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Abstract

Introduction

Common anesthesia practice for hand surgery combines a preoperative regional anesthetic
and intraoperative monitored anesthesia care (MAC). Despite adequate regional anesthe-
sia, patients may receive doses of intraoperative sedatives which can result in oversedation
and potentially avoidable complications. VR could prove to be a valuable tool for patients
and providers by distracting the mind from processing noxious stimuli resulting in minimized
sedative use and reduced risk of oversedation without negatively impacting patient satisfac-
tion. Our hypothesis was that intraoperative VR use reduces sedative dosing during elective
hand surgery without detracting from patient satisfaction as compared to a usual care
control.

Methods

Forty adults undergoing hand surgery were randomized to receive either intraoperative VR
in addition to MAC, or usual MAC. Patients in both groups received preoperative regional
anesthesia at provider discretion. Intraoperatively, the VR group viewed programming of
their choice via a head-mounted display. The primary outcome was intraoperative propofol
dose per hour (mg - hr''). Secondary outcomes included patient reported pain and anxiety,
overall satisfaction, functional outcome, and post anesthesia care unit (PACU) length of
stay (LOS).
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Results

Of the 40 enrolled patients, 34 completed the perioperative portion of the trial. VR group
patients received significantly less propofol per hour than the control group (Mean (+SD):
125.3 (296.0) vs 750.6 (£334.6) mg - hr'!, p<0.001). There were no significant differences
between groups in patient reported overall satisfaction, (0—100 scale, Median (IQR) 92 (77—
100) vs 100 (100-100), VR vs control, p = 0.087). There were no significant differences
between groups in PACU pain scores, perioperative opioid analgesic dose, or in postopera-
tive functional outcome. PACU LOS was significantly decreased in the VR group (53.0
(43.0-72.0) vs 75.0 (57.5-89.0) min, p = 0.018).

Conclusion

VR immersion during hand surgery led to significant reductions in intraoperative propofol
dose and PACU LOS without negatively impacting key patient reported outcomes.

Introduction

Over 600,000 wrist and hand surgeries were performed in the ambulatory setting in the United
States in 2006 and trends indicate that this figure will grow for years to come [1, 2]. In England,
there is a projected increase of as much as 75% for common elective hand operations such as
trigger finger release in the coming decades [3]. With this increased volume, a focus on outpa-
tient surgery, and an aging surgical population, a focus for optimizing care for these patients
will undoubtedly involve modification to anesthetic practices. One of the most common
approaches of anesthesia for hand surgery is the combination of regional anesthesia and moni-
tored anesthesia care (MAC) [4, 5]. By inhibiting both motor and sensory function, regional
anesthesia provides optimal surgical conditions and effective analgesia throughout the periop-
erative period. With an adequate regional anesthetic, patients undergoing hand surgery would
ideally only require intraoperative sedation for anxiolysis. Commonly, however, patients
undergoing MAC receive doses of intravenous anesthetics such as propofol which may be out
of proportion to their requirements for anxiolysis. This can increase the risk of oversedation
leading to hypotension, upper airway obstruction, apnea, and postoperative neurocognitive
disorders [6-8]. Such excessive sedation can result in serious morbidity. In fact, twenty-one
percent of MAC claims in the Closed Claims Database were related to respiratory depression
due to an overdose of sedative medications [9]. Therefore, an intervention that could reduce
intraoperative sedative dosing could be valuable in preventing adverse events. However, sim-
ply providing less sedatives is not a management strategy likely to be equally valued by patients
and physicians, especially if it comes at the expense of comfort and satisfaction.

Virtual reality (VR) offers a potential means for anxiolysis without the use of sedatives. VR
use has expanded from the entertainment sector to the fields of medical education, rehabilita-
tion, and the management of mental health and chronic pain [10]. VR’s purported benefit in
the management of patients with pain or anxiety is through providing an immersive experi-
ence capable of distracting the mind from processing noxious stimuli. Although VR has been
shown to provide effective anxiolysis for minor procedures such as endoscopy and dressing
changes, currently there is only limited evidence to support VR’s effectiveness during surgery
[11-14]. Given this, we conducted a randomized, controlled clinical trial with the objective of
investigating whether VR immersion could reduce the amount of sedatives administered
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during hand surgery with regional anesthesia and MAC as compared to MAC alone. Our
hypothesis was that intraoperative VR use reduces sedative dosing during elective hand sur-
gery without detracting from patient satisfaction as compared to a usual care control.

