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Objectives
Define Virtual Reality (VR)
Mind-body connection
Sympathetic nervous system impact on pain perception
Vagal nerve innervation to induce relaxation
VR application for relaxation and pain
Review of recent research
Challenges of integrating VR into a hospital setting
AR/VR demonstration
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Define Virtual Reality (VR)
Virtual Reality Technology (VRT)
Three-dimensional, computer generated environment that can be explored and
interacted with by a person.
The person becomes part of this virtual world - immersed within this environment- able
to manipulate objects or perform a series of actions.
Implemented using computer technology.
Range of systems that are used for this purpose, such as headsets, omni-directional
treadmills and special gloves.
Stimulate our senses together in order to create the illusion of reality.
VRT takes our physiology into account - Human visual field does not look like a video
frame.
Sense of presence
 Combination of hardware, software and sensory synchronicity that allows the
subject to really feels like they are present in that environment.
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Where do you find VR?
IT ’S NOT JUST FOR VIDEO GAMES ANYMORE!
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There are a wide variety of VR
applications:

ARCHITECTURE

SPORT

MEDICINE

THE ARTS

ENTERTAINMENT

EDUCATION

Wherever it is too dangerous, expensive or impractical to do something in reality,

virtual reality is the answer.
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VIRTUAL ORATOR
Virtual Orator is a virtual reality simulator that
creates the sensation of being in front of an
audience.
Practicing in the same situation for which you are
training: speaking in front of people.
Adjust the venue, audience size and behavior to
fit your training needs; from starting out with a
fear to perfecting that important presentation,
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Augmented Reality
User sees the real world but with the addition of computergenerated images which are overlaid on various objects within
the real world.
They are still aware that they are in the real world as
compared to the full immersion in a virtual world.
Use a device such as a smartphone or a wearable device –
complete with a webcam – which contains software that
recognizes an image and helps displays this onto an object.
(www.tryhealium.com)
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Fig 1. VR-based rehabilitation.

Alemanno F, Houdayer E, Emedoli D, Locatelli M, Mortini P, et al. (2019) Efficacy of virtual reality to reduce chronic low back pain: Proof-ofconcept of a non-pharmacological approach on pain, quality of life, neuropsychological and functional outcome. PLOS ONE 14(5): e0216858.
https://doi.org/10.1371/journal.pone.0216858
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0216858
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https://youtu.be/XW8-t3Dk898

VR for Medical Training
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Virtual reality heritage sites
Virtual reality has been used to construct virtual walkthroughs of these sites which enhances the visitor’s
experience.








Monuments
Stonehenge
Sculptures
Caves
Historical buildings
Archaeological digs
Old towns and villages

SO WHAT???

https://artsandculture.google.com/streetview/mexico-city-metropolitancathedral/9QEyHSnYW7wZIA?sv_lng=99.13301205381003&sv_lat=19.43452477576975&sv_h=17.86781001144141&sv_p=23.063918650442332
&sv_pid=98WZilfEOT6UFlgPcsipJQ&sv_z=1
https://vr.google.com/earth/
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VR and AR for Pain
Current use:
Historical note:

Mind-body connection

The concept that the mind
is important in the
treatment of illness is
integral to the healing
approaches of traditional
Chinese medicine
and Ayurvedic
medicine,dating back
more than 2,000 years.

Several mind and body
approaches ranked among
the top 10 CAM practices
reported by adults in the
2007 NHIS.
The survey found that
12.7 percent of adults had
used deep-breathing
exercises, 9.4 percent had
practiced meditation, and
6.1 percent had practiced
yoga. (NCCAM)
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Pain is a perception and an experience
Pain is not simply an expression of nociception but comprises a multidimensional experience that
considers psychobiology, attentional processes, and expectations of pain resulting from past and
learned pain experiences.
The psychological modulation of pain has been well documented
Emotional state is a large factor in how pain is perceived, with negative emotions enhancing painevoked activity in the ACC and IC
Expecting or anticipating pain without an actual physical stimulus is enough to activate pain-related
areas of the brain such as the SI, ACC, and IC
Expectations and anticipation of pain are also known to be major contributors to placebo analgesia.
fMRI studies have shown that when subjects take part in an attention-demanding task while
experiencing pain, there is decreased pain-related activity in SII, PAG/midbrain, thalamus, and insula.
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Functional Neuroanatomy of Fear and Anxiety
Fear and Anxiety
Response Patterns

