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The evidence base for the use of immersive technologies, such as Virtual Reality (VR), for the treatment of Post-Traumatic Stress Disorder (PTSD) is compelling. Despite promising results wide spread use and adoption of this technology within routine clinical practice remains limited. A lack of detailed technical guidelines might be one of the reasons that hamper such uptake. To address this gap, the current review focuses on earlier design types, namely Clinical Case Reports in order to uncover additional detail in relation to clinical presentations and unique technical procedures. Systematic searches returned 419 results with 15 studies meeting inclusion criteria. This included 13 single subject case reports studies and 2 case series, totaling 27 participants. Results show the use of VR technology to treat PTSD is mainly exposure based. When using such interventions clinicians should conduct a thorough assessment of their clients' background, trauma memory, and triggers in order to tailor the VR experience. They should also plan some early orientation work to help clients acclimatize to the new virtual environment. Gathering self-reported data every 5 min throughout exposure will help with client monitoring, alongside physiological data. The use of olfactory or tactile stimuli may also be helpful during exposure, but is not a necessity. In conclusion, the costs of VR equipment have dropped significantly in the past years making this more accessible and affordable for healthcare providers. Nonetheless, a significant gap remains regarding the use of VR interventions for PTSD in clinical practice. The dearth of qualitative data available within the case report literature, might however help to bridge this gap.
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INTRODUCTION

The evidence base surrounding the use and potential use of digital technologies for the treatment of mental health conditions continues rapidly (Hollis et al., 2018). As a result, more and more traditional (face-to-face) therapeutic interventions are being tested in online formats with promising results (Cuijpers et al., 2008). This is particularly apparent when one examines the literature on online Cognitive Behavioral Therapy (CBT) (Dèttore et al., 2015; Rooksby et al., 2015; Jolstedt et al., 2018; Thew et al., 2019). Yet despite moderate to large effect sizes, lower costs, and little in the way of harmful side effects there isn't the uptake of digital technologies by CBT practitioners that one might expect. This is in spite of evidence showing that practitioners are generally receptive to the idea of “computerized” therapies (Stallard et al., 2010; Vigerland et al., 2014). Some have suggested that a lack of consideration regarding implementation issues may be a factor, such as set up costs and the time to up-skill staff (van Gemert-Pijnen et al., 2011; van der Vaart et al., 2014). It is also considered whether there is sufficient technical and treatment protocol information within academic publications, such as Randomized Controlled Trials (RCT) to give therapists the confidence to implement these new approaches within their current practice (Garrett et al., 2018).

This is no more apparent than when one examines the evidence regarding Virtual Reality (VR) technology for the treatment of Post-traumatic Stress Disorder (PTSD). PTSD is described as “a common reaction to traumatic events such as assault, disaster, or severe accidents. The symptoms include repeated and unwanted re-experiencing of the event, hyperarousal, emotional numbing, and avoidance of stimuli (including thoughts) which could serve as reminders for the event” (Ehlers and Clark, 2000, p. 319). Currently, there are a number of RCT studies showing medium effect sizes in relation to the use of VR technology to treat PTSD (Carl et al., 2019). Yet this hasn't led to wide spread adoption and uptake within the health care sector (Lindner et al., 2019). To help clinicians better understand how VR technology can be implemented within clinical practice, the current article synthesizes data from case reports involving the use of VR to treat PTSD. Case Reports are widely recognized as a useful source information for clinical decision making purposes and provide greater opportunity to discuss important clinical matters, such as symptoms, challenging diagnosis, and unique technical procedures (Garg et al., 2016).


Cognitive and Behavioral Interventions for Post-traumatic Stress Disorder

Ehlers et al. (2005, p. 414) note that “several versions of cognitive behavioral treatment for post-traumatic stress disorder have been described in the literature” with most showing positive effect (van Etten and Taylor, 1998; Bisson et al., 2013). Currently there are three main Trauma Focused CBT (TF-CBT) models; Resick et al., cognitive processing Therapy (CPT) (2002; 2008; 2014), Foa et al.'s prolonged exposure model (PE) (1999; 2013) and, Ehlers and Clark's (2000) cognitive model of PTSD. All have shown positive outcomes when used to treat PTSD (Foa et al., 1999; Ehlers et al., 2005; Schulz et al., 2006; Duffy et al., 2007) and are recommended in clinical guidelines developed by American Psychological Association (2017).

