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Abstract

Background—US soldiers injured in Iraq, and civilian burn trauma patients are treated at the US
Army Institute of Surgical Research. Burn patients experience extrem pain during wound care, and
they typically receive opioid analgesics and anxiolytics for debridement. Virtual Reality (VR) has
been applied as an adjunct to opioid analgesics for procedural pain. We describe the first use of
ketamine combined with immersive VR to reduce excessive pain during wound care.

Case Report—A 21-year-old male US Army soldier stationed in Irag, and a 41-year-old civilian
male sustained a 13% and 50% total body surface area (TBSA) burn, respectively. Each patient
received 40 mg ketamine intraveneous (1V) for wound care. Using a within-subject design, nurses
conducted half of a painful segment of wound care treatments with no VR and the other half with
immersive VR. Graphic pain rating scores for each of the two treatment conditions served as the
dependent variables.

Results—Compared to ketamine + no VR, both patients reported less pain during ketamine + VR
for all three pain ratings. Both patients rated wound care during no VR as “no fun at all”, but those
same patients rated wound care during virtual reality as either “pretty fun” or “extremely fun”, and
rated nausea as either “mild” or “none”.

Conclusions—Results from these first two cases suggest that a moderate dose of ketamine
combined with immersive virtual reality distraction may be an effective multimodal analgesic
regimen for reducing acute procedural pain during severe burn wound cleanings.
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Introduction

Opioids are the cornerstone analgesics for patients with severe burn and trauma injuries, but
the side effects profile of opioids limit their escalation in dose for acute procedural pain [1-
3]. Opioid side effects include nausea/vomiting, constipation, sedation, interference with
sleep cycles, increased irritability, itching, urinary retention, cognitive impairment,
habituation, respiratory depression, and immunosuppression [4,5]. Opioid analgesia and
opioid side effects both become more pronounced as the opioid dose is increased. The fact
that burn patients typically undergo one or more painful procedures per day, over the course
of weeks or months, makes effective pharmacologic treatment of pain for burn patients
especially challenging. Most burn patients report severe to excruciating pain during wound
care procedures [6-8]. Additionally, excessive pain on the first day can increase expectation
of pain the next day, leading to nocebo hyperalgesia, the functional opposite of the placebo
effect [9].

Ketamine, a nonbarbiturate intravenous (1) analgesic, is commonly used at low doses
either alone or as part of a multimodal approach for treating procedural pain in a number of
patient populations, including physical trauma and severe burn. Ketamine is used to
potentiate opioid analgesia and to allow better pain control without excessive opioid side
effects [10,11]. In these two case studies, we explored the multimodal combination of
ketamine analgesia plus immersive virtual reality (VR), a non-pharmacologic analgesic. The
rationale for adding adjunctive immersive VR to the standard treatment dose of ketamine
was to capitalize on the combined analgesic action of the two treatment modalities.
Ketamine is a pharmacologic analgesic, which works by reducing transmission of neural
nociceptive signals via noncompetitive antagonism of the N-methyl-D-aspartic acid
(NMDA) receptor as well as interactions with other receptors, including opioid, muscarinic,
monoaminergic, and voltage-sensitive calcium channels. Exposing NMDA receptors to
ketamine inhibits neuronal signaling and reduces the number of nociceptive signals
transmitted from the pain receptors to the brain, thereby decreasing pain.

In contrast to the pharmacologic mechanism for ketamine analgesia, immersive VR is
postulated to reduce pain via a non-pharmacologic attentional mechanism [12-16]. Patients
gaze into the VR goggles, interact with a computer generated world, and listen to sound
effects and soothing music in their noise-canceling headphones. The goggles block patients’
view of their hospital rooms, obstruct patients from watching their wound care, and
substitute synthetic computer-generated sight. Noise-canceling headphones block sounds
from the hospital room and substitute more calming music and sound effects. The patient
interacts with the virtual world by throwing snowballs at virtual objects, making it more
immersive and attention-grabbing. According to this logic, pain requires attention and
patients have a limited amount of attention available [17,18]. VR draws a patient’s focus,
leaving less concentration available to process incoming nociceptive signals. In support of
this attention mechanism, analog studies have shown that, on tasks where the primary
objective is to monitor number strings, performance drops significantly when participants
engage in VR [13].
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When VR is used in combination with opioids, researchers consistently find 30-50%
reductions in pain ratings during severe burn wound care, physical therapy, and treatment of
soldiers with combat-related burn injuries [19-24]. In addition, analog laboratory studies
using functional magnetic resonance imaging brain scans have shown large reductions in
pain-related brain activity associated with VR analgesia [16]. Burn patients often receive
moderate doses of opioids during daily burn wound care. When comparing the reduction of
pain-related brain activity of moderate doses of opioid analgesics with brief laboratory VR
treatments, the amount of reduction in pain-related brain activity was similar. Furthermore,
the largest drops in pain scores and pain-related brain activity were observed when VR and
opioids were combined [25].