Methods
Design

This prospective, open-label, randomized single center study with a two-arm parallel group
design was conducted at Beth Israel Deaconess Medical Center (BIDMC). This study was
approved by the University’s Institutional Review Board (IRB #2018-P000398) and written
informed consent was obtained from all subjects participating in the trial. The individual
whose image in seen in Fig 2 has given written informed consent (as outlined in PLOS consent
form) to publish these case details. The trial was registered prior to patient enrollment at clini-
caltrials.gov (NCT03614325. Principal investigator: Brian O’Gara, Date of registration: August
3,2018). The clinical trial was designed and executed following the Consolidated Standards of
Reporting Trials (CONSORT) guidelines and the Standard Protocols Items: Recommenda-
tions for Interventional Trials (SPIRIT) checklist (Fig 1). The study had no interim analysis,
trial audit or adaptation performed.

Study population

Screening for eligible patients was performed using hand surgery clinic visit referral lists at
BIDMC. Patients were eligible for inclusion if they were an adult (age 18+) scheduled for hand
surgery with regional anesthesia. We excluded patients who were less than 18 years of age,
were undergoing general anesthesia for the procedure, had an active infection or open wound
of the face or eye area, had a history of seizures or epilepsy, planned to wear hearing aids
intraoperatively, had a pacemaker or other implanted medical device, were on droplet or air-
borne precautions, did not speak English, or were likely to require heavy sedation to facilitate a
more invasive surgery according to the surgeon. Eligible patients who provided written,
informed consent were prospectively randomized in a 1:1 allocation with block size of 2 using
the Research Electronic Data Capture (REDCap) randomization module. Randomization was
not stratified, and the study statistician carried out the randomization. Randomization
sequence and block size was concealed from investigators during the study. REDCap is a
HIPAA compliant, web-based application designed to securely and anonymously store data
capture [15]. Due to the nature of the intervention, investigators, participants, and care provid-
ers were not blinded to treatment allocation.

Intervention: Virtual reality immersive relaxation

Patients randomized to the VR immersion group viewed the programming of their choice via
an Oculus Go Standalone MH-A64 VR head-mounted display (Irvine, CA, USA) with Altec
Lansing MZX667-BLK Evolution2 noise cancelling headphones (New York, NY USA) for the
length of the procedure. The software used was VRReliever Version 0.3.4 from XRHealth (Tel
Aviv, Israel). The program has been updated by XRHealth and the comparable application is
now named “PD-810 Mindset.” Patients could select from several immersive 360-degree VR
environments in the “Explore Experience” designed to promote relaxation and calmness, such
as a peaceful meadow, forest or mountaintop (Fig 2). Patients could also listen to guided medi-
tation in the immersive environments or select from a library of videos on a web-based user
interface which was displayed as a theatre screen surrounded by a “starry sky” background.
Patients were allowed to switch between programs during surgery, with assistance from study
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Fig 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
https://doi.org/10.1371/journal.pone.0272030.g001
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Fig 2. A) Image of a study patient using the VR equipment. B) Screenshot of a typical immersive environment with an example of text communication from
study personnel. The individual in this manuscript has given written informed consent (as outlined in PLOS consent form) to publish this image.

https://doi.org/10.1371/journal.pone.0272030.9002

personnel monitoring the experience in parallel with a tablet (Samsung Galaxy Tab A
SM-T590, Seoul, South Korea). Supplemental anesthetics and/or analgesics could be adminis-
tered either upon patient request or at the discretion of the anesthesia provider according to
their clinical judgement. The VR immersion program ran for the duration of the procedure.
At the end of the procedure, the headset and headphones were removed, and standard postop-
erative care commenced.

Control group

Control patients underwent MAC as determined by their anesthesia provider without the
addition of the VR headset or headphones. No investigators were ever assigned to be the anes-
thesia provider of study patients in either group. Study team members were not present in the
operating room to conduct any research activities for control group patients.