To date, Foa et al. (1999) PE model has remained one of the most extensively researched treatments for PTSD and has generally shown positive outcomes (Marks et al., 1998; Foa et al., 1999, 2005, 2013). Largely influenced by Emotional Processing Theory (EPT) (Foa and Kozak, 1986) the model suggests that “a fear (emotional) structure is a program for escaping or avoiding danger that includes representations of feared stimuli, responses, and the meaning of stimuli and responses” (Foa, 2011, p. 1044). As such, when one is exposed to their fears in a safe and controlled manner they are able to “emotionally process” the information more accurately. Within PTSD treatment the “traumatic memory is conceived as a specific pathological fear structure.” PE acknowledges that clients have erroneous negative beliefs regarding the traumatic event, and this has led to a lack of cognitive (or emotional) processing of the trauma (Foa, 2011).

Ehlers and Clark (2000) suggest a more cognitively based approach to treatment of PTSD which prioritizes the following three areas—(1) characteristics of the trauma memory; (2) excessively negative appraisals of the trauma incident and; (3) the implementation of strategies to control the “threat.” While both PE and the cognitive model differ, there are some common elements, including exposure to the trauma memory (e.g., imaginal, writing a narrative and in-vivo) as well as some form of cognitive restructuring of the meaning of the trauma (Ehlers et al., 2005).

Resick et al.'s CPT (2002; 2008; 2014) has similarities to the Ehlers and Clark (2000) model but has a different protocol and some treatment components differ also. Similar techniques that are utilized in PE are provided within CPT and TF-CT models but for different purposes for example: imaginal reliving is not used to promote habituation to the painful memory, but to identify key hot spots in the trauma memory that could help to focus further therapy. Behavioral experiments also play an important role and a stronger emphasis is placed on problematic appraisals of trauma sequelae and the modification of maintaining strategies. CPT differs from TF-CT in that the protocol is manualized with each session content more prescribed whereas in TF-CT there is more flexibility in session content and sequencing and techniques applied depend on the case specific formulation derived from the model.



Virtual Reality Technology Within Clinical Settings

According to Freeman et al. (2017, p. 2393) “immersive virtual reality creates interactive computer generated worlds, which substitute real-world sensory perceptions with digitally generated ones.” Freeman et al. (2017) suggest that if “presence” is achieved within virtual environments then the technology has extraordinary potential for mental health therapy. Rizzo et al. (2004) first described the features inherent within VR technology that may prove useful for therapeutic interventions, such as the ability to provide real time feedback, introduce safe exposure settings, provide low cost environments, control exposure stimulus etc. (Riva et al., 2004). Moreover, Parsons and Rizzo (2008, p. 251) suggested that VR may enhance some current approaches by claiming that VR “produces better outcomes than imaginal exposure and is a pragmatically attractive alternative to in-vivo exposure.” Indeed, a recent systematic review has showed little difference in effect when comparing in-vivo to VR exposure therapy (Wechsler et al., 2019).

In regard to PTSD treatment specifically, a large number of studies have already been conducted in the field with the majority showing positive outcomes (Rothbaum et al., 2001; Rizzo et al., 2007, 2010; Reger and Gahm, 2008; McLay et al., 2011; Difede et al., 2014; Roy et al., 2014; Beidel et al., 2017). Yet as mentioned above, the adoption of VR technology within clinical settings remains low. In the past this has been attributed to the high cost of VR equipment and a somewhat imbalanced “expectation to delivery” ratio (Rizzo et al., 2019, p. 54) whereby headsets offered a limited field of view, the graphics were poor and the interfaces were not as user friendly. However, this is beginning to change with the introduction of both affordable, high end VR headsets as well as several lower cost models.

