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The Potential of Immersive Virtual Reality as a Non-Pharmacological 

Method for Postoperative Pain Relief Among Older Adults 

Christina Keny 
 

ABSTRACT 
 
Problem Statement 

Given the complexities in managing postoperative pain in the older adult 

demographic, there is mounting interest in exploring innovative nonpharmacological 

methods for pain. Among these emerging solutions, immersive virtual reality (IVR) has 

garnered significant interest. Recent studies have indicated possible efficacy of IVR in 

reducing postoperative pain in pediatric and young to middle-aged adults following 

various surgical operations. However, the feasibility, and acceptability of IVR for 

postoperative pain among older adults across a spectrum of major operations remains 

largely underexplored.  

Therefore, the primary aim of this mixed-methods single-arm study was to 

investigate the initial feasibility and acceptability of IVR use among adults aged 55 years 

and older during the initial two days following inpatient elective abdominal surgery. 

Secondary aims were to: 1) observe the preliminary impact of IVR on postoperative pain 

and relaxation levels, and 2) explore and describe the older adult’s overall user 

experience with IVR. 

Methods 

Individuals aged 55 and older undergoing elective inpatient abdominal surgery at 

an academic medical center in Northern California were recruited from October 2023 to 

February 2024. Feasibility was evaluated through accrual rate, intervention completion, 



x  

and questionnaire compliance; acceptability via the system usability scale (SUS), a user 

experience survey, and by monitoring self-reported side effects. The preliminary impact 

of IVR on self-reported pain intensity and relaxation levels was evaluated through pre- 

to post-IVR changes. A subgroup of participants from the parent feasibility study who 

had completed at least one IVR session, were additionally recruited to complete a one-

time 15-minute semi-structured interview, which was aimed at capturing the user 

experience. Purposeful sampling was employed until no new themes were captured 

during interviews. An inductive thematic analysis approach was used to identify 

emerging themes though line by line coding of manuscript transcripts. 

Summary of Findings 

A total of 29 participants, with a median age of 73 years (range 55-81), were 

enrolled and completed one IVR session, with 19 additionally completing a second 

session. Perceived usability and overall acceptance of IVR was high, with minimal side 

effects reported. In terms of preliminary impact of IVR, statistically significant 

improvements were observed in both pain and relaxation levels from pre- to post-IVR 

changes on both Day 1 and Day 2. Of the original 29 participants in the parent 

feasibility study, 21 additionally completed a recorded interview. Semi-structured 

interviews revealed four themes: 1) IVR was a positive distraction from a variety 

postoperative symptom, including pain; 2) IVR provided a sense of escape from the 

hospital environment or worrisome medical conditions; 3) There was an expressed 

need to further tailor virtual reality content and equipment specifically for older surgical 

adults; and 4) Older adults endorsed the possibility of IVR use throughout perioperative 

care.  
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In conclusion, this study supports the feasibility and acceptability of IVR as a 

potential tool for postoperative pain management and enhancing relaxation among 

older adults following elective inpatient abdominal surgery. The positive preliminary 

results suggest the need for large scale studies across additional complex inpatient 

abdominal surgeries to confirm acceptance and efficacy of IVR as a postoperative pain 

management intervention across a wide range of diverse older demographics, including 

individuals from underrepresented minority groups and those facing physical and 

cognitive limitations. Despite minor critiques of the technology, participants verbally 

expressed that IVR following surgery helped to divert their attention away from pain 

and other symptoms. IVR also offered a temporary escape from hospitalization and 

concerns about underlying health issues, like cancer. This highlights the multifaceted 

potential of IVR as an intervention to improve various postoperative symptoms, 

including pain.  
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Background 
 

The older adult population in the United States, defined by the National Institute 

on Aging as individuals aged 65 and older, is anticipated to increase exponentially over 

the next few decades.1,2 This older adult demographic shift is anticipated to lead to a 

significant proportional increase in the number of operations performed in this 

population.3 While mortality and severe morbidity serve as traditional indicators of 

surgical outcomes, it is imperative to recognize that older adults also often prioritize the 

impact of surgery on their quality of life and ability to engage in meaningful life 

activities.4,5 The impact of various patient reported outcomes, such as postoperative 

pain, are considered critical measures of surgical success from the perspective of the 

older adult.6–8 Although extensively studied in oncology settings, symptom burden, 

broadly defined as the subjective experience of symptoms, including the number of 

symptoms, frequency, severity, and the overall impact of those symptoms on physical 

or psychological heath, remains underexplored in elective major surgery among older 

adults.8,9 Of the few studies that do exist, research has shown that the severity and 

persistence of postoperative symptoms, primarily pain, can adversely affect surgical 

recovery, leading to poor quality of life, compromised psychosocial and functional 

status, and increased risk of morbidity and mortality.10–12 

One specific postoperative symptom that has garnered significant interest 

among geriatric clinicians and researchers is post-surgical pain among older adults. 

Effectively managing pain in older surgical adults is often complicated by challenges 



3  

stemming from age-related physiological changes, the presence of multiple 

comorbidities, and the intricacies of polypharmacy.13–18 Moreover, as a result of 

postoperative pain, older adults have an increased risk of developing delirium, 

functional decline, opioid-related adverse events, addiction, and/or chronic pain 

following surgery when compared to younger age groups.19–22 Given the difficulties and 

inherent risks in managing acute postoperative pain in this demographic, there is a 

growing interest to explore innovative nonpharmacological methods for pain.23,24 

Immersive Virtual Reality for Acute Pain 

Among possible nonpharmacological options, immersive virtual reality (IVR) has 

acquired significant interest over the last decade from both the clinical and research 

communities. Research has indicated the considerable potential of IVR to reduce acute 

pain across various clinical settings, including burn wound care, medical procedures, 

and surgery.25–28 Recent reviews have also demonstrated that IVR is effective in 

reducing postoperative pain in pediatric and young to middle-aged adults following 

various types of operations.26,29 Thus, IVR could serve as a promising alternative or 

adjunct to traditional pain management techniques in older adults during inpatient 

surgical hospitalization. However, the feasibility and acceptability of IVR for 

postoperative pain among older adults across a spectrum of major surgical procedures, 

including complex abdominal procedures, remains largely underexplored. 

Immersive Virtual Reality Use in Older Adults 
 

IVR stands out as a novel technological advancement due its potential as a tool 

to enhance the overall health of older adults.30,31 Recent research supports the overall 

acceptance and use of IVR among older adults across a wide range of non-hospital 
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settings (e.g., residential care and community settings) to improve outcomes such as 

mitigating feelings of social isolation and loneliness,32 boosting cognitive abilities,33 

providing psychological support,33,34 improving chronic pain management,35,36 

optimizing physical rehabilitation,37 and enhancing overall well-being.33 Contrary to 

widespread misconceptions regarding older adults' hesitancy towards adopting 

technology, recent studies have demonstrated that older adults in the community 

setting exhibit high levels of IVR acceptance, even when cognitive or functional 

limitations are present.38,39 A recent review also demonstrated that IVR was generally 

well-tolerated in older adults across various settings with minimal side effects 

reported.40 However, the application of IVR use in older adults during surgical 

hospitalization remains limited. Specifically, research on the use of IVR in major 

elective abdominal and gastrointestinal operations involving older adults is notably 

scarce.41,42 This gap highlights the need for more focused studies on the potential of 

IVR to aid in the management of postoperative pain during hospitalization, especially in 

older adults. 

Overview of Immersive Virtual Reality Technology 
 

While the specific neurobiological pathway that underpins the effectiveness of 

IVR on reducing pain remains ambiguous, positive distraction is one widely accepted 

mechanism of action that may help to explain the effects of IVR in decreasing pain.43–45 

It is hypothesized that humans have a limited ability to process multiple stimuli.46,47 As 

such when attention is directed towards the multisensory experience of IVR, less 

attention is focused on pain.27,46–51 Two main theories support the hypothesis of IVR as 

a compelling nonpharmacological pain analgesic, as a result of positive distraction. 



5  

These theories are Melzack’s Gate Control theory, currently known as the Neuromatrix 

Theory of Pain, and The Multiple Resource Theory.46,47,52,53 The Control Gate Theory 

proposes that the level of attention concentrated on pain, as well as the emotional and 

cognitive responses to pain, impact how pain is processed and ultimately perceived by 

an individual.53 McCaul and Malott further propose that an individual must be focused 

on a painful stimulus in order to recognize pain.54The Multiple Resource theory further 

supports the nature of IVR technology as a sensory distraction, as the theory purports 

that humans have a limited set of resources available for sensory and mental 

processing.46,55 

Virtual reality (VR) generally spans three primary categories, defined by the level 

of immersion, the sense of presence evoked, and the type of equipment used.40,56–58 

Non-immersive VR involves 2-dimensional (2D) screens on a computer, television, or 

smart device.40,59 The user interacts with the 2D virtual environment using a keyboard, 

mouse, or another input device.40,58 Semi-immersive VR provides advanced graphics 

on larger screens for a more captivating experience, albeit still leveraging a 2D 

environment.58,59 Conversely, fully immersive virtual reality (IVR) uses three- 

dimensional (3D) images and videos to create a more realistic simulated environment 

using a blend of equipment such as a head-mounted display (HMD) unit with audio, 

handheld controllers, and a motion tracking system.60 IVR engenders a compelling 

sense of 'presence' and immersion in the virtual environment.44,50,51 Most modern IVR 

systems provide a 360-degree visual field with motion tracking through sensors 

embedded in the HMD unit. These motion sensors capture users’ position and 

orientation, often in all possible directions, allowing the system to respond to 
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movements and to convey information about the virtual environment back to the user in 

real time.61,62 This believable perception of ‘being there’ is thought to play a pivotal role 

in the beneficial impact of IVR on a wide array of outcomes, such a pain reduction.63–65  

FOCUS OF THE DISSERTATION RESEARCH 

Overview 

The overall objective of this dissertation manuscript is to present the feasibility, 

acceptability, and preliminary impact of an IVR intervention on postoperative pain in 

older adults following elective inpatient abdominal surgery. The initial chapters of this 

dissertation, chapters 2 and 3, comprised foundational studies that supported the 

overarching objectives of the dissertation research. The first study (chapter 2) explored 

the symptom experiences of older adults following surgery, while the second study, a 

scoping review (chapter 3), examined the research literature on the use of IVR for 

managing postoperative pain among the older adult demographic. Together, these 

studies laid a solid foundation for the subsequent overall aims of the dissertation, which 

are discussed in chapters 4 and 5. 

Dissertation Aims 
 

Chapters 4 and 5, serve as the crux of the dissertation, and the aims along with 

the associated hypotheses are presented below: 

Primary Aims: 
 

1. To determine the feasibility of applying IVR as a pain adjunctive treatment 

following elective inpatient abdominal surgery in older adults. 
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H1a: We will be able to recruit older adults undergoing elective major surgery for 

participation in study activities such as recruitment, completion of study 

questionnaires, and compliance with the intervention. 

2. To determine the acceptability and tolerability of IVR for postoperative pain 

following elective inpatient major surgery in older adults. 

H2a: Older adults will consider their IVR user experience positive, effective, and 

practical in the inpatient postoperative period, with negligible side effects 

reported. 

Secondary Aims: 

1. To determine potential differences in self-reported postoperative pain intensity 

levels, and state of relaxation through pre-posttest IVR evaluation. 

H1a: Older adults who receive IVR will demonstrate immediate improvements in 

self-reported pain intensity and state of relaxation levels from pre- to post-IVR. 

Presentation of the Dissertation 
 

This dissertation comprises six chapters. Chapter 1 discussed the negative 

impact of postoperative symptoms, such as pain, on older surgical adults’ outcomes. 

This chapter provided background information on the application of IVR technology 

both in the surgical context and among various older adult settings. Chapter 1 also 

offered an overview of IVR technology. Chapter 2 discussed an initial qualitative study 

aimed at exploring the postoperative symptom experiences of older adults following 

major elective surgery. An inductive qualitative approach facilitated the identification of 

emerging themes related to challenging postoperative symptoms, notably pain. This 

study illuminated two significant findings that helped to frame the overall dissertation: 
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first, postoperative pain was frequently cited as severely affecting patients' valued life 

activities and psychosocial well-being; second, participants reported being unprepared 

for the intensity and duration of postoperative symptoms, leading to a universal request 

among participants for more technology-based educational and supportive 

interventions for symptom management, particularly for postoperative pain. Chapter 3 

discussed a scoping review that aimed to map out and evaluate the current research 

landscape regarding the use of IVR for postoperative pain management in adults aged 

65 and older, across various surgical procedures. Both chapters 2 and 3 served to 

support the main studies conducted in chapters four and five. 

The main feasibility and acceptability study on the use of IVR for postoperative 

pain is fully described in chapter 4. Chapter 5 qualitatively described the older adults’ 

user experience with IVR. Chapter 6 is the conclusion of the dissertation. A review of 

the dissertation chapters and findings are presented. Additionally, potential implications 

for research, clinical care, policy, the future direction of IVR, and ethical considerations 

are also considered. 

Chapter 2 of this dissertation was recently published in the Annals of Surgery. 
 

Chapters 3, 4, and 5 will be submitted to peer-reviewed research journals for 

publication and are presented in this dissertation per the specifications of the 

respective journal. 
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"It’s Incapacitated me in so many ways”: Older Adults’ Lived Experience with 

Postoperative Symptoms at Following Major Elective Surgery 
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ABSTRACT 
 

Objective: This qualitative study aimed to explore the challenges faced by older adults 

regarding the postoperative symptom experience following major elective surgery. 

Background: Although extensively studied in oncology settings, the impact of 

postoperative symptom burden remains largely underexplored in elective major surgery 

among older adults. 

Methods: We employed convenience sampling to recruit adults aged ≥65 years 

undergoing major elective surgery at the University of California, San Francisco. Semi- 

structured interviews regarding the surgical experience were conducted at one and 

three months postoperatively. An inductive qualitative approach was used to identify 

emerging themes. Symptoms revealed by participants during interviews were also 

captured. 

Results: Nineteen participants completed a one-month postoperative interview, and 

seventeen additionally completed a three-month interview. Three themes emerged: 1) 

postoperative symptoms significantly impacted valued life activities and psychosocial 

well-being, 2) participants felt "caught off guard" by the intensity and duration of 

postoperative symptoms, and 3) participants expressed the need for additional support, 

resources, and education on symptom management. The most frequently mentioned 

symptoms were postoperative pain (n=12, 63.1%), gastrointestinal discomfort (n=8, 

42.1%), and anxiety/stress (n=8, 42.1%) at one-month post-surgery, compared to pain 

and depression (both n=6, 35.3%) at three months. 
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Conclusions: Study participants were surprised by the negative impact of 

postoperative symptoms on their psychosocial well-being and ability to engage in 

valued life activities. Symptom burden is an important patient-reported outcome that 

should be assessed postoperatively. Interventions to minimize postoperative symptom 

burden in older adults could optimize quality of life and participation in meaningful 

activities during surgical recovery. 
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INTRODUCTION 
 

Older adults, defined by the National Institutes on Aging as individuals aged 65 

years and older, represent a significant proportion of surgical patients in the United 

States.1,2 With the older adult population projected to reach 95 million by 2060, the 

demand for surgical operations in this demographic is expected to rise substantially.3–5 

Older adults face an elevated risk of mortality and morbidity following surgery owing to 

comorbidities and age-related physiological changes.6,7 While mortality and severe 

morbidity serve as traditional indicators of surgical quality of care and outcomes, it is 

crucial to acknowledge that older adults often prioritize understanding the potential 

impact of surgery on their quality of life (QOL), psychosocial functioning, 

independence, and engagement in valued life activities (e.g., recreational activities, 

activities of daily living, and social activities).8–10 Thus, patient-reported outcomes 

(PROs) are essential measures of surgical success, particularly from the perspective of 

the older adult.11,12 

One crucial PRO warranting evaluation and consideration following surgery is 

symptom burden, defined as “a variety of symptoms experienced by patients, including 

the number of symptoms, frequency of occurrence, severity, physical impairment, and 

psychological impairment.13 Although extensively studied in oncology settings, and to a 

lesser degree in specific major surgical procedures, such as coronary artery bypass 

grafting (CABG) surgery, symptom burden remains underexplored in elective major 

surgery among older adults.14,15 Research has shown that the severity and persistence 

of postoperative symptoms can adversely affect surgical recovery, leading to poor 

QOL, compromised psychosocial and functional status, and increased risk of morbidity 
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and mortality.15–19 Nonetheless, clinical providers often fail to detect as many as half of 

all patient-reported symptoms, limiting opportunities for early intervention and 

preventable emergency room visits or hospital readmissions.20 Little is known about the 

trajectory of postoperative symptom experiences from the viewpoint of older adults 

across a range of major elective surgical procedures. Therefore, this qualitative study 

aimed to elucidate the lived experiences of older adults regarding challenging 

postoperative symptoms and the impact of those symptoms on daily life and 

psychosocial well-being for up to three months after major elective surgery. 

METHODS 

Design 

   A qualitative study design was utilized to identify prevalent themes from one-to- 

one semi-structured interviews with older adults who had recently undergone a major 

elective surgery at one and three months postoperatively. The philosophical 

underpinnings of this qualitative thematic analysis study design were guided by a 

constructivist approach that maintains that perceived reality is subjective and 

constructed from the viewpoint of the individual.21 Qualitative methods were reported 

following the Consolidated Criteria for Reporting Qualitative Research (COREQ).22 The 

study was approved by the University of California, San Francisco (UCSF) Institutional 

Review Board (IRB # 19-28391). 

Participants 
 

English-speaking adults aged 65 years of age or older having elective major 

surgery were recruited from the UCSF Prepare clinic, a preoperative patient readiness 

clinic, if scheduled to have a major operation as defined by the American Medical 
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Association (i.e., >1% 30-day in-hospital mortality).23 Convenience sampling was used 

due to its suitability for the initial exploration of a phenomenon with limited prior 

understanding.24,25 After obtaining informed consent, the participants completed a 

demographics questionnaire and were scheduled for a phone interview. All participants 

received a $25 gift card for participation. 

Data Collection 
 

We employed semi-structured telephone interviews to collect data from 

participants one and three months after their surgical procedures. The interviews were 

conducted between November 2020 and November 2021. Two interviewers (SA and 

MR) conducted the interviews, both of whom received training on the research subject 

matter and on qualitative interviewing protocols from a senior qualitative researcher. 

The research team developed and pilot-tested an interview guide (Appendix 2), that 

covered the following broad topics: 1) postoperative experiences after discharge, 2) 

unexpected components of recovery, and 3) recommendations for how the healthcare 

system can better support surgical recovery after discharge. Although the one- and 

three-month interview guides were similar, the latter included additional questions 

regarding changes or new challenges since the previous interview. Each interview 

lasted for approximately 30 minutes. Interviews were audio-recorded, transcribed 

verbatim, and uploaded into Atlas.ti, a qualitative data analysis software program.26 All 

participant interviews were de-identified. 

Data Analysis 
 

The data analysis process involved three coders (CK, SA, and AC), who 

employed an inductive approach to identify emerging themes through line-by-line 
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coding of transcripts. The coders initially identified codes and overarching themes 

during a comprehensive first-pass reading of all the transcripts. They then organized 

the codes into a standardized codebook, which served as a guide for the second-pass 

coding. A second coder reviewed each transcript during a second round of coding. The 

coding team discussed any discrepancies during the weekly collaborative meetings to 

reach a consensus. 

The research team iteratively discussed and refined the categorization of 

identified codes into broader themes until data saturation was achieved, with no new 

themes emerging. Final themes were shared with the surgery and geriatric clinical 

providers on the research team for their input. The team selected exemplar quotes 

from the transcribed interviews to accompany the identified themes. Field notes from 

the interviews were captured and discussed as part of assessing for reflexivity 

(subjective perspective).27. 

RESULTS 
 

Nineteen participants completed a one-month postoperative interview, and 

seventeen additionally completed a three-month interview (Table 1). Prior to the three- 

month interview, one participant died, and the other did not respond to research team 

outreach. The participants were predominantly male (63.2%), white (73.7%), married 

(73.7%), and had at least some level of college education (90.9%). The median age 

was 74.5 years (range 67-82). All participants were English-speaking. Participants 

underwent diverse surgeries encompassing a wide range of surgical specialties, with 

cancer as the most common indication for surgery (n=8, 42.1%) (see Table 1 for a list 

of operations). 
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Three themes were identified: 1) valued life activities and psychosocial well- 

being were significantly impacted by patient-reported symptoms for at least three 

months following surgery; 2) participants reported feeling surprised by the intensity and 

duration of postoperative symptoms; and 3) participants voiced the need for additional 

support, resources, and education on postoperative symptom management at home. 

Theme 1: Impact of Postoperative Symptoms on Valued Life Activities and   

Psychosocial Well-being 

Participants reported physical and psychological symptoms that negatively 

impacted their ability to participate in valued daily activities or their psychosocial well- 

being (Table 2). During one-month post-surgical interviews, all 19 participants reported 

at least one challenging postoperative symptom. At three-months post-surgery, 12 

(70%) participants continued to report at least one bothersome symptom that adversely 

affected their daily life or psychosocial well-being. Postoperative pain (n=12, 63.1%) 

was the most reported symptom at one-month post-surgery, followed by 

gastrointestinal discomfort (n=8, 42.1%), anxiety/stress (n=8, 42.1%), and fatigue (n=7, 

36.8%). Depressive symptoms were not initially reported one-month after surgery; 

however, during the three-month post-surgical interviews, 6 (35.3%) older adults 

reported depressive symptoms. Postoperative pain (n=6, 35.3%) and fatigue (n=4, 

23.6%) persisted. 

Participants spoke at length about the impact of postoperative symptoms 

experienced at home and how the symptoms prohibited them from participating in the 

daily activities they valued, such as driving a car, exercise, or social interactions (Table 

3). One participant stated, “I can’t go out dancing anymore. I can’t do hardly anything 
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anymore [due to pain].” During the three-month interview another participant mentioned 

limitations related to both pain and fatigue, “I like working on the RV or changing out 

batteries in the car. And I can’t do that anymore [due to pain and fatigue].” Patients 

who continued to describe postoperative symptoms during the three-month interview 

also tended to concurrently to report depressive symptoms. As one patient stated, “I 

was getting really depressed because of the pain.” 