VR also appears to show a non-pharmacologic dose-response relationship in which more
immersive VR systems (presumed to be more attention-grabbing) reduce pain more
effectively than less immersive VR systems [15,26]. For example, in a between-groups,
double-blind analog pain study manipulating only helmet quality, more immersive wide
field of view VR goggles led to clinically meaningful reductions in pain in two out of three
participants, whereas less immersive, narrower field of view VR goggles led to clinically
meaningful reductions in pain in only one out of three participants [26]. SnowWorld VR
analgesia (University of Washington, Seattle, WA) (http://www.vrpain.com) was
specifically designed for burn patients being treated with traditional opioid pain
medications. Studies using SnowWorld report little or no side effects from either highly
immersive or less immersive VR. We predicted that the multimodal analgesia approach of
combining ketamine (pharmacologic) and immersive VR (non-pharmacologic) analgesia
would reduce pain more effectively than ketamine alone, without increases in VR side
effects.

Patient 1 was a 21-year-old male US Army soldier who was injured while stationed in Irag.
The patient suffered severe electrical burns covering 13% of his body while taking a shower.
He sustained electrical burns to his right thigh (10 cm x 10 cm exit wound on the anterior
right thigh), groin, right chest and flank, right medial upper and lower arm, dorsum of his
left hand, and circumferential burn to the left ring finger. He was taken to Landstuhl
Regional Medical Center in Landstuhl, Germany and admitted to the ICU for evaluation.
The patient was transferred to Brooke Army Medical Center at Fort Sam Houston, Texas
and admitted to the US Army Institute of Surgical Research (USAISR) Burn Center for
initial acute burn care. In keeping with the standard wound care treatment for severe burns,
the patient received frequent dressing changes to maximize wound healing and limit wound
infection.

Patient 2 was a 41-year-old civilian male injured in a building fire in Houston, Texas caused
by Hurricane Ike. The patient’s initial fluid resuscitation was begun at a civilian hospital in
Houston, Texas before evacuation by air ambulance to Brooke Army Medical Center for
initial acute burn care at the USAISR Burn Center. During the fire, the patient sustained
burns covering 50% of his body, including partial and full thickness burns involving the
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face, neck, back, and bilateral upper and lower extremities. This patient also had moderate
inhalation injury.

One 10-minute segment of burn wound treatment was divided into two equivalent 5-minute
wound care segments. Premedication with 40 mg ketamine IV, given approximately 20
minutes prior to wound care, served as the pharmacologic analgesic for this wound care
session. The patients received no VR distraction (standard pre-medication only) during one
of the 5-minute wound care sessions. During the second 5-minute wound care session, the
patients interacted with the virtual world via the immersive VR goggles, shown in Figure 1.

During the two brief pauses in the wound care procedure (once after each 5-minute wound
care period), the patients completed three subjective pain ratings using graphic rating scales
(GRSs) labelled 0-10 with respect to the preceding 5 minutes of wound care. Each patient
was asked to “Please indicate how you felt during the past five minute session by rating your
response on the following scales.” Each question was accompanied by a pictorial example of
the labelled GRS such as the “pain unpleasantness.”

The pain ratings were obtained using the following questions and scales: “How much time
did you spend thinking about your pain during the past five minutes? | thought about my
pain during Virtual Reality (0 = none of the time, 1-4 = some of the time, 5 = half of the
time, 6-9 = most of the time, and 10 = all of the time),” “Rate your worst pain during the
past five minutes during the Virtual Reality (0 = no pain at all, 1-4 = mild pain, 5-6 =
moderate pain, 7-9 = severe pain, and 10 = worst pain),” and “How unpleasant was your
pain during the past 5 minutes during the Virtual Reality? (GRS as shown in Figure 2 and 0
= not unpleasant at all, 1-4 = mildly unpleasant, 5-6 = moderately unpleasant, 7-9 =
severely unpleasant, and 10 = excruciatingly unpleasant).”