A final consideration is that the clinical detail required to fully implement and incorporate VR technology within clinical practice is often missing within published research trials (were the chief aim is to establish effectiveness). This has led to an imbalance between outcome data and process data. Garrett et al. (2018) notes the lack of technical standards available to practitioners as well as the high level of technical proficiency required to implement VR interventions. As such, the implementation of VR interventions for PTSD outside of the laboratory setting remains a challenge.



Aim

To review and synthesize data from clinical case reports and case series involving VR technology for the treatment of PTSD.


Objectives

• To identify and assess differences in clinician assessed outcomes for interventions using VR technology to treat PTSD

• To identify implementation procedures and processes involved in the delivery of an intervention using VR technology to treat PTSD

• To explore the areas where VR technology adds value to existing approaches for PTSD treatment.





METHODS

This study presents evidence from case reports informed by systematic narrative review methodologies (Popay et al., 2006; Best et al., 2014). Results are reported in line with PRISMA guidelines (Appendix A).


Case Reports

Murad et al. (2018, p. 60) state that “a case report is the description of the clinical course of one individual.” A case report is the smallest publishable unit in the literature, whereas case series report aggregates individual cases in one publication (Grimes and Schulz, 2002). According to Nissen and Wynn (2014) case reports are particularly useful for their educational value as well detecting novelties and facilitating in-depth understanding. Unlike other research designs, case reports provide opportunities for additional depth in relation to clinical presentations (e.g., diagnostic criteria, details of the traumatic event, coping strategies/behaviors, family history, risk history etc.) as well as important practical information regarding implementation and unique technical procedures (e.g., session by session overview, explanation of how the technology added value to the protocol, potential adverse events etc.) (Garg et al., 2016).



Search Strategy

Systematic searches were conducted in August 2019 and took place across five different bibliographic databases including, (1) Scopus; (2) PsychInfo; (3) Social Science Citation Index; (4) Medline and (5) PILOTS (formerly PTSD Pubs). Within each database, three concept groups were used to create the search structure (a) Virtual Reality; (b) Post-traumatic Stress Disorder and (3) Case Reports. Table 1 shows a generic search string used as part of the systematic search process.


Table 1. Generic search string.
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Selecting for Relevance

Titles and abstracts (n = 419) were reviewed by the lead author (PB) based on pre-defined inclusion criteria as agreed by the research team (see Figure 1). All included papers must have utilized virtual reality as part of the intervention (either fully or as an adjunct) and the primary condition under treatment must have been defined as a PTSD. Finally, a case report methodology or variant, such as a case series must have been clearly stated. Non English language and gray literature were excluded due to time constraints and no time limits were set.


[image: Figure 1]
FIGURE 1. Overview of search strategy.




Quality Appraisal

Each selected article was appraised using a modified version of the Garg et al. (2016) checklist for case reports (see Appendix B). This checklist was developed to assist academic peer reviewers and thus encourages the reader to examine the specific detail(s) contained within case reports rather than simply focus on more traditional appraisal areas, such as risk of bias (an unavoidable and inherent feature of Case Reports). The checklist instead focuses on areas, such as novelty, ethics, case description, importance to the field etc. Each article was given a score on a 1–10 scale to give an indication of study quality (although no cut-off points were used).



Synthesis Method

The aim of this review is to provide a synthesis of the multiple case report “narratives” surrounding the implementation of VR to treat PTSD. The synthesis framework is informed by the widely recognized CARE guidelines for case reports (Gagnier et al., 2013). These guidelines suggest that the narrative format of case reports should include information on the following—presenting concerns (e.g., client symptoms); diagnoses; intervention; clinical outcome(s); and adverse events (see Table 2). Further to this, the guidance produced by Popay et al. (2006) on approaches to narrative synthesis were also used to inform the early stages of analysis stage. Popay et al. (2006) suggest a non-linear, four step approach to the narrative synthesis that includes exploring the facilitators and barriers as well as understanding how these issues explain differences across studies. This strategy was viewed as the most appropriate given the overall aim of the study and the heterogeneity of data contained within case reports.