  Theme 2: Surprised by the Intensity and Duration of Symptoms 
 

Participants reported feeling surprised by the intensity and duration of their 

postoperative symptoms. Several participants mentioned that despite receiving 

comprehensive preoperative education, they felt frustrated, overwhelmed, and 

unprepared to manage their symptoms at home. Regarding pain, one participant 

stated, “You would think I’d be out of pain, I’m not.” Another participant stated, “Well, 

it’s like way worse than I ever thought [Gastrointestinal-related Issues]. So yeah, this 

has been very rough.” Several participants also reported how surprised they were 

regarding the emotional component of recovery at home, “You know, there are highs 

and lows emotionally while I go through all this [pain]. The operation was a lot more 

than I thought it would be.” There was also hesitancy to share personal challenges with 

postoperative symptoms with clinicians. As one participant stated, “I am not talking to 

my doctor about every symptom that I experience. And a lot of it won’t do any good. 

There’s nothing the doctor can do to help me.” Another participant stated that they did 

not think their doctor understood the extent of the impact of postoperative symptom 

burden after discharge, “I think doctors don’t even realize what you’re feeling because 

they haven’t been through it. It’s incapacitated me in so many ways.” 
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While participants conveyed their surprise at the intensity and duration of 

postoperative symptoms, along with the detrimental influence of these symptoms on 

their capacity to partake in meaningful daily activities over the initial three-month period 

following surgery, there was no evidence they regretted having surgery, i.e., decisional 

regret.28 

  Theme 3: Recommendations for Postoperative Symptom Management 
 

Older adults universally agreed that more education, support, and resources are 

needed for effective symptom management at home (Table 4). Participant suggestions 

fell into three categories: more support and communication, tailored patient-centered 

information on what to expect related to symptom management, and technology-based 

modes of delivery for additional education and support. 

Study participants indicated that more support for symptom management was 

needed. One recommended form of support was the use of support groups. Support 

group infrastructure suggestions varied from peer-led to healthcare system-led. One 

participant stated, “I think they [other surgical patients] should talk to someone like me, 

a veteran surgical patient. It would help [with coping with recovery at home].” 

Participants additionally requested more routine communication and follow-up 

from the clinical team beyond the routine surgical postoperative follow-up appointment. 

One participant noted, “It would be nice if they just had [clinical] people who had the 

time to just make routine calls [after discharge]. Like how you are doing [with 

symptoms], how’s your feeding coming, do you understand about taking your 

medications.” 
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In our study, most participants acknowledged receiving comprehensive 

information about the risks and technical aspects of their surgical procedures. 

However, the majority noted a lack of both pre and postoperative education regarding 

postoperative symptom management at home. One participant remarked, "Nobody 

showed you how to cough, or at least how to use a pillow on your abdomen [to prevent 

additional incisional pain]. They could provide more information on matters like that. I 

had to search online." Moreover, participants frequently recommended that educational 

resources and information should be tailored to their individual needs and experiences. 

As one participant stated, "There needs to be a wider range of information [education 

on symptom management] that people can understand. They could be somewhere in 

between or either end; we are all different." 

A final overarching suggestion by several participants was the use of technology 

as a mode of delivery for symptom management resources and education. 

Technology-based suggestions varied and included an online library of informational 

videos, smartphone technology, computer-based application programs (e.g., programs 

on distraction and relaxation), and various social media platforms. One participant 

stated, “We have enough smart people to design a [software application] program, to 

help people have a positive attitude about going through this [symptom experience] and 

how to manage things at home.” 

DISCUSSION 
 

This qualitative study aimed to explore the postoperative symptom experience 

faced by older adults following major elective surgery. Study participants reported 

feeling surprised by the extent of post-surgical symptoms and the widespread impact of 



31  

those symptoms on their psychosocial functioning and ability to engage in daily 

meaningful life activities during the first three months after major surgery. Participants 

felt inadequately prepared to manage their symptoms at home and expressed the 

necessity for additional support, resources, and education on symptom management. 

The findings from this study highlight the need for surgeons to recognize postoperative 

symptom burden as an important patient-reported outcome measure to consider in 

older adults given its distressful impact on the ability to engage in valued life activities 

following surgery. 

Our study findings share both similarities and differences with the literature on 

the impact of postoperative symptom burden on psychosocial functioning after major 

surgery. Previous research on coronary artery bypass graft (CABG) surgery indicates 

that patients rarely encounter isolated symptoms, but rather often experience multiple 

simultaneous postoperative symptoms, leading to reduced psychosocial 

functioning.24,35 Our study echoes these findings, with approximately 75% of 

participants reporting two or more symptoms affecting their psychosocial well-being 

one-month post-surgery, and nearly 40% reporting two or more symptoms during the 

three-month interview. Previous research also suggests that psychological symptoms 

such as anxiety and depression are among the most frequently occurring postoperative 

symptoms affecting psychosocial functioning after major surgery.24,36 While our study 

findings did capture the occurrence of anxiety and depressive symptoms, we found that 

pain was the most frequently reported symptom one month after surgery, with 

depression initially absent. However, at three months postoperatively, pain and 

depression emerged concurrently as the most frequently reported symptoms. This is 
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potentially a key finding, as acute postoperative pain may contribute to the onset of 

depression.33,34 Our findings about depression being more prominent at 3 months 

postoperatively, while potentially important, should be interpreted cautiously. Due to 

the study design and sampling methodology, conclusions about pain as a primary 

contributor of depression, cannot be made. It is also important to recognize that cancer 

was the indication for surgery in approximately 42% (n=8) of participants, suggesting 

that depression could be related to other factors, such as the underlying disease 

trajectory or prognosis. Additional longitudinal research in a larger representative 

sample with systematic validated questionnaires focused on capturing depression, 

pain, and other symptoms would be needed to robustly understand postoperative 

symptom co-occurrence, symptom trajectory, and variation of symptom occurrence by 

type of surgery or presenting medical condition. 

The participants in our study emphasized the need for more information on 

symptom management before and after surgery, highlighting the inadequacy of 

perioperative education on symptom management at home. This finding aligns with a 

recent review on postoperative hospital-to-home care transitions in older adults, 

revealing a gap in the provision of patient symptom management education.35 Study 

participants also expressed receptiveness to a variety of technology-based options for 

the delivery of education and support for symptom management. This finding is 

consistent with current research demonstrating that older adults are open to using a 

variety of technologies, including immersive virtual reality, for the delivery of education 

on symptom management, so as long as training and support are available.36–39 
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Our research differs from the existing surgical literature on postoperative 

symptom burden in several key aspects. First, our research sheds light on not only the 

detrimental effects of postoperative symptoms on older adults' psychosocial well-being, 

but also the negative impact on daily engagement in valued life activities following 

surgery. Valued life activities comprise a wide array of enjoyable or meaningful 

pursuits, including self-care tasks, social interactions, and leisure-based activities.10,40 

This finding is particularly significant for understanding the potential negative effects of 

surgery on older adults' engagement in meaningful life activities postoperatively. It 

highlights the importance of delivering patient-centered care that aligns with the 

patient's surgical goals and personal values.10,41 

Second, our study leveraged qualitative methods to capture patient-reported 

symptoms. In contrast, previous studies have relied on a variety of heterogenous 

symptom burden questionnaires, tailored to a specific type of surgery, to acquire 

patient-reported symptoms. Symptom burden instruments are often restricted in their 

ability to detect certain symptoms.17 For example, our study captured patient-reported 

memory loss, which is not a symptom typically captured in common surgery-specific 

PRO instruments, such as the Cardiac Symptom Survey or the MD Anderson 

Symptom Inventory (MDASI).42,43 Our findings support the need for research to 

establish a standardized validated symptom burden assessment questionnaire that 

captures the full spectrum of psychological and physical postoperative symptoms 

across a variety of major surgeries. 

Finally, our research expands upon previous studies that have predominantly 

focused on evaluating postoperative symptom burden on psychosocial functioning in 
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specific types of major operations, such as CABG and lung cancer surgery.17,18 In 

contrast, our study delves into the essence of the symptom burden experience across 

a diverse array of major elective surgeries. We found that, irrespective of the type of 

major elective operation, postoperative symptom burden was considerable and 

universally experienced by all participants, profoundly impeding not only psychosocial 

functioning but also involvement in activities deemed valuable. It is vital to recognize 

the pervasive nature of the adverse impact of symptom burden across all types of 

major elective surgeries examined in our study. This highlights the need for proactive 

assessment and management of postoperative symptoms in older adults, ensuring 

their well-being and enabling them to continue living meaningful lives after surgery. 

Our study contributes to the growing body of knowledge on symptom burden in 

older adults as a vital postoperative patient-reported outcome, and our findings have 

important implications for the surgical care of older adults. First, effective pre- and post- 

operative interventions focused on offering patient-centered education, support, and 

resources for symptom management at home for older adults could potentially lessen 

symptom burden, thereby improving psychosocial functioning and enhancing 

engagement in valued life activities after surgery. Evidence from other patient care 

settings, such as oncology, suggests that providing sufficient education and support for 

symptom management can alleviate psychological distress in patients undergoing 

treatment.39 

Second, patient-reported outcome measures, such as postoperative symptom 

burden or psychosocial distress in older adults, are scarcely captured in surgical 

research literature or as part of national surgical quality improvement programs. 
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Consequently, surgeons may not be fully aware of the extent of symptom distress that 

older adults face during the recovery process. National programs aimed at enhancing 

surgical care and quality for older adults, such as the American College of Surgeons 

(ACS) National Quality Improvement Program (NSQIP) and the ACS's Geriatric 

Surgical Verification Program, should contemplate expanding program standards to 

encompass PRO measures in older adults, including postoperative symptom 

burden.11,12,44,45 Assessing for and addressing symptom burden proactively could help 

surgical teams identify quality improvement opportunities for geriatric surgical patient 

populations throughout the perioperative care continuum. Furthermore, surgeons' 

understanding of postoperative symptom burden in older adults may play a crucial role 

in preoperative care discussions, decision-making, expectation setting, and proactive 

planning of postoperative care needs. 

Lastly, evidence-based surgical protocols, such as Enhanced Recovery After 

Surgery (ERAS), have reduced the mean length of hospital stay by 2.3 days.46 As a 

result, ERAS patients may have fewer opportunities to consult with healthcare 

professionals and receive symptom management education prior to discharge.47 Some 

studies evaluating the use of ERAS protocols in older adults have reported a 

readmission rate of up to 19% within 30 days of certain types of major surgery because 

of complications, including challenges in the management of postoperative symptoms, 

such as pain and nausea.46,48,49 Most ERAS protocols include patient education 

regarding the protocol components; however recent research indicates the need for 

additional patient education as part of the ERAS programs.47,50 We recommend 

expanding ERAS patient education to include symptom management education. 
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This study has several limitations that warrant acknowledgment. First, although 

informative, the findings are not generalizable due to the qualitative nature of the study 

design and the small sample size. Moreover, the study findings represent a 

homogeneous convenience sample of predominantly educated English-speaking white 

males with good access to care at a large academic center. Although our sample may 

represent an ideal case scenario, the participants were nevertheless significantly 

affected by their postoperative symptoms and expressed the need for additional 

symptom management education and support. Further, while our sample reflects the 

underlying population seeking care at one academic hospital, it is important to 

recognize that those from varying cultural or ethnic backgrounds, women, non-English 

speaking patients, individuals with lower education levels, or those with less access to 

care could perceive and express symptoms after surgery in a manner not captured in 

this study. Additionally, this study only included participants who underwent planned 

inpatient surgeries with preoperative preparation. It remains unknown whether older 

adults undergoing urgent, or emergency surgery would report similar symptom 

experiences. Moreover, the absence of systematic screening utilizing validated 

questionnaires may have led to potential underreporting of specific symptoms. Finally, 

the ability to capture postoperative symptoms could have been limited by participants' 

discretion in verbally expressing their symptoms during interviews. 

In conclusion, postoperative symptom burden may have a more significant 

impact on older adults than surgeons realize, making it a crucial patient-reported 

outcome measure that should be evaluated postoperatively. Future research is needed 

to identify approaches for routinely assessing for and evaluating postoperative 
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symptom burden in older adults. Future studies are also warranted to evaluate the 

postoperative symptom experience of older adults who identify with historically 

marginalized groups or those who may experience frailty or functional limitations. 

Finally, the development and testing of interventions aimed at providing efficacious 

management of postoperative symptoms experienced by older adults are warranted. 



38  

Sources of Support: This work was funded by The National Institute of Aging of the 

National Institutes of Health (K76AG05993 and K23AG065438-03). This work was 

supported by the National Institute of Nursing Research of the National Institutes of 

Health (T32NR01692), the University of California, San Francisco (UCSF), UCSF 

School of Nursing Century Research award, the UCSF Graduate Mentorship 

Fellowship award, the UCSF Phillip R. Lee Health Policy Fellowship award, the UCSF 

Office of the Executive Vice Chancellor and Provost (EVCP) Social and Population 

Science Fellowship Research Award, and by the Department of Veterans Affairs, 

Veterans Health Administration, Office of Academic Affiliations VA Quality Scholars 

Advanced Fellowship Program (OAA 3Q072019C). 

Conflict of Interest: All authors report no conflicts of interest. The views expressed in 

this article are those of the authors and do not necessarily reflect the position or policy 

of the Department of Veterans Affairs or the United States government. 



39  

   Table 2.1. Patient Demographic and Clinical Characteristics 
 

Age (n=19)  
Median, years 74.5 (range 67-82) 
Gender (n=19) n (%) 
Male 12 (63.2) 
Female 7 (36.8) 
Race/ethnicity (n=19)  
White/Caucasian 14 (73.7) 
Asian 3 (15.8) 
Hispanic 1 (5.0) 
Black or African American 1 (5.0) 
Relationship Status (n=11)1  
Currently Married 8 (73.7) 
Divorced 1 (9.1) 
Widowed 2 (18.2) 
Level of Education(n=11)1  
High school diploma or GED 1 (9.1) 
Some college, no degree 5 (45.5) 
Any college, graduate, or professional degree 5 (45.5) 
Surgical Specialty & Primary Procedure (n=19)  
General Surgery 9 (47.3) 
Pancreaticoduodenectomy 3 (15.8) 
Open hepatectomy 2 (10.5) 
Open colorectal resection 2 (10.5) 
Open Adrenalectomy 1 (5.3) 
Open small bowel resection 1 (5.3) 
Neurosurgery 2 (10.5) 
Craniotomy 2 (10.5) 
Cardiac 2 (10.5) 
Aortic Valve Replacement 1 (5.3) 
Tricuspid Valve Replacement 1 (5.3) 
Vascular 2 (10.5) 
Aorto-ilio-femoral bypass 1 (5.3) 
Open repair of abdominal aortic aneurysm 1 (5.3) 
Transplant 2 (10.5) 
Kidney transplant 2 (10.5) 
Thoracic 1 (5.3) 
Open thoracotomy lobectomy 1 (5.3) 
Urologic 1 (5.3) 
Radical cystectomy 1 (5.3) 

 
1Sociodemographic data were collected by participant self-report through a secure online 
survey; however, despite several attempts by the research team to partner with study 
participants to complete missing data on survey questionnaires, eight participants declined 
to answer relationship status or level of education. 
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Table 2.2 Symptoms Participants Chose to Reveal During Semi-Structured Interviews 
 

 
Self-Reported Distressing 
Symptoms1 

1 Month After 
Surgery 

n=19 

3 Months After 
Surgery 

n=17 

n (%) n (%) 
Reported at least one surgery-related 
symptom 

19(100.0) 12 (70.6) 

Reported two surgery-related symptoms 14 (73.7) 7 (41.2) 
Reported three or more surgery-related 

  symptoms 
9 (47.4) 5 (29.4) 

Pain 12 (63.2) 6 (35.3) 
Gastrointestinal 8 (42.1) 2 (11.8) 
Anxiety/Stress2 8 (42.1) 2 (11.8) 
Fatigue 7 (36.8) 4 (23.5) 
Medication-Related Side Effects 5 (26.3) 1 (5.9) 
Neuropathy 3 (15.8) 2 (11.8) 
Shortness of Breath 1 (5.3) 1 (5.9) 
Depression2 0 (0.0) 6 (35.3) 
Memory Loss 0 (0.0) 1 (5.9) 

 
1 Self-reported as verbally mentioned by the participant during interviews. 
2 Anxiety/Stress and depression were only captured if the patient specifically mentioned 
feeling depressed, stressed, or anxious. 
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   Table 2.3 Exemplar Quotes Illustrating Patient-Reported Bothersome Symptoms 
 

Types of Symptoms Exemplar Quotes 

 
Pain 

“But I wake up at night, and that’s a son of a bitch, it   
really is. Excuse my language. It’s more than the man 
can handle [the pain].” (1- month, 78 
y/o Male, Radical Cystectomy) 

 
Gastrointestinal 

“It’s a burning acid pain right in the middle of stomach. 
It was just constant, constant, constant pain.” (1- 
month, 69 y/o Male, 
Pancreaticoduodenectomy) 

 
Anxiety/Stress 

“It is very stressful because you don’t want to put any 
weight or any pressure on your wound or your ribcage 
due to pain.” (1-month, 78 y/o Male, 
Aortic Valve Replacement) 

 
Fatigue 

“I have bouts of tiredness where I just, maybe three 
times a day I need to go lay down for half an hour. So 
that kind of interferes with my ability [ to participate in 
daily activities].” (1-month, 
74 y/o Male, Open Colorectal Resection) 

 
Medication-Related Side Effects 

“They had me on Oxycontin; I’ll never go back on that 
stuff again. it’s a hallucinating thing. Oh my 
God.” (1- month, 67 y/o Female, Open Colorectal 
Resection). 

 
Neuropathy 

“This numbness and this not feeling of the leg is 
annoying. That foot is my driving foot. I’m hoping that will 
end [so I can drive], but who knows?” (1- month, 78 y/o 
Female, Aorto-ilio-Femoral Bypass) 

 
Dyspnea 

“If I take a walk around the house, for some time after 
that I have to sit down to relieve my breath because it 
seems like I’m always out of breath” (1-month, 68 y/o 
Male, Pancreaticoduodenectomy) 

Depression 
“I guess symptoms of being really down, what’s the 
word? Depression.” (3-months post-op, 82 y/o Female, 
Open Hepatectomy) 

 
 
Memory Changes 

“My memory is not OK. Every time they ask me a 
question I can answer it, but sometimes when I talk 
about something, I forget what it is. I didn’t have that 
before [ the surgery].” (3- months, 80 y/o Female, Open 
Adrenalectomy) 
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   Table 2.4 Patient Recommendations for Additional Support and Education 
 

Theme Subtheme Exemplar Quote 

 
 
 
 
 
More Support 

Peer Support “It’s the support thing, that’s probably the 
number one thing [that is needed]. Like you 
can call somebody who’s going to be going 
through the same thing or has gone through 
it.” (3 months, 74 y/o Male, Open Colorectal 
Resection) 

Clinical Team 
Communication 

“They [the clinical team] need a better flow of 
communication, a simpler, easier way of 
providing that information [on symptom 
management].” 
(3- months, 71 y/o Female, Open repair of 

Abdominal Aortic Aneurysm) 
 
 
 
 
More Education & 
Information 

Customizable “This is ordinary stuff to surgeons, but to the 
patient, this is a once-in-a-lifetime thing. I think 
that there are all these opportunities to teach 
the patient more about what to expect [on 
symptom management] according to personal 
needs.” (1-month, 76 Female, Tricuspid Valve 
Replacement) 

Patient-Centered “There is much more attention to the technical 
aspect of surgery [referring to education] of 
what a person goes through, and it is, from my 
experience, really shortchanging the individual 
personal experience.” (1- month, 74 y/o Male, 
Open Colorectal Resection) 

 
 
 
 

 
Technological Mode of 
Delivery 

Software 
Applications 

“We need the ability to recapture some of the 
information [on symptom management] and 
having access to a little video library 
application or something like that would help.” 
(1-month, 71 y/o Male, Kidney Transplant) 

Websites “It would be nice if there was kind of a website 
where you can check in to see what’s going 
[with symptoms]. I’ve been trying get my head 
wrapped around it how it could be easier.” (1- 
month, 73 y/o Male, Kidney Transplant) 

Social Media “So having it [education on symptom 
management] come from a reliable source 
means a lot to me. To be publishing education 
material over YouTube videos.” (3-months, 78 
Female, Aorto-ilio-Femoral Bypass) 
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A Scoping Review of Immersive Virtual Reality and Postoperative Pain Among 

Older Adults 
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ABSTRACT 
 

Objective: The primary aim of this scoping review was to map out and evaluate the 

current landscape of studies examining immersive virtual reality (IVR) interventions for 

postoperative pain management in surgical adults 65 years of age and older. 

Background: There is a growing interest in non-pharmacological interventions to 

address challenges tied to pain management in older adults. Immersive virtual reality 

has shown promise in mitigating acute pain across various clinical settings, 

especially in younger age ranges. However, its application in older adult populations 

across to manage postoperative pain a spectrum of surgical procedures remains 

largely unknown. 

Methods: A comprehensive literature search of five online peer-reviewed databases 

was conducted up through January 2024. Quantitative and mixed methods studies 

were eligible for inclusion if: (a) mean or median age of participants was 65 years or 

older; (b) surgical procedures were conducted in an inpatient or outpatient operating 

room setting; (c) the intervention group received an IVR intervention before, during, or 

after surgery; and (d) postoperative pain scores were numerically collected and 

reported as a primary or secondary outcome measure. Study titles and abstracts 

underwent initial screening against inclusion/exclusion criteria. Selected full-text 

articles meeting eligibility criteria underwent a second level of review. A narrative report 
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was compiled with the identified studies. Methodological quality was assessed with the 

Effective Public Health Practice Project Quality Assessment Tool. 

Results: A literature search yielded 1049 results, 10 of which were included in the 

review. In total, the 10 studies included 545 participants with a median sample size of 

53 (range:12-106). The reported mean age range was 65.5 to 75.7 years. Five of the 

ten studies were conducted in the United States. Three main findings emerged from 

included studies: 1) IVR for postoperative pain occurred predominantly in total joint 

replacement (TJR) surgery; 2) while over half of the studies in this review indicate that 

IVR could improve postoperative pain management, weak to moderate study designs 

and small sample sizes limited the ability to draw firm conclusions about IVR use in the 

older adult demographic; and 3) there is significant heterogeneity in how IVR is 

administered (timing, phase of care, frequency, and duration), as well as the types of 

IVR program content and equipment used for postoperative pain management. 