Clinical management in both groups

Preoperatively, patients received a brachial plexus nerve block at the discretion of the preoper-
ative regional anesthesia team. All intraoperative anesthetic management was at the discretion
of the treating anesthesia provider. The intraoperative anesthetic for patients in either group
was not formally protocolized, but it should be noted that at our institution MAC typically and
overwhelmingly consists of a titrated propofol infusion. Patients were monitored (i.e. vital
signs, capnography) according to American Society of Anesthesiologists’ standards. Postopera-
tive care including PACU management was conducted according to current BIDMC
standards.

Variables and outcome measurements

Data on preoperative anesthetic management, intraoperative anesthetic and analgesic dosing,
surgical characteristics, intraoperative vital signs and level of airway assistance, other intrao-
perative medications administered, length of PACU stay, postoperative analgesia administra-
tion, and postoperative pain scores were abstracted from electronic medical records.
Demographic data (including, but not limited to age, race, sex, BMI, and comorbidities) was
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also collected. The primary outcome of this study was intraoperative propofol dose per hour
(expressed as mg hr''). Analysis of propofol dose accounting for the length of the procedure
was necessary as the duration of the procedures were not consistent between patients. Second-
ary outcomes included patient reported control of pain and anxiety, and overall satisfaction.
For these outcomes, participants were interviewed in the PACU by study personnel and were
asked to report their level of agreement with statements such as “My pain was well controlled”
and “I felt anxious” via quantifiable slide bars with a scale from 0-100. The full survey is avail-
able in the S2 File. Additional secondary outcomes included intraoperative airway characteris-
tics (obstructed breathing, requirement for an airway adjunct, etc), PACU length of stay
(LOS), postoperative analgesics administered and postoperative pain scores. Lastly, the Dis-
abilities of the Arm, Shoulder and Hand (DASH) questionnaire, an instrument designed to
measure hand disability, was used to assess functional outcome. The DASH score is a validated
patient reported outcome measure which determines a person’s level of hand disability on a
0-100 scale, with 100 indicating the most severe disability [16]. Pre-operative QuickDASH
scores were retrospectively collected from the surgical preoperative assessment to a compare
between pre- and post-operative disability scores. Postoperative DASH scores were obtained
by study personnel via telephone at the time of the surgical follow up visit. To better compare
the pre and post scores, the DASH scores were converted post hoc to QuickDASH scores using
only the common items assessed in both instruments. No binary outcomes were assessed in
this study.

Statistical analysis

A modified intention to treat approach was used. We defined the modified intention to treat
population to include all patients who underwent the surgical procedure and did not withdraw
consent prior to the surgery. Therefore, we have excluded from the analysis 4 subjects in
whom the surgery was never performed (3 subjects from Control group and 1 from VR group)
and two subjects who withdrew consent (both from VR group). Normality assessment was
performed by evaluating the distribution of the variables on histogram and Q-Q plots. We ana-
lyzed the differences between the groups in the medication dosages with a t-test. Additionally,
a sensitivity analysis with a bootstrapped t-test was performed to assess differences in propofol
doses accounting for both the duration of the procedure and the patient’s weight (expressed as
mg kg™' min™"). The bootstrapped methodology with 5000 simulations was used to obtain a
more robust inference after analyzing the distribution of the outcome, as many participants in
the intervention group received zero propofol doses, in attempt of obtaining a more robust
inference. Likewise, the proportion of patients administered any propofol was compared using
Fisher’s exact test. Postoperative outcomes and the results of the PACU survey were analyzed
by Mann-Whitney tests and the frequency at which the medications were administered were
analyzed by Chi-square or Fisher’s exact tests.

We have presented binary data as n (%) and continuous data with medians and interquar-
tile ranges (IQR). We used IBM SPSS Statistics Version 25 for the analysis and considered a
two-sided p-value <0.05 to be statistically significant. The statistical analysis plan was
approved by the authors prior to the collection of results and was previously published in a
methods manuscript [17]. No interim analysis was performed.

Sample size calculation

A previous randomized pilot trial studying VR use in the operating room for orthopedic sur-
gery reported a >50% reduction in propofol dose as compared to control, although these find-
ings were not statistically significant [13]. Based on this data, we conservatively anticipated
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that we may be able to observe a 30% reduction in intraoperative propofol dose between
groups. Using a t-test with a two sided o of 0.05, 80% power, an anticipated propofol dose
reduction of 30% for the intervention group, with mean propofol doses of 155 milligrams hr™*
(standard deviation +45 mg - hr'') and 108.5 mg hr™' (SD +45 mg hr™") we anticipated needing
a sample size of 32 patients. In anticipation of possible drop out, we added 8 patients to the cal-
culated sample size with a total planned enrollment of 40 patients, with 20 patients in each

group.

Results

A total of 1235 patients were screened, of which 84 met eligibility criteria. 44 patients declined
consent for the trial and 40 patients were enrolled between December 2018 and August 2019
(Fig 1). A total of 34 patients (17 in each group) completed the study protocol. Four of the
enrolled patients did not have their surgery performed and 2 patients withdrew from the
study. Of the 34 patients who completed the study protocol, two patients in the control group
and one patient in the VR group were lost to follow-up and were not administered the one-
month postoperative DASH questionnaire. One patient in the VR group refused to participate
in the questionnaire. The patient who refused the follow-up questionnaire still agreed to have
their data analyzed. The data from these patients were included in the analysis of perioperative
outcomes. Follow-up was completed by December 2019 and the trial was then concluded.
Baseline demographics, medical comorbidities, and surgical characteristics were similar
between both groups with the exception of imbalances in the previous use of VR, the duration
of surgery, dose of mepivacaine administered during the preoperative regional anesthetic, and
the number of patients receiving midazolam during the perioperative period (Table 1). These
imbalances did not appear to have a consistent directionality favoring one group or the other
and were deemed unlikely to bias the overall results away from the null. The majority of
patients in both groups underwent preoperative brachial plexus block using bupivacaine and/
or mepivacaine. Two patients from the VR group and one patient from the control group did
not receive a preoperative regional anesthetic due to booking error or regional anesthesia staff
unavailability and thus were given a local block by the surgeon.

Primary outcome: Intraoperative propofol dose per hour

Patients in the VR group received significantly less propofol per hour than those in the control
group (Mean (+SD) VR 125.3 (+296.0) vs control 750.6 (+334.6) mg hr, p<0.001) (Fig 3). VR
group patients also received significantly less propofol as defined in terms of total dose, bolus
dose, and infusion dose (Table 2). A sensitivity analysis for mean total propofol dose relative to
length of the procedure and patient’s weight (expressed as mg kg™ min™) also showed less pro-
pofol was used in the VR group than in the control group (Mean (+SD) 95%CI VR 0.01 (0.03).
0.00-0.03 vs control 0.07 (0.03) 0.06-0.09 mg kg™' min™", p-value based on a bootstrapped
test <0.001). Of note, only 4/17 patients in the VR group received propofol intraoperatively,
whereas every control patient received propofol (Fisher exact test p-value <0.001). Two of the
VR patients who received propofol did not undergo a preoperative regional anesthetic. Of the
remaining two patients in the VR group who received propofol, one was found to have an
inadequate nerve block at the time of incision, and one patient experienced tourniquet pain
during a prolonged operation. All patients in the control group received midazolam either
with regional anesthesia or intraoperatively whereas 13/17 patients received midazolam (stan-
dardized difference = -0.78). Although there were no significant differences found in intrao-
perative intravenous ketamine, fentanyl, or ketorolac use between groups, significantly more
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Table 1. Preoperative characteristics.

