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Abstract

Surgical anxiety creates psychological and physiological stress, causes complications in surgical procedures,
and prolongs recovery. Relaxation of patients in postoperative intensive care units can moderate patient vital
signs and reduce discomfort. This experiment explores the use of virtual reality (VR) cybertherapy to reduce
postoperative distress in patients that have recently undergone cardiac surgery. Sixty-seven patients were
monitored at IMSS La Raza National Medical Center within 24 hours of cardiac surgery. Patients navigated
through a 30 minute VR simulation designed for pain management. Results were analyzed through comparison
of pre- and postoperative vital signs and Likert scale survey data. A connection was found in several physio-
logical factors with subjective responses from the Likert scale survey. Heavy positive correlation existed
between breathing rate and Likert ratings, and a moderate correlation was found between mean arterial pressure
and Likert ratings and heart rate and Likert ratings, all of which indicated lower pain and stress within patients.
Further study of these factors resulted in the categorization of patients based upon their vital signs and

subjective response, providing a context for the effectiveness of the therapy to specific groups of patients.

Introduction

WHEN FACED WITH UPCOMING SURGERIES, patients often
claim a psychological fear of surgical failure, anes-
thesia, or the “unknown.”' A widely accepted cause of
surgical anxiety is the recently increasing demands for effi-
ciency in hospital operations, leading to less time spent by
healthcare professionals to assure patients of their well-
being. Patients also suggest personal reasons for experiencing
surgery-related anxiety, including sociodemographic or
psychological variables, or past surgical experiences.” Pa-
tients under surgical distress can experience adverse effects
on their mental and physiological states, and slowed post-
operative recovery.” Even patients who report rare accounts
of anxiety are susceptible to physiological changes, including
increased respiratory rate, heart rate, blood pressure, vaso-
constriction, and gastric stasis.* Intense forms of surgical
distress can activate the sympathetic nervous system and
downregulate immune functions.’

By addressing this issue, hospitals would improve surgery
outcomes, patient recovery, and patient psychological and
physical well-being. Efforts are currently centered on pre-
operative anxiety. Medical interventions, such as mid-
azolam, and therapeutic attempts, such as music in waiting
rooms, have shown mixed results.®

Virtual reality (VR) methods have been previously ex-
plored for postoperative cases, most of which have fo-
cused on two cases: burn victims and children (see Table 1).
Burn victims have shown to be a popular application of VR
therapy due to the painful nature of postburn physical ther-
apy. Past studies have explored pain management of burn
injuries by measuring pain scores, as well as maximal joint
range of motion immediately and after therapy. Results in-
dicate that post-therapy pain ratings dropped, patients spent
less time thinking about the pain, and a vast majority enjoyed
the simulation. Similarly, distraction techniques have shown
promise in use with pediatric operations. While some stud-
ies show subjective pain measurements decreased under VR
conditions, others show that no measureable differences
were found in either pain or distress, but the simulations were
qualified as distracting.

In this study, we aim to address postoperative anxiety
through the application of VR distraction therapy. Ad-
vancements in technology have allowed the use of VR in
intensive care units (ICUs) to complement standard pain man-
agement techniques. A report by Kho et al. concluded that
VR techniques are promising in their study of the efficacy of
video games as an additional tool in physical therapy ICU
patients.” Another study at the Virtual Reality Medical
Center correlates immersion in a virtual world with patients’

"Hospital General y Regional No. 25 IMSS, Mexico City, Mexico.

2Virtual Reality Medical Center, San Diego, California.
3Virtual Reality Medical Institute, Brussels, Belgium.
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VR FOR PAIN MANAGEMENT IN CARDIAC SURGERY

attention to the virtual environment (VE) as opposed to
pain.® Immersiveness also has been shown to have beneficial
effects on various physiological factors that link to anxiety,
such as heart rate, respiratory rate, skin temperature, and skin
resistance.’

Methodology

Patients (n=67; 25 female, 42 male) in the cardiac surgery
department of IMSS La Raza National Medical Center were
asked to participate in the study. Each patient was moni-
tored in hyperacute units within 24 hours of their cardiac
surgery, which included mitral valve replacement, aortic valve
replacement, tricuspid valve replacement, coronary stent in-
sertion, coronary revascularization, tricuspid plasty, ventric-
ular communication repair, and bridge tricuspid resection.

The clinical team consisted of four physicians, nurses, and
technicians. Procedural instructions were given to the pa-
tients after their admission to the ICU. Consent to participate
and basic demographic information were collected. A clini-
cal professional recorded relevant vital signs and adminis-
tered the presimulation questionnaire to measure patient
discomfort. Once all preliminary data were collected, the

375

physician installed the head-mounted display on the patient’s
head to display a VR simulation. Meanwhile, a projector
emitted the same simulation on the unit wall so the clinical
team could follow along. The simulation consisted of a set of
five cybertherapy environments (developed by the Virtual
Reality Medical Center in San Diego, CA): Cliff, Dream
Castle, Enchanted Forest, Icy Cool World, and Drive, Walk,
Bike. The patient was allowed to explore the VE for
30 minutes. Throughout the simulations, all patients were
conscious, had normal vision, free movement of limbs, and
did not have airway cannulation or hemodynamic disorders.
Postsimulation data were collected through a questionnaire
and vital signs.