Conclusions: The literature is sparse and heterogenous on the use of IVR for 

postoperative pain in older adults who have non-total joint surgery. Therefore, 

conclusions about acceptability, feasibility, and efficacy are not possible. This review 

highlights both the promise and the need for more rigorous randomized clinical trials on 

the efficacy of IVR in older adults across a spectrum of surgical procedures, and older 

adult subgroups (e.g., underrepresented minority groups and those with physical and 

cognitive limitations). 
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INTRODUCTION 

Aging and Postoperative Pain 

The projected near doubling of the U.S. older adult population to approximately 

95 million by 2060 is expected to result in a corresponding significant increase in the 

number of surgeries performed within this demographic.1–3 Although aging is thought to 

be linked to an increase in pain threshold and loss of pain sensitivity, adequate 

postoperative pain management in older adults nevertheless remains a substantial 

challenge.4 Managing postoperative pain in older adults through pharmacological 

interventions poses inherent complexity, stemming from the physiological changes 

associated with aging and age-related diseases.5,6 These factors may contribute to 

increased susceptibility to pain medication contraindications and an increased risk of 

adverse side effects, consequently presenting unique challenges in obtaining 

postoperative pain control in the older adult.7 Moreover, the implications of inadequate 

postoperative pain management in older adults can precipitate geriatric-specific 

conditions including, delirium, functional decline, susceptibility to the development of 

chronic pain, and increased risk of chronic opioid addiction.8–11 

Immersive Virtual Reality for Acute Pain 

Amidst the innumerable challenges associated with pharmacological pain 

management in older surgical adults, a burgeoning interest has emerged in non- 

pharmacological interventions as a result of changes to policy and practice 

guidelines.12–14 One non-pharmacological approach that holds significance in reducing 

postoperative pain is positive distraction, which entails engaging in thoughts or 

activities that divert attention away from pain perception.15 Research into positive 
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distraction techniques, including music, imagery, and relaxation, has consistently 

shown efficacy in alleviating postoperative pain.17–19 A relatively recent technological 

intervention that is making strides in healthcare is virtual reality (VR). Virtual reality 

broadly spans three primary categories, defined by the level of immersion and the 

sense of presence evoked.16 Non-immersive VR involves basic interaction via 2D 

screens on computers, while semi-immersive VR provides advanced graphics on larger 

screens for a more captivating experience.17–19 However, fully immersive virtual reality 

(IVR) facilitates an individual’s interaction with a 3-dimensional (3D) environment using 

a combination of equipment, such as a head-mounted display (HMD).16 This 

multisensory response (visual, auditory, and other senses) is thought to create a 

profound sense of ‘presence,’ or a feeling of physically being in the virtual space, 

which is hypothesized to increase the level of distraction away from painful stimuli.20–26 

Immersive virtual reality, as a form of positive distraction, has demonstrated 

promise in mitigating acute pain across various clinical settings, such as burn wound 

care treatment and medical procedures in both adults under the age of 65 and pediatric 

populations.27–32 A recent review also highlighted the efficacy of IVR in reducing 

postoperative pain levels in younger to middle aged surgical adults.33 However, the 

application of IVR in the surgical older adult population has been comparatively 

understudied. 

Given that older adults undergoing various surgical procedures may engage 

differently with IVR content and equipment than those in younger age groups, a more 

thorough evaluation of IVR for postoperative pain is needed in this demographic. 

Though some research has included older adults in IVR intervention studies for 
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postoperative pain management, there is scant research in the literature explicitly 

focused on the age 65 and older age range across a spectrum of surgical 

procedures.34–36 Thus, the primary aim of this scoping review was to map out and 

critically appraise current studies examining IVR interventions as part of postoperative 

pain management in adults 65 years of age and older across a variety of surgical 

procedures. Future research endeavors are discussed based on the resulting body of 

evidence. 

Key Study Definitions and Justifications 

It is critical to define and justify several components of this scoping review. In 

the United States, the specific age that defines an “older adult” can vary based on 

context; however, 65 years of age and older is often considered to be the start of the 

"older adult" category, especially in the setting of certain types of medical conditions, 

housing, and community and federal programs.37,38 This study defined “older adult” as 

65 and older, to capture a broad spectrum of older adult age ranges. Furthermore, for 

the purposes of this review, only fully immersive virtual reality was captured. Finally, a 

scoping review approach was chosen as it enables a narrative description of the range 

and extent of existing evidence available on a given topic, particularly when a body of 

literature is newly developing and expected to be heterogeneous in nature, as is the 

case in the use of IVR for postoperative pain in older adults.39 
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METHODS 
 
Protocol and Registration 

 
This scoping review follows the procedures as outlined by the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses extension for scoping reviews 

(PRISMA-ScR).4   As this was a scoping review and not a systematic review, the study 

protocol was not eligible to be registered with PROSPERO, the international register of 

prospective reviews.41 

Eligibility Criteria 
 

Included in this scoping review are studies published in peer-reviewed journals 

up through January 2024 that met the following criteria organized by population, 

intervention, comparison, outcome, and study design (PICOS) (Table 1).42 

Randomized controlled trials, non-randomized controlled trials, pilot and feasibility 

studies, single arm cohort, and mixed method studies were eligible for inclusion if: (a) 

mean or median age of participants was 65 years or older; (b) surgical procedures 

were conducted in an inpatient or outpatient operating room setting; (c) the intervention 

group received an IVR intervention before, during, or after surgery; and (d) 

postoperative pain scores were numerically collected and reported as a primary or 

secondary outcome measure. Exclusions included: (a) medical procedures performed 

outside of an operating room; (b) case studies, observational studies, qualitative only 

studies, where pain as an outcome measure was not reported as a numeric score; (c) 

non-English language studies; (d) non-peer reviewed studies; and (e) non-immersive 

or semi-immersive VR (e.g., 2D virtual reality using only a computer and keyboard as 

the VR experience) were used as the intervention. 
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Information Sources and Search Strategy 

With the input of a medical librarian, a comprehensive literature search of five 

online peer-reviewed databases (PubMed, EMBASE, PsycINFO, CINAHL, and Web of 

Science) was conducted on January 8, 2024 to identify publications that met eligibility 

criteria (Figure 1). A Google Scholar search was also conducted, as was a reference 

list search of previous reviews to ensure all possible relevant articles were included in 

the scoping review. The following overarching keyword search terms used were “virtual 

reality” or related synonyms and ''postoperative pain.” The search was carried out with 

the following filters in place: English language and full text studies. No date limit was 

set. As IVR in healthcare is a relatively recent development, no limitations were placed 

on publication dates. 

Screening 
 

All retrieved studies from the database search were imported into Zotero 

reference management software.43 Studies were then uploaded into Covidence 

software for duplication removal and screening.44 This review consisted of two 

independent reviewers (CK and CR). To increase consistency among reviewers, both 

reviewers screened the same 853 studies imported from the five databases and the 

hand search of references (Figure 2). There were two levels of screening and 

selection. First, all study titles and abstracts were screened against initial inclusion and 

exclusion criteria. A second level of selection included a review of full-text articles that 

met eligibility criteria. All exclusions were justified in the Covidence software (Figure 2). 

Disagreements were discussed between the two reviewers and escalated to a third 

party (LP) for a final decision. 
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Data Abstraction and Synthesis of Results 

A data collection abstraction form was developed using a standardized Microsoft 

Excel spreadsheet (version 6.627, 2016, Washington, U.S.) to extract key variables. 

One reviewer (CK) independently charted the data and discussed results regularly with 

the other reviewer (CR). Study characteristics collected were: first author, year of 

publication, country of publication, study design, sample size, and main findings. As 

related to the population of interest, the following was also collected: the mean or 

median age, sex, and type of primary surgical procedure (Table 2). Other items 

extracted were type of IVR equipment, content or environment, duration and frequency, 

the type of IVR used as described by study authors (e.g., interactive or passive), and 

the phase(s) of perioperative care that that IVR was administered (Table 3). Other 

relevant non-pain outcomes that were captured alongside postoperative pain were also 

extracted (Table 4). A narrative descriptive report of the data is presented to capture 

the range of evidence identified in the literature. 

Article Quality Appraisal 
 

Two raters (CK and CR) independently evaluated each article for 

methodological quality using the Effective Public Health Practice Project (EPHPP) 

Quality Assessment Tool.45 Quality of each study was evaluated using the following 

criteria: selection bias, study design, treatment confounders, blinding, data collection 

methods, and dropout rate (Table 5).45 This tool was selected due to its ability to allow 

the reviewers to appraise studies with varying study designs. Quality assessment 

ratings for the EPHPP instrument follow a standardized guide and dictionary, 

categorizing studies as strong, moderate, or weak.45,46 The overall rating is derived 

from the component ratings, with studies deemed strong if they receive no weak 
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ratings, moderate if they have fewer than four strong ratings, and classified as weak if 

there are two or more weak ratings. 

RESULTS 
 

Selection of Sources of Evidence 
 

A total of 1,049 study articles were identified from database search results 

(Figure 2). After 196 duplicates were removed, a total of 853 studies were screened by 

title and abstracts using eligibility criteria. Of these, 729 studies did not meet inclusion 

criteria. A total of 124 full text articles were retrieved and further assessed for 

eligibility. Of the full text articles reviewed, 114 studies were excluded for reasons 

noted in the PRISMA flow diagram (Figure 2). The remaining 10 articles met criteria for 

inclusion and were reviewed as part of the scoping review (Table 2). 

Participant Characteristics 
 

In total, the 10 studies included 545 participants with a median sample size of 

53 (range:12-106). The reported mean age range was 61.0 to 75.7 (SD 4.3) years, with 

nearly half of the studies chiefly represented by at least 60% females.47–50 No studies 

in this review captured socio-economic elements, level of education, partner or 

caregiver status, or cultural/ethnic group self-identification. 

Geographical Context 
 

Five of the ten studies were conducted in the United States.47,48,51–53 The 

remaining studies were represented in the following countries: China,54 Isarel,49 

Belgium,55 France,56 and Australia.57 All included studies that met eligibility for inclusion 

were published within the last six years, between 2018 and 2024, despite no filters 

placed on date ranges. 
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Study Design 
 

Eight studies were prospective randomized controlled trials (RCT), with two of 

those studies additionally including qualitative analyses. The remaining two studies 

were non-randomized, as participants self-selected membership in the control or 

intervention group per their preference.53,56 One study was single blinded to the 

participant only;51 however, all other studies were not blinded to the researcher or the 

participant. Each study occurred in a single medical center. 

Types of Surgical Procedures 

Most IVR studies focusing on postoperative pain outcomes in adults 65 years of 

age or older, were predominantly concentrated on elective total joint replacement (TJR) 

surgeries (n=8). Among these TJR surgeries, five studies specifically targeted total 

knee arthroplasty (TKA) surgery;48,49,52,54,56 with two studies additionally including 

elective total hip arthroplasty (THA) surgery.51,57 The remainder of the studies included 

the following surgical procedures: coronary artery graft surgery 55 and minimally 

invasive inpatient foregut surgery.47 

Article Quality Assessment 
 

The EPHPP methodological quality assessment revealed 9 of the 10 included 

studies received either an overall weak (n=5) or moderate (n=4) rating, with only one 

study rated as strong (Table 5). The overall ratings were impacted negatively by the 

absence of blinding and the omission of participant dropout or withdrawal rate 

reporting. 

 

 

 



62  

Outcome Measures 
 

Postoperative Pain Scores 
 

Seven of the ten studies evaluated self-reported postoperative pain as the 

primary outcome of the study. In the studies which reported postoperative pain as a 

secondary measure, the primary outcome measure of interest was one of the following: 

anxiety, 58 intraoperative patient controlled sedation,57 intraoperative sedation, or opioid 

consumption.53 Nearly all studies reported postoperative pain using the either the 

Visual Analog Scale or the Numeric Rating Scale; both instruments are self-report and 

use a numeric rating scale to indicate the level of pain intensity.59 One study, however, 

reported postoperative pain on a 5-point Likert scale from the pain intensity domain on 

the Quality of Recovery Survey (QOR-40).57 No studies leveraged multidimensional 

pain measurement instruments, such as the Brief Pain Inventory, which in addition to 

measuring pain intensity, also measures the emotional and cognitive experiences of 

pain.60 Furthermore, one study additionally measured physiological surrogate 

indicators of pain, which included respiration rate and various domain metrics for heart 

rate variability, along with self-reported pain scores.50 In this particular study significant 

differences in favor of IVR were noted in all physiological indicators, as well as pain 

scores both within and between the control and intervention groups.52 

Finally, four of the ten studies showed a statistically significant difference in 

lower postoperative pain scores in the IVR intervention group as compared to the 

control group (Table 2).48,52,54,58 One additional study showed lower absolute 

postoperative pain scores in the IVR group as compared to the control group but was 

not statistically significant;47 however the IVR group included more complex types of 

foregut surgical procedures in the sample as compared to the control group.47 Another 
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study showed significant reductions in pain in the IVR group immediately following IVR 

as compared to pre-IVR baseline pain scores;49 however, no statistically significant 

differences were noted between the IVR group and the control group in this study. 

Non-Pain Outcome Measures 
 

In addition to capturing postoperative pain as either a primary or secondary 

outcome, all included studies concurrently evaluated at least one non-pain related 

outcome measures (Table 4). Anxiety, IVR related side effects, system usability, user 

experience, or patient satisfaction were employed as outcome measures in over half of 

the studies. Two studies additionally reported the IVR user experience using qualitative 

semi-structed interviews with thematic analysis.50,57 Approximately 40% of studies 

measured total opioid consumption or physiological responses to IVR (e.g., respiration 

rate, heart rate variability, etc.).47,48,51–53,55 Other outcomes less frequently measured 

were quality of life, mobility or first ambulation after surgery, depression, relaxation, 

various orthopedic joint functional outcomes (e.g., range of motion), and fatigue (Table 

4). One study additionally measured the cost of the IVR use per patient.47 Finally, two 

studies measured participants’ sense of presence (e.g., overall presence, spatial 

presence, involvement, and perceived realism) using the Igroup Presence 

Questionnaire (IPQ), a validated instrument. 61 One of the two studies indicated a 

significant difference in the IPQ scores between the IVR group and the control group, 

where the IVR groups reported higher scores, indicating a higher level of perceived 

presence in the virtual envirnoment.52 Level of immersion during IVR use was not 

measured in any of the ten studies. 
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Regarding anxiety, six studies measured anxiety using either a Visual Analog 

Scale or a multidimensional anxiety measurement tool, such as the State-Trait Anxiety 

Inventory Six Items or the Anxiety-Amsterdam Preoperative Anxiety Score.47–49,52,55,58 

Four of the six studies demonstrated statistically significant lower anxiety levels in the 

IVR intervention group as compared to the control group.47–49,52 Only one study 

demonstrated a decrease in pain levels attributable to IVR without a simultaneous 

reduction in anxiety;58 all other others studies measuring pain and anxiety tended to 

indicated significant reductions in both. 

As related to evaluating tolerability of IVR, only half of the included studies 

specifically aimed to capture side effects related to IVR use.47,48,52,57,58 However, of 

these five studies only two used a valid and reliable measurement instrument specific 

to assessing known side effects of IVR ( e.g., nausea, eye strain, dizziness, etc.), the 

Kennedy Simulator Sickness Questionnaire.48,50 Side effects related to IVR were 

minimally reported by participants in those studies, indicating good tolerability of the 

intervention. No studies examined tolerability of the IVR equipment (e.g., weight of the 

headset) or skin irritation. 

Six of the ten studies additionally captured patient satisfaction, user experience, or 

perceived usability of the IVR. The most common validated instruments used were the 

Evaluation of Anesthesia Local Regional (EVAN LR), the Patient Satisfaction 

Questionnaire, or the System Usability Scale (SUS).62–64 Of the two studies that 

examined the usability of IVR, there were no significant differences in the SUS scores 

between the control group and the intervention group.51,52 Moreover, the studies 

evaluating patient satisfaction revealed no statistically significant differences in the 

EVAN LR or PSQ-18 scores between the IVR group and the control group.47,55 
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However, other studies assessed patient satisfaction through a blend of non-validated, 

custom survey questionnaires employing Likert scales and open-ended, semi- 

structured interviews focused on the total experience of using IVR.47,48,52,57 Overall, 

qualitative findings and survey results yielded positive responses with themes such as: 

satisfaction with the IVR experience;47,48,52,57 a desire to use IVR again during another 

procedure;47,48 and participants felt that a IVR program designed exclusively for 

postoperative pain would have improved their experience.47 One study noted that a 

moderate number of participants (n=9) experienced boredom due to the limited content 

available in the IVR intervention, leading them to discontinue the treatment 

prematurely.57 

Finally, four of the ten studies measured postoperative opioid consumption either 

as Morphine Milligram Equivalents (MME), frequency of opioid doses given, or number 

of opioid medication refills. None of the studies demonstrated a statistically significant 

reduction in opioid consumption between the IVR intervention and the control groups; 

however, one study demonstrated fewer opioid refills in the IVR group, while another 

study indicated a decreased trend in opioid use in the IVR group as compared to the 

control group.47,53 Two studies evaluated intraoperative sedation requirements during 

the operation. In these two studies, IVR was only used for the duration of the operation. 

While one study failed to demonstrate a reduction in overall intraoperative sedation 

medications (e.g., propofol),57 the other study did indicate a statistically significant 

reduction in sedation requirements in the IVR intervention group as compared to the 

control.58 

 

 



66  

Characteristics of IVR Software Content and Equipment 
 

The included studies using IVR broadly identified two main types of user 

participation in the virtual environment (Table 3).The first type of user engagement was 

interactive, which allowed the user to interact with the virtual environment, through 

movement, voice commands, or controllers, thereby having the environment 

responded to user prompts.21,65,66 The second type of IVR was passive, whereby the 

interaction with the virtual space was through observation of the 360-degree visual 

field, allowing for the visual exploration of the virtual space in all directions, but without 

the user interacting directly with the virtual environment. 67 Of the ten studies, five 

studies were described by the authors as passive,47,49,55–57 three were noted as 

interactive48,52,54, and two studies allowed participants the option for either passive or 

interactive content.51,53 Two of the three interactive studies leveraged enhanced IVR 

with biofeedback, which is the use of IVR to provide feedback on the users’ breathing 

and heart rate. 48,52,68 Moreover, one study that was categorized as passive included 

voice recorded hypnosis alongside the IVR environment.55 

Regarding the content utilized in IVR, the most featured environments were 

natural landscapes, particularly ocean and beach scenes, followed by forests and 

lakes. The primary mechanism of action identified by authors across most of the 

included studies was positive distraction or relaxation. Notably, two of the four studies 

that indicated a statistically significant reduction in pain scores employed a passive 

approach, offering participants IVR experiences centered around nature scenes.49,56 
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The remaining two studies, which also reported significant differences in pain 

scores, integrated interactive IVR with biofeedback techniques.48,52 An additional study 

leveraged an interactive exercise where participants performed a "row the boat" 

activity, integrating knee flexion movements within the IVR experience.54 This study 

likewise reported significant reductions in pain scores among participants in the 

intervention group compared to the control group. 

Study participants experienced variability in their ability to choose the software 

content, reflecting heterogeneity in the options provided across studies. In studies 

where interactive IVR content was leveraged, the program content was predetermined 

by the research team with no option for participant content selection. Of the studies 

that leveraged passive IVR, two of the five passive IVR studies allowed participants the 

option to choose a nature landscape scene of their preference.56,57 Additionally, two 

studies allowed participants the option to select an environment from a variety of both 

interactive and passive VR content, including games or mindfulness.51,53 

All studies included the use of an HMD with built-in audio. A version of either 

“Oculus,” “Samsung Gear,” “VIVE,” or “PICO” were the most frequently used hardware 

HMD units in the included studies (Table 3). Most studies did not mention the use of 

hand controllers, chest plates, or other ancillary equipment used with IVR; however, 

two studies did apply biofeedback equipment to measure heart rate and respiration 

rate.48,50 

IVR Duration, Frequency, and Perioperative Phase of Care Used 
 

There was heterogeneity in terms of duration and frequency of the IVR 

intervention (Table 3). Total duration of each IVR session varied widely from 2 minutes 
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up to 30 minutes. Frequency of IVR sessions also varied from just one session to as 

many as up to six sessions. Frequency of IVR sessions was primarily determined by 

the research team. Of the five studies that reported a statistically significant reduction 

in postoperative pain scores, only two offered IVR to participants on two or more 

occasions.49,54 

There was also variation in the phase of perioperative care that IVR was first 

initiated. Four of the ten studies applied the IVR intervention just before entry into the 

operative room, and again initiated subsequent IVR sessions as early as three hours 

after surgery in the postoperative care unit to as late as the first day following 

surgery.47,48,52,55 Three studies provided the IVR intervention only during the 

operation.53,57,58 Finally, three of the ten studies initiated the first IVR intervention 

during the inpatient postoperative phase of care, starting as early as the first day after 

surgery to as late as the second day after surgery.49,51,54 

DISCUSSION 
 

The primary aim of this scoping review was to map out and evaluate the current 

landscape of studies examining immersive virtual reality (IVR) interventions for 

postoperative pain management in surgical adults 65 years of age and older. While a 

broad set of inclusion criteria were used, only ten studies were identified, with most 

studies concentrated on the use of IVR for pain following minor elective TJA 

operations. As related to postoperative pain, approximately half of the studies in this 

review reported significant results of lower postoperative pain scores in the IVR 

intervention group as compared to the control group. Our review findings suggest there 

is significant heterogeneity in how IVR is administered (timing, phase of care, 
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frequency, and duration), as well as the types of IVR program content and equipment 

leveraged during pain management. While heterogeneity and lack of large scale 

randomized controlled trials in this review preluded meta-analysis, our scoping review 

contributes to the expanding body of knowledge regarding the potential of IVR as a 

non-pharmacological method for managing post-surgical pain among older adults by 

highlighting research gaps and by offering recommendations to inform future research 

and clinical care. 

Our results both align with and differ from previous studies on the use of IVR for 

pain. Except for TKA, a procedure categorized as minor surgery,69 there is a notable 

gap in research regarding the efficacy, acceptability, and feasibility of IVR for pain 

among older surgical adults across various types of major surgeries. The focus on IVR 

studies within the context of TKA is reasonable as it is among the most common 

elective surgeries performed on individuals aged 65 and older. 70 Managing pain in 

TKA post-discharge frequently presents a challenge. In the TKA demographic, IVR is 

thought to mitigate pain and promote improved physiotherapy and rehabilitation.71 

While existing research is promising for IVR in reducing postoperative pain in a select 

few major inpatient surgeries, such as colorectal, cranial, and head and neck surgery, 

these studies are scarce and typically include a younger segment of the older adult 

population, with a mean age of <65 years.72–74 

The lack of inclusion of older adults in IVR studies for postoperative pain 

management may exist for several reasons. First, a common assumption is that older 

adults are either less capable or less willing to adopt new technological 

innovations.75,76 Such attitudes may inadvertently lead to exclusion from IVR clinical 

trials.77 
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 Second, some studies suggest that hospitalized older adults over the age of 60 

are more likely to decline participation in IVR studies related to lack of understanding 

the intention of IVR or perceived usefulness.35,78–80 Contrary to these findings, recent 

research in both community and residential settings have shown that IVR use is both 

feasible and well-received among older adults, particularly as a method for managing 

chronic pain.81–83 

Our findings also reveal that pain intensity was the only dimension of pain 

assessed, with most measurements taken on the day of surgery up through the second 

day following surgery. Unidimensional short-term postoperative pain evaluation may be 

insufficient to evaluate the true clinical value of an IVR intervention on pain. The use of 

IVR in clinical trials recommends that outcome measures should be captured for a 

sufficient period, such as days or weeks after IVR treatment to determine the actual 

impact on the outcome of interest.26 Moreover, included studies did not examine the 

multidimensional aspect of postoperative pain, such as the affective or cognitive 

domains of pain.84 Pain severity alone may not provide an adequate portrait of 

postoperative pain or its acceptability in the older adult after a surgical procedure.85 

Many older adults place high value on how pain may impact their physical functionality 

and psychosocial well-being.86,87 Thus, when evaluating the effectiveness of IVR on 

postoperative pain, the sensory, affective, and cognitive domains of pain in older 

surgical adults should be captured, using a multidimensional instrument such as the 

Brief Pain Inventory Scale.88–90 

While included studies did not measure other aspects of pain, at least half of the 

included studies did concurrently measure anxiety levels, with a few studies also 
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evaluating relaxation or depression. Although these pain related outcomes were 

concurrently measured with postoperative pain, no studies in this review examined the 

potential relationships between pain and anxiety, depression, relaxation, or any other 

pain related outcome. As postoperative pain seldom presents as an isolated symptom 

following surgery, recognizing this gap is crucial.87,91–93 

Additionally, few studies in this review reported feasibility metrics as related to 

recruitment, attrition, or rationale for study withdrawal; therefore, the various reasons 

for study drop-out or non-participation are among this older population is unknown. The 

rationale for refusal of study non-participation and early withdrawal are all important 

factors used to evaluate overall feasibility of an intervention, especially in the older 

adult demograhic.94,95 Previous research has indicated that older age may be 

associated with a more negative view of newer technology, including IVR.35,78,79 Thus, 

more robustly capturing feasibility and acceptability metrics in the older adult age range 

could help to inform future studies on participant attitudes, acceptance, perception of 

IVR as part of the integration into their surgical care. 

Furthermore, the studies included in this review were not sufficiently designed or 

powered to evaluate the effects of various IVR characteristics (i.e., content type, 

frequency or duration, or phase of care) as predictors of pain outcomes. The current 

literature presents a diverse range of recommendations regarding the optimal length of 

individual IVR sessions, the frequency of treatment, and the total duration necessary to 

achieve effective pain management. In terms of duration of use, or example, some 

expert panels and operational manuals recommend pausing IVR after 30 minutes of 

use to prevent side effects, such a dizziness and eye strain.96,97 
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As related to frequency of use some studies suggest that one IVR session may 

be ample for short-term positive distraction; however, other studies indicate that longer 

lasting IVR analgesia may be dose dependent, requiring multiple IVR sessions.96,98–101 

One small-scale feasibility study indicated that among younger older adults 

(mean=61.0 years, SD=10.57) who underwent colorectal surgery, an increase in the 

number of IVR sessions could was associated with a decrease in postoperative pain 

scores.74 

Closely related to understanding dose-dependence of duration and frequency of 

IVR use on pain is tolerability. Although few participants across all included studies 

experienced side effects related to IVR, tolerability was most often reported through 

self-reported side effects, with only one study that applied a reliable and validated 

questionnaire to evaluate cybersickness. A recent review of IVR use in older adults 

across a wide spectrum of scenarios found cybersickness (e.g., dizziness, nausea, eye 

strain, etc.) to be minimal across 39 studies.16 Another consideration as related to the 

tolerance of IVR in older adults is the equipment used to deliver the virtual 

environment, namely the HMD. Although not reported in any of the included studies in 

this review, several IVR studies in the community setting indicate that intolerance of 

IVR in older adults might be due to the perceived weight or uncomfortable fit of the 

HMD unit, rather than cybersickness.102–104 This point emphasizes the importance of 

evaluating HMD devices for bedridden users or those with limitations due to recent 

surgery or aging. 

Another key finding in our review is the variability in the timing of the first IVR 

initiation during perioperative care. Notably, studies initiating IVR either intraoperatively 
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or postoperatively demonstrated statistically significant reductions in postoperative pain 

compared to those that began IVR in the preoperative phase. This outcome aligns with 

findings from a recent review, which also reported no significant decrease in 

postoperative pain when IVR was exclusively initiated in the preoperative phase of 

care.33 

Additionally, research indicates that the characteristics of the IVR environment, 

whether passive or interactive, or the specific type of content, can influence the degree 

of pain relief experienced by users.105 Our review presents varied results. First, studies 

using interactive IVR environments did tend to show significant decreases in pain 

scores. Research in the literature corroborates these finds indicating that interactive 

IVR utilizes more concentration reserves, thereby promoting increased distraction from 

pain.31 Passive IVR in our review also demonstrated significant reductions in pain. The 

predominant passive IVR environments included in this study were primarily nature 

scenes. Mounting evidence in the literature does suggests that nature based IVR may 

be particularly efficacious for pain management, albeit few of studies have included 

older adults.52,106,107 

Various theories describe a more complex relationship between the type of IVR 

content and its efficacy in pain management. Theoretical models such as the Multiple 

Resource Theory,108 the Gate Control Theory,109 and the Neuromatrix Theory of Pain84 

shed light on the potential processes through which specific types of IVR content may 

shift focus away from pain. Particularly, in the context of IVR nature scenes, additional 

theories such as the Attention Restoration Theory110 and Ulrich’s Stress Reduction 

Theory111,112 may offer additional insightful perspectives on how IVR can reduce 
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pain through use of nature-based environments. 
 

Finally, it is important to note that only a minority of the studies in this review 

evaluated the concept of “presence,” or the feeling of being present within a virtual 

environment.113 A sense of “presence” is considered fundamental for the analgesic 

effect of IVR distraction potential according to existing literature.113–115 Some evidence 

suggests that more interactive virtual environments may enhance a more intense feeling 

of presence.115,116 Thus, evaluating fundamental components of IVR, such as level of 

presence, are key to future studies attempting to identify predictors of pain level. 

Implications for Future Research 

Overall, this review indicates the need for rigorous randomized clinical trials on 

the use of IVR for pain management in the older surgical adult across a wide spectrum 

of inpatient and outpatient operations. It is key to recognize that the user experience 

and acceptance of IVR may differ across various older adult subgroups, including those 

from various cultural backgrounds or those with existing physical and cognitive 

limitations. As such, future research should be intentional about including older adult 

subgroups in IVR studies. Furthermore, considering the heterogeneity and overall 

scarcity of research on acceptance of IVR among older adults in the inpatient setting, it 

is also paramount to delve deeper into this demographics’ tolerance, perceptions, 

attitudes, and preferences towards the use of IVR for pain management during early 

postoperative inpatient care. Finally, larger samples sizes with improved study designs 

are indicated not only to examine efficacy, but also to evaluate if certain characteristics 

of participants (e.g., race/ethnicity, cognitive and physical functioning, or age 



75  

subgroups) and IVR (e.g., frequency, duration, content) are associated with decreases 

in postoperative pain levels. 

Limitations 
 

There are limitations to this review that should be examined. First, this scoping 

reviews cannot contribute to definitive conclusions about the efficacy of IVR use on 

postoperative pain due to the limited number of studies that met the inclusion criteria 

(i.e., ten) as well as the heterogeneity and small sample sizes of included studies. 

Furthermore, most of the studies included in this review were focused on TJA 

operations. Thus, it is unknown if acceptance, and feasibility of IVR to reduce 

postoperative pain will hold true in other types of major surgical procedures. Finally, due 

to the heterogeneity of the included studies, robust recommendations in terms of the 

types of IVR content, timing, duration, or frequency of use to optimize postoperative 

pain reduction in the older adults cannot be made. 

CONCLUSIONS 
 

The integration of technological innovation coupled with the increasing older 

adult population highlights the need for a more thorough examination of IVR as a novel 

method for improving postoperative pain management. Despite our limited knowledge, it 

appears that IVR may potentially represent a promising safe and cost-effective 

innovative treatment option for postoperative pain and pain related symptoms in older 

adults. This promising intervention warrants additional both quantitative and qualitative 

research to understand the full potential of IVR in the perioperative and outpatient 

setting. This study contributes to the expanding field of knowledge on non- 

pharmacological approaches to manage postoperative pain and challenges the various 
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misconceptions regarding older adults' hesitancy to adopt new technologies such as 

IVR. 
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PubMed Search 

 
 
 
 
 
 
 
 
 
 

EMBASE Search 
 

# Search Query Results 
1 'virtual reality'/exp OR 'virtual reality' 35,334 

2 'virtual reality exposure therapy' 1,117 

3 'immersive virtual reality' 1,461 

4 'augmented reality' 5,878 

5 'virtual environment' 4,127 

6 #1 OR #2 OR #3 OR #4 OR#5 41,465 

7 ''postoperative pain'/exp OR 'postoperative pain' 99,798 

8 #6 AND #7 129 

9 Filters: Full text, Randomized Controlled Trial, Clinical Trial  
 

Web of Science 
 

# Search Query Results 
1 (((((((((ALL=('virtual reality')) OR ALL=(VR)) OR ALL=(virtual 

environment)) OR ALL=(virtual reality exposure therapy)) OR 
ALL=(augmented reality)) OR ALL=(mixed reality)) OR 
ALL=(extended reality)) OR ALL=(immersi*)) OR 
ALL=(immersive virtual reality )) OR ALL=(virtual reality Vr) 

265,669 
433,156 

2 (ALL=('postoperative pain')) OR ALL=('surgical pain') 173,725 
 
  Figure 3.1 Online Database Search.

# Search Query Results 
1 (((((((Virtual Reality/) OR (Virtual realit*)) OR (VR)) OR (virtual 

environment*)) OR (immersive virtual reality)) OR (virtual reality 
exposure therapy)) OR ("Augmented Reality"[All Fields])) OR 
("Enhanced Reality"[All Fields]) 

 
46,562 

2 ("pain postoperative"[All Fields]) OR ("Pain, Postoperative"[Mesh] OR 
"postoperative pain"[Tiab]) 

65,954 

3 #1 AND #2 129 
4 Filters: Full text  28 
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3 #1 AND #2 662 
4 Filters: Free full text, Randomized Controlled Trial, English 69 

 
CINAHL Complete 

 
# Search Query Results 
1 virtual reality OR (virtual reality exposure therapy or vr or virtual reality 

therapy) OR immersive virtual reality OR augmented reality OR 
virtual environment OR mixed reality OR extended reality 

16,225 

2 (Postoperative pain OR surgical pain) 24,710 
3 #1 AND #2 

Filters: Free full text, Randomized Controlled Trial, English 
36 

 
PsycINFO 
 

# Search Query Results 
1 ('virtual reality') OR ('immersive virtual reality') OR ('virtual reality 

exposure therapy') OR ('augmented reality') OR ('virtual 
environment') OR ('enhanced reality') OR ('mixed reality') OR 
('extended reality') OR (vr (virtual reality)) 

26,320 

2 ('postoperative pain') OR ('postoperative and pain') OR ('surgical pain') 6,655 
3 #1 AND #2 

Filters: Full text, Randomized Controlled Trial, English 
34 

 
  Figure 3.1 Online Database Search.
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Figure 3.2 PRISMA flowchart of study selection process. Figure adapted from: Page MJ, 
McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 
10.1136/bmj.n71 
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 Table 3.1 Population, Intervention, Comparison, Outcome, and Study Design (PICOS) 
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 Table 3.2 Description of Included Studies 
 

Author, Year, 
Country 

Study 
Design, 
Sample Size 

Mean/Median 
Age 
(SD/range), 
Sex 

Type of 
Surgery 

Findings: 
Pain 

Other 
Findings 

Jin et al., 2018 
China 

RCT 
N=66 

66.45 (3.39) 
Male-45.5% 
Female-54.5% 

Total Knee 
Arthroplasty 

VAS pain 
scores were 
significantly 
lower in the 
VR group as 
compared to 
the control 
group on days 
3, 7, and 10 
days after TKA 

-No differences 
in WOMAC or 
HSS Knee 
Score between 
the groups 

Huang et al., 
2020 
Australia 

RCT and 
Mixed 
Methods 
N=50 

70.0 (2.33) 
Male-50.0% 
Female- 50% 

Total Knee or 
Total Hip 
Arthroplasty 

No significant 
differences 
were noted in 
pain scores 

-No significant 
differences 
were noted in 
propofol use or 
pain scores 
-Positive 
comments from 
patients. 
-9 patients felt 
bored and 
removed the 
IVR 

Haisley et al., 
2020 
United States 

RCT and 
Mixed 
Methods 
N=52 

65.5 (29-82) 
Male-26.9% 
Female-73.1% 

Inpatient 
Foregut 
Surgery >24 
Inpatient Stay 

While not 
statistically 
significant, 
lower absolute 
pain scores 

-No significant 
lower anxiety 
scores in the 
IVR group 
as compared 
to the control. 
-Fewer narcotic 
prescription 
refills for the 
IVR group, 
even though 
the VR group 
received 
significantly 
more complex 
operations by 
chance. 
-76% of 
patients would 
use IVR 
again. 
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Author, Year, 
Country 

Study 
Design, 
Sample Size 

Mean/Median 
Age 
(SD/range), 
Sex 

Type of 
Surgery 

Findings: 
Pain 

Other 
Findings 

Prabhu et al., 
2020 
United States 

RCT and 
Mixed 
Methods 
N=12 

66.1 (7.2) 
Male-25% 
Female-75.0% 

Total Knee 
Arthroplasty 

-Significant 
differences in 
IVR group pre 
and postop 
pain scores 
-Significantly 
lower 
postoperative 
pain in the IVR 
group as 
compared to 
the control 
group. 

-Significant 
differences in 
preoperative 
anxiety 
between the 
control and IVR 
intervention 
groups. 
-Open-ended 
questions about 
attitude and 
acceptance 
towards the 
IVR were 
positive. 
 

Peuchot et al., 
2021 
France 

Non- 
randomized 
N=20 

75.7 (5.9) 
Male-70% 
Female-30% 

Total knee 
Arthroplasty 

- There was a 
significant 
difference in 
postoperative 
pain in the IVR 
group as 
compared to 
the control 
group 

- No differences 
in anxiety levels 
- Sedation and 
intraoperative 
adverse events 
were 
decreased in 
the IVR group 
compared to 
the control 

Barry et al., 
2022 
United States 

Non- 
randomized 
N=54 

74 (9.75) 
Male- 55.6% 
Female-44.4% 

Total Knee or 
Total Hip 
Arthroplasty 

- Pain scores 
were similar 
between the 
groups. 

-Patients 
undergoing 
THA and TKA 
with IVR 
adjunct to 
spinal 
anesthesia 
required 
significantly 
less sedation 
and showed a 
trend toward 
less narcotics 
during the 
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Author, Year, 
Country 

Study 
Design, 
Sample Size 

Mean/Median 
Age 
(SD/range), 
Sex 

Type of 
Surgery 

Findings: 
Pain 

Other 
Findings 

     procedure 
compared to 
non-IVR 
controls. 
-Postoperative 
pharmacologic 
requirements 
and 30-day 
outcomes were 
similar between 
the groups. 

Fuch, L. et al., 
2022 
Israel 

RCT 
N=55 

70.1 (7.0) 
Male-40% 
Female-60% 

Total Knee 
Arthroplasty 

-Significant 
differences in 
pain as 
measured 
immediately 
before and 
after the IVR 
on both postop 
day 1 and 2. 
-No significant 
difference 
noted between 
the IVR group 
and control 
group. 

-Significant 
differences 
anxiety 
measured as 
immediately 
before and after 
the IVR on both 
postop day 1 
and 2. 
-No significant 
difference 
noted between 
the control and 
the intervention 
group with 
regards to 
WOMAC or 
anxiety. 

Rousseaux et 
al., 2022 
Belgium 

RCT 
N=100 

66.3 (11.5) 
Male-76% 
Female-24.0% 

Coronary 
Artery Bypass 
Surgery 
(CABG) 

-No 
differences 
between the 
groups for 
pain scores. 

-No differences 
between the 
groups for any 
of the outcome 
variables 
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Author, Year, 
Country 

Study 
Design, 
Sample Size 

Mean/Median 
Age 
(SD/range), 
Sex 

Type of 
Surgery 

Findings: 
Pain 

Other 
Findings 

Araujo-Duran, 
et al., 2023 
United States 

RCT with 
single blinding 
N=106 

66.1 (10.0) 
Male-48% 
Feamle-52% 

Hip 
Arthroplasty 

There was no 
statistically 
significant or 
reductions in 
average pain 
scores 

-No statistically 
significant 
reductions in 
opioid 
consumption 
as compared 
to the sham 
group. 
-No significant 
differences in 
the SUS 
scores in IVR 
group. 
-Mobility were 
not improved a 
week after 
hospital 
discharge. 

Prabhu et al., 
2023 
United States 

RCT 
N=30 

66.3 (8.2) 
Male-23.3% 
Female-76.7% 

Total Knee 
Arthroplasty 

Statistically 
significant 
reductions in 
the IVR 
groups as 
compared to 
the control 
group. 

- Anxiety post- 
intervention 
compared with 
the control 
group was 
significant p 
<0.01. 
-Significant 
differences in 
the SUS 
usability scores 
and levels of 
presence 
between the 
IVR group and 
the control. 

*RCT=Randomized Controlled Trials, VR=Virtual Reality, VAS=Visual Analog Scale, NRS= 
Numeric Rating Score, WOMAC=The Western Ontario and McMaster Universities Arthritis 
Index, Knee HSS=Hospital for Special Surgery, ROM= Range of Motion, TKA=Total Knee 
Arthroplasty, CABG=Coronary Artery Bypass Surgery, MME=Morphine Milligram Equivalents, 
PSQ-18=Patient Satisfaction Questionnaire Short Form, RR=Respiratory Rate, HR=Heart Rate, 
ECG=Electrocardiogram, STAI-6=State-Trait Anxiety Inventory Six Items, Kennedy SSQ= 
Simulator Sickness Questionnaire, SUS=System Usability Scale, PT=Physical Therapy, QoR-
40= Quality of Recovery Survey, HRQoL=Health-related quality of life, GPE=Global Perceived 
Effect, FIM=Functional Independent Measu
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Table 3.3 Characteristics of Immersive Virtual Reality 

 
Authors Type of 

IVR 
Content Equipment Duration Frequency Phase(s) of 

Perioperative 
Care Used 

Jin et al., 
2018 

Interactive -Custom 
program 
- “Row a 
Boat” plus 
conventional 
rehabilitation 
protocol for 
knee flexion 

-HMD with 
audio 
-Hardware 
and 
software 
unspecified 
company 

30 minutes 
each 
session 

3 times per 
day until 
discharge 

Postoperative 
day 2 

Huang et 
al., 2020 

Passive -Nature- river 
floating by 
“EdenRiver” 
-Iceland Artic 
Tundra 
scenes by 
“VergeVR” 

-HMD 
Samsung 
Gear 
(Samsung, 
Korea) or 
the Oculus 
Rift 2 

Duration of 
the surgery 

Once 
during 
surgery 

Intraoperative 

Haisley et 
al., 2020 

Passive “Flow VR 
Meditation 
for Modern 
Life” 
-6 separate 
guided 
sessions- 
Breathe, 
Focus, 
Move, Let 
Go, Calm, 
and Restore- 
Meditation 
and 
Mindfulness 

-HMD 
 Oculus Go     
platform 

13-15 mins 
each 
session 

-3 sessions 
just before 
entry into 
the 
operative 
room 
-3 sessions 
started one 
day after 
surgery 

-Preoperative 
-Postoperative 
on day 1 
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Authors Type of 
IVR 

Content Equipment Duration Frequency Phase(s) of 
Perioperative 
Care Used 

Prabhu et 
al., 2020 

Interactive 
with 
biofeed-
back 

-Custom 
content 
- Beach 
nature 
scene/audio 
of sea and 
waves 
-Biofeedback 
immersive VR 
with Heart 
Rate 
Variability 
(HRV) 

- HMD HTC 
Vive Pro  
-Biofeedback 
-Wireless 
Biopac 
MP160 
transmitter- 
receiver pair 
(RR, HR, 
ECG) 

-30 mins 
prior to 
surgery 
-30 mins 
starting 2 
hours after 
surgery in 
the PACU 

-Once just 
before 
surgery 
-Once after 
surgery in 
the Post-
operative 
Care Unit 

-Preoperative, 
just prior to 
OR entry 
-Postoperative- 
in the PACU 
approximately 2 
hours after 
surgery 

Peuchot et 
al., 2021 

Passive The patient 
had the 
option to 
choose 1 of 
5 nature 
scenes for 
IVR; choice 
of male or 
female voice 
from 
“HypoVR” 

-HMD with 
integrated 
software 
content 
(HypoVR) 

Duration of 
the surgery 

Once 
during 
surgery 

Intraoperative 

Barry et al., 
2022 

Passive 
and 
Interactive 

-Participant 
allowed to 
choose 1 of 
4 voice 
guided 
relaxation 
with nature 
scenes from 
“HypoVR” 

-PICO G2 Duration of 
the surgery 

Once 
during 
surgery 

Intraoperative 
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*HMD=Head Mounted Display 

Authors Type of 
IVR 

Content Equipment Duration Frequency Phase(s) of 
Perioperative 
Care Used 

Fuch, L. et 
al., 2022 

Passive -Nature or 
music movie. 
Participant 
allowed the 
option to 
choose 

-HMD 
Samsung 
Gear 

15 minutes 
per 
session 

-One 
session per 
day 

Started on 
Postoperative 
day 1 up 
through day 2 

Rousseaux 
et al., 2022 

Passive 
with 
hypnosis 

-Nature 
landscape 
mountain 
cabin plus 
recorded 
voice 
recorded 
hypnosis by 
“Oncomfort” 

-HMD with 
googles by 
“Oncomfort” 

20 minutes 
per 
session 

-Once on 
the day of 
surgery in 
the Pre-
operative 
area 
-Once after 
surgery 

Preoperative 
20 mins 
before 
entering the 
operating 
room and on 
postoperative 
day 1 

Araujo- 
Duran, et 
al., 2023 

Passive 
and 
Interactive 

Various 
games, 
mindfulness, 
guided 
breathing, 
and nature 
scenes 

-HMD PICO 
G2 

-2 to 8 
minutes 
per 
session 

-Three 
sessions 
per day 
with one 
hour break 
between 
sessions 

Starting on 
Postoperative 
day 1 up 
through day 2 

Prabhu et 
al., 2023 

Interactive 
with 
biofeed-
back 

-Custom 
content 
-Beach 
nature 
scene/audio 
of sea and 
waves 

- HMD VIVE 
Pro 
-Biofeedback 
-Wireless 
Biopac 
MP160 
transmitter- 
receiver pair 
(RR, HR, 
ECG) 

-10 mins 
before 
surgery 
-10 
minutes 
after 
surgery 

-Once just 
before 
surgery 
and once 
after 
surgery 

-Once 
Preoperative, 
just prior to 
OR entry 
-Postoperative 
2 hours after 
the surgery in 
the Post- 
Anesthesia 
Care Unit 
(PACU). 
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Table 3.4 Types of Measured Outcomes During or After Immersive Virtual Reality 
 

Author Pain Pain 
Medication 

Anxiety Adverse 
Events 

Satisfaction  
Usability 

Other 

Jin et al., 
2018 

VAS     -WOMAC 
index 
-HSS  
Score 
-Knee 
ROM 

Huang et 
al., 2020 

Quality of 
Recovery 
Pain 
Score 

  Self-report Qualitative 
interviews 

Intra- 
Operative 
Propofol 

Haisley 
et al., 2020 

NRS  -Opioid 
MME 

-Opioid 
refills 

NRS Self-report 

 

-PSQ-18 
-Open-
ended 
interview 
questions 

Cost 

Prabhu 
et al., 2020 

VAS  -STATI-
6 

-VAS 

Cybersickness 
using the 
Kennedy SSQ 

-SUS 
-Qualitative 
interview 
questions 

IPQ 

Peuchot 
et al., 2021 

VAS  STATI-6 Hypotension, 
apnea, oxygen 
level 

-EVAN LR 
Score 
-Comfort 
VAS 

Sedation 
Requirement 
during surgery 
 

Barry et 
al., 2022 

NRS -Opioid 
MME 

   -Anesthesia 
recovery 
time 
-Intraoperative 
sedation 
requirements 
-Complications 
Ambulation 
-Length of 
stay 

Fuch et al., 
2022 

VAS  STATI-6   WOMAC 

Rousseau
x 
et al., 2022 

VAS -Opioids via 
patient-
controlled 
analgesia 
“on-demand 
doses” 

VAS   -Fatigue 
(VAS) 
-Relaxation 
(VAS) 
-Physiological 
Measures- RR, 
HR, arterial 
pressure, pupil 
size, and 
oxygen level 
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*ECG=Electrocardiogram, HRQoL=Health-related quality of life, HR=Heart Rate, IPQ=iGroup Presence 
Questionnaire, MME=Morphine Milligram Equivalents, NRS=Numeric Rating Score, POQ-SF= The Pain Outcomes 
Questionnaire-Short Form (POQ-SF), PSQ-18=Patient Satisfaction Questionnaire Short Form, QoR-40=Quality of 
Recovery Survey, ROM=Range of Motion, RR= Respiratory Rate, STAI-6=State-Trait Anxiety Inventory Six Items, 
Kennedy SSQ= Simulator Sickness Questionnaire, SUS=System Usability Scale, VAS=Visual Analog Scale, 
WOMAC=The Western Ontario and McMaster Universities Arthritis. 

Author Pain Pain 
Medication 

Anxiety Adverse 
Events 

Satisfaction  
Usability 

Other 

Araujo-
Duran 
et al., 2023 

NRS -Opioid 
MME 

  SUS -POQ-SF 
-Antiemetic 
medication use 
-Mobility  

Prabhu 
et al., 2023 

VAS   Cybersickness 
using the 
Kennedy SSQ 
 

-System 
Usability 
Scale (SUS) 
-Semi 
structured 
user 
experience 
interview 

 -IPQ 
- Physiological 
Measures- RR, 
HR 
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Table 3.5 Study Quality Assessment Rating 

 

 

*The quality assessment rating table criteria are adapted from: Thomas BH, Ciliska D, Dobbins M, 
Micucci S. A process for systematically reviewing the literature: providing the research evidence for 
public health nursing interventions. Worldviews Evid Based Nurs. 2004;1(3):176-184. 
doi:10.1111/j.1524-475X.2004.04006.x. Quality assessment ratings for the Effective Public Healthcare 
Project (EPHPP) instrument are rated as strong, moderate, or weak according to a standardized guide 
and dictionary. The overall rating for the study is determined by assessing the component ratings. Those 
with no weak ratings and at least four strong ratings are considered strong. Those with less than four 
strong ratings and one weak rating are considered moderate. Finally, those with two or more weak 
ratings are considered weak.  
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CHAPTER 4 

Immersive Virtual Reality for Pain and Relaxation in Older Adults Following 

Elective Inpatient Abdominal Surgery: A Single-Arm Study Examining Feasibility 

and Acceptability 
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ABSTRACT 
 

Background: There is mounting evidence to suggest that immersive virtual reality (IVR) 

can improve pain in older adults in the community settings, yet aside from total joint 

arthroplasty, its use postoperatively in the acute postoperative period remains largely 

underexplored. This single-arm study aimed to assess the feasibility, acceptability, and 

preliminary impact of IVR on postoperative pain and relaxation levels in older adults 

following elective inpatient abdominal surgery. 

Methods: We recruited individuals aged 55 and older undergoing elective abdominal 

surgery at an academic medical center in Northern California, from October 2023 to 

February 2024. We evaluated feasibility through accrual rate, intervention completion, 

and questionnaire compliance; acceptability via the System Usability Scale (SUS) and a 

user experience survey; and tolerability by monitoring self-reported side effects. The 

preliminary impact of IVR on self-reported pain intensity and relaxation levels was 

assessed in one group through pre-and post-intervention comparisons. 

Results: A total of 29 participants, with a median age of 73 years (range 55-81), were 

enrolled and completed one IVR session, with 19 completing a second session. 

Perceived usability and overall acceptance of IVR was high, with minimal side effects 

reported. In terms of preliminary impact of IVR, statistically significant 
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improvements were observed in both pain and relaxation levels from pre- to post-IVR on 

Day 1 and Day 2. 

Conclusion: This study supports the feasibility and acceptability of IVR as a potential 

tool for postoperative pain management and enhancing relaxation among older adults 

following elective inpatient abdominal surgery. The positive preliminary results suggest 

the need for large scale studies across additional complex inpatient abdominal 

surgeries to confirm acceptance and efficacy of IVR as a postoperative pain 

management intervention across a wide range of diverse older demographics, including 

individuals from underrepresented minority groups and those facing physical and 

cognitive limitations. Future research is critical to evaluating the therapeutic potential of 

IVR in a variety of surgical and patient-specific contexts. 
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INTRODUCTION 

Nearly 4 million operations are performed annually on individuals aged 65 or 

older in the United States, a number that is expected to rise significantly as the 

population continues to age.1,2 Optimal pain management following major surgery is 

crucial for older adults who face unique risks associated with uncontrolled postoperative 

pain, such as delirium, functional decline, and reduced psychosocial well-being.3–6 

Effectively managing pain in older surgical adults is often complicated by challenges 

stemming from age-related physiological changes, the presence of multiple 

comorbidities, and the intricacies of polypharmacy.7,8 Moreover, older adults have an 

increased risk of developing opioid-related adverse events, addiction, and/or chronic 

pain following surgery when compared to younger age groups.9–12 These factors may 

contribute to the heightened risks associated with traditional pharmacologic pain 

management in the older adult.13–15 

Given the complexities and inherent risks in managing acute postoperative pain 

in this demographic, there is a growing interest to explore innovative 

nonpharmacological methods for pain.16–18 Among these emerging solutions, 

immersive virtual reality (IVR) has garnered significant interest from both the clinical and 

research communities.19 IVR, defined by the use of a head-mounted display (HMD) with 

motion tracking capabilities, effectively provides users with a believable sense of reality 

while engaged in a virtual environment.20 This profound sense of 'presence' within the 

virtual environment often provides positive distraction away from pain stimuli.21–23 

Research on IVR has shown significant potential in reducing acute pain across 

various clinical settings, such as burn wound care. 24,25 Recent studies have also 
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demonstrated that IVR is effective in reducing postoperative pain in pediatric and young 

to middle-aged adults following various surgical procedures.25,26 Contrary to the 

common belief that older adults are hesitant to embrace new technologies, there is 

mounting evidence to suggest that using IVR for pain management in the older adult 

demographic is promising.27–30 Research focused on IVR use for chronic pain 

management in community dwelling older adults has demonstrated improved pain 

tolerance with a high degree of acceptance as part of pain management.31,32 Finally, 

studies have also indicated acceptability and efficacy of IVR use for postoperative pain 

among older adults, specifically in elective total knee arthroplasty operations (TKA).33,34 

It is key to recognize that the user experience of IVR for postoperative pain 

management may differ across various older adult subgroups and types of surgical 

procedures.30,35 Appreciating these distinctions is vital for tailoring IVR applications to 

effectively manage pain and pain related symptoms in a wide range of surgical 

scenarios and across different older age demographics. Thus, IVR could serve as a 

promising alternative or adjunct to traditional pain management techniques. However, 

the feasibility, acceptability, and tolerability of IVR for postoperative pain among older 

adults across a spectrum of major surgical procedures, including complex abdominal 

procedures remains largely underexplored. Therefore, the aim of this single-arm study 

was to investigate the initial feasibility and acceptability (primary outcome), and the 

preliminary impact (secondary outcome) of IVR on postoperative pain and relaxation 

levels in older adults during the initial days following inpatient elective abdominal 

surgery. 
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METHODS 
 

Study Design 
 

This study employed a prospective pretest-posttest single-arm study design to 

ascertain the feasibility, acceptability, and preliminary impact of IVR on pain and 

relaxation outcomes among older adults following elective major abdominal surgery. Of 

note, this study did not aim to assess moderators or predictors of IVR acceptability, 

feasibility, or tolerability. A participant enrollment sample size of 30-40 was set for 

practical reasons and not driven by power analysis. This study followed the 

Consolidated Standards of Reporting Trials (CONSORT) extension to pilot and 

feasibility studies statement,36 which is recommended for adaption in nonrandomized 

feasibility studies.36,37 This study design also aligns with the recommendations and 

methodological framework proposed by the Virtual Reality Clinical Outcomes Research 

Experts (VR-CORE) on best practices for the development and testing of IVR 

treatments in clinical care.38 The study received approval from the University of 

California, San Francisco (UCSF) Institutional Review Board (IRB #19-28391) and is 

registered under clinicaltrials.gov (NCT #0609566). 

Participants 
 

We employed purposeful sampling to recruit adults aged ≥55 years undergoing 

elective inpatient abdominal surgery at the UCSF Colorectal and General Surgery 

clinics. Those who were potentially eligible for the study and who were interested in 

participation were screened via telephone. Inclusion criteria were individuals anticipated 

to have an elective abdominal operation requiring hospitalization for at least 48 hours 

post-surgery and those who were able to speak and write in English. Exclusion criteria 
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encompassed individuals with a reported history of self-reported motion sickness, 

severe cognitive impairment, epilepsy, eye/face/neck injuries, blindness or severe visual 

impairment, severe hearing loss, or acute illness hindering post-surgery IVR use. 

Participants with immediate pre-intervention nausea, vomiting, or dizziness were also 

excluded. All participants continued to receive their usual surgical care as per the 

recommendations of clinical providers and were not asked to decline or change any 

adjunct strategies for pain management. 

Intervention 

This study employed the REAL System i-Series IVR head-mounted display 

(HMD) from Penumbra, Inc., featuring built-in audio and gaze-controlled navigation.39 

This IVR system, preloaded with various 360-degree immersive environments for 

positive distraction and relaxation, includes experiences like mindful meditation, travel, 

nature scenes, and games (Appendix 4.1). The IVR system provides motion tracking 

through sensors embedded in the headset, capturing all possible participant 

movements, thus facilitating an extensive immersive experience. The decision to 

leverage this specific IVR device was two-fold: 1) the HMD unit was preloaded with a 

built-in library of experiences allowing the user access to a wide variety of IVR 

environments, and 2) the device offered gaze-controlled navigation, potentially allowing 

ease of use in the immediate postoperative phase of care following major abdominal 

surgery. 

Procedure 
 

During the preoperative surgery visit, clinical staff provided possible participants 

with an informational flyer and an email introducing the study. Participant information 
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was gathered from the electronic medical record, and potential participants were then 

contacted by phone and screened for eligibility by the research team. Screening 

included assessment of cognitive function using the Short Portable Mental Status 

Questionnaire (SPMSQ), self-reported history of motion sickness, epilepsy, blindness, 

severe hearing deficits, and any current eye, face, or neck injuries. If deemed eligible 

and interested in study participation following the initial screening, participants 

electronically received the informed consent form. Once the consent form was signed, 

participants were asked to electronically complete an online questionnaire for 

sociodemographic and clinical data prior to their date of surgery. Participants were then 

sent a video link via email explaining the IVR intervention a week before their 

hospitalization for surgery. 

All participants enrolled in the study were provided with the opportunity to engage 

in at least one IVR session within their hospital room. These sessions were made 

available starting from the next day following surgery and could extend up to the second 

day post-surgery, ensuring a maximum offering of two IVR sessions in total. The IVR 

intervention was administered to the patient in a seated or lying position by a member of 

the research team, who was present during and up to 15 minutes after each IVR 

session. Participants then choose their desired experience within the IVR software 

library. IVR program preference selection and length of the session was determined by 

the participant, up to a maximum use of 30 minutes per session. 

Immediately before and after the IVR intervention, participants reported their pain 

intensity level and state of relaxation on an 11-point Numeric Rating Scale (NRS) 

ranging from '0' representing “no pain” or “not relaxed at all” to '10' representing “pain as 
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bad as you can imagine” or “as relaxed as possible.” Adverse outcomes were assessed 

up through the first 15 minutes after each IVR session using an adapted 4-item 

Simulator Sickness Questionnaire (SSQ).40 All responses were de-identified and 

entered directly into an electronic tablet that was password protected. A one-time $25 

gift card was provided to all participants for their participation in at least one IVR 

session. A subgroup of participants was additionally offered the option to complete a 

single user experience survey prior to hospital discharge. Those who opted to 

participate in the survey received an additional $25 gift card. 

Outcome Measures 

Acceptability 

In the context of this study, acceptability refers to the participants willingness to 

use IVR in the initial two days of their hospitalization and their ability to tolerate IVR use, 

with minimal side effects reported. Acceptability was assessed by the System Usability 

Scale (SUS) in all participants (n=29), with a subgroup of 21 participants also 

completing a user experience survey. After at least one session of IVR, all participants 

were asked to complete the SUS once. SUS is considered a valid and reliable 

instrument for measuring perceived usability of a technology system, and consists of a 

10-item questionnaire with five response options, with ‘1’ representing "Strongly 

disagree" and ‘5’ representing "Strongly Agree.”41 A higher score indicates greater self- 

reported usability reflecting positive attitude towards using the system.42 An 8-item user 

experience survey created by the research team using a 5-point Likert scale, ranging 

from 1 ('totally disagree') to 5 ('totally agree') was also administered to quantify 

participant satisfaction with IVR (Appendix 4.2). The scores from the user experience 
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survey for each sentiment level (Strongly Disagree-1, Disagree-2, Neutral-3, Agree-4, 

and Strongly Agree-5) are presented as a mean and standard deviation. 

Tolerability refers to the evaluation of adverse events that occurred as result of IVR use, 

related to either the hardware or software components.43 Adverse outcomes, which 

include symptoms such as nausea, headache, blurred vision, and dizziness, were 

assessed using a 4-item adapted questionnaire of the SSQ.40 This questionnaire was 

administered immediately after each IVR session, allowing participants to indicate the 

presence or absence of these symptoms with a 'Yes' or 'No' response. Participants also 

had the option to type in free text regarding any side effects they felt occurred during or 

after IVR use. 

Feasibility 

In this study, feasibility is defined as the extent to which potential eligible 

participants consented to join the study during the recruitment phase and the degree to 

which those who were enrolled successfully completed the IVR intervention and all 

questionnaires. To evaluate feasibility, we measured the rate of participant accrual, 

reasons for non-participation, the successful completion of the intervention on the first 

and second days after surgery, and the mean duration time spent using IVR during 

each session. We also captured reasons for not completing a second IVR session. 

We also evaluated feasibility by the rate to which participants completed baseline 

questionnaires. The baseline characteristics captured through questionnaires were self- 

reported perceived health status, anxiety, depression, and pain catastrophizing prior to 

the operation. Perceived health status was measured using the EuroQol 5-Dimension 5- 

Level questionnaires’ Visual Analog Scale (VAS), with scores ranging from 0 to 100, 
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with a higher score indicating higher perceived health.44,45 Anxiety was measured using 

the Generalized Anxiety Disorder 7-item scale (GAD-7),46 with higher scores indicating 

higher anxiety levels (total score for GAD is 0-21).46 Depression was assessed using 

the Patient Health Questionnaire-8 (PHQ-8), which ranges from 0 to 24, with a higher 

score indicating higher levels of depression.47 Finally, we leveraged the Pain 

Catastrophizing Scale (PCS), where higher scores signify more intense negative 

thoughts and feelings towards pain.48 

Preliminary Clinical Impact on Pain and Relaxation 

Preliminary clinical impact of IVR on pain intensity levels and state of relaxation 

were measured through pre-and post-intervention mean differences using independent 

paired sample t-tests if the data were deemed normal. Non-parametric continuous data 

were evaluated using Wilcoxon signed-rank test. Pain intensity level was measured on 

an 11-point Numeric Rating Scale (NRS) and ranged from '0' representing “no pain” to 

'10' representing extreme pain. State of relaxation is also measured on an 11-point NRS 

with '0' representing “Not relaxed at all” to '10' representing "As relaxed as one could 

imagine." Both pain and relaxation were assessed immediately prior to and after each 

IVR session. 

Data Analysis 
 

Acceptability, feasibility, and tolerability are reported as descriptive statistics. 
 

User experience surveys for each sentiment level were presented as a mean and 

standard deviation. Prior to analyzing the preliminary effects of the IVR intervention, we 

assessed the normality of the distribution of pain and relaxation levels using the 

Shapiro-Wilk test Normal data were compared as pre-post mean differences with 
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independent paired 2-sample t-tests. Nonparametric data was reported as a median 

and compared using Wilcoxon signed-rank test. The significance level was set at 

p<0.05. All statistical analyses were performed using the STATA statistical software,49 

version 18 SE.49 

RESULTS 
 

Characteristics of Participants 
 

Fifty-five participants scheduled for elective inpatient abdominal surgery were 

assessed for study eligibility between October 2023 and February 2024 (Figure 1). 

Among possible participants, 15 in total were excluded due to not meeting the inclusion 

criteria. A total of 40 participants completed the baseline questionnaires prior to surgery. 

Of the 40 enrolled participants, 11 dropped out for various reasons as described in 

Figure 1. A total of 29 enrolled participants were allocated to and completed the first 

IVR intervention the next day following their surgery, with 19 (65.5%) additionally 

completing a second intervention the next day. Most participants reported no prior 

experience with IVR (93.1%, n=27). 

Among 29 participants, the median age was 73.0 years (range 55-81). 

79.3%(n=23) identified as White, 62.10% (n=18) were female, and all but two 

participants reported at least some level of college education (n=27, 93.1%) (Table 1). 

Nearly half of the participants (n=14, 48.3%) underwent a low anterior resection 

abdominal operation, with cancer as the most common indication for surgery (65.5%, 

n=19). Over half of participants reported pain in the two weeks prior to surgery (55.2%, 

n=16), with few individuals taking opioid medications for pain (n=3). In our evaluation of 

the baseline characteristics of the study sample, we found that participants typically 
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described their perceived health status as generally good. Additionally, they reported 

experiencing mild levels of anxiety and depression, alongside minimal tendencies 

towards pain catastrophizing, before undergoing surgery and the IVR intervention 

(Table 1). 

Acceptability 
 

The mean duration of IVR use in the initial session for 29 participants was 19.14 

minutes (SD 7.67). Moreover, 19 participants additionally completed a second session, 

during which the mean usage time was 16.78 minutes (SD 6.13) (see Table 2). The 

most common IVR experiences chosen by study participants were guided travel 

followed by mindfulness and meditation, with nearly half of participants choosing more 

than one IVR experience during a single session. The results indicate high perceived 

usability of IVR in this sample as demonstrated by a high mean SUS score of 88.10 (SD 

= 6.15). SUS scores above 68 are considered above average and are an indicator of 

good usability.41 Individual adjusted raw mean scores for each SUS item were generally 

> 3, indicating positive usability per each SUS item statement (adjusted items ranged 

from 0-4, with 4 as more desirable per each item) (Table 3). 

Study participants reported an overall positive experience with using IVR as 

indicated in the survey questionnaire (Figure 2). In this subgroup (n=21), all study 

participants marked responses of “Agree-4” or “Strongly Agree-5” to the statement “I 

enjoyed the virtual reality experience.” Majority of the study participants (95.2%, n=20) 

also marked “Agree-4” or “Strongly Agree-5” that IVR improved their postoperative pain. 

Furthermore, most participants agreed that they would use IVR again for pain (90.5%, 
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n=19) or anxiety (85.7%, n=18). Finally, all participants (n=21) marked “Strongly Agree” 

to the statement, “I would recommend virtual reality to other older surgical patients.” 

Nearly all participants (n=28, 96.6%) completed one or more IVR sessions 

without self-reported side effects (e.g., dizziness, headache, eye strain, and nausea). 

One participant reported mild face and chest skin redness that occurred nearly 24 hours 

after the first IVR intervention. Upon further investigation, it was unclear as to the exact 

cause of the skin irritation, whether due to the IVR headset foam padding or related to 

recent medications as part of surgical care. There was no skin breakdown noted and 

the participant was discharged home as expected. Although unlikely related to the use 

of IVR equipment, the possible adverse event was reported to the UCSF IRB out of an 

abundance of caution. 

Feasibility 
 

To evaluate overall feasibility, we measured the rate of accrual and reasons for 

non-participation, as well as successful completion of IVR on the first and second day 

after inpatient abdominal surgery (Figure 1 CONSORT diagram). Of the 55 potential 

participants assessed for eligibility, 7 individuals did not meet inclusion requirements 

during telephone screening, 7 declined to participate after learning more about the 

study, stating extreme anxiety over surgery (n=5) or fear of new technology (n=2) as the 

main reasons for non-participation, and one individual did not state a reason for 

declining participation (Figure 1). The remaining participants (n=40) were deemed 

eligible and agreed to participate. Of the 40 participants, a total of 11 either dropped out 

or were excluded before the intervention was administered due to the following reasons: 

did not return the consent (n=2), decided to drop-out of the study prior to the date of 
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surgery for unspecified reasons (n=3), surgery was cancelled (n=3), ICU admission 

directly from the operating room (n=1), and Covid-19 related reasons (n=2). 

A total of 29 enrolled participants allocated to the intervention on the day 

following surgery all completed the first IVR session, with 19 additionally completing the 

second IVR session the next day. The most common reason from not completing a 

second IVR session the next day was typically due to a change in complexity of care or 

severe nausea/vomiting (n=5). All participants allocated to the first and second IVR 

sessions completed all baseline questionnaires as well as all pre- and post-intervention 

questionnaires, with no missing or unanswered items. 

Preliminary Clinical Impact of IVR on Pain and Relaxation 

Significant improvements were observed in both pain and relaxation levels from 

pre- to post-IVR on both Day 1 and Day 2 following surgery (Figure 3 and Table 4). The 

preliminary impact of IVR on pain levels was analyzed using a paired two-sample t-test. 

On Day 1 following surgery, post-IVR mean pains levels showed a significant reduction 

as compared to pre-IVR pain levels, with a mean improvement of 2.66, representing 

approximately a 50% reduction in pain scores (95% CI, 1.90 to 3.42; p < 0.001). 

Similarly, on Day 2 following surgery, results indicated a significant decrease in pain 

levels from pre- to post-IVR, with a mean pain level decrease of 2.05 (95% CI, 1.32 to 

2.78; p < 0.001). 

Finally, participants reported a significantly higher level of relaxation immediately 

following IVR as compared to pre-IVR relaxation levels on both Day 1 and Day 2 

following surgery. The Wilcoxon Signed-Rank Test, applied due to the non-normal 

distribution of relaxation scores, revealed significant findings. One day following 
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surgery, the median relaxation score prior to using IVR was 3 (IQR 3-6), which 

increased to a median score of 8 (IQR 7-9) immediately following IVR usage, indicating 

a statistically significant improvement in relaxation levels from pre- to post-intervention 

(Z = -4.6, p < 0.01). On the second day post-surgery, the median score before 

intervention was 4 (IQR: 4-5), which increased to a median relaxation score of 8 (IQR: 

7-9) following the intervention, demonstrating a significant improvement in relaxation 

scores from pre- to post-IVR use (Z = -3.85, p < 0.01). 

DISCUSSION 

Our results indicate that the use of IVR for postoperative pain and relaxation in 

older adults in the initial days following elective inpatient abdominal surgery is feasible, 

acceptable, well-tolerated, and contributed to reductions in self-reported pain levels and 

improvement in state of relaxation. Additionally, most participants expressed a 

willingness to utilize IVR again for pain management and would recommend IVR to 

other older surgical adults. In terms of feasibility, participants were likely to complete the 

IVR sessions post-surgery if medically stable, with about 70% opting for a second IVR 

session. It is noteworthy that while there is expanding research exploring the efficacy of 

IVR applications on preoperative anxiety and postoperative exercise among colorectal 

surgery patients,50,51 our investigation stands out as one of the select few probing the 

preliminary impact of IVR as a means of positive distraction to mitigate postoperative 

pain in older adults following various types of inpatient elective abdominal operations. 

Finally, our study is among the few specifically examining IVR use for acute pain in the 

inpatient setting specifically in the older adult demographic. Our results, diverge from 

the existing literature in that the older adults in our cohort were amenable to 
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incorporating IVR into their inpatient pain management regimen during the immediate 

first days following surgery. 

Acceptability, Feasibility, and Tolerability 
 

Our research both corroborates and diverges from existing literature on the 

application IVR for managing pain and facilitating relaxation. Recent meta-analyses 

have suggested that IVR is efficacious in reducing acute pain following a variety of 

surgical and medical procedures.25,52 However, except for TKA, a procedure often 

categorized as minor outpatient surgery, there is a notable gap in research regarding 

the acceptability, feasibility, and tolerability of IVR among older surgical adults in the 

initial days following various types of major elective inpatient surgeries.53 Some studies 

suggest that hospitalized older adults over the age of 60 are more likely to decline 

participation in IVR studies, related to lack of understanding or perceived usefulness of 

IVR.54,55 Other research indicates a possibly lower acceptance of IVR among older 

adults in acute care settings due to negative attitudes and anxiety towards using 

technology.53,56 

Furthermore, except for those who developed postoperative clinical 

complications precluding the use of IVR, the dropout rate among our study participants 

was notably low at 12.5% (n=5). In both community and residential contexts, as well as 

within the scope of colorectal cancer care, existing research has indicated that the use 

of IVR as positive distraction is both feasible and highly accepted among older adults 

for alleviating chronic pain in non-hospital settings.57–60 Moreover, studies on the 

adoption of emerging technologies like IVR suggest that older adults are generally more 
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receptive to using new technology when they are offered a broad range of choices and 

the autonomy to select according to their preferences.61–65 

Regarding the tolerability of IVR use in older adults, there have been minor 

reports of motion sickness and occasional discomfort with the HMD noted in prior 

research.53,66,67 In our study there were no reports of motion sickness after use of IVR. 

This may have been due to limiting each IVR session to a maximum of 30 minutes. A 

recent review of IVR use in older adults across a wide spectrum of settings found 

cybersickness68 (e.g., dizziness, nausea, eye strain, etc.) to be minimal across 39 

studies.69 Also related to tolerability of IVR, in our study, one participant reported skin 

irritation, an adverse effect for which, to the best of our knowledge, there is no existing 

research quantifying its incidence rate. However, it is worth noting that there was a 

safety recall by the United States Product Safety Commission for an HMD removable 

foam facial interface, not used in our study, that led to approximately 6,000 reported 

cases of facial skin irritation among users.70 Finally, our user experience survey results 

suggest that while the overall satisfaction with the IVR system was positive, a significant 

number of participants expressed discomfort with the HMD headset. This reported 

discomfort is consistent with prior research indicating that while older adults in 

community settings have found the headsets to be bulky and uncomfortable, their 

overall experience with IVR was enjoyable.30 

Preliminary Impact of IVR on Pain Level 
 

Although previous research has suggested that pain sensitivity may be reduced 

in older adults, more current research shows that the overall perception of pain remains 

unchanged with age.71 Across various inpatient abdominal operations in adults 60 years 
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of age and over, nearly 75% of participants reported moderate to severe pain during 

hospitalization.72 These findings highlight that unrelieved pain in older surgical adults 

remains a significant challenge within the inpatient setting, and may contribute to 

various adverse events following surgery, including delirium.73,74 

Prior research has indicated that IVR as a form of positive distraction can be 

used as an efficacious non-pharmacological tool for reducing acute pain after surgery or 

a medical procedure, especially in younger adult cohorts.25,75 In the older adult 

demographic, the efficacy of IVR on postoperative pain reductions following are 

especially evident in elective TKA.33,34,76,77 However, as related to IVR following 

inpatient complex abdominal surgery few studies exist in the literature examining the 

impact of IVR on pain. One small-scale feasibility study involving 10 participants 

revealed that among younger older adults (mean age=61.0 years, SD=10.57) who 

underwent robotic colorectal surgery, there was a moderate negative correlation 

between IVR usage and pain scores, suggesting that an increase in the rate of IVR 

usage could potentially lead to a decrease in postoperative pain scores.78 Although our 

study did not measure the correlation between IVR duration or the frequency use and 

pain scores, we did find statistically significant reductions in immediate post intervention 

pain scores as compared to pre-IVR pain scores. 

Preliminary Impact of IVR on Relaxation 
 

Our study showed significant improvement in relaxation levels following the use 

of IVR in the postoperative recover phase. Increasing evidence suggests the harmful 

effects of perioperative distress on quality-of-life and psychosocial well-being following 

surgery, especially in older adults.79,80 Enhancing relaxation may offer numerous 
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physical and psychological benefits, including the reduction of stress and the promotion 

of a sense of tranquility.81 Improved relaxation may activate the parasympathetic 

nervous system, leading to reduced muscle tension, heart rate, and blood pressure.82 

Previous research suggests that various types of IVR environments such as nature- 

based scenes, guided meditation or mindfulness, and guided tourism may facilitate both 

self-reported and physiologically induced relaxation, particularly in individuals 

experiencing high levels of stress, in both the general population as well as in adults 

with various mental health conditions.83–86 In the surgical literature self-reported and 

physiological measures relaxation following use of IVR has been predominantly studied 

in the pediatric demographics, with promising findings.87 While emerging research has 

begun to explore the effects of IVR on mood, anxiety, and well-being among older 

adults in community dwelling and residential care settings, there is a scarcity of studies 

investigating the impact of IVR on emotional distress, and state of relaxation in older 

adults during inpatient surgical hospitalization.79,88 

Clinical and Research Implications 
 

The integration of IVR into the care of older adults following major abdominal 

surgery presents a promising avenue for enhancing pain management and relaxation 

strategies, with the potential to improve patient reported outcomes, patient satisfaction, 

and the overall recovery experience. The clinical implications of integrating IVR into the 

care of older adults following elective inpatient abdominal surgery are multifaceted and 

potentially substantial. First, despite existing concerns about older adults' willingness to 

engage with new technologies, our study found a high level of acceptability and 

tolerability of IVR for pain and relaxation. This suggests that with proper introduction 
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and support, older adults are open to using innovative technology like IVR in the acute 

care setting as part of their care.28,89 Second, our results hold particular significance in 

the surgical care of older adults, where IVR could act as a cost-effective and safe 

alternative or adjunct to conventional pain management approaches.9,90,91 Some studies 

indicate that IVR retains the possibility to lessen opioid medication usage and its 

associated side effects.92,93 

In the last decade, government agencies and clinical professional organizations, 

including the American College of Surgeons’ Geriatric Surgery Verification program, 

have increased emphasis on the importance of incorporating opioid sparing methods 

into pain treatment strategies, including non-pharmacological interventions, especially in 

vulnerable groups such as older adults.16,94 The prominence of this push can also be 

exemplified through a recent ruling by the Centers for Medicare & Medicaid Services 

indicating that one type of an integrated software/hardware IVR device may be eligible 

for Medicare insurance coverage.95 In the near future, it is expected that increased 

insurance coverage will greatly increase the accessibility of such technologies for older 

adults as part of their clinical care. 

Introducing IVR into the care of older adults may initially be met with uncertainty, 

by both clinicians and older adults, due to prevailing beliefs about technological 

proficiency or appropriateness in this age group. This view may originate from 

widespread societal perceptions on aging and technology, which commonly depict older 

adults as less skilled or less inclined to engage with new technology.96,97 Such 

perspectives can unintentionally result in exclusion from IVR clinical trials or use in the 

clinical setting.98 Thus, we may underestimate the older adults’ capacity to accept or 
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learn new technology such as IVR. Personalized education, tailored training, and 

sufficient support are essential actions to enhance the adoption of IVR among the older 

adults.62 Moreover, aligning IVR content with older adults' personal interests, such as 

cultural and spiritual practices, as well as hobbies and previous life experiences, is vital 

for its wider acceptance in this demographic.30 Future research is needed to investigate 

whether the level of pain or relaxation correlates with specific types of IVR content or 

exhibits a dose-response relationship based on duration and frequency of use. Finally, 

the insights gained from this study could pave the way for more extensive randomized 

controlled trials aimed at assessing the acceptance and overall efficacy of IVR in older 

adults undergoing a variety of major elective surgeries. 

Limitations 

The findings of this study should be considered in view of certain limitations. The 

study design and limited sample size restrict the generalizability of the findings; 

therefore, final conclusions about efficacy of IVR to improve pain and relaxation cannot 

be made. Additionally, the current study was not designed or powered to reliably assess 

the impact of predictors such as age, gender, specific surgeries, or other baseline 

characteristics on study outcomes. Moreover, the reliance on self-report introduces a 

potential for bias and subjectivity in our findings. While our sample reflects the 

demographic composition of a single academic healthcare system, our findings may not 

represent the experiences of individuals from non-White cultural or ethnic backgrounds, 

non-English speakers, those with lower levels of educational attainment, or those with 

frailty or cognitive limitations. In addition, the IVR intervention in this study was not 

standardized, allowing variation in both content selection and duration of use. Future 
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studies should consider controlling for the type of environment, duration, and frequency 

of use and the impact on acceptability, tolerability, feasibility, and clinical outcomes. 

Finally, due to the nature of this initial feasibility study, we did not control for opioids or 

other pain medications. 

CONCLUSION 
 

This study supports the feasibility, acceptability, and tolerability of IVR as a potential tool 

for postoperative pain management and enhancing relaxation among older adults 

following elective inpatient abdominal surgery. This study contributes to the expanding 

field of knowledge on the use of non-pharmacological approaches to manage post- 

surgical pain. The preliminary findings of this study, while promising, suggest the need 

for large scale studies to confirm acceptance and efficacy of IVR as a postoperative 

pain management intervention across a wide range of diverse older adult 

demographics, including individuals from underrepresented minority groups and those 

facing physical and cognitive limitations. Finally, this study emphasizes the potential of 

IVR to improve patient-reported outcomes and enrich the perioperative care experience 

for a demographic that is often considered vulnerable and excluded from technology- 

based studies. 
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Figure 4.1 CONSORT Flow Diagram
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Figure 4.2 User Experience Survey Responses: (a) Participants responded to each user 
experience statement once on a scale of 1 to 5, with 1=totally disagree, 2 disagree, 3=neutral, 
4=agree, and 5=totally agree, following at least one IVR session. Mean (+/-SD) is reported per 
each survey item.  
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Table 4.1 Sociodemographic, Baseline Characteristics, and Clinical Descriptives (n=29) 
 

  

Age, median, years (range) 73.0 (range 55-81) 
Gender  
Male 11 (37.9) 
Female 18 (62.1) 
Race/ethnicity, n (%)  
White/Caucasian 23 (79.3) 
Asian 4 (13.8) 
Hispanic 2 (6.9) 
Black or African American 0 (0) 
Relationship Status, n (%)  
Currently Married 14 (48.3) 
Divorced 1 (3.4) 
Single 13 (44.8) 
Widowed 1 (3.4) 
Level of Education, n (%)  
High School Diploma 2 (6.9) 
Some college, no degree 5 (17.2) 
Any college, graduate, or professional degree 22 (75.9) 
Primary Indication for Surgery, n (%)  
Cancer 19 (65.5) 
Primary Types of Abdominal Procedures, n (%)  
Laparoscopic Low Anterior Resection 11 (37.9) 
Robotic Assisted Low Anterior Resection 3 (10.3) 
Laparoscopic Colectomy 5 (17.2)) 
Open Colectomy 2 (6.8) 
Open Colostomy Revision or Takedown 3 (10.3) 
Ileostomy Takedown 3 (10.3) 
Open Abdominal Perineal Resection 1 (3.4) 
Robotic Assisted Rectopexy 1 (3.4) 
Prior Pain and Virtual Reality Use, n (%)  
Pain In the Past Week Prior to Surgery 16 (55.2) 
Current Opioid Use for Pain Prior to Surgery 3 (10.3) 
Prior Virtual Reality Use 2 (6.9) 
Baseline Scores, mean (SD)  
Pain Catastrophizing Scale (PCS)1 14.56 (14.21) 
Health State Questionnaire – EQ-5D-5L2 71.10 (22.3) 
Generalized Anxiety Disorder 7-item (GAD-7)3 5.56 (5.9) 
PHQ-8 (Patient Health Questionnaire-8)4 5.03 (5.5) 
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1Pain Catastrophizing Scale consists of 13 items, with each item on a scale from 0 to 
4 based on their thoughts when experiencing pain. The total score can range from 0 
to 52, with higher scores indicating greater levels of pain catastrophizing. 
2The EuroQol 5-Dimension 5-Level questionnaire uses a Visual Analog Scale (VAS), 
where the endpoints are labeled as the "best imaginable health state" and the "worst 
imaginable health state.” The VAS score ranges from 0 to 100, with the higher score 
indicating higher perceived health. 
3Generalized anxiety disorder 7-item scale is a self-reported questionnaire used to 
assess the severity of anxiety symptoms with each item scored from 0 (not at all) to 3 
(nearly every day). The total score ranges from 0 to 21, with higher scores indicating 
higher anxiety levels. 
4The Patient Health Questionnaire-8 measures the severity of depressive symptoms. 
Each item is scored on a scale from 0 to 3. The sum of all items is a range of 0 to 24 
Minimum Score, with a higher score indicating greater levels of depressive symptoms. 
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    Table 4.2 Mean Time Spent Using Immersive Virtual Reality and Content Selection 
 

 1 Day After Surgery 
n=29 

2 Days After Surgery 
n=19 

  
Mean Time Spent in IVR (minutes) 19.14 (SD 7.67) 16.78 (SD 6.13) 
Range of Time Spent in IVR (minutes) 6-30 3-30 
Participant IVR Content Selection1 n (%) n (%) 
Guided Travel 20 (68.9) 10 (52.6) 
Mindfulness and Meditation 7 (24.1) 5 (26.3) 
Artic Cold and/or Underwater 4 (13.7) 3 (15.8) 
Forests and/or Wildlife 2 (6.8) 1 (5.3) 
Games 1 (3.4) 1 (5.3) 

 
1 Participants had the option to choose as many experiences as desired, up to a maximum of 30 
minutes of use per session, in any of the content categories offered within the preloaded 
software library. 
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Table 4.3 System Usability Scale (SUS) Ratings 
 

SUS Adjusted Raw Score Per Item (n=29)1 Mean 
Score 

Standard 
Deviation 

Range 

1. I think that I would like to use this system frequently 3.5 0.58 2-4 
2. I found the system unnecessarily complex. 3.8 0.77 0-4 
3. I thought the system was easy to use 3.7 0.47 3-4 
4. I think that I would need the support of a technical 
person to be able to use this system. 

3.2 0.85 1-4 

5. I found the various functions in this system were well 
integrated. 

2.48 0.87 1-4 

6. I thought there was too much inconsistency in this 
system 

3.7 0.66 2-4 

7. I would imagine that most people would learn to use 
this system very quickly 

3.6 0.50 3-4 

8. I found the system very cumbersome to use. 3.9 0.37 2-4 
9. I felt very confident using the system 3.7 0.47 3-4 
10. I needed to learn a lot of things before I could get 
going with this system 

3.8 0.41 3-4 

 
1 The original responses are given on a Likert scale from 1 (Strongly Disagree) to 5 (Strongly 
Agree) for each of the 10 items. After adjusting the scale of negatively worded questions (items 
2, 4, 6, 8, and 10) by subtracting their scores from 5 and for positively worded questions (items 
1, 3, 5, 7, and 9) obtained by subtracted by one, adjusted scores will range from 0 to 4. After 
adjustment “0” represents a negative usability experience as related to the item statement and 
“4” represents a positive usability experience for each item. Higher scores after adjustment 
indicate better usability. The SUS questions are adapted from Brooke J. SUS: a quick and dirty 
usability scale. ResearchGate. 1995. 
https://www.researchgate.net/publication/228593520_SUS_A_quick_and_dirty_usability_scale 

http://www.researchgate.net/publication/228593520_SUS_A_quick_and_dirty_usability_scale
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Table 4.4 Pre-to Post Immersive Virtual Reality Changes in Self-Reported Pain and 
Relaxation 

 
 Mean (SD) 95% Confidence Interval 
Pain Level Day 1, n=29   
Pre-IVR 5.17 (2.1) 4.37-5.97 
Post-IVR 2.51 (1.5) 1.91-3.16 
Change 2.65 (2.0) 1.89-3.41, p < 0.01 
Pain Level Day 2, n=19   
Pre-IVR 4.84 (1.6) 4.08-5.60 
Post-IVR 2.79 (1.5) 2.06-3.51 
Change 2.05 (1.5) 1.33-2.78, p<0.01 
Relaxation Level Day 1, n=29 Median, IQR Test statistic, p-value 
Pre-IVR 3 (3-6)  
Post-IVR 8 (7-9)  
Change  Z=-4.6, p<0.01 
Relaxation Level Day 2, n=19   
Pre-IVR 4 (4-5)  
Post-IVR 8 (7-9)  
Change  Z=-3.85, p<0.01 
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CHAPTER 5 

"It helped with my pain and so much more”: Older Adults' Immersive Virtual 

Reality Experience Following Inpatient Elective Abdominal Surgery 
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ABSTRACT 

Background: Immersive Virtual Reality (IVR) for postoperative pain in older adults 

beyond minor elective total joint surgeries, remains underexplored. This qualitative 

study aimed to describe the older adults' lived experience with using IVR for pain during 

the initial days following inpatient elective abdominal surgery. 

Methods: We employed purposeful sampling to recruit adults aged ≥55 years 

undergoing inpatient elective abdominal surgery at an academic medical center in 

Northern California. Semi-structured interviews, aimed at capturing the user experience, 

were conducted within two days after surgery following at least one IVR session. An 

inductive qualitative approach was used to identify themes. 

Results: Twenty-one participants completed one IVR session the day following surgery, 

and 17 additionally completed a second session the next day. Semi-structed interviews 

revealed four prominent themes: 1) IVR was a positive distraction from variety 

postoperative symptoms; 2) IVR provided a sense of escape from the hospital 

environment or worrisome medical conditions; 3) There is a need to tailor virtual reality 

content and equipment specifically for older surgical adults; and 4) Older adults 

endorsed the possibility of IVR use throughout perioperative care. None of the 

participants who partook in the qualitative interviews reported any adverse side effects 

because of IVR use. 



158  

Conclusions: Despite minor critiques of the technology, participants overall enjoyed 

the experience and expressed that IVR following surgery helped to divert their attention 

away from pain and other symptoms. IVR also offered a temporary escape from 

hospitalization and concerns about underlying health issues like cancer. This highlights 

the multifaceted potential of IVR in addressing a broad spectrum of postoperative 

symptoms, including pain, underscoring its value as a comprehensive tool as part of the 

care of older adults during the perioperative journey. Thus, further tailoring IVR to the 

specific needs of older surgical patients could potentially improve overall well-being, 

suggesting a novel approach to enhancing patient-centered care and promoting 

improved patient reported outcomes. 
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INTRODUCTION 
 

The World Health Organization (WHO) estimates a significant increase in the 

population aged 60 and over, from 900 million in 2015 to approximately 2 billion by 

2050, constituting approximately 20% of the global population.1 In the United States, 

older adults represent the fastest growing segment of the population.2 This rising trend 

highlights the need for innovative healthcare solutions designed specifically for the 

unique needs of older adults in today's digital era.3 Immersive Virtual Reality (IVR) 

stands out as a significant technological advancement, attracting considerable attention 

for its potential to enhance the overall health of older adults.4,5 IVR offers a wide range 

of support options for older adults in the outpatient, residential care, and community 

settings including mitigating feelings of social isolation and loneliness,6 boosting 

cognitive abilities,7 providing psychological support,7,8 chronic pain management,9,10 

physical rehabilitation,11 and improved overall well-being.7 

Contrary to prevalent misconceptions about older adults' reluctance towards 

technology, recent studies have demonstrated that older adults in the community setting 

exhibit high levels of IVR acceptance, even when cognitive or functional limitations are 

present.12,13 A recent review also demonstrated that IVR was generally tolerated in older 

adults across various settings with minimal side effects reported.14 

Immersive Virtual Reality, characterized by the use of a head-mounted display 

(HMD) equipped with motion tracking, engenders a compelling sense of 'presence' and 

immersion in the virtual environment.15 This believable perception of ‘being there’ plays 

a pivotal role in the beneficial impact of IVR on a wide array of outcomes.16 The primary 

mechanism of action for most IVR applications in clinical care is positive distraction, 
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especially as related to pain and anxiety reduction;17 however, IVR is increasingly being 

leveraged as a clinical tool to deliver various types of psychological therapies, such as 

cognitive behavioral therapy,18 rehabilitation,19,20 and patient education.21 

With roughly 4 million major operations occurring each year among individuals 

aged 65 and older in the United States,22 understanding the role, acceptance, and 

impact of innovative technology such as IVR within geriatric surgical care is essential. In 

the surgical setting, a multitude of studies have demonstrated the efficacy of IVR in 

mitigating pain and anxiety in children and adults less than 65 years of age.23–25 

Regarding older adults undergoing surgery, aside from Total Joint Arthroplasty (TJA),26– 

29 there is limited research exploring the user experience or efficacy of IVR across a 

range of major elective surgeries requiring inpatient care. Moreover, studies that 

investigating the use of IVR, specifically in abdominal and gastrointestinal surgery in the 

older adults are remarkably limited.30–32 

It is important to recognize that older adults may experience and recover from 

surgery differently than younger adults due to various geriatric vulnerabilities, such as 

frailty and cognitive impairment.33,34 Older adults also often prioritize the impact of 

surgery on quality of life, autonomy, and the ability to participate in meaningful activities 

to evaluate the success of their surgery.35–37 Given these considerations, it is 

advantageous to delve deeper into the perceptions, attitudes, beliefs, and experiences 

of older adults using IVR as part of their surgical care.12,13 Despite the promising 

potential of IVR, its acceptance, and overall user experience, in older adults undergoing 

major inpatient abdominal surgery, remains largely unexamined. Thus, this study aimed 
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to qualitatively explore and describe the experiences of older adults who use IVR in the 

initial days following inpatient elective abdominal surgery. 

METHODS 

Study Design 

A qualitative thematic analysis study design was employed to discern key themes 

related to the immersive virtual reality user experience. This qualitative thematic 

analysis study was founded on a constructivist approach, which posits that reality is 

subjective and shaped by individual perspectives.38 A 4-item survey was also used to 

assess for side effects not verbally reported during interviews. Qualitative methods are 

reported following the Consolidated Criteria for Reporting Qualitative Research 

(COREQ).39 The study received approval from University of California, San Francisco 

(UCSF) Institutional Review Board (IRB #19-28391) and is registered as part of a parent 

feasibility study under Clinicaltrials.gov (NCT06095661). 

Setting and Participants 
 

English-speaking adults aged 55 years of age or older having elective inpatient 

abdominal surgery at UCSF Medical Center were recruited from the Colorectal and 

General Surgery Clinics, if anticipated to be hospitalized for at least 48 hours following 

surgery. Exclusion criteria encompassed individuals with a reported history of conditions 

hindering post-surgery IVR use such as motion sickness, severe cognitive impairment, 

epilepsy, eye/face/neck injuries, blindness or severe visual impairment, or severe 

hearing loss. Enrolled participants were also excluded if severe nausea, vomiting, or 

dizziness were present just prior to administration of IVR. 
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Virtual Reality Intervention 
 

Participants received an email video link explaining the IVR intervention a week 

before their surgery. This study employed the REAL System i-Series virtual reality HMD 

from Penumbra, Inc., featuring built-in audio and gaze-controlled navigation.40 This IVR 

system, preloaded with various 360-degree immersive environments for distraction and 

relaxation, includes experiences like mindful meditation, travel, nature scenes, and 

games (Appendix 1). This IVR system provides six degrees of freedom, broadly defined 

as motion tracking through the ability of sensors embedded in the HMD unit to detect 

and respond to participants' movements in every possible direction.41,42 This 

responsiveness translates participant movement into movement displayed within the 

virtual environment, facilitating a high-fidelity immersive experience.43 

All enrolled participants were offered at least one IVR session in their hospital 

room, starting as early as the first day following surgery up to the second day post- 

surgery. Participants chose their desired experience within the preloaded IVR software 

library. IVR program preference selection and length of the session were recorded by 

the research team. The length of each session was determined by the participant but 

limited to 30 minutes. A member of the research team was present during and up to 15 

minutes after each IVR session to assess for side effects. Participants were offered the 

option to use IVR again the following day. A one-time $50 gift card was provided to all 

individuals for their participation in the study. 

Data Collection 
 

Following informed consent, participants completed a sociodemographic 

questionnaire. Study participant interviews and survey responses were de-identified 

using an assigned study identification number. A 15-minute in-person one-to-one audio- 
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recorded interview was conducted following the IVR session, typically between the first 

and second day after the operation. The semi-structured interviews, conducted by 

interviewer CK occurred between October 2023 and February 2024. The interview 

questions were designed to gather insights into the overall user experience, participants' 

views on how IVR could be applied in perioperative care or at home, and the usability of 

the IVR software and hardware during postoperative recovery (Appendix 2). Adverse 

outcomes, which include symptoms such as nausea, headache, blurred vision, and 

dizziness, were assessed using a 4-item adapted version of the Simulator Sickness 

Questionnaire (SSQ).44 This questionnaire was administered 15 minutes after each IVR 

session, allowing participants to indicate the presence or absence of side effects with a 

'Yes' or 'No' response. Participants also had the option report any side effects they felt 

occurred during or after IVR to the research team or the clinical team. Each interview 

was audio recorded, transcribed verbatim, and uploaded into Atlas.ti, a qualitative data 

analysis software program.45 

Data Analysis 
 

The data analysis process involved two coders (CK and SS), who leveraged an 

inductive approach to identify prevalent themes through line-by-line coding of interview 

transcripts. One coder independently read through five transcripts to identify emerging 

codes and themes. A standardized codebook was then created from these preliminary 

themes. The codebook served as a guide for a more comprehensive first pass coding of 

the remaining transcripts. Both coders independently conducted an initial first pass 

reading of all interview transcripts. During a second round of coding, each coder 

reviewed and verified agreement of the codes contained within the transcripts. The 
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coding team discussed any discrepancies during collaborative meetings to reach a final 

consensus. 

The research team iteratively discussed and refined the categorization of 

identified codes into broader themes until data saturation was achieved, with no new 

themes emerging. Final themes were shared with the surgery and geriatric clinical 

providers on the research team for their input. The team selected exemplar quotes from 

the transcribed interviews to accompany the identified themes. Field notes from the 

interviews were captured and discussed with research team as part of assessing for 

researcher reflexivity (subjective perspective).46 

RESULTS 

Twenty-one participants (median age 72.5 years, range 55-81) completed the 

IVR intervention at least once, with 17 additionally completing a second IVR session the 

next day (Tables 1 and 2). Among them, 57.1% (n=12) were female, 81.0% (n=17) 

identified as White, and all study participants (n=21) reported receiving at least some 

level of college education. Participants primarily underwent colorectal surgery, with 

cancer as the most common indication for surgery (81.0%, n=17), followed by 

inflammatory bowel disease (n=4). Nearly all participants reported no prior experience 

with IVR (95.2%, n=20). The most frequently selected IVR experiences by participants 

were guided travel, followed by mindfulness and meditation (Table 2). Mean overall time 

spent using IVR was 18.4 (SD 8.6) minutes on the day following surgery, and 12.4 (SD 

6.8) minutes on the second day. None of the participants who partook in the qualitative 

interviews reported any adverse side effects. However, within the broader context of the 

parent feasibility study, there was a single report of minor skin irritation on the face and 
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chest that occurred nearly 24 hours following a single IVR session (this individual did 

not participate in the qualitative interview due to an earlier than expected hospital 

discharge). The connection between the skin redness and the use of the IVR system 

remains uncertain, with the likely possibility that the irritation was attributed to an 

unrelated cause. 

Semi-structed interviews revealed four prominent themes: 1) IVR was as a 

positive distraction from variety postoperative symptoms; 2) IVR provided a sense of 

escape from the hospital environment or worrisome medical conditions; 3) There is a 

need to tailor virtual reality content and equipment for older surgical adults; and 4) Older 

adults endorsed the possibility of IVR use throughout perioperative care. 

Theme 1: Immersive Virtual Reality Was a Positive Distraction from Postoperative 

Symptoms 

Study participants spoke at length about how they felt that IVR acted as a 

positive distraction, effectively diverting attention from both physical and emotional 

postoperative symptoms (Table 3). Pain was the most reported symptom that was 

alleviated immediately following the IVR intervention. As one participant stated, “I was 

distracted and it [IVR] took my mind off of the pain as your focus goes to the 

experience.” While study participants felt that IVR was helpful in distracting them away 

from their postoperative pain, only one participant mentioned that they felt IVR was a 

preferred alternative to pain medication. This participant stated, “I don't want to take 

pain pills. Having that alternative [VR] for pain is good. I think I'll do the virtual reality for 

light to moderate pain instead of [pain] pills.” A few participants also stated that they felt 

IVR was more advantageous than traditional distraction methods commonly available 
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during hospitalization, such as television (TV). One participant stated, “It [IVR] definitely 

adds more distraction from pain than watching TV or reading a book.” Another physical 

symptom that seemed to be alleviated by IVR was fatigue. One participant stated, “I just 

was completely blown away on how much this helped distract me from fatigue [after 

surgery] 

Participants also mentioned that they felt the IVR experience was a distraction 

from psychological symptoms that they were experiencing during the initial 

postoperative period. One patient stated, “It [IVR] made me think of different things 

other than my anxiety.” Another participant stated, “Surgery has been making me feel a 

little down; the programs that I picked really boosted my mood. It helped me focus on 

something uplifting.” 

Theme 2: Escape From the Hospital Environment and Worrisome Medical 

Conditions 

Numerous participants reported experiencing a 'sense of escape' from the 

confines of the hospital setting and, in certain instances, temporary relief from thoughts 

linked to their medical conditions while engaged with IVR (Table 4). In many instances, 

this feeling of escape was characterized as a profound sense of presence within the 

IVR environment, realistically transporting patients away from the immediate realities of 

hospitalization or disease. Regarding, escape from the hospital setting, one participant 

stated, “It was so easy to escape from the reality of being in this hospital room. It didn't 

even seem like virtual, it seemed like my reality.” Other participants felt that the IVR 

experience provided escape from their thoughts about their cancer diagnosis. As one 

participant stated, “It [virtual reality] was an escape from thinking about my cancer. I 
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liked watching the nature scenes as I felt like I was there.” Apart from cancer, a handful 

of participants indicated that the immersive experience in IVR offered a respite from the 

reality of their existing health conditions, although they did not detail any specific 

illnesses other than cancer. Finally, several participants felt that the IVR helped them to 

avert the boredom from hospitalization in a manner that was more effective than 

traditional methods such as TV. 

Theme 3: Tailoring Virtual Reality for Older Surgical Adults 
 

While all participants were satisfied with the IVR experience overall, most 

universally emphasized the necessity of tailoring IVR content and equipment to better 

meet the specific needs of older surgical adults, especially during hospitalization (Table 

5). Recommendations included designing content that resonates more closely with 

personal interests and life experiences, encompassing cultural and spiritual 

preferences. Additionally, there was a consensus on the need to modify IVR software 

and hardware, to better accommodate the physical limitations often associated with 

aging or recent surgery. 

Participants suggested many enhancements to make IVR more suitable for older 

adults undergoing surgery (Table 6). Regarding the need for more cognitive stimulating 

content, one participant remarked, “It [ the IVR content] needs to do more to stimulate 

your mind. The travel guided tour was perfect as it was the right amount of mental 

engagement after surgery, but many of the other programs did not offer enough mental 

interaction as I like to keep my mind sharp.” Additionally, many participants felt that 

more cultural and spiritual activities and environments were needed. As one participant 

stated, “If you're going to show this [IVR] to people of different races and backgrounds, I 
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think it would be good to have things [ content] that they can also relate to.” Many 

participants also expressed a strong desire for more IVR content focused on spiritual 

and religious landmarks and practices, emphasizing its importance during recovery. 

One participant stated, “More content on spiritual meditations, such as Tibetan 

monks, music, or Christian chants would be good for many older people.” Aside from 

cultural and spiritual practices, many participants also suggested a variety of IVR 

content that spanned from interactive card games and math to gardening and more 

guided travel. Furthermore, participants suggested that more IVR content with 

storytelling and voice guidance as part of the virtual scenes would be favorable. One 

participant stated, “I really enjoy gardening and it would be nice to have voice like 

guided tour to talk to you about various items in the garden.” 

Finally, most participants felt that to optimize the IVR user experience as part of 

surgical care, both the software and hardware needed to be adapted to better 

accommodate the physical limitations frequently associated with aging or recent 

surgery. Nearly all participants remarked that the IVR headset was too heavy for use 

given age related limitations and recent surgery. One participant stated, “You know I'm 

an older petite woman. I don't really have a lot of fat in my cheekbones, and I felt that it [ 

HMD]] kept sliding down and it didn't matter how much we tightened it.” Other 

participants felt that the headset was not necessarily compatible with the hospital bed or 

their physical limitations and needed improvement if it were to be used regularly. One 

participant stated, “I think that being in a hospital bed, the headset could be a little bit 

lighter and easier to move around, so I wasn't hitting the guardrails of the bed.” Finally, 

many participants felt that the IVR headset field of vision for most programs should be 
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more compatible with declining eyesight, limited mobility, and neck range of motion 

issues. As another participant remarked, “Both the headset and the programs need to 

reflect the world of older adulthood, keeping in mind limitations like eyesight and arthritis 

[neck stiffness and pain].” 

Theme 4: Older Adults Endorsed the Possibility of IVR Use Throughout 

Perioperative Care 

Many participants shared valuable insights on the potential utility of IVR across 

different phases of the perioperative pathway, highlighting its possible usefulness from 

pre-surgery, through the duration of surgical hospitalization, to postoperative recovery at 

home (Table 6). Although IVR was only offered to study participants during the first two 

days following their inpatient surgery, most participants felt that IVR would have 

additionally been helpful before surgery, when anxiety levels were typically elevated. As 

one participant stated, “I think it'd be a value for people preoperatively where they can 

tune into that healing and relaxation through the virtual reality experience.” Several 

participants felt that IVR could also be used as a vehicle to deliver preoperative 

education and preparation on what to expect prior to surgery, “There could be programs 

to help prepare for surgery. Maybe like a tour of the operating room or the hospital 

room. Most of us are nervous. It'd be nice to see [VR] programs on what to expect.” 

Participants also spoke at length about the possibility of having unlimited access to IVR 

throughout their hospitalization or at home following discharge. Regarding the 

availability of IVR in the hospital, one participant stated, “I think it [IVR] should be 

available [in the hospital]. Half the time we lay in bed and that's all we do is lay in bed, 

so if we keep our mind active, I think that's a great thing [after surgery].” Other 
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participants felt that using IVR at home following surgical discharge would also be of 

great benefit. As one participant stated, “It [virtual reality] could be helpful after I go 

home from this surgery for relaxing and to take my mind off of the pain.” 

Finally, when generally asked about the types of support and resources needed 

to use IVR again, many participants stated that they would need instructions 

beforehand, as well as ongoing technical support. As mentioned by one participant, “I 

think for anybody using it at home, having someone to show them ahead of time and 

explain the device would be greatly helpful.” Finally, a few participants (n=3) expressed 

great interest in using IVR at home for postoperative pain but were concerned about the 

cost of the device. As one participant stated, “I think I could consider using it regularly at 

home for pain after surgery if the equipment was paid for by my insurance.” 

DISCUSSION 
 

This qualitative study evaluated the experiences of older adults using IVR 

technology during the initial days after elective inpatient abdominal surgery. Participants 

predominantly described their experience as positive, despite minor issues with the 

hardware. They emphasized the value of IVR in diverting attention from postoperative 

pain and other symptoms, and in offering a temporary escape and respite from the 

stressors of hospitalization and ongoing health conditions. Participants expressed that 

IVR could be a valuable addition to the surgical care of older adults, especially if more 

age-friendly improvements were integrated into the content and hardware. This study 

not only contributes to the growing body of knowledge regarding IVR use in older 

surgical adults, but it also emphasizes the potential of IVR as a multifaceted tool in 

promoting a comprehensive patient centered approach to the surgical care of older 
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adults.47,48 Our findings both align with and diverge from the existing literature on IVR 

use in the older adult. 

IVR for Postoperative Symptoms 
 

Our study supports previous findings that suggest IVR is effective in reducing 

postoperative pain in older adults, consistent with research in Total Knee 

Arthroplasty.26,49,50 Many participants in our study additionally reported that IVR 

distracted them from other symptoms beyond pain. This novel finding in our research 

highlights the potential broader benefit of IVR use as tool in symptom management in 

older adults following major abdominal surgery. Prior results suggests that 

postoperative symptoms in older adults following elective major surgery often negatively 

impact psychosocial well-being and the ability to engage in meaningful activities.51 

Although not reflected robustly in the surgical literature, previous research within the 

palliative care and oncology settings suggests the benefit of IVR in mitigating a wide 

range of symptoms.52,53 Thus, to examine the full scope of the impact of IVR across a 

variety of postoperative symptoms in the older surgical adult, utilization of a systematic 

validated questionnaires are necessary in future research. 

IVR as an Escape from Hospitalization and Health Concerns 
 

Previous research highlights the negative psychological impact of the hospital 

environment on older adults, often inducing feelings of fear or a lack of control.54,55 The 

stress associated with surgery can compound these feelings, with patients additionally 

worrying about unknown surgical outcomes or disease progression, potentially leading 

to a slower recovery.56–58 Research has indicated that IVR may offer a respite from 

negative feelings by transporting patients to virtual settings that may foster positive 
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emotions and thoughts.30,59,60 A recent review indicates that IVR may improve the 

overall well-being and psychological functioning of hospitalized patients dealing with 

serious illnesses.61 Our study corroborates these findings, with participants reporting 

temporary relief from the stressors of their hospital stay and health concerns as a result 

of IVR use. 

Moreover, IVR presents an opportunity for older adults to engage in activities or 

explore environments that would otherwise be inaccessible due to surgical 

hospitalization, disease, or age-related limitations.62 This temporary escape into a virtual 

environment offers a lifelike simulated experience, enabling older adults to engage in 

meaningful activities that could enrich their overall well-being and surgical recovery 

experience. Furthermore, several participants also reported that IVR averted their sense 

of boredom from hospitalization. There is evidence, albeit limited, that indicates that 

avoidance of boredom contributes to improved quality of life and hope among 

hospitalized patients.63,64 The ability of IVR to impact boredom in the context of the 

healthcare setting remains in the early stages of research; however, one preliminary 

study demonstrates the promise of IVR in reducing boredom as compared to other 

methods, such as TV.65 

Participants Recommendations for Enhancing IVR 
 

Our study revealed that to improve the usability of IVR for older adult surgical 

patients, enhancements are needed, echoing previous research on non-surgical older 

adults struggling with the HMD unit due to weight or eyeglass compatibility issues.62,66,67 

Some participants in our study criticized the visual resolution of IVR, attributing 

difficulties primarily to age-related visual impairments rather than headset fit. This aligns 
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with findings from previous research on the visual quality of IVR in older adults in the 

community setting.62,67 Uniquely, our research emphasized the practical challenges of 

using IVR during hospitalization for surgical recovery, underscoring the importance of 

adapting devices for bedridden users or those with physical limitations due to recent 

abdominal surgery or chronic disease. 

Our findings also suggest a demand for a more diverse range of content within 

the IVR platform, echoing a general preference for personalization that better reflects 

users' life experiences and interests. This aligns with existing research on the desire for 

personalization of IVR content in community dwelling and residential care older 

adults.6,62 Notably, our study contributes new insights to the existing research in two key 

areas as related to software content. First, there was significant interest among 

participants in integrating spiritual, religious, and cultural content into the IVR offerings. 

There is a growing body of evidence suggesting a positive correlation between religious 

beliefs and practices and enhanced mental health during adjustment to illness, 

disability, or surgery.68–72 The concept of Whole Person Health, grounded in the 

biopsychosocial model, has expanded to include spirituality.73,74 This holistic 

perspective highlights the interconnection of an individual's biological, social, 

psychological, and spiritual dimensions as integral to overall health and well-being. 

48,75,76 This viewpoint is crucial for promoting a more comprehensive approach to age- 

friendly surgical care, with IVR emerging as potential tool to support this goal. 

The request for culturally diverse content in IVR from older surgical adults also 

brings several considerations to light. First, there is a notable scarcity of research on 

how cultural or racial differences impact experiences, preferences, or outcomes as a 
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result of IVR use in the older adult, likely a reflection of the lack of diversity among 

study participants.16,77,78 Second, despite many of our participants being highly 

educated and White, their interest in accessing more culturally diverse content suggests 

a possible dual motivation: 1) the eagerness to virtually explore new cultural 

experiences within a simulated setting that would otherwise be inaccessible, and 2) the 

desire to learn more about groups and cultures different from their own. Research has 

indicated that experiences in IVR can serve as a powerful tool for promoting awareness, 

empathy, and understanding towards individuals with differing life experiences and 

cultures.79–81 IVR has the potential to create an authentic cultural experience for people 

from different backgrounds, transcending the confines of physical geographic 

barriers.62,82 Nonetheless, there is a significant gap in insights regarding older adults' 

interest in IVR cultural experiences and the impact on their overall well-being following 

surgery, indicating a need for further investigation. 

Finally, contrary to other studies that noted older adults’ preference for stationary 

or IVR content,83 our study participants expressed a desire for more cognitively 

engaging material, including the integration of storytelling or activities with problem 

solving, critiquing many of the available programs for being too passive. Current 

research does indicate that cognitive and emotional declines in older adults following 

surgery can impede recovery.84,85 While direct mentions of cognitive changes were 

absent in the study, many participants noted emotional challenges during recovery. 

Prior research suggests various types of cognitive stimulation post-surgery can boost 

mood and maintain cognitive health.85–87 More recent research has indicated that 

specific types of IVR applications can enhance cognitive function in older adults, 
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including those with mild cognitive impairment (MCI), highlighting the possibility of IVR 

as a tool to support cognitive and emotional stability following surgery.88,89 

Potential Integration of IVR Into Older Adult Surgical Care Pathway 
 

Although the participants in our study only encountered IVR in the initial days 

following surgery, most suggested that they would have found IVR useful in many other 

aspects of surgical care. A recent review demonstrated that IVR has been leveraged as 

a beneficial tool for delivering preoperative education, reducing preoperative surgical 

anxiety, mitigation of postoperative pain, and promotion of pre- and postoperative 

physical activity;90 albeit this has not been specifically evaluated in the older surgical 

adult. Research highlights that pre-operative IVR tours of environments, such as the 

operating room and nursing unit, may offer patients a better sense of preparedness for 

surgery, decreasing overall anxiety.91 Additionally, several studies have indicated that 

patients may prefer IVR-based education, as related to discussions about their anatomy 

or the procedure, over traditional learning methods.92,93 Finally, our study uniquely 

highlights a strong preference among participants to access IVR on-demand during their 

inpatient stay or post-discharge at home. This contrasts with the limited research on the 

feasibility and acceptability of IVR applications in surgical older adults, as existing 

studies primarily focus on the community-dwelling or residential care demographics. 

This gap emphasizes a need for further exploration into on-demand IVR use in the 

hospital. 

Implications for Geriatric Surgical Care 
 

Our study highlights the promising role of IVR in improving care for older adults, 

particularly following elective inpatient abdominal surgeries. First, IVR may serve as an 
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effective distraction, offering a cost-efficient adjunct or alternative to conventional pain 

management strategies.94 Managing pain in older adults postoperatively presents 

unique challenges due to heightened sensitivity to opioids and often inadequate pain 

control, which can lead to complications such as cognitive decline, constipation, and 

delirium.95–97 Evidence suggests that IVR not only aids in pain relief but also may 

reduce opioid dependence post-surgery, thereby potentially decreasing the incidence of 

opioid-related adverse effects.98 One study suggested that incorporating IVR into an 

inpatient pain management program could result in cost savings through reduced 

hospital length of stay.94 Adopting non-pharmacological pain management methods like 

IVR aligns with the quality care standards endorsed by programs like the American 

College of Surgeons' Geriatric Surgery Verification program.99 

Moreover, IVR offers unlimited possibilities to develop more age-appropriate 

virtual activities, practices, and environments. This technology enables older adults to 

overcome physical constraints related to aging, surgery, or illness, immersing them in 

experiences they might otherwise be unable to enjoy. Such innovation is consistent with 

the World Health Organization's (WHO) age-friendly initiatives, fostering supportive 

spaces that enhance older adults' lives.100 IVR can act as a virtual extension of the 

environment, providing diverse age-friendly content that supports a more holistic 

biopsychosocial approach to surgical care. The use of IVR could potentially allow older 

adults greater autonomy in their surgical journey, likely leading to improved outcomes, 

such as enhanced overall well-being. 

Despite the potential benefits of IVR, obstacles to its widespread clinical adoption 

remain, including cost and technology acceptance.101 While our study's participants 
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positively received IVR postoperatively, broader implementation in older adult surgical 

care will depend on patient characteristics, technology acceptance, and perceived 

usefulness.62,67 Moreover, the acceptance and adoption of IVR by clinicians and 

healthcare systems into routine surgical care requires further evaluation.101 

Nonetheless, recent policy developments indicate a shift towards insurance 

coverage for IVR therapies in older adults under The Centers for Medicare & Medicaid 

Services Healthcare Common Procedure Coding System for certain IVR devices.102 

Future research should concentrate on the effective implementation of IVR into a 

geriatric virtual care ecosystem, considering the cost-benefit implications and the varied 

needs of different older adult populations. 

Limitations 

There are several limitations of this study that warrant acknowledgment. First, 

while the sample mirrors the patient demographic of one academic healthcare system, it 

may not encapsulate the experiences of individuals from diverse cultural or ethnic 

backgrounds, non-English speakers, or those with lower educational attainment. 

Furthermore, although nearly all participants reported no prior experience using IVR, 

there is the possibility for selection bias to the intervention, possible skewing the user 

experience. Additionally, the IVR intervention was not standardized and was limited to 

the content offerings provided by a single company specializing in IVR technology. 

Participants, did however, have the option of viewing various genres of environments 

and for varying lengths of time up to a maximum of 30 minutes per their preference 

within the preloaded content library. Furthermore, the total duration of IVR usage 

demonstrated variation between postoperative day one and day two. Future studies 
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should consider controlling for the type of environment and genre, as well as the 

duration and frequency of use and the impact on the user experience. 

This study also exclusively examined participants who had planned elective 

inpatient surgery, were medically and cognitively stable, and had received preoperative 

IVR information prior to the intervention. The IVR user experience of individuals 

undergoing emergency surgeries, or those with cognitive or functional limitations could 

potentially differ significantly from our sample. Lastly, the reliance on interviews may not 

capture the full extent of older adults’ experiences with IVR, as it hinges on their 

willingness to verbally convey their experiences during interviews. 

CONCLUSION 

In conclusion, despite minor criticisms of the technology, older adults valued the 

use of IVR after abdominal surgery for its usefulness in diverting attention away from 

symptoms and offering respite from the realities of hospitalization and underlying health 

concerns. These findings highlight the potential role of IVR as a versatile tool in 

managing a variety of postoperative symptoms and in enhancing the overall well-being 

of older adults during recovery. Further customizing IVR to meet the unique needs of 

older surgical patients could enhance their acceptance and perceived usefulness of this 

emerging technology, marking an innovative step towards more patient-centered 

surgical care. Our study paves the way for future research, including randomized 

controlled trial pilot studies targeting a more diverse older adult sample, evaluating the 

acceptance and feasibility of IVR application throughout the surgical care continuum, 

and delving into older adults' experiences with different types of IVR equipment. 
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Table 5.1 Sociodemographic and Clinical Characteristics (n=21) 
 

Patient Characteristics  

Age, median, years (range) 73.0 (55-81) 
Gender, n (%)  

Male 9 (42.9) 
Female 12 (57.1) 
Race/ethnicity, n (%)  

White/Caucasian 17 (81.0) 
Asian 4 (19.0) 
Hispanic 0 (0) 
Black or African American 0 (0) 
Relationship Status, n (%)  

Currently Married 10 (47.6) 
Divorced 1 (4.8) 
Single 10 (47.6) 
Level of Education, n (%)  

Some college, no degree 10 (47.6) 
Any college, graduate, or professional degree 11 (52.4) 

Primary Types of Abdominal Procedure, n (%)  

Laparoscopic Low Anterior Resection 11 (52.4) 
Laparoscopic Total Colectomy 4 (19.0) 

Open Colostomy Takedown 3 (14.3) 

Open End Ileostomy Takedown 1 (4.8) 

Open Abdominal Perineal Resection 1 (4.8) 

Robotic Assisted Rectopexy 1 (4.8) 
Primary Indication for Surgery, n (%)  

Cancer 17 (81.0) 



181  

Table 5.2 Mean Time Spent Using IVR and Content Selection Among Participants Who 
Completed Interviews 

 
 1 Day After 

Surgery n=21 
2 Days After 
Surgery n=18 

  
Mean Time Spent in IVR (minutes) 18.4 (SD 8.6) 12.4 (SD 6.8) 
Range of Time Spent in IVR 
(minutes) 

6-30 3-30 

Participant IVR Content Selection1 n (%) n (%) 
Guided Travel 16 (76.2) 11 (55.0) 
Mindfulness and Meditation 6 (28.6) 4 (19.0) 
Artic Cold and/or Underwater 4 (19.0) 3 (14.3) 
Forests and/or Wildlife 2 (9.5) 1 (4.8) 
Games 1 (4.8) 1 (4.8) 

1 Participants had the option to choose as many experiences as desired, up to a maximum of 30 
minutes of use per session, in any of the content categories offered within the preloaded 
software library. 
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Table 5.3 Immersive Virtual Reality as Positive Distraction from Postoperative Symptoms 
during Hospitalization 

 
Types of Symptoms Exemplar Quotes 

Pain “It [IVR] takes away some of the pain because you're not 
concentrating on pain, but instead you're focusing more 
on the game and the virtual reality environment.” (66 y/o 
Male, Laparoscopic sigmoid colectomy) 

Fatigue “I think it's good for you to get your mind off what is going 
on in your body. It will distract you from the pain or 
extreme tiredness after surgery.” (69 y/o Female, 
Laparoscopic sigmoid colectomy) 

Anxiety/Stress “If you're anxious, after surgery, it [IVR] is a good way to 
just kind of relax.” (77 y/o Female, Robotic low anterior 
colorectal resection) 

Depression “It [IVR] distracted me away from what I am feeling right 
now. I’m feeling a little sad, so the experience helped to 
get my mind off feeling a little down and depressed. I felt 
like it lifted my mood during the time I used the machine 
[virtual reality].” (74 y/o Female) 
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Table 5.4 A Sense of Escape from the Hospital Environment and Worrisome Medical 
Conditions 

 
Types of Escape Exemplar Quotes 

Hospital “My activity was feeding the squirrels [ in a 
virtual reality game]. It was a sense of escape 
from the hospital room, at least temporarily.” (57 
y/o Female, Laparoscopic Sigmoid colectomy) 

Cancer “It’s a great way to get my mind off my cancer 
and my disease and just escape in the moment 
during the experience.” (73 y/o Female, 
Laparoscopic total colectomy) 

Other Health Issues “I have some illnesses that I'm dealing with too. I 
would think that it would help with those illnesses 
by escaping from the reality for a moment.” (68 
y/o Female, Laparoscopic sigmoid colectomy) 
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Table 5.5 Participant Suggestions for Tailoring Virtual Reality for Older Surgical Adults 
 

Theme Subtheme Exemplar Quote 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Content/Experiences 

 
 

More Cognitively 
Engaging 

“Many of the programs needed 
more mental stimulation. The 
meditation experience was kind of 
boring. So, the choice of interactive 
or education content was rather 
limited for older adults.” (56 y/o 
Male) 

 
 
 
 
 

Spiritual and 
Cultural Options 

“There are many of us who are 
Christian or Catholic and there's so 
many others that practice other 
religions. So there needs to be more 
of those programs in virtual reality 
as it is supportive during hard 
times.” (76 y/o Female) 

 
 
 

Personal Interests 
and Previous Life 

Experiences 

“I love to travel, and I can’t right 
now. It was good to see Istanbul [in 
virtual reality] as I have been there 
before, and it brought back good 
memories. So that was kind of 
enjoyable and fun. There needs to 
be more options for interests that 
appeal to older people in the virtual 
reality headset” (56 y/o Male) 

 
 
 
 
 
 
Hardware/Equipment 

 
 

 
Headset 

 
“For older adults, I think that it [the 
headset] is little heavy. It needs to 
be more compatible with eyeglass 
wearers and with the hospital bed.” 
(57 y/o Male) 

 
 

 
 

Visual Display 

 “I found that for people who have 
visual problems like cataract surgery 
in the past like me and it will be hard 
to figure out how to get the lenses in 
just the right spot to focus. So, I think 
there were some issues with image as 
blurry and this needs to be fixed for 
older people.” (76 y/o Female) 
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Table 5.6 Older Adults Endorsed the Possibility of IVR Use Throughout Perioperative 
Care 

 
Theme Exemplar Quotes 

 
 
 

Useful During the 
Preoperative and 

Postoperative Phases of 
Care 

“I think people might want to use it [IVR] the day of 
surgery as well as during their hospital.” (74 y/o 
Female) 
“You could use virtual reality before surgery to help 
calm people’s anxiety and of course it could be 
used after surgery for pain distraction or distraction 
from other bothersome symptoms.” (56 y/o Male) 

 
More availability During 

Hospital Stay 

“It [IVR] should be like a service or option, a service 
like physical therapy, where they come in, evaluate 
you and offer it to you in the hospital room.” (76 y/o 
Female) 

 
 

Useful at Home After 
Surgical Discharge 

 
“If older adults like me had the option it might be 
useful at home to help relax or for additional 
education on recovery at home.” (73 y/o Male) 

 
 
 
 

Types of Supported 
Needed to Use IVR Again 

“You would need to have somebody to show you 
how to use this [IVR] the first time. A video and 
handout were sent before I used the headset on 
what to expect and what to do. That made it so 
much easier, and it was a lot less intimidating. I 
think for anybody using it at home, having 
someone to show them ahead of time and explain 
the device would be greatly helpful.” (73 y/o Male) 
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Objective of Dissertation 
 

The overall objective of this dissertation was to determine the feasibility and 

acceptability of immersive virtual reality (IVR) for postoperative pain management 

among older adults following inpatient elective abdominal surgery. The first chapter of 

this dissertation provided an overview of the significance of postoperative pain in the 

older adult and the complexities of pain management in this demographic following 

major surgery. In this first chapter, a general summary of IVR as a positive distraction 

method for acute pain was also discussed. Chapter two aimed to explore the older 

adults’ lived experience with postoperative symptoms, in particular pain, up through 

three months following various major elective surgeries. Study participants described 

how various postoperative symptoms negatively impacted their psychosocial well-being. 

Participants offered various suggestions to improve symptom management following 

surgery, including the use of technology to deliver more education, resources, and 

support on managing and coping with challenging symptoms, such as postoperative 

pain. Chapter three presented a comprehensive scoping review of the literature on the 

use of IVR for managing postoperative pain in adults aged 65 years and older. This 

review identified gaps in the research literature and offered recommendations for future 

studies. Chapters two and three informed the foundational basis for this dissertation, 

which were discussed in chapters four and five. Chapter four is the crux of the 

dissertation study, which presented a feasibility and acceptability study, with findings on 

the use of IVR for pain management in the initial two days following elective inpatient 
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abdominal surgery among older adults. The findings of this dissertation study contribute 

to the growing body of literature on employing IVR as part of acute pain management, 

particularly among hospitalized older adults. Chapter five described qualitative interview 

findings on the user experience of IVR for pain management in a subgroup of study 

participants from the parent feasibility and acceptability study described previously in 

chapter four. 

Review of Findings 
 

Chapter two highlighted that various postoperative symptoms, including pain, 

may have a more significant impact on older adults’ psychosocial well-being than 

clinicians realize, making it a crucial patient-reported outcome. Furthermore, this study 

emphasized the need to develop and test interventions aimed at providing better 

management of postoperative symptoms, especially pain, in the older surgical adult. 

The findings in chapter three indicated that literature is sparse and heterogenous on the 

use of IVR for postoperative pain in older adults who have non-total joint surgery. 

Therefore, conclusions about acceptability, feasibility, and efficacy are not possible. 
 

The review in chapter three emphasized both the promise and the need for more 

rigorous randomized clinical trials on the efficacy of IVR in older adults across a 

spectrum of surgical procedures, and older adult subgroups. In chapter four, the main 

study of this dissertation, the findings showed that the use of IVR in older adults in the 

initial days following elective inpatient abdominal surgery was feasible, acceptable, well- 

tolerated, and contributed to reductions in self-reported postoperative pain levels and 

improvement in state of relaxation. Finally, in chapter five, semi-structured interviews 

revealed four prominent user experience themes: 1) IVR was a positive distraction from 
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variety postoperative symptoms; 2) IVR provided a sense of escape from the hospital 

environment or worrisome medical conditions; 3) There is a need to tailor virtual reality 

content and equipment specifically for older surgical adults; and 4) Older adults 

endorsed the possibility of IVR use throughout perioperative care. 

Implications 
 

In the United States, the older adult demographic is experiencing a substantial 

expansion.1 Projections from the Centers for Disease Control and Prevention suggest 

that by the year 2060, nearly 25% of the U.S. population will be aged 65 and above.2 

This significant rise in the older population is anticipated to lead to a corresponding 

surge in the number of surgeries conducted, thereby escalating the demands for post- 

surgical care.3 This rising trend in an aging population suggests the need for more 

innovative technology based solutions specifically designed for the unique needs of 

older adults.4 

Immersive virtual reality stands out as a significant technological advancement, 

with a recent exponential growth in health care use, attracting considerable attention for 

its potential to enhance various aspects of health in older adults, especially in 

community and residential settings.5,6 In the surgical setting, however, there is limited 

research exploring the acceptability or efficacy of IVR across a range of major elective 

surgeries requiring inpatient care.7 It is important to recognize that older adults may 

experience and recover from surgery differently than younger adults due to various 

geriatric vulnerabilities.8–11 Our study highlights the promising role of IVR in improving 

care, particularly for pain reduction, for older adults following elective inpatient 

abdominal surgeries. As IVR technology continues to rapidly advance, it is crucial to 
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highlight its potential implications for research, clinical care, policy, the future direction 

of healthcare, and ethical considerations. 

Research Implications 
 

Future studies are needed to not only evaluate the efficacy of IVR for pain 

management in the older adult population across a broader spectrum of clinical 

scenarios, but additionally to determine individual and IVR characteristics associated 

with pain and pain-related outcomes. Older adults are not a homogeneous group. As 

such, various geriatric specific factors, such as frailty and cognitive decline, should be 

more closely examined in relation to overall acceptance and efficacy of IVR use in the 

inpatient setting. Of paramount importance is also evaluating if various older adult age 

subgroups, including different age ranges (e.g., ages 65 to 75, 75 and older), various 

sociodemographic factors, and clinical characteristics are associated with improved pain 

outcomes. Furthermore, research based on human-centered design frameworks are 

needed to better inform the older adults’ user experience, such as types of IVR content 

and equipment deemed most acceptable in the older adult demographic. Finally, future 

research should concentrate on leveraging implementation frameworks to evaluate the 

barriers and facilitators of IVR integration into a geriatric clinical care. 

Clinical Care Implications 
 

While current research is promising on the use of IVR for pain, clinical 

implementation remains in the early stages.12,13 Given the exponential growth in the 

number of research studies demonstrating the potential of IVR for pain management 

and other clinical outcomes, discussion about IVR integration into patient care is critical. 

Several aspects of adoption of IVR into patient care must be considered. First, the 



206  

introduction of evidence-based practices, particularly those involving technological 

interventions, into any care setting necessitates strategies aimed at identifying and 

eliminating barriers, while simultaneously promoting factors that facilitate the adoption 

and integration into routine care.12,14 Adoption of new technology into clinical care 

typically also requires extensive clinical provider training and standardization into care.12 

Furthermore, beyond the logistics of implementation, assessment of adoption readiness 

of all key stakeholders is equally as important. This can be evaluated through tools such 

as a stakeholder analysis.15 This includes not only clinical providers, but organizational 

leadership, as well as patients. According to a recent review, recommendations for 

implementation of IVR into patient care should include evaluation of the following 

domains: clinical provider awareness of patient suitability of IVR use, training and 

enhanced knowledge of IVR, added support staff during the adoption phase (e.g., 

mentors and champions), and clear treatment indications for various use cases of IVR 

(e.g., types of software for pain).12 

Additionally, as related to operational leaders, demonstrated economic value in 

terms of both hard and soft cost savings of IVR, as well as demonstration of improved 

patient outcomes is key to adoption across an organization.16 Finally, from a patient 

perspective, especially as related to the older adult, providing increased support and 

education on IVR use is critical for increased acceptance as part of care.17 

Policy Implications 
 

There are several aspects of policy that should be considered regarding the use 

of IVR for patient care. First, managing pain in older adults postoperatively presents 

unique challenges due to heightened sensitivity to opioids and often inadequate pain 
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control, both of which can lead to considerable negative outcomes such as cognitive 

decline, constipation, and delirium.18–23 Adopting non-pharmacological pain 

management methods like IVR aligns not only with the push to curb the current opioid 

epidemic, but also to promote better quality of care for surgical older adults. Quality care 

standards endorsed by national programs like the American College of Surgeons' 

Geriatric Surgery Verification program and government sponsored organizations such 

as the Joint Commission encourage use of nonpharmacological pain management 

strategies in older adults.24,25 

Moreover, beyond a therapeutic pain intervention, IVR technology can additionally 

serve as a tool to enable older adults to overcome physical constraints related to aging, 

surgery, or illness, by immersing them in experiences they might otherwise be unable 

to enjoy. Such innovