora-
tory part of the study (specific symptom analysis) is that
pain might not be the main stressful symptom in critical
illness. Attention to pain management in ICU has been
placed as the top priority in guidelines for many years
but should not mask other significant stressful symp-
toms. Such symptoms, diverse by nature, deserve further
investigations.

Conclusion

This first RCT investigating different VR devices com-
pared to standard relaxation and to music therapy shows
that VR with computer-generated pictures is the most
effective to improve overall discomfort and to reduce the
physiological stress response in alert and non-delirious
ICU patients. Moreover, the type of virtual world and
music therapy may impact the symptoms differently:
beneficial effects of these new therapies depend on the
device characteristics and the targeted symptoms.
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ABSTRACT

Background Virtual reality is increasingly being used as
an adjunct or replacement to pharmacological analgesia
and sedation during medical procedures.

Methods and results We report the successful use of a
virtual reality device in a highly anxious patient undergoing
lumbar puncture.

Conclusion The case demonstrates how virtual reality
technology may benefit patients undergoing invasive
procedures such as lumbar puncture. Virtual reality may,
therefore, offer an alternative or adjunct to sedation and
analgesia and may reduce the amount of pharmacological
therapy required.

REPORT

A 63-year-old man was referred for assess-
ment of recurrent episodes of collapse. MRI
suggested raised intracranial pressure and the
patient was admitted for an elective lumbar
puncture to assess cerebrospinal fluid and
measure opening pressures. The patient was
also under the care of the adult mental health
team and was being treated for somatoform
disorder with severe anxiety and depression.
On admission, the patient was highly anxious
about his current symptoms as well as the
lumbar puncture procedure. He was identi-
fied as a potential candidate that may benefit
from a virtual reality (VR) device to improve
tolerability and the hospital’s clinical VR team
were contacted for assistance.

The VR system that was chosen was a
Healthy Mind (Paris, France) Pico device with
headphones. The immersive scene within
the software includes a three-dimensional

Underwater immersive environment

Figure 1
as seen by the patient

Figure 2 Patient in left lateral position using
the virtual reality headset and headphones.

natural location, environment-based hypno-
therapy scripts, accompanying music, relax-
ation features to encourage deep breathing,
and distraction techniques to focus attention
away from the clinical procedure. The patient
was given verbal and written information
about the VR device and the potential bene-
fits it may have to him during the procedure.
He was also given the opportunity to try on
the VR headset and headphones before the
procedure commenced and make a choice
as to which immersive scene he might find
the most relaxing during the procedure.
The patient opted for an underwater scene
(figure 1). He was informed that the clinical
team would be able to communicate with him
during the procedure using the text feature of
the device, whereby he would receive written
notifications within the immersive scene (eg,
before local anaesthetic was administered).
The patient was also informed that he could
gain the clinical team’s attention during the
procedure by raising his hand.

The lumbar puncture lasted 20 min and
proceeded without complication (figure 2).
The patient’s well-being was checked regu-
larly throughout the procedure, and he
remained calm throughout. Approximately
10 min into the procedure, the patient fell
asleep and remained so for the duration of
the procedure. Verbal feedback was obtained
about the patient’s experience of the proce-
dure using the VR device and he reported that
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the VR system helped him to forget what was happening
and relax more.

Clinical VR is a rapidly evolving sector with benefits
being applied to a wide range of settings within health-
care. Itis hypothesised that VR reduces pain by providing
an effective distraction away from the painful stimuli that
the patient would otherwise be focused on.'™ This results
in less attentional resources available to process noci-
ceptive signals.’ In addition to a reduction of subjective
pain perception, VR has also been shown to reduce pain-
related brain activity on functional MRIL"®

The case presented here demonstrates how VR tech-
nology may benefit patients undergoing invasive proce-
dures such as lumbar puncture. VR may, therefore, offer
an alternative or adjunct to sedation and analgesia and
may reduce the amount of pharmacological therapy
required.
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Virtual Reality — a new addition to the anxiolytic

armamentarium during implantation of cardiac devices.

Chris Brown*, A Mitchell, P Le Page, A Gibbs

The Allan Lab, Jersey General Hospital
[ @theallanlab

THE ALEAN-LAB

Immersive Research

INTRODUCTION

Pacemaker implantation can be a painful and
anxiety-provoking procedure®. Perioperative pain
and anxiety impact patients’ experiences and are
associated with higher complication rates and
prolonged recovery times.

Through distraction, virtual reality (VR) can
improve the experience of patients undergoing
these procedures, blunting pain perception?.
Further, as the experience of pain is strongly
influenced by psychological and environmental
factors, transporting the patient from the
unfamiliar environment of the operating theatre
to a relaxing and meditative scene can help
alleviate both anxiety and pain3.

We conducted a pilot study to assess the effects
of the use of intra-operative VR in patients
undergoing pacemaker implantation.

Figure 1. Example VR Meditation Scene: Zen Garden
Scene (Image: HealthyMind)

Period  Control VR
(n=8) (n=9)
Anxiety
Overall (STAI) State Pre 87.9(10.5) 82.8(9.2)
Trait Anxiety Index Post 81.9(5.6) 80.4 (5.7)
Change (%) -6.0(-7%) -2.3(-3%)
Pain
Visual analogue score 3.1(1.5) 1.9(1.4)
Sedation
Modified Ramsay score 2.5(1.2) 3.2(1.6)
Comfort
Fell asleep, n 1(13%) 3(33%)
Removed headset due to - 1(11%)
discomfort, n
Local Anaesthetic Use
Mean dose lidocaine 1%, ml (SD) ~ 28.5 (6.0) 28.3(5.3)
Anxiolytic use
Required, n 2 (25%) 1(11%)
Mean dose midazolam, mg 1.8 1.0

Table 1. Results

METHODS

Twenty patients undergoing elective or urgent
pacemaker procedures were screened for
eligibility. Two were excluded (lacking capacity, 1;
visual impairment, 1), and one declined
participation. The mean age was 81.5 years.

The control group (n=8) received standard care:
local anaesthetic (lidocaine 1%) at the pacemaker
implantation site and use of intravenous
midazolam at the operator’s discretion. The
intervention group (n=9) received an immersive
guided meditation in VR (HealthyMind) during
the procedure, in addition to standard care.

The VR experience was controlled using a linked
wireless tablet by the researcher, which also
allowed direct communication with the patient.
The patient was free to remove the headset at
any time.
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RESULTS

Pain & Anxiety:
* Lower reported pain (visual analogue scale;

1.9vs. 3.1);

* Post-procedure anxiety was similar in both

groups (State-Trait Anxiety Index; 80.4 vs 81.9);

Medication use:

* No significant difference in local anaesthetic
use (28.3 vs 28.5 ml of 1% lidocaine);

* Fewer patients required the anxiolytic
midazolam (11% vs 25%);

Comfort:

* Three patients in the VR group (33%) fell
asleep during the procedure, compared with
only one in the standard care group (13%).

* One patient removed the headset during
the procedure due to discomfort related to
the device strap

Physiological monitoring:

* The prerequisite dysrhythmias in patients
undergoing pacemaker implantation
precluded any meaningful interpretation of
HR and HRV-derived stress scores (Figure 2).

There were no significant procedural
complications.

DISCUSSION

This pilot study showed good acceptability of VR
in this demographic of patients and lower pain
scores for those receiving VR anxiolysis. This
work is caveated by small sample size,
heterogeneous study population and multiple
confounding factors. Future studies could include
alternative biometrics, such as galvanic skin
response, as physiological markers of pain and
anxiety.

Figure 3. Patient wearing HealthyMind VR headset
during procedure. (Shared with patient’s consent).
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CONCLUSION

The use cases for VR in healthcare are expanding,
from medical simulation for clinician education
and complex procedure planning to virtual
rehabilitation programmes®.

This pilot study sits alongside a growing body of
evidence supporting the perioperative use of VR®
and demonstrates that VR is a feasible
intervention to reduce pain and anxiety during
the implantation of cardiac devices.

In addition to good tolerability and analgesic
effect, the trend toward reduced medication
requirements with VR suggests that patients will
avoid harm from medication side effects and
recover more promptly after their procedure.
Given the excellent safety profile of VR, there
seems little to lose.
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Figure 2. B-Secur HeartKey continuous heart rate and
Physiological Stress score monitoring.
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