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Introduction

Epidemiological surveys suggest that approximately 8-9% of individuals in the
general population are at risk for developing PTSD at some point during their life-
times (Breslau 2001; Hidalgo and Davidson 2000; Kessler 2000; Kessler et al.
1995). A more recent epidemiological study suggests that the lifetime prevalence
rate of PTSD is 3.4% in men and 8.5% in women (McLean et al. 2011). Research
suggests that certain populations are at increased risk for developing PTSD, such as
sexual assault survivors (Amstadter et al. 2008), disaster relief workers (Duckworth
1986; Durham et al. 1985; Harvey-Lintz and Tidwell 1997; Marmar et al. 1999;
1996; North et al. 2002; Rosenczweig et al. 2002), and military service members
(Dohrenwend et al. 2006; Prigerson et al. 2001). The deployment of approximately
2.6 million U.S. military service members to combat theaters in [raq and Afghanistan
(Institute of Medicine 2012) has lent a new urgency to efforts to expand and refine
existing treatment approaches. These efforts are essential given that current esti-
mates suggest that 5-25% of service members experience PTSD symptoms follow-
ing deployment to Iraq or Afghanistan (Hoge et al. 2004; Milliken et al. 2007).
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The Current State of PTSD Treatment

The following section will review the literature on current evidence-based treatments for
PTSD, with particular reference to recommendations made by expert treatment guide-
lines regarding which treatment modalities should be offered as first-line approaches.

Medications

Although pharmacotherapy is one of the most widely utilized treatments for PTSD,
expert treatment guidelines for PTSD have come to different conclusions regarding
the strength of the evidence supporting the use of pharmacotherapy as a first-line
PTSD treatment. The US Institute of Medicine’s (2008) report assessing the evidence
in support of various treatment modalities for PTSD concluded that the evidence for
all classes of drugs reviewed was inadequate to determine efficacy in the treatment of
PTSD. The most recent clinical practice guidelines commissioned by the UK National
Institute for Clinical Excellence (2005) recommended that medications be considered
a second-line treatment for PTSD, behind cognitive-based therapies, which were rec-
ommended as first-line treatments. In contrast, other organizations have concluded
that the evidence supports the use of specific classes of medications as first-line
treatments for PTSD (American Psychiatric Association Practice Guidelines 2004;
Foa et al. 2009), and the most recent US Institute of Medicine report (2012) on the
treatment of PTSD in military and veteran populations found that there is reasonably
strong evidence to support the use of selective serotonin reuptake inhibitors (SSRIs)
in PTSD. The largest number of randomized clinical trials have been conducted on
SSRIs, and in general, most guidelines are in agreement that the evidence is strongest
for this particular class of drugs. For example, joint practice guidelines for PTSD
issued by the US Department of Veterans Affairs and Department of Defense con-
cluded that good evidence was found that SSRIs improve important health outcomes
and recommended that clinicians provide SSRIs to eligible patients. In addition, two
SSRIs, sertraline and paroxetine, have received approval by the US Food and Drug
Administration as indicated treatments for PTSD. Although fewer studies have been
conducted on the use of selective norepinephrine reuptake inhibitors (SNRIs), some
practice guidelines, such as those issued by the US Department of Veterans Affairs
and Department of Defense, and the International Society for Traumatic Stress
Studies (Foa et al. 2009), have concluded that good evidence also exists for this class
of drugs and have recommended them as first-line treatments.