Control (n = 17) Virtual Reality (n = 17) Standardized Difference*
Age, years 50.1+11.1 48.7+19.0 -0.09
Female sex 8 (47.1) 5(29.4) -0.37
BMI, kg/m2 28.7£5.2 28.1+4.8 -0.12
Diabetes 4(23.5) 2(11.8) -0.31
Hypertension 6 (35.3) 9 (52.9) 0.36
Dyslipidemia 6 (35.3) 5(29.4) -0.13
Obesity 7 (41.2) 3(17.6) -0.53
COPD 4(23.5) 3(17.6) -0.15
Depression 6(35.3) 3(17.6) -0.41
Anxiety 3(17.6) 2(11.8) -0.17
Previous Use of VR
Never, 13 (76.5) 10 (58.8) 0.74
Once 2(11.8) 3(17.6)
A few times 1(5.9) 4(23.5)
Many times 0(0) 1(5.9)
Procedure Type *
Carpal tunnel 4(23.5) 4(23.5) 0.00
Dupuytren’s contracture 1(5.9) 2(11.8) 0.21
Tendon/ligament repair 5(29.4) 3(17.6) -0.28
Ganglion removal 3(17.6) 3(17.6) 0.00
Ulnar neurolysis/decompression 2(11.8) 4(23.5) 0.31
Mass/cyst excision 3(17.6) 1(5.9) -0.37
Reduction and/or internal fixation 2(11.8) 3(17.6) 0.17
Other 4(23.5) 2(11.8) -0.31
Surgery length, minutes 27.0 (16.5-45.5) 19.0 (12.5-51.0) -1.17
Regional Anesthetic
Supraclavicular 4(23.5) 7 (41.2) 0.38
Infraclavicular 11 (64.7) 8(47.1) -0.36
None/data missing 2(11.8) 2(11.8) -0.35
Bupivacaine, mg 100 (75-100) 100 (67.5-100) -0.21
Mepivacaine, mg 240 (200-300) 200 (200-200) -1.17
Midazolam (preoperative/ intraoperative) 17 (100) 13 (76.5) -0.78

Values are presented as n (%), mean +SD, or median (Q1-Q3) depending on variable type and distribution.

* Multiple bookings per case are possible.

® Calculated as the difference in means or proportions divided by the pooled standard deviation. * Significant imbalance is defined as an absolute standardized

difference > 0.67.

https://doi.org/10.1371/journal.pone.0272030.t001

patients in the VR group received supplemental local anesthesia by the surgeon (7/17 (41.2%)
vs 1/17 (5.9%), p = 0.04).

Patient reported outcomes

Results of the analysis of patient reported outcomes revealed no significant difference in over-
all satisfaction between groups (0-100 scale, Median (IQR) 92 (77-100) vs 100 (100-100), VR
vs control, p = 0.087) (Table 3). Additionally, no significant differences were found in the level
of agreement (0-100) with the prompted statements: “My pain was well-controlled during sur-
gery” (100 (76-100) vs 100 (10-100), p = 0.12), “I felt relaxed during my procedure” (99 (79-
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Propofol total dose, mg/kg/minute

Control Group

B

PACU Length of Stay, minutes

: | -

L
Virtual Reality Group Control Group Virtual Reality Group

Fig 3. A) Propofol mean total dose by group B) PACU median length of stay by group.
https://doi.org/10.1371/journal.pone.0272030.9003

100) vs 100 (100-100), p = 0.06), and “I felt anxious during my procedure” (0 (0-30) vs 0 (0-
2), p = 0.68). Notably, the patients in the treatment group had a median 97% (IQR 79-100)
agreement with the statement “I remember being aware of how I felt while I was in the operat-
ing room” in comparison to 0% (IQR 0-0) (p<0.001) in the control group. The one-month
postoperative QuickDASH scores were not statistically significant between VR and control
groups (20.5 (9.1-40.9) vs 40.9 (27.3-59.1), p = 0.056). A post hoc analysis did not reveal a sig-
nificant difference between pre- and post-operative QuickDASH scores between groups (-7.9
(-21.1-1.2) vs 4.3 (-11.4-16.9), VR vs control, p = 0.22).

Other secondary outcomes

There were no significant differences found between groups with regards to perioperative opi-
oid analgesics administered or PACU pain scores. Intraoperative airway and respiration com-
ments were documented in 14/17 and 15/17 patients in the VR and control groups,
respectively. Respirations were characterized as normal with no need for assistance in 13/17
patients in both groups. One patient in the VR group required an oral airway, and one patient
in the control group required a nasal trumpet for upper airway obstruction. PACU LOS was
significantly decreased in the VR group compared to the control group (Median (IQR) VR
53.0 (43.0-72.0) vs control 75.0 (57.5-89.0) min, p = 0.018) (Table 3, Fig 3). No exploratory
analyses were performed on this data. No unintended harm or effects occurred in either group
during the study.