Table 2. Quality assessment scores.
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RESULTS

Figure 1 shows the flowchart of bibliographic searching as well as title and abstracts screening. In total, 61 articles were identified for full text review and following the removal of duplicates, theoretical material, and expert commentaries (n = 46) this produced a final list of 15 articles. Of the included studies, 13 were described as a Case Report/Study with a further 2 articles described as Case Series. Data presented here is categorized under the following headings as informed by CARE guidelines—(1) Participant Profile and Diagnosis; (2) Intervention Models; (3) Technical Procedures; and (4) Clinical Outcomes and Adverse Events.


Quality Assessment

Scores using the modified version of the Garg et al. (2016) checklist, ranged from 6 (Saraiva et al., 2007; Wood et al., 2007; McLay et al., 2010; Tworus et al., 2010) to 9 (Rothbaum et al., 1999a, 2003) (Table 2). The mean score across all articles was 7.1 (SD = 1.1). It is however, worth noting that the checklist does not account for risk bias and therefore caution should be taken when interpreting the results.



Participants: Profile and Diagnosis

There were 27 participants represented within the final 15 studies, 10 (37%) were female and 17 (63%) were male. The majority of female participants (n = 7) came from one case series study involving VR based treatment for PTSD following a road traffic accident (Beck et al., 2007). All 15 studies stated that participants had PTSD although the justification and evidenced provided differed. The most common justification was that participant(s) symptoms matched DSM-IV diagnostic criteria. The Clinician Administered PTSD Scale (CAPS) (Blake et al., 1995) was also used as a justification for PTSD diagnosis as well as being used as a final outcome measure in 10 (67%) studies (discussed below in more detail). Eight (53.%) of the 15 included studies gave additional detail regarding symptomology in order to support the PTSD diagnosis (see data extraction table—Appendix C). Single incident trauma cases were only reported in five (33%) of 15 studies and traumatic events were categorized as follows—(1) war/military; (2) terrorist attack; (3) road traffic accident (RTA); and (4) assault. Most of the military based studies reported participants as having complex PTSD (cPTSD) although it is believed they were simply referring to a “severe” form of PTSD given that cPTSD has only recently emerged as a separated diagnostic category (World Health Organization, 2018) and does not appear in the DSM IV or V (American Psychiatric Association, 2013).



Intervention Models

All studies conceptualized and justified using VR technology based on exposure therapy and PE models (Rothbaum and Foa, 1999; Rothbaum et al., 2001). This mainly involved placing the participant within a specific (tailored) VR environment until they habituated. Habituation was determined largely through self-reported Subjective Units of Distress (SUDs) recorded every 5 min (Rothbaum et al., 1999a, 2003; Wood et al., 2007; Gerardi et al., 2008; Cardenas-Lopez and Rosa-Gomez, 2011). There were however, some differences in the application of exposure and PE techniques. For example, Arens (2015) tailored a virtual Iraq environment to the participant's specific sensory experiences (gunfire diesel exhaust smell, body odor etc.) and instructed them to remain there until their SUDs naturally dropped to 50%. Whereas, in Wood et al. (2009), when the participant reached their maximum arousal state (within a virtual Baghdad environment) they were instructed to actively use the relaxation and meditation techniques in order to reduce their anxiety and SUDs rating. It is important note here that some debate exists between whether (helpful) adaptive coping strategies seen in Wood et al. (2009) may develop into (unhelpful) safety seeking behavior over time. Thwaites and Freeston (2005, p. 178) suggest that “with repeated, excessive, or situationally inappropriate use, it is possible that the behavior shifts along a continuum from adaptive coping strategy to safety behavior, depending upon the intention, actual function and objective benefit to the individual.” Another interesting approach was taking by, Freedman et al. (2010) where they asked the participant to recall the traumatic memory while in the virtual environment (BusWorld) but did not recreate the traumatic event itself (terrorist attack). As a result, the fidelity of application differed across studies.

Although the majority of included studies used a PE based rationale, the use of other (more cognitively based) CBT approaches were also evident. While Arens (2015) conducted her study using behaviorist techniques, she firstly presented a detailed case conceptualization from a cognitive perspective which ultimately informed the VR scenario. Miyahira et al. (2010) delivered 10 treatment sessions using a combination of CBT and VR exposure and thus demonstrated how they can be used in tandem. Others, such as Freedman et al. (2010), introduced a CBT session (session five) as part of their overall course of treatment however this appeared in response to specific participant need rather than being standardized within the treatment protocol. Finally, Wood et al. (2007), used VR exposure therapy and group based CBT to treat combat related PTSD. However, the extent to which to two treatments models were combined is unclear. Other techniques described were “trauma management therapy,” psycho-education, meditation, attentional re-focusing, and attention control.



Technical Procedures
 
Equipment

The computer equipment varied throughout. Earlier studies, such as Rothbaum et al. (1999a) used a PC with 233 MHz Intel Pentium Processor, 64 MB of RAM and Evans and Sutherland 3D Graphics Card with more recent studies (Cardenas-Lopez and Rosa-Gomez, 2011) using a DELL XPS with Intel Pentium III, 256 RAM and a AGP graphic board [the most recent study, Arens (2015) did not provide any details regarding computer specification]. Head mounted displays (e.g., VR Headsets) were utilized most often (n = 11, 73%) to experience the VR environment. Built-in microphones were available so that the therapist could communicate with the participant while in the VR environment. Other display equipment used were “translucid” screens (n = 2, 13%), a projector screen with 3D glasses (n = 1, 7%) and a computer screen (n = 1, 7%). In each case, the therapist was able to view what the participant was seeing through an external monitor. Joysticks were often used to control movement within the VR environment and in some cases, clients were seated on specially designed chairs with built in woofers to simulate the vibration from a moving vehicle etc. (Rothbaum et al., 1999a, 2003; Gerardi et al., 2008).



Protocol

The number of sessions in which VR technology was used varied, this ranged from 3 (Gerardi et al., 2008) to 22 sessions (Tworus et al., 2010). For the most part, therapy took place once per week, but it was noted that not all of this time was spent in the VR environment. For example, in Wood et al. (2007) only 20 min of the 90 min session were spent in VR. At least one initial assessment session was conducted in each study in order to discuss the participants experiences of the trauma and, in some cases, enable some tailoring of the VR scenario. There was some variation in the application and use of VR technology but typically participants were encouraged to remain in the VR environment until they habituated by reporting SUDs throughout. This approach differed if the study was using a non-exposure based rationale. For example, Miyahira et al. (2010) appeared to use the VR technology within an existing CBT treatment framework and therefore habituation wasn't necessary. Nonetheless, there is some evidence to suggest that VR technology may be used as a standalone exposure based approach or as tool within a pre-existing CBT treatment model.



Virtual Environments

The highest number of studies included war/military environments for combat related PTSD (n = 10). As such, VR environments included “Virtual Iraq,” “Virtual Middle East,” and “Virtual Vietnam” etc. This was followed by two VR scenarios involving terrorist attacks (BusWorld and World Trade Center) and RTA's (VR World Highway and Virtual Driving Scenarios). The final VR environment was Virtual Mexico City, and this was used for a participant with PTSD following a physical assault.

Each of these virtual environments had some level of customization (imagery, auditory etc.) which was controlled by the therapist and used to match with the participants own experiences. For example, in their recreation of the World Trade Center attack, Difede and Hoffman (2002) had 11 different options to choose from in order to increase the level of exposure within the VR environment. This ranged from jets flying overhead with and without sound to images of the second tower collapsing. In Freedman et al. (2010) the authors used a graded approach within their virtual Jerusalem environment. This included four different “levels” which were designed to increase the intensity of exposure. The authors noted that this customizable option was particularly useful during a session when they observed the participant was disengaging (dissociating) and they were able to change the scenario intensity from level 1 to level 2.

For military or war based VR environments, there were a range of customizable options although the settings were exclusively in the Middle East and East Asia (Vietnam). Rothbaum et al. (2003) were to increase the number of gunshots and explosions within the virtual Vietnam environment in order to increase intensity of exposure whereas Gerardi et al. (2008) were able to introduce imagery of wounded civilians and combatants in virtual Iraq. For non-military environments, customization was shown by Saraiva et al. (2007) through a driving-based scenario for those with PTSD following an RTA: the authors were able to increase the volume of traffic on a virtual highway from 10 to 150 vehicles.

A number of studies also customized the audio and olfactory senses in the VR environments. This ranged from simply increasing the volume (Rothbaum et al., 2003) to introducing multiple sounds at once (Gerardi et al., 2008). Arens (2015) used a combination of image, sound and smell in order to tailor the VR environment based on client's experiences. This included introducing smells, such as diesel exhaust fumes and body odor. Gerardi et al. (2008: 210) also used olfactory stimuli “via a scent palette in an airtight chamber filled with compressed air” (burning rubber, weapons fire etc.) to tailor an experience during a virtual Iraq simulation. In addition to this, studies by Saraiva et al. (2007), Gerardi et al. (2008), and Rothbaum et al. (1999a, 2003) used tactile stimuli by placing participants in a chair with a built in woofer so as to simulate the vibration from sitting in helicopter or moving vehicle.




Clinical Outcomes and Adverse Events

All 15 studies reported positive outcomes in relation to the use of VR technology for the reduction of PTSD symptoms (Appendix C) with Freedman et al. (2010) in particular showing a drop in CAPS score from 79 to 0. This was followed by Gerardi et al. (2008), Wood et al. (2009), McLay et al. (2010), Cardenas-Lopez and Rosa-Gomez (2011), and Arens (2015) who all reported a 50% or more reduction in pre and post treatment scores. There were no noticeable differences in outcomes in relation to gender, age, or other demographic variables.

The primary outcome measure used at baseline and post-treatment in nine (60%) of the 15 studies was the CAPS tool. This was followed by the PTSD Checklist for Military (PCL-M) (n = 2, 13%) (McLay et al., 2010 and Wood et al., 2007), the Impact of Events Scale (IES) (n = 2, 13%) (Gamito et al., 2007; Saraiva et al., 2007), and the Post-traumatic Stress Disorder Scale (PDS) (n = 1, 7%) (Difede and Hoffman, 2002) [Wood et al. (2009) used both CAPS and PCL-M]. Tworus et al. (2010) did not provide any quantitative data regarding outcomes although the authors did report a drop in PTSD intensity. Evaluation time points varied across all studies with only Rothbaum et al. (1999a, 2003), and Freedman et al. (2010) reporting post treatment data at 6 months. Wood et al. (2009) and Miyahira et al. (2010) reported outcome data at 3 months post treatment but the remaining studies tended to report outcomes immediately post-treatment which varied from study to study. Physiological data was also collected in a number of studies, such as heart rate, skin conductance, respiratory rate, temperature etc. (Gamito et al., 2007; Saraiva et al., 2007; Miyahira et al., 2010).

Qualitative comments were also positive with one participant stating that therapy “assisted in improving my skills with being in the moment and having better control over my combat thoughts, feelings, and being startled” (Wood et al., 2009, p. 1220). In Miyahira et al. (2010) the participant reported positive changes in how he now “felt” and “thought” about the traumatic events he experienced and that the headset “helped him to feel as if he was ‘there' in Iraq.” For others, such as Gerardi et al. (2008) it was noted that the VR intervention opened up “forgotten” memories. For Difede and Hoffman (2002), VR therapy was used after several (unsuccessful) attempts to engage the participant in traditional imaginal exposure exercises. Similarly, in Tworus et al. (2010) VR therapy was used after other treatments had failed to show any improvements in the participant's condition.

Adverse events were reported in two studies. Arens (2015) noted that participant noticed a slight increase in hallucinations as well as a brief relapse of alcohol use during the first week of treatment but this stopped at week 2. In Gamito et al. (2007) the participant withdrew after seven sessions due to a distressing flashback the evening after his therapy session which caused him to disengage from treatment.




DISCUSSION

Case Reports were chosen due their capacity to provide additional detail in relation to unique technical procedures (i.e., the implementation and use of VR technology to treat PTSD). This review included 15 original studies with results presented and categorized using the CARE guidelines for the reporting of clinical case reports.