( Charney & Deutsch 1996)
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Mindfulness
People who are naturally more mindful report less pain and show lower activation of a specific region of the brain in
response to an unpleasant heat stimulus, according to a new study supported by the National Center for Complementary
and Integrative Health (NCCIH).
Individuals with higher innate mindfulness reported less pain.
Higher mindfulness was associated with greater deactivation of a brain region extending from the precuneus to the
posterior cingulate cortex during exposure to uncomfortable heat.
This part of the brain is involved in attention and subjective emotional responses to sensations.
It plays a role in how you react to what you’re experiencing.
The findings of this study may be useful for the development of better nonpharmacologic approaches to pain
management, such as biofeedback, mindfulness meditation, or behavioral therapies, that specifically target increases in
mindfulness and reductions in the activity of the precuneus/posterior cingulate cortex brain region.
Reference
Zeidan F, Salomons T, Farris SR, et al. Neural mechanisms supporting the relationship between dispositional mindfulness
and pain. Pain. July 12, 2018. Epub ahead of print.
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Meditation affects the brain
The researchers found that participants who meditated during saline administration had significantly lower pain intensity
and unpleasantness ratings compared to those who did not meditate while receiving saline.
Importantly, data from the meditation plus naloxone group showed that naloxone did not block meditation’s painrelieving effects.
No significant differences in reductions of pain intensity or pain unpleasantness were seen between the meditation plus
naloxone and the meditation plus saline groups.
Participants who meditated during naloxone administration also had significantly greater reductions in pain intensity and
unpleasantness than the control groups.
These findings demonstrate that mindfulness meditation reduces pain independently of opioid neurotransmitter
mechanisms. The researchers noted that because opioid and non-opioid mechanisms of pain relief interact synergistically,
the results of this study suggest that combining mindfulness-based and pharmacologic/nonpharmacologic pain-relieving
approaches that rely on opioid signaling may be particularly effective in treating pain.
Reference
Zeidan F, Adler-Neal AL, Wells RE, et al. Mindfulness-meditation-based pain relief is not mediated by endogenous
opioids. Journal of Neuroscience. 2016;36(11):3391-3397.
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Virtual reality may enhance hypnotic response in
those with low hypnotizability.
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Virtual Reality can enhance biofeedback
https://youtu.be/lipuhMB3Luc
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History of VR and Pain
VR has been leveraged for pain management since 1996, when it
was first used to alleviate severe acute burn pain in patients treated
at the Harborview Burn Center in Seattle, Washington.
VR has been shown to provide significant analgesia in many other
acute pain settings, including during wound debridement, dental and
surgical treatments.
More recently, studies have indicated VR to be efficacious for the
treatment of chronic pain
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Virtual Reality and Acute Pain
VR has been studied mostly for treatment of acute pain, primarily in the form of
Distraction Therapy (DT).
Pain requires attention
People have limited capacity for paying attention
A person immersed in a pleasurable VR world has less attention left over for
processing pain signals in the body
Pain reduction of up to 50% - but the effect is short-lived.
Most studies offer little evidence that DT can provide the lasting analgesic benefit
that is needed for chronic pain.
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VR Neuro-Therapy (VRNT)
Distraction-related VR therapies are based on the gate control theory of pain, which postulates that
pain perception can be reduced by refocusing the brain’s attention away from the pain.
Neuroimaging research has shown that

Chronic pain is associated with parts of the brain different from those associated with acute pain
Brain learns to experience pain in a way less and less coupled to nociceptive signals
During chronification the pain experience shifts to a complex set of learned emotional-motivational
components
Brain (CNS) may catastrophize, hypersensitize, or even "expand"/"move" pain, and it may do this long after the
nociceptive source has healed.
For any lasting improvement in chronic pain, therapies must "undo" these maladaptive learning processes
through a relearning approach.
VRNT is a proprietary VR software platform that provides psychological
Chronic pain therapies such as VRNT undo
learning
and help
the brain
a normalized
and that
experiential
training
to chronic
painre-establish
patients to normalize
their pain
baseline for its pain response.
perception.
VRNT is in the developmental stage, and thus not commercially available.
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BACKGROUND:
Medical procedures often evoke pain and anxiety in pediatric patients. Virtual reality (VR) is a relatively new
intervention that can be used to provide distraction during, or to prepare patients for, medical procedures. This
meta-analysis is the first to collate evidence on the effectiveness of VR on reducing pain and anxiety in pediatric
patients undergoing medical procedures.
CONCLUSIONS:
VR research in pediatrics has mainly focused on distraction. Large effect sizes indicate that VR is an effective
distraction intervention to reduce pain and anxiety in pediatric patients undergoing a wide variety of medical
procedures. However, further research on the effect of VR exposure as a preparation tool for medical procedures is
needed because of the paucity of research into this field
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Virtual reality (VR) offers immersive, realistic, three-dimensional experiences that “transport” users to novel
environments. Because VR is effective for acute pain and anxiety, it may have benefits for hospitalized patients;
however, there are few reports using VR in this setting.
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Empathy and Pain Sensation
Empathy has been studied using brain imaging
Empathy and your empathetic state at the time you receive pain - alters the way you feel pain.
Empathy itself, even in the absence of pain, can activate the circuitry involved with pain.
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One size does not fit all
Patient management does not merely
entail acute symptom management