Table 2. Intraoperative anesthetics administered by group.

Control (n=17) Virtual Reality (n = 17) p Value
Propofol 17/17 (100) 4/17 (23.5) <0.001
Propofol bolus, mg 50 (52.5) 28.5-76.8 19.4 (45.9) 3.0-44.0 0.084
Propofol infusion, mg 306.7 (182.2) 229.6-397.3 74.7 (261.0) 0.0-213.6 0.006
Propofol total dose, mg 356.7 (216.7) 267.4-467.2 94.1 (304.1) 6.8-257.5 0.008
Propofol total dose, mg hr'? 750.6 (334.6) 598.6-911.5 125.3 (296.0) 10.3-267.9 <0.001
Propofol total dose, mg kg'1 min!? 0.07 (0.03) 0.06-0.09 0.01 (0.03) 0.00-0.03 <0.001
Ketorolac 4/17 (23.5) 2/17 (11.7) 0.66

Values are presented as n (%) or mean (SD) 95%CI depending on variable type.
? Primary outcome.

® Sensitivity analysis.

https://doi.org/10.1371/journal.pone.0272030.t002
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Table 3. Postoperative outcomes.

Control (n = 17) Virtual Reality (n = 17) p Value

Overall satisfaction (scale 0-100) 100 (100-100) 92 (77-100) 0.09
Agreement with the following statement (0-100):
My pain was controlled 100 (100-100) 100 (76-100) 0.12
I felt relaxed 100 (100-100) 99 (79-100) 0.06
1 felt anxious 0(0-2) 0 (0-30) 0.36
I remember being aware of how I felt in the OR 0 (0-0) 97 (79-100) <0.001
I would be interested in VR for future surgery 100 (68-100) 100 (69-100) 0.68
PACU pain score (0-10 scale) * 0 (0-0) 0 (0-0) 0.33
Postoperative QuickDASH score b 40.9 (27.3-59.1) 20.5 (9.1-40.9) 0.056
Change in QuickDASH score (post-pre) 4.3 (-11.4-16.9) -7.9 (-21.1-1.2) 0.22
PACU Length of stay, min 75.0 (57.5-89.0) 53.0 (43.0-72.0) 0.018

Values are presented as n(%) or median (Q1-Q3) depending on variable type.
# Multiple measurements per patient.

® The QuickDASH is an 11-item questionnaire regarding hand disability. Higher scores indicate worse disability.

https://doi.org/10.1371/journal.pone.0272030.t003

Discussion

In this randomized controlled trial, patients randomized to VR immersion during hand sur-
gery received significantly less intraoperative propofol compared to a usual care control with-
out significant differences in patient-reported control of pain and anxiety, or overall
satisfaction. Our trial is novel in that it is the first to report a significant reduction in sedative
dosing with VR immersion during hand surgery in adults. To date, only two other studies
have evaluated the effectiveness of VR immersion to reduce sedation dosing during surgery
[13, 14]. Both studies were conducted in patients undergoing hip and knee arthroplasty, and
neither reported significant reductions in propofol dose between VR patients and controls
using either an anesthesiologist-provided or patient-controlled propofol infusion. Another
strength of our study is the inclusion of both objective and patient-reported measures as well
as functional outcomes to provide a comprehensive assessment of VR’s impact on the periop-
erative experience.

Our results revealed that patients in the VR group received an average of 125.3 mg hr™' or
median of 260 mg less propofol per case than patients in the usual care control group. While
this reduction in dose is sizeable and has value as a surrogate marker for oversedation, we were
unable to demonstrate that this reduction reduced the need for airway assistance per group. In
this population, differences in serious but relatively rare adverse outcomes from over-sedation
such as unplanned intubation or aspiration would need to be defined using a much larger sam-
ple. Given such feasibility issues, we opted to focus on the surrogative marker of propofol dose
as the first step in investigating VR’s potential to reduce complications from oversedation. To
more accurately analyze our primary outcome, we performed a sensitivity analysis to assess
mean total propofol dose relative to the duration of the procedure and patient weight with a
bootstrapped t-test which also indicated that the VR group received significantly reduced
doses of intraoperative propofol in comparison to usual care control group. The infrequent
need for propofol and frequent need for supplemental local anesthetics in the VR group
reflects the importance of an adequate regional or local anesthetic when using VR as an
adjunct to anesthesia. Specifically, awake patients using VR may require careful assurance of
an adequate regional anesthetic before surgical incision and supplementation with additional
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local blocks as needed. Conversely, the higher dose of propofol administered to the control
group may have been advantageous in supplementing possible incomplete regional blockade.