Objective 1: To Identify and Assess Differences in Clinician Assessed Outcomes for Interventions Using VR Technology to Treat PTSD

The evidence presented demonstrates that using VR technology to support the treatment of those with PTSD can lead to positive outcomes. However, it is difficult to generalize these findings or make causal inferences given the inherent weaknesses of case report designs. There was evidence to suggest that VR technology is adaptable to a range of treatment models with no discernible differences in clinical outcomes for studies that reported using TF-CBT models and those that did not. However, it was also clear from the data presented that a large proportion of case report research in the area has relied heavily on behavioral approaches. These techniques have been shown to be inferior to cognitive based approaches for PTSD treatment, particularly for retention and maintaining long term benefits (Imel et al., 2013). Finally, while the CAPS tool is considered a gold standard of PTSD measurement, it does require significant time to complete and was developed using data from military populations. As such, it may not translate as easily into routine clinical practice.



Objective 2: To Identify Implementation Procedures and Processes Involved in the Delivery of an Intervention Using VR Technology to Treat PTSD

There were no reported challenges regarding the implementation of VR technology within clinical settings however, it did appear that most studies had access to specialist facilities and equipment. While lack of equipment may be viewed as an implementation barrier there have been several recent reductions in the cost of VR equipment that should make this more accessible. Moreover, most of the mid-level workstations used today (i.e., intel i5 processor or AMD Ryzen 5 and above) will be able to display VR content with the addition of a dedicated Graphics Card. Nonetheless, the availability of VR equipment is an important implementation consideration.

In terms of process, most studies described an initial assessment session in which data was gathered to tailor the VR environment based on participant experiences. Introductions to the VR environment were gradual in most cases with participants given freedom to explore the virtual world using a joystick for navigation before the scenario began in earnest. Head mounted displays were the preferred choice (73%) and while specific details regarding make and model were not available for each study, there are a number of high end commercial options available today from Oculus (Rift, Quest, Go), Samsung (Gear), HTC (Vive and Vive Pro), and Valve (Index). There was no clear guidance on the amount of time one should spend within VR environments and this may vary depending on the traumatic event. Rothbaum et al. (1999b) whilst developing a VR experience for fear of flying suggested that a maximum of 30–45 min should be spent in the simulation to avoid potential VR sickness.

Olfactory and tactile stimulation were used successfully in some studies (Gerardi et al., 2008; Arens, 2015) but others have shown equally positive results without these additional sensory options. In fact, a successful outcome was reported by Freedman et al. (2010) who didn't include any imagery relating to the trauma memory (let alone olfactory or tactile sensory information). As Freedman et al. (2010, p. 100) noted “VR was used to provide a context, and imaginal exposure was used by the patients while they were in VR.” This is particularly important given that many of the more customizable VR experiences may not be available for routine practice or may not exist for that trauma type. It is also considered that the approach by Freedman et al. (2010) may be adapted for use within more cognitively based TF-CBT models (e.g., Ehlers and Clark, 2000).



Objective 3: To Explore the Areas Where VR Technology Adds Value to Existing Approaches for PTSD Treatment

VR technology was implemented successfully within studies using both TF-CBT and non TF-CBT treatment protocols. Prolonged Exposure has featured heavily with most studies using and encouraging a number of behavioral techniques and processes (habituation, attentional refocusing etc.). There was little evidence of the use of cognitive based techniques during treatment (e.g., challenging negative beliefs and meaning(s) associated with the trauma memory) although there were examples of when cognitive restructuring could have occurred and where other techniques could have been used, such as stimulus discrimination (Gerardi et al., 2008; Arens, 2015). Arens (2015) reported a number of cognitive distortions described by her participant (e.g., “the world is a dangerous place”), but failed to return to these in her post treatment analysis. Further to this, an apparent significant moment in the treatment of a young female with PTSD by Difede and Hoffman (2002) appeared to occur during VR exposure when the participant suddenly remembered (for the first time since the event) “believing that she would die.” Again however, no detail was given on how (or if) this belief was challenged. CBT was specifically referenced within four studies; however, its application was not consistent. In one study it was delivered in a group based format in parallel to a VR based intervention (Wood et al., 2007); in another it was a standalone session in response to emerging client need (Freedman et al., 2010). Miyahira et al. (2010) was the only study to report delivering both CBT and VR exposure therapy together.