Evidence-Based Psychotherapies

Although expert treatment guidelines differ in their conclusions regarding the effi-
cacy of pharmacotherapies, treatment guidelines are in unanimous agreement that
exposure therapies, which are typically classified as forms of cognitive-behavioral
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therapy (CBT) are effective treatments for PTSD following diverse types of trauma
(Bisson et al. 2007; Bradley et al. 2005; Harvey et al. 2003; Schnurr et al. 2007).
Indeed, expert treatment guidelines for PTSD published for the first time in 1999
recommended that exposure therapy should be the first-line therapy for PTSD
(Foa et al. 1999b). Multiple mental health professional guilds and government agen-
cies worldwide have since reaffirmed in various reports and updated treatment
guidelines that exposure therapy is the only treatment for PTSD with substantial
empirical support for its efficacy (American Psychiatric Association Practice
Guidelines 2004; Australian Centre for Posttraumatic Mental Health 2007; Foa
et al. 2009; Institute of Medicine (IOM) 2006; 2008; National Institute for Clinical
Excellence 2005). CBT with exposure therapy has been validated across a diverse
range of cultures and populations, such as those exposed to military combat (Monson
et al. 2006; Nacasch et al. 2007; Rizzo et al. 2009), terrorism (Brewin et al. 2008;
Difede et al. 2007a, b; Gillespie et al. 2002; Levitt et al. 2007), natural disaster
(Salloum and Overstreet 2008), physical and sexual assault (Foa et al. 1999a; Resick
et al. 2002), and motor vehicle accidents (Blanchard et al. 2003). In addition, the
Department of Defense and Department of Veterans Affairs have recently initiated
programs to disseminate two CBTs that involve exposure, Prolonged Exposure
(PE) and Cognitive Processing Therapy, as part of a broader effort to expand access
to evidence-based treatments for current and former US service members (Karlin
et al. 2010).

Although a number of therapies involve some element of exposure, the most
widely researched and well validated exposure treatment paradigm is PE (Foa et al.
1999b; 2005). PE is founded on Foa and Kozak’s (1986) emotional processing the-
ory, which proposes that phobias and PTSD are based on pathological fear struc-
tures that contain information about feared stimuli, responses, and meanings that
are activated when an individual encounters information represented in the fear
structure (Foa and Kozak 1986; Foa et al. 1989). Classical conditioning is believed
to be a key mechanism underlying the development of pathological fear, in that the
traumatic event is considered an unconditioned stimulus that has become associated
with a number of harmless conditioned stimuli that then become capable of eliciting
a conditioned fear response. Emotional processing theory proposes that successful
treatment must accomplish two goals: first, activate the fear structure so that new
learning may occur, and second incorporate new information that is incompatible
with the pathological fear structure. The theory also proposes that cognitive avoid-
ance of trauma-related thoughts, feelings, and images and behavioral avoidance of
trauma-related stimuli serve to maintain PTSD symptoms by minimizing exposure
to corrective information that disconfirms feared outcomes and allows for the devel-
opment of a new and non-pathological competing fear structure.

PE typically consists of between 8 and 15 weekly 90 min individual therapy ses-
sions and includes both imaginal and in vivo exposure. In imaginal exposure, the
patient is guided in repeatedly recounting memories of the trauma in a safe environ-
ment in order to facilitate extinction learning, whereby the cued fear response to
memories of the trauma is extinguished and the patient is better able to distinguish
between thinking and talking about the trauma and feeling as if it is recurring.
During in vivo exposure, the therapist helps the patient begin gradually confronting
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feared memories and situations that are not realistically dangerous but are avoided
because they are associated with the trauma and thus trigger anxiety. Imaginal expo-
sure typically begins in the third session and is followed by processing of the expo-
sure, in which the therapist engages the client in a discussion of thoughts and feelings
that arose during the exposure, with the goal of allowing the patient to integrate and
consolidate new information about the meaning of the trauma and disconfirm dis-
torted beliefs that may have developed in the aftermath of the event.

Limitations of Current Treatments

Despite compelling evidence for the efficacy of exposure therapy for PTSD, the
nature of imaginal exposure, whereby patients are asked to repeatedly recount their
most traumatic experience to a therapist, presents a challenge for some patients
given that avoidance of trauma-related memories, thoughts, and cues are, by defini-
tion, part of the diagnostic criteria for the disorder. Thus, many individuals with
PTSD fail to seek treatment, some who seek treatment do not engage in the treat-
ment, and others who profess willingness struggle to engage emotionally with the
trauma memory. As studies suggest that lack of emotional engagement predicts poor
treatment outcome, these patients often do not improve (Jaycox et al. 1998). Finding
effective ways to motivate these patients and facilitate emotional engagement in
therapy is thus critical.