Results

Data analysis is composed of comparisons between pre
and post cybertherapy vital signs and subjective scale re-
sults using a Likert scale design. Complications included
a 68 year old female patient who experienced cardiac ar-
rhythmia during treatment, and three patients who presented
signs of nausea and vertigo that interrupted the cyberther-
apy session.
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FIG. 1. Correlation of physiological factors with change in subjective pain measurements. (A) Patients’ initial respiratory

rates and change in subjective responses were measured against each other. Upwards trend line indicates that patients with
higher respiratory rates experienced a larger decrease in their reported pain. (B) Subjects with higher initial heart rates
generally reported a larger decrease in pain post-therapy, while other subjects with lower to normal heart rates indicated
little to no change in pain. (C) Initial mean arterial pressure and change in subjective ratings showed slight positive
correlation. (D) Initial oxygen saturation and change in subjective pain responses showed slight correlation, possibly
explained by the small range of possible oxygen saturation within healthy subjects.
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FIG. 2. Correlation of change in physiological factors with change in subjective pain measurements. (A) Significant
correlation existed between change in Likert scale responses and respiratory rate. (B) A positive sloping trend line for
change in heart rate and change in subjective responses positively supports the calming effect of the simulation. (C) As
opposed to heart rate, a decreasing trend for change in mean arterial pressure and change in Likert ratings indicates the same
pain reducing effect. (D) Change in oxygen saturation and Likert responses showed little correlation, again, most likely due

to the small range of oxygen saturation.

Overall, the results of the therapy were positive (see
Fig. 1). Of the 67 patients, 59 patients (88%) reported a
decreased level of pain experienced post-therapy. The mean
change in the Likert scale was 3.75, which corresponds to a
decrease from ‘‘severe’ to ‘“‘moderate’” or ‘‘moderate’ to
“light.”” Physiologically, 25 patients (37.3%) experienced
reduced heart rates, 35 (52.2%) experienced reduced mean
arterial pressure, and 14 (64%) of 22 patients tested for re-
spiratory rate experienced a reduction.

Respiratory rate measurements were plotted against the
change in subjective responses before and after the therapy
treatment. The correlation had a linear fit, with an R* value of
0.925. Similarly, heart rate and mean arterial pressure were
plotted against the survey responses, showing positive cor-
relation but with much higher variation (R*=0.025 and
R*=0.02 respectively). Oxygen saturation showed similar
trends. However, they were not as substantial as respiratory
rate, heart rate, or mean arterial pressure.

Interestingly, when the changes in the physiological factors
were analyzed against the change in Likert scales, similar
correlations existed (see Fig. 2). Thus, not only is there a trend
in the match between objective and subjective pain mea-
surements, but the level of pain reduction matches as well.

To provide further context to the patients who were pos-
itively affected by the therapy, patients were categorized

using Boolean values based upon their change in responses
(see Fig. 3). For each physiological factor, for example heart
rate, patients were identified with ““improvements in heart

99 ¢

rate and reported survey response,”’ ‘‘improvement in heart
rate, but not survey response,”’ ‘‘improvement in survey
response, but not in heart rate,”” and ‘‘improvement in neither
heart rate nor survey response.”” By categorizing patients
into these groups, a visual representation of the type of pa-
tients that should undergo this therapy can be seen. Re-
spiratory rate was not taken into consideration for this

analysis due to the small sample size.

Discussion

After cardiac surgery, it is common for patients to show
symptoms of worry, apprehension, and depression. The mel-
ancholic state can last many weeks and disrupt recovery, both
psychologically and physiologically. Patient relaxation can
reduce postsurgical pain, improve overall well-being, and
prevent hematomas and other complications. This experiment
has shown that navigating through a VE can reduce psycho-
logical stress. Improvements could be made to the therapy
content or procedure to benefit those who did not report pos-
itive changes in vital signs or discomfort, although we recog-
nize that cybertherapy may not be suitable for some patients.
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FIG. 3. Categorization of patients using Boolean values. (A) Four distinct groups are seen using heart rate and subjective
responses. Notably, those who improved in neither category had initially low heart rates and pain responses, whereas those
who improved in both started with higher values. (B) Three groups are visualized, with patients that improved in MAP and
Likert categories having a wide range of MAP but high pain ratings. (C) As expected, oxygen saturation values were evenly

distributed across the healthy range.

It is evident from past studies to date that presence is an
important factor in delivering pain distraction. Hoffman et al.
describes how immersion and presence enhances distractive
properties of the VE.?° Wiederhold et al. presented com-
parisons of subjects that experienced varying levels of VR
immersion, noting significant differences in not only sub-
jective responses but also physiology.’ Considering the in-
fluence of immersion on the efficacy of pain distraction, a
future improvement to this study could correlate the change
in reported Likert pain ratings to a presence rating.

This is an uncontrolled study, possibly leading to over-
estimation of effectiveness. While not as extensive as a
controlled trial, it is conclusive that there are changes in
physiology before and after the virtual simulation, especially
in the patient-reported discomfort scale. As this study was
performed under real-world clinical conditions, the validity
and clinical utility of the observed data are significant.

VR has shown to be a noninvasive and innocuous pro-
cedure to improve postsurgical distress in ICUs. Using this
technology allows patients to interact at many levels with
the VE, using multiple senses, and encourages them to
become immersed in the virtual world they are experi-
encing. In this way, VR provides an effective medium for
reproducing and/or enhancing the distractive qualities of a
pain treatment. VR in ICUs represent a tremendous social
impact in patients that are in critical condition by acting as
additional support mechanism to avoid and reduce post-
surgical distress.
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