Reflecting the lack of cognitive techniques used in reported studies to date, one could consider VR technology as particularly relevant for practitioners during imaginal reliving sessions, stimulus discrimination and preparation for site visits (Ehlers and Clark, 2000). For imaginal reliving, VR technology may encourage individuals to “open up” more easily and stay with the trauma memory for longer periods. There are less distractions within the virtual world and there was evidence to suggest in Freedman et al. (2010) that if a person begins to dissociate during the exposure, the scenario could be increased in intensity to re-engage them. Given the success of visual, audio, tactile, and olfactory stimuli, it is considered that VR technology may also enhance stimulus discrimination activities. VR technology could also be used in preparation for site visits or as an alternative if the area is difficult to access. It may even reduce the need for this component entirely. Interestingly, the cognitive model has recently been adapted as a comprehensive therapist-assisted web-based programme using video material and other forms of technology (Wild et al., 2016). As such, the use of VR technology could prove a logical next step for this form of therapy delivery.

More generally, it was also noted that many of the participants were reported to have complex PTSD and had received several other treatments before taking part in the VR intervention. Complex PTSD is defined as “a disorder that may develop following exposure to an event or series of events of an extremely threatening or horrific nature, most commonly prolonged or repetitive events from which escape is difficult or impossible” (ICD-11—World Health Organization, 2018). As such, VR technology may be useful for those with more complex presentations or whom (for whatever reason) are unable or reluctant to engage in traditional imaginal exposure exercises.



Strengths and Limitations

The strengths of this study are that it is the first review of clinical case report evidence in the field VR technology for the treatment of PTSD. It is also considered that the information provided here on technical procedures and clinical presentation(s) are not presented elsewhere in this detail. The data gathered here has also been presented in such a way as to be easily translated into clinical practice.

There are however a number of limitations that must be stated. Firstly, clinical case reports are inherently biased, namely in selection and publication bias (Nissen and Wynn, 2014). There is also a tendency to over-generalize case report evidence and no causal inferences can be made from this data. Moreover, the studies retrieved in this review are somewhat dated and as such, do not account for the recent advances in VR technology. There was little consideration within studies of the fact that participant's faces were “hidden” by the headset and important facial cues and non-verbal information could have been lost. Other potential risks, such as photosensitivity, motion sickness, and eye strain were not mentioned. Given that few recent studies could be retrieved, it is also important to note that the included case studies could not have relied on the most recent protocols available, which may limit the generalizability of findings to the current conceptualization of the different models. Finally, while the review has revealed more clinical information regarding treatment implementation, more qualitative data from participants is needed.




CONCLUSION

In conclusion, case report evidence suggests positive outcomes for the use of VR technology to treat PTSD. While the main therapeutic model that informs this area is PE, some attempts have been made to incorporate VR technologies using other treatment models. Nonetheless, major gaps remain when one considers the lack of available data on how VR technology can be incorporated within existing more cognitively based approaches. Consequently, there is an urgent need for further research into potential benefits of VR technology to support key clinical procedures, such as imaginal reliving, stimulus discrimination, and site visits.

For practitioners interested in using this technology, the costs of VR equipment have dropped significantly in recent years making this more accessible. An increasing number of clinical VR environments are also becoming available, often at limited costs. Complementary, also non-clinical (free of charge) VR environments might prove helpful. Although these might lack options to tailor an experience to the individual patient's needs, the VR environment can still add value by providing a better context for imaginary exposure. Data gathered on technical procedures suggests that practitioners should conduct a thorough assessment of their clients' background, trauma memory, and triggers in order to tailor the experience. They should also plan some early orientation work to help clients acclimatize to the new environment. Gathering self-reported data every 5 min will help with client monitoring, alongside potential physiological data. When a client is in the VR environment the use of olfactory or tactile stimuli may also be helpful but is not a necessity.
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