Virtual Reality Therapy

New developments in virtual reality (VR) technologies have expanded the range of
possible treatment options for anxiety disorders, including PTSD. Researchers first
applied VR to treat simple phobias, including acrophobia (Rothbaum et al. 1995a, b),
arachnophobia (Carlin et al. 1997), claustrophobia (Botella et al. 1998; 2000), and
fear of flying (Smith et al. 1999), with positive results. The theoretical basis for
applying VR to phobias underpinned the hypothesis that VR would also help to
engage an individual’s trauma-related fear structure in the treatment of PTSD.
Virtual Reality Exposure Therapy (VRE) for PTSD draws upon similar princi-
ples as imaginal exposure to reach patients who are reluctant or unable to recount
their traumatic experiences using traditional imaginal exposure. VR provides a
sensory-rich computer-generated environment in which patients are able to encoun-
ter and gain mastery of their trauma. Patients recount the details of their experience
aloud, while gradually proceeding through increasingly detailed virtual simulations
of their traumatic event that are closely monitored by the therapist. By allowing the
therapist to program the virtual environment to control what the patient experi-
ences, treatment can be tailored to the needs of the individual patient, and proceed
at a pace that is tolerable for that individual. Moreover, VRE therapy can promote
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emotional engagement and processing of the trauma memory by offering not only
visual, but auditory, olfactory, and haptic sensory cues to facilitate immersion in the
virtual world.

The Framework of Virtual Reality for PTSD

VR technology integrates visual computer graphics with multiple sensory cues in
order to create an evocative environment that patients may find emotionally engag-
ing. Participants wear a specialized helmet with two miniature LCD computer
screens affixed to the front. After the user dons the helmet, the screens are posi-
tioned one to two inches in front of the participant’s eyes taking up the majority of
their visual field. The room is kept dark in order to minimize distracting visual
stimuli. Sensitive motion-tracking sensors are built-in or attached to the helmet and
inform the computer of slight changes in the participant’s head position. Thus, a
participant looking up, down, or to either side sends immediate feedback to the
computer program, which results in corresponding changes in the visual display.
Users may also move their visual field forward, backward, or sideways using a
hand-held controller allowing them to “interact” with the virtual environment.
Participants wear headphones that deliver audio stimuli from the virtual scenario as
well as any instructions that the clinician gives through a headset microphone to
communicate with the patient during his session. A raised platform beneath the
participant contains audio-tactile sound transducers that create customized vibra-
tions comparable to a high-powered rumble pack on a video game controller.
Participants seated or standing on the platform receive haptic cues that coincide
with auditory events (e.g., an explosion). Finally, a scent machine comprised of
scent cartridges relevant to the virtual environment or trauma event (e.g., body odor,
diesel fuel, market spices) may be used to release an odor using a series of fans and
an air compressor.

The clinician interface of a VR setup consists of two monitors: one that displays the
control panel and the other that shows what the patient sees through the VR helmet. The
VR software contains elementary scenarios made to resemble the setting and context
that are central to a traumatic event. Before beginning the session, the clinician builds
upon this basic setting to customize the virtual environment to resemble the patient’s
trauma as closely as possible. During the session, the clinician uses preprogrammed
keys to manipulate the aforementioned multi-sensory cues. Thus, the clinician can
introduce appropriate environmental stimuli that coincide with an event in real time as
the patient retells his trauma.

The clinician remains connected to the patient at all times during the VRE session.
Using a headset microphone linked to the user’s headphones, the clinician prompts
patients to recount their story and monitors their self-reported distress using the
Subjective Units of Distress (SUDS) measure on a scale of 0—100 at regular inter-
vals to ensure the exposure remains at a therapeutic level (e.g., distressing but not
overwhelming to the patient).
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The History of Applying Virtual Reality for PTSD