Despite receiving significantly less intraoperative propofol sedation, VR group patients did
not have any significant differences compared to usual care group patients in self-reported
assessments of pain, relaxation, anxiety, or overall satisfaction. Although we acknowledge that
lack of a significant difference does not infer equivalence, this combination of findings repre-
sents an outcome that is important to both patients and providers: using VR immersion,
potentially harmful or unnecessary sedation can be avoided without compromising patient
comfort during hand surgery. Furthermore, we observed that VR group patients were dis-
charged from the PACU 22 minutes earlier than control patients. At our institution, there are
typically 10-12 upper extremity surgeries booked per day. Therefore, a reduction in PACU
length of stay of 22 minutes per case could help optimize perioperative efficiency if the tech-
nique were to be used more widely. Finally, in our assessment of postoperative functional
recovery via the QuickDASH questionnaire, a 20-point difference was observed favoring the
VR group but this finding was not statistically significant. As noted above, the minimum clini-
cally important difference for the QuickDASH is 10 points, therefore this finding could have
potential implications for long term postoperative recovery should it be found to be significant
in future trials [18].

A recent meta-analysis of VR use for acute and chronic pain syndromes highlighted several
methodological issues limiting the interpretation of VR clinical trials [19]. Our trial shares
many of these limitations. Study patients were aware of the possibility of receiving reduced
doses of sedatives by being enrolled in this trial. Such willingness for minimal sedation may
not be generalizable to patients who prefer to be sedated and could have affected the results of
our patient-reported outcomes through selection bias. The second major limitation of this
study is that providers in the study were not blinded. We decided against blinding for a couple
of reasons. First, our intention was to compare VR immersion to a usual care control so that
our results would be generalizable to the typical anesthetic experience for hand surgery. We
felt the results of this comparison would be more meaningful to practicing clinicians rather
than by using a comparison group which is not representative of typical anesthetic manage-
ment. Second, we felt the necessary communication regarding program selection between
patients and study members during the procedure would be a constant source of unblinding
which would be difficult to fully eliminate. However, the lack of blinding of providers could
have contributed to the dramatic differences between propofol dosing between groups.
Because of this, we believe it is also important to take into consideration the results of the
patient surveys indicating no significant differences between groups in control of pain or anxi-
ety, or in overall satisfaction. However, due to the nature of the intervention, it is not possible
to blind the participants to the group assignment. Therefore, the responses to the survey could
have been influenced by the patient’s perception that VR would be effective. Because of the
potential for bias to influence both of these outcomes, our results should be interpreted as pre-
liminary and needing validation in future trials. Further, given these major limitations our
results are therefore best suited to describe how the incorporation of VR immersion into cur-
rent anesthesia practice for hand surgery can compare with the standard of care, not to serve
as proof that VR is an effective pain control modality or is superior to other distraction tech-
niques. Such determinations would require carefully blinded studies which also attempt to
control for the placebo effect. Understanding these limitations, we encourage readers to exam-
ine these results with caution and in the context of knowing the unblinded design. Lastly, our
intervention included multiple programs in the interest of offering variety and customizability,
rather than focusing on a specific VR modality like environmental immersion. Therefore, our
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results do not demonstrate which particular VR experience is most effective for this
indication.

In conclusion, our results suggest that VR immersion can reduce intraoperative propofol
dosing and PACU LOS without negatively impacting patient satisfaction during hand surgery
with regional anesthesia. VR use in similar clinical contexts could potentially minimize seda-
tive-related perioperative complications in vulnerable patients and is worthy of further
investigation.
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