The patients were also asked “How much fun did you have during Virtual Reality? (0 = no
fun at all, 1-4 = mildly fun, 5-6 = moderately fun, 7-9 = pretty fun, 10 = extremely fun),”
“To what extent (if at all) did you feel nausea for any reason during Virtual Reality? (10-cm
line with numeric and verbal descriptors: 0 = no nausea at all, 1-4 = mild nausea, 5-6 =
moderate nausea, 7-9 = severe nausea, and 10 = vomit),” and “While experiencing the
virtual world, to what extent did you feel like you went inside the computer-generated
world? (10-cm line with numeric and verbal descriptors: 0 = I did not feel like | went inside
at all, 1-4 = mild sense of going inside, 5-6 = moderate sense of going inside, 7-9 = strong
sense of going inside, 10 = | went completely inside the virtual world).” After the wound
care session with no VR, each patient was asked the same questions but “during Virtual
Reality” was replaced by “without Virtual Reality.” After wound care with no VR, patients
were not asked the question about presence.

Such GRSs have been shown to be valid through their strong associations with other
measures of pain intensity as well as through their ability to detect treatment effects [27,28].
The specific measures used in the current study were designed to assess the cognitive
component of pain (amount of time spent thinking about pain), the affective component of
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pain (unpleasantness), and the sensory component of pain (worst pain). Affective and
sensory pain are two separately measurable and sometimes differentially influenced
components of the pain experience [29]. Gracely et al. have shown ratio scale measures such
as the labelled GRSs used in this study to be highly reliable. In addition, a GRS rating of
“fun” during wound care was taken [19,30].

Both patients utilized the VR system consisting of a Voodoo Envy laptop with NVIDIA
GForce Go 7900 GTX (512 MB) video card, Intel Core 2 Duo (T7400) CPU @ 2.16 GHz, 2
GB RAM @ 994 MHz (Hewlett-Packard, Palo Alto, CA). While in high-tech VR, each
subject followed a predetermined path, “gliding” through an icy three-dimensional (3-D)
virtual canyon (Figure 2). Patients used robot-like articulated arm mounted goggles, which
do not require wearing a helmet and minimize contact with the patients’ face/head (Figure
1).

Each patient scanned the virtual environment and aimed at virtual objects via a computer
mouse. The patients projected virtual snowballs at virtual snowmen, igloos, and penguins
using the mouse trigger button (see http://www.vrpain.com). In addition to the VR
environment scenes and sound effects, auditory background music by recording artist Paul
Simon (http://www.paulsimon.com) was played to enhance the immersion VR effects.
Participants viewed the VR world through a pair of Rockwell Collins SR-80 VR goggles
(Rockwell Collins Optronics, Carlsbad, CA) with a custom-made neoprene blinder on the
top and sides of the viewer. These VR goggles afforded an approximately 80° diagonal field
of view for each of the rectangular eyepieces with 100% overlap between the right and left
eye images. The goggles were held in place near the patient’s eyes by a custom made robot-
like arm goggle holding system.

As shown in Figure 3, patient 1 reported less pain on all three pain measures when distracted
with VR. “Time spent thinking about pain” ratings dropped from 5/10 (half of the time) to
2/10 (some of the time), “pain unpleasantness” ratings dropped from 8/10 (severe) to 2/10
(mild), and “worst pain” ratings dropped from 8/10 (severe pain) to 5/10 (moderate pain). In
addition, wound care was “no fun at all” (0/10) during ketamine + no VR but was
“extremely fun” (10/10) during ketamine + VVR. The patient reported a “moderate sense of
going inside the computer-generated world” during ketamine + VR (presence in VR = 5/10)
and rated nausea during VR as zero.

As shown in Figure 4, patient 2 reported a reduction in all three pain measures during
ketamine + VR as compared with ketamine alone (no VR). The “Time spent thinking about
pain” ratings dropped from 10/10 (all of the time) to 1/10 (some of the time), “pain
unpleasantness” ratings dropped from “moderate” (6/10) to “none” (0/10), and “worst pain”
ratings dropped from “moderate” (6/10) to “mild pain” (1/10). Wound care was “no fun at
all” (0/10) during ketamine + no VR but was “pretty fun” (9/10) during ketamine + VR. The
patient reported a “strong sense of going inside the computer-generated world” (presence in
VR = 9/10) and rated nausea for any reason during VR as mild (1/10).
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Both patients and their wound care nurses noted that they would prefer VR be available for
subsequent dressing changes as they found it to be helpful as an adjunctive modality for pain
control.

Discussion

The present case comparison explores the use of ketamine combined with immersive VR as
a multimodal analgesia regimen. Results from the present report provide preliminary
evidence that ketamine combined with immersive VR is effective for reducing the cognitive,
emotional, and sensory components of moderate to severe acute procedural pain in burn
patients. In addition to reducing pain, patients reported that wound care was either “pretty
fun” or “extremely fun” and rated their illusion of going inside the computer generated
world as either moderate or strong. In these two patients, ketamine plus immersive VR
provided superior pain relief compared to ketamine alone during burn wound care.

Conventional efforts to control procedural pain via opioid analgesics alone can be
problematic. Increased opioid doses are often required and may also increase physical
dependence, ileus, respiratory depression, and opioid-induced hyperalgesia [1,31].
Ketamine, a non-barbituate and non-opioid analgesic, is commonly used at low doses, either
alone or as part of a multimodal approach to treating procedural pain in a number of patient
populations, including physical trauma and severe burn. Ketamine is used to potentiate
opioid analgesics and to allow better pain control without excessive opioid side effects
[10,11]. Adding non-pharmacologic adjunct such as immersive virtual reality to the
multimodal pain regime has potential to reduce pain more than opioids or ketamine alone (or
opioids + ketamine combined), with little or no increase in side effects from the VR.

The substantial limitations of case studies are well known. Case studies are scientifically
inconclusive by nature [32]. Although case studies are a good way to introduce descriptions
of innovative techniques, evidence for effectiveness requires larger clinical studies, for
example, randomized controlled clinical studies where patients and ideally researchers are
kept blind to some experimental manipulations, to help control for placebo effect and
demand characteristics. Future clinical research involving a randomized controlled study
might explore whether ketamine combined with a more highly immersive VR system (e.g.,
using wide field of view VR goggles) is more effective than ketamine combined with a less
immersive VR system (e.g., using lower field of view VR goggles) [33]. Experimentally
manipulating the immersiveness of the VR system will lead to a better understanding of the
relation between VR and pain, helping us improve nonpharmacologic analgesia. Since
patients will not know the immersiveness of the VR system is being manipulated, findings
could greatly reduce the viability of a demand characteristics/placebo effect explanation for
VR pain control. To determine the clinical implications of VR analgesia, research will be
needed to assess whether VR remains effective for pain management with repeated use and
more clinically relevant treatment durations. Further research may determine whether VR
distraction generalizes to reducing acute pain during other painful medical procedures.
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Excessive acute pain during medical procedures for burn injuries remains a widespread
medical problem in the veteran, military, and civilian health care systems. Additional
research on how to reduce excessive acute procedural pain is needed.
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Figure 1.
US Army soldier receiving immersive virtual reality (VR) to reduce his pain during severe

burn wound care. The unique robot-like arm mounted VR goggles designed by Hoffman and
built by Jeff Magula at the University of Washington, Seattle, holds the VR goggles near the
patient’s eyes weightlessly, reducing the amount of surface contact (if any) needed with the
patient. Photo and copyright Hunter Hoffman.
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Figure2.
SnowWorld. A screenshot of what patients see in the goggles during immersive virtual

reality pain distraction. World designed/developed by Hoffman and Patterson, University of
Washington, Seattle, and software created by world builders at Firsthand. Image captured by
Firsthand Technologies, copyright Hunter Hoffman.
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Figure 3.
Patient 1 pain ratings. Compared with ketamine + no virtual reality (VR) (shown in dark

gray), patient 1 reported large reductions in pain unpleasantness during ketamine +
immersive VR (shown in light gray) during severe burn wound care of burn injury.
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Figure4.
Patient 2 pain ratings. Patient 2 reported large reductions in pain during virtual reality (VR)

(shown in light gray) compared with no VR (shown in dark gray) during burn wound care of
a severe burn injury resulting from a house fire during Hurricane lIke.
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