Virtual Vietnam

The first application of virtual reality to the treatment of PTSD was developed by
researchers at Emory University and the Georgia Institute of Technology to treat
PTSD in Vietnam Veterans. The virtual environment offered two common scenar-
ios, the first of which consisted of riding in a virtual Huey helicopter where the
patient saw the backs of the pilots’ heads and the view of typical Vietnam terrain
from the helicopter’s side door. The second scenario involved being in a clearing
surrounded by jungle landscape with the sounds of helicopters, gunfire, and explo-
sions, as well as men shouting, “Move out!” Rothbaum et al. (1999) conducted a
case study using Virtual Vietnam to treat a 50 year-old Caucasian male with severe
combat-related PTSD from his military service as a helicopter pilot approximately
26 years before participating in the study. The trial consisted of fourteen 90 min
sessions conducted twice weekly over the course of 7 weeks, during which the indi-
vidual was immersed in both virtual environments. The study found that he improved
on all measures of PTSD, including a 34% decrease on the Clinician Administered
PTSD Scale (CAPS) and a 45% decrease on self-reported PTSD, and that he main-
tained these gains 6 months after completing treatment.

Following this case study, an open clinical trial of 16 male Vietnam Veterans with
PTSD found significant reductions in PTSD and related symptoms after an average
of 13 VRE sessions in the 8§ participants who completed the 6 month follow-up
(Rothbaum et al. 2001). At the 6 month follow-up, there was an overall statistically
significant reduction in PTSD symptoms from baseline in symptoms associated with
specific reported trauma experiences as measured by the CAPS. Of the 8 participants
who completed the 6 month follow-up, all 8 reported reductions in PTSD symptoms
ranging from 15% to 67%. Notably, none of the 16 participants decompensated due
to exposure to the virtual environments, and no one was hospitalized for complica-
tions related to the treatment during the study (Rothbaum et al. 2001).

Virtual World Trade Center

Following the terrorist attacks on the World Trade Center (WTC) on September 11,
2001, Difede and Hoffman (2002) published a case study of WTC-related PTSD.
The virtual WTC environment used in the study consists of 11 scenes, which the
clinician proceeds through at an optimal pace for emotional processing after
receiving the patient’s verbal assent. The protocol was designed to evoke a level of
response that created tolerable discomfort, but not to overwhelm patients with
affect. The early stages of the scenario begin with a view of the Twin Towers and a
jet that flies past safely; then a jet collides with the first tower but does not create an
explosion; an explosion is added; and then sound effects are introduced to create a
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more realistic collision and explosion. The next stages gradually incorporate fire
and smoke escaping from where the jet collided into the first tower; sound effects of
people in the area screaming; and individuals jumping from the first tower. In the
final stages, the second jet collides into the second tower with sound effects for the
explosion and people screaming; the second tower collapses and creates a large dust
cloud; followed by the first tower collapsing into the dust cloud. The patient con-
cludes the scenario when they are able to view the full sequence of events in its
entirety. Throughout the process, the clinician controls the environment and intro-
duces relevant feared stimuli to gradually and systematically expose patients to a
virtual representation of their specific traumatic experience. In the first case study
with Virtual WTC, the participant was a 26 year-old African-American woman who
had worked in the WTC and had previously failed to improve with imaginal expo-
sure therapy. After six, 60 min weekly sessions, the patient’s PTSD symptoms were
reduced by 90% as measured by the CAPS (Difede and Hoffman 2002), offering
initial support for Virtual WTC as a treatment tool.

Subsequent to these promising results, Difede and colleagues (2007a) compared
the use of VRE therapy in 13 participants with direct exposure to the WTC attacks,
including firefighters, disaster workers, and civilians, with 8 participants in a matched
waitlist control group. Due to two non-completers and one dropout, there were 10
participants in the VR group who completed the treatment protocol. Participants in the
treatment condition showed a significant decrease in PTSD symptoms on the CAPS
as compared to pretreatment and to the control group, who showed no improvement;
participants maintained treatment gains at 6 month follow-up. It is important to note
that five of the VRE participants had previously undergone imaginal exposure therapy
and not shown improvement. Notably, no participant reported becoming overwhelmed
by the evocative scenario. Furthermore, these promising results lent support to the
use of a standardized virtual environment for a wide range of traumatic experiences,
benefiting both disaster workers and civilians.