Hospitalized patients may also
experience anxiety, uncertainty, and
boredom exacerbated by a radical
change in living environment and loss
of customary rights and privileges.

In order to care for the whole patient,
hospital providers must consider not
only the biological impact of illness,
but also the psychosocial impact.

However, the dynamic nature of
hospital medicine, coupled with limited
time to spend with individual patients,
pose challenges to offering holistic
inpatient care.
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VR is just a platform.

If VR is a
therapy,
do we need an
evidence-based
“VR Pharmacy”?

What matters are the visualizations themselves; i.e. their
content, duration and quality. We have found that some
patients really like to relax on a beach, while others prefer to
play games. Some want to traverse dynamic environments,
while others seek stationary tranquility. Some like computer
graphics, while others prefer real-life footage.
If VR is a therapy, then we need a “VR Pharmacy” of evidencebased, well-characterized visualizations that clinicians can pull
of the shelf and “prescribe” to individual patients.
Formal way to match patient knowledge, attitudes, beliefs,
and preferences with specific off-the-shelf visualizations.
More high-quality, rigorous, properly powered, adequately
controlled trials to determine which visualizations should be
included in the expanding VR Pharmacy.
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We need to compare VR against an appropriate
“sham” control to really test its benefits
Testing visualizations against appropriate sham controls.
“It is not good enough to test VR in an uncontrolled case series or against no visualization at all.
Instead, we should test new visualizations against different types of controls, such as watching
the same experience on a TV set, or even projecting the image in the VR goggles but without the
immersive, 360-degree panorama (like watching a movie in the goggles with head tracking).”
(Cedar-Sinai VR Researchers)
PROBLEM:
Can we have matched controls?
Pain is a complex experience that integrates memories, emotions, past experiences and a highly
complex neuronal connection
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While the use of VR in the hospital is promising, no study has
yet examined the costs associated with implementing VR in
the hospital setting.

Does VR have
the potential
to be
cost-effective?

Comparing the cost minimization potential of an inpatient VR
therapy program designed for pain management versus
usual care.
Considered costs related to VR therapy implementation,
savings from potential decreases in opioid utilization and
hospital length of stay (LOS), and effects on Hospital
Consumer Assessment of Healthcare Providers and Systems
(HCAHPS) scores and resulting adjustments in Centers for
Medicare & Medicaid Services (CMS) Hospital Value-Based
Purchasing (VBP) payments.
Further investigation is warranted
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Challenges to Hospital Implementation
 Goggles have been described as
Heavy
Hard to fit
Uncomfortable
Difficult to focus

VR goggles may be considered a medical device









Who is responsible for equipment
Where to store equipment
Who troubleshoots
Leaving at bedside or not?
Doctor order or nursing intervention
Documentation
Tracking benefit

Required meticulous cleaning between patients
Application of fresh liners for each use
Provision of a head cap to minimize infection risk
Technical shortcomings may limit the scalability of VR in the hospital and provide opportunities to improve the form factor of current
devices.

Time and equipment availability
Optimally, a disposable device, such as Google Cardboard goggles or Homido clip-on goggles, could be used to minimize
infection risk and logistical concerns, although the current disposable goggles do not yet provide the same immersive
experience as higher-end sets.
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Other considerations…
Motion sickness/vertigo
Risk of falling - ONLY ALLOW PATIENTS TO USE THIS TECH WHILE SITTING/IN BED
Use with caution if at risk for seizure
It doesn’t work for everyone
Beware of violent and inappropriate content – will have the opposite effect you are looking for

37

Safety First…
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Conclusion
Virtual reality technology is widely applied in the field of medicine.
Huge benefits have been reported following its use for
rehabilitation, disability management, surgical training,
psychological diseases therapy and analgesic modality
Virtual reality-based simulators for medical application are widely
used especially in surgery training,
VR and AR for pain management and therapy for psychological
distress is an area that should be explored by nurses
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