BusWorld

After the September 2000 Palestinian uprising, frequent acts of terrorism targeting
Israeli civilians led to more than 1100 fatalities and 6700 wounded (Freedman
2009). In response to numerous attacks on civilians using public transportation,
Josman et al. (2006), in collaboration with Hoffman and his team at the University
of Washington, developed a virtual reality terrorist bus bombing scenario dubbed
“BusWorld.” In the scenario, participants begin by standing on the sidewalk in an
urban street scene across the street from a bus stop resembling those in Haifa, Israel.
A bus appears in the next stage and pulls up to the stop, but does not explode. In the
final stages, explosions are added with visual and auditory effects, and the bus is set
on fire with sound effects of people screaming in Hebrew and police sirens in the
background, signaling that help has arrived. They then conducted an analog pilot
test with 30 non-symptomatic individuals to test the validity of the virtual
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environment and its ability to evoke increasing levels of anxiety as the virtual
scenario escalated (Josman et al. 2008). These individuals reported significantly
more distress with each stage of the VR scenario, as measured by SUDS ratings,
corroborating the scenario’s ability to provide graded exposure.

Freedman et al. (2010) conducted a case study of a 29 year-old male patient who
developed PTSD after becoming trapped on a crowded public bus when an attacker
used a bulldozer to flip his and a second bus on their sides and crushed multiple cars,
leaving three dead and dozens injured. The BusWorld virtual scenario was adapted in
order to meet the needs of the patient, so that only the early levels (a street scene and
bus stop with a bus approaching) were utilized. The patient entered treatment approx-
imately 1 month after the traumatic event. He was treated with 10 sessions of therapy,
3 of which involved imaginal exposure while immersed in the BusWorld environ-
ment, and one of which involved imaginal exposure without VR. As measured by the
CAPS, the patient’s PTSD symptoms showed a significant decrease from a pretreat-
ment score of 79 to zero posttreatment (Freedman et al. 2010). These treatment gains
were maintained 6 months later. Interestingly, the patient was able to improve using
the early levels of the BusWorld environment despite having experienced an attack
for which the scenario was not specifically designed. Thus, this study provided initial
evidence that a PE protocol using imaginal exposure augmented by VR was effective
in treating PTSD following a terrorist attack in Israel. Furthermore, it demonstrated
how a virtual environment could be used in conjunction with imaginal exposure
therapy to facilitate the care of individual patients.

Virtual Motor Vehicle Accident

The high frequency of motor vehicle accidents in which individuals are injured or
killed often results in psychological consequences as well, so much so that these
collisions have been identified as a leading cause of PTSD (Norris 1992). For
patients trying to confront their fears, real world “in vivo” exposure may entail
potentially unsafe driving or traffic conditions. Using VR to treat MVA-related
PTSD reduces safety risks associated with in vivo uncontrolled driving situations
and provides a safe way for patients to process memories associated with the trauma
(Beck et al. 2007). Following promising evidence in which VR scenarios were used
to treat driving phobias (Wald and Taylor 2003), Beck and colleagues published the
first report on the use of VR in the treatment of post-collision PTSD.

Beck et al. (2007) designed several virtual, customizable driving scenarios to help
treat individuals with acute PTSD following a motor vehicle accident in the first
effort to assess the efficacy and acceptability of VRE in this population. The virtual
apparatus includes a steering wheel, gas and brake pedals, and stereoscopic glasses
that both the patient and therapist wear to view a large 10 foot x 8 foot projection
of the simulation in 3D. The virtual environment itself was designed to simulate a
real-world driving experience — not a motor vehicle accident — so that the driver
chose their own route to take in a rural, suburban, urban, or highway setting and
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feared driving events (e.g., tailgating) occurred in real time. In an uncontrolled case
series, the authors examined the use of a weekly, 10-session VRE protocol for 6
individuals with full or subsyndromal PTSD who had been involved in a serious road
accident in the last 6 months (3.5 months on average). Clinically significant reduc-
tions between pretreatment and posttreatment were found on the CAPS total score,
the CAPS Reexperiencing cluster, and the CAPS Avoidance/Numbing cluster, with
effect sizes ranging from d = .79 to d = 1.49. No difference was found on the CAPS
Hyperarousal cluster score. Participants scored high in overall satisfaction scores on
the Client Satisfaction Questionnaire (CSQ; Larsen et al. 1979) and achieved high
levels of presence in the virtual environment. However, participants also reported
higher levels of disorientation relative to published norms, which the authors specu-
late may be due to the use of stereoscopic glasses to view the VR simulation on a
screen 5 feet away, and which the authors suggest may be reduced by switching to a
head-mounted display, as simulation sickness is less likely with this type of system.
These preliminary results suggest that VRE may be effective for survivors of trau-
matic motor vehicle accidents.

Virtual Iraq/Afghanistan

In a landmark 2008 study, RAND estimated that 14% of Iraq and Afghanistan
Veterans suffer from PTSD (Tanielian and Jaycox 2008), and subsequent studies
have suggested that this figure may be as high as 25% (Kok et al. 2012; Ramchand
etal. 2010; Thomas et al. 2010). Along with Traumatic Brain Injury, these “invisible
wounds of war” are having a devastating impact on military personnel, many of
whom have had multiple deployments, putting them at greater risk for subsequent
mental health problems. Researchers at the USC Institute for Creative Technologies,
led by Albert “Skip” Rizzo and Jarrell Pair, developed Virtual Iraq between 2005—
2007 to aid in the treatment of combat-related PTSD (Rizzo et al. 2005). The virtual
environment and clinician interface of Virtual Iraq evolved to reflect feedback from
Iraq and Afghanistan service members and clinicians (Reger et al. 2009; 2010). The
2007 version of Virtual Iraq consisted of 4 customizable environments, including 3
Humvee scenarios, and a Middle-Eastern city scene that included a marketplace,
crowded or desolate streets, a checkpoint, building interiors, and rooftops (Rizzo
et al. 2010). In order to increase the number of scenarios and degree of user cus-
tomizability, a revised and expanded version of Virtual Irag/Afghanistan, termed
BRAVEMIND, was developed in 2011. This redesigned system increased the
number of scenarios from 4 to 14 and added a number of new features to increase
customizability and usability. This highly complex environment was designed to
give clinicians the flexibility to place patients in a virtual setting and context that
resembles their traumatic event and provide relevant stimuli.

Research has supported the acceptability of technology-based mental health
approaches among service members. For instance, in a study of soldier attitudes
toward receiving technology-based behavioral health care, 58% of the 352 service
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members surveyed reported some willingness to use VR treatment (Wilson et al.
2008). Additionally, one third of those surveyed who stated they were unwilling to
use traditional psychotherapy were willing to use at least one kind of technology-
based mental health treatment (e.g., video teleconferencing, Internet-based treat-
ment, or VR), suggesting that technology and VR may help overcome barriers to
accessing care in this population.

Wood and colleagues published a case report on the first active-duty service
member with combat related PTSD to complete treatment with VR graded exposure
therapy with physiological monitoring within a randomized study comparing this
treatment with cognitive behavioral group therapy for active duty military personnel
(Wood et al. 2007). Following 10 sessions of VR treatment, the patient’s scores on
the PCL-Military Version (PCL-M) decreased to below the threshold for PTSD
diagnosis. Subsequent case reports on VR graded exposure therapy with physiologi-
cal monitoring for combat-related PTSD in male (Wood et al. 2008) and female
(Wood et al. 2009) US Navy personnel have yielded similar findings.

Gerardi, Rothbaum, and colleagues (2008) published results of the first Iraq vet-
eran to complete treatment within an ongoing controlled study of VRE using Virtual
Iraq. The 29 year-old Caucasian male patient had served in the National Guard and
was deployed for a year in support of Operation Iraqi Freedom. Approximately
6 months post-deployment, the individual entered treatment. After four, 90 min ses-
sions of VRE over 4 weeks, the patient’s PTSD score on the CAPS decreased by
56% compared to pretreatment scores (Gerardi et al. 2008). The patient stated he
felt comfortable with the VR technology, and no adverse effects were reported. This
brief therapy resulted in both clinically and statistically significant change, provid-
ing early support for VRE with Iraq veterans suffering from PTSD.

Reger and Gahm (2008) conducted a case study using Virtual Iraq with an active
duty soldier in the Army who had been diagnosed with combat-related PTSD. The
trial consisted of 6 90 min sessions of VRE with the virtual military convoy sce-
nario over the course of 4 weeks. As measured by the PCL-M, the participant’s
pretreatment score of 58 decreased to 29. Additionally, self-report data on the
Behavior and Symptom Identification Scale-24 (BASIS; McLean Hospital 2006),
which assesses treatment outcome according to five symptom and functioning
domains, corroborated a positive treatment outcome.

McLay et al. (2010) were the first to use VRE with active duty soldiers while
deployed in a combat theater using a parallel case series design. Individuals seeking
treatment for deployment-related PTSD at the Combat Stress Clinic in Camp
Fallujah, Iraq, from February to November 2008 were offered either traditional
exposure therapy or VRE. The study reported the results of a retrospective record
review; therefore, therapeutic procedures were not standardized. Exposure therapy
was administered based on the methods outlined in Foa et al. (2007). Both tradi-
tional VRE and VRE with arousal control were administered, wherein participants
are taught how to monitor their physiological responses to help them tolerate
trauma-related stress. Due to the realities of being deployed, participants were
treated anywhere between 10 days and 13 weeks, and were surrounded by trauma-
related cues. Of the six participants who received VRE, all showed improvement on
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their PCL-M scores, with an average decrease in symptoms of 67%, and five no
longer met criteria for PTSD by the end of treatment. None of the individuals who
received VR experienced adverse effects while in treatment. The four participants
who received imaginal exposure therapy also showed improvement and none met
criteria for PTSD upon treatment completion. This was the first study of active duty
military personnel deployed to a combat theater undergoing exposure therapy with
and without virtual reality. Despite the additional stressors of serving in military
operations, no patients decompensated or dropped out of the study, and all patients
showed symptom improvement. Overall, the authors founds that both types of ther-
apy could be delivered safely and effectively during a combat deployment.

Multiple studies have now examined the use of VRE with active duty service
members following deployment to Iraq or Afghanistan. Reger et al. (2011) conducted
aretrospective study of a mixed, clinical sample of 18 active duty soldiers with PTSD
and 6 soldiers diagnosed with anxiety disorder not otherwise specified who did not
meet full criteria for PTSD. Thirteen participants had failed to report significant
clinical benefit from other forms of psychotherapy, including four patients who had
undergone exposure therapy. The treatment provided was based on a manualized
prolonged exposure treatment (Foa et al. 2007), adapted for use with VR, with an
introduction to the virtual environment in Session 2. Participants received an average
of 7 sessions (range 3—12) lasting approximately 90 min each. There was a significant
decrease in PCL-M-based estimates of PTSD with 62% (n = 15) of the sample
reporting a reliable change of 11 points or more (Reger et al. 2011). In another study
of active duty service members, McLay et al. (2011) compared VR-graded exposure
therapy to treatment as usual in 20 active duty military personnel with combat—
related PTSD. The authors found that 7 out of 10 participants in the VR condition
showed 30% or greater improvement on the CAPS while only 1 out of 9 participants
in the treatment as usual condition showed similar improvement.

Additionally, McLay et al. (2012), with funding from the Office of Naval
Research, conducted the first open clinical trial to develop Virtual Irag/Afghanistan
and a treatment protocol. Forty-two active duty service members were enrolled in
intent-to-treat analysis, and 20 completed treatment. Participants received treatment
twice weekly in sessions ranging from 90 to 120 min each. Since an aim of the study
was to develop a treatment protocol, the number of sessions varied with early par-
ticipants (n = 26, including 14 who completed the protocol) and was later fixed to
12—-15 sessions over a maximum of 10 weeks. Of the 20 participants who completed
treatment, 75% (n = 15) no longer met criteria for PTSD based on PCL-M at the
post-assessment. Furthermore, these fifteen participants showed improvement by at
least 50% on the PCL-M. No patient experienced an adverse event related to partici-
pation in the study. This study helped to determine the optimal protocol for VRE
using Virtual Iraq/Afghanistan resulting in a published treatment manual (Rothbaum
and Ressler 2009).

These promising results provide additional support for the efficacy of virtual
reality-enhanced exposure therapy. This is particularly important in the context of
treating combat-related PTSD, since prolonged exposure therapy may not be as
effective with this population (e.g., Bradley et al. 2005).
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Future Horizons in Clinical Work and Research

The past decade has witnessed a burgeoning of research on VRE for PTSD. Studies
focused on PTSD stemming from diverse types of trauma, including combat expo-
sure in Vietnam, Iraq, and Afghanistan, motor vehicle accidents, and terrorist attacks
in the US and Israel, have demonstrated that VRE is an effective exposure therapy
treatment. Moreover, VRE may offer several unique advantages over imaginal
exposure therapy that make it particularly well-suited to the challenges faced by
veterans of the conflicts in Iraq and Afghanistan. Foremost among these is the per-
ceived stigma associated with seeking treatment for mental health problems. Studies
among Iraq and Afghanistan veterans have found that treatment seeking for psycho-
logical problems may be inhibited by fears of negative perceptions, being consid-
ered weak, or damaging one’s career (Stecker et al. 2007; Warner et al. 2008).
Unfortunately, fear of stigma and other treatment barriers may be particularly rele-
vant to those most in need of treatment, as one study found that Iraq and Afghanistan
veterans who met screening criteria for a psychiatric disorder were more likely than
those who did not to report such fears (Pietrzak et al. 2009). It has been proposed
that VR may offer one avenue for addressing these concerns as part of a redesigned
post-deployment treatment approach. In such an approach, VRE could be offered to
veterans with PTSD as one component of a standard post-deployment training that
all veterans completed, possibly decreasing perceived stigma since such training
would be one of many routine post-deployment duties (Rizzo and Shilling 2018).
In addition, younger service members, who are likely more familiar with digital
gaming and training simulation technology, may be more attracted to and comfort-
able with participating in VRE than traditional talk therapy (Reger and Gahm 2008),
which may promote treatment seeking among this population (Leaman et al. 2013;
Rizzo and Shilling 2018). Given the pressing mental health needs of the current
generation of veterans and concurrent low rates of treatment engagement (Hoge
et al. 2004), finding acceptable forms of mental health treatment for returning ser-
vice members is critical (Leaman et al. 2013). As part of a broader array of novel
and innovative approaches, VRE may offer one such tool to facilitate treatment and
emotional engagement, particularly in difficult-to-reach populations.

There are several remaining avenues for the next generation of research on VRE
to explore. A substantial evidence base has demonstrated that VRE is an effective
exposure therapy for PTSD resulting from various traumas. An important question
is whether VRE offers benefits above those of established treatments. It will be valu-
able for future studies to examine not only whether VRE is associated with a greater
decrease in PTSD symptoms than established treatments, but also whether individu-
als who fail to respond to established treatments show improvement with VRE.
Randomized controlled trials comparing VRE with imaginal exposure for combat-
related PTSD are now being conducted, which should offer insight into the first of
these questions, but additional studies should examine whether individuals who have
completed established treatments with little improvement may benefit from VRE.
If differences emerge between imaginal exposure and VRE in direct comparisons,
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or if research reveals that VRE reduces symptoms in those who have not responded
to established treatments, this will pave the way for studies to examine specific
patient or trauma characteristics associated with treatment response, which may
offer the opportunity to better match patients with treatment modalities. Another
question for future research is whether the addition of a pharmacologic agent can
enhance the efficacy of VRE. Although studies examining the use of pharmacologic
agents to enhance exposure rather than palliate PTSD symptoms have been mixed
(de Kleine et al. 2012; Difede et al. 2014; Litz et al. 2012), an outstanding question
is whether such cognitive enhancers are differentially effective when used with ima-
ginal exposure versus VRE. Studies exploring this issue may offer greater under-
standing into the extinction of conditioned fear responses and are ongoing. As new
developments in VR technologies have flourished over the past 15 years, a growing
literature has established that VRE is an effective treatment for PTSD. Future
research that expands upon this strong foundation to address the next generation of
questions facing VRE represents a promising area for further investigation with the
potential to yield valuable treatment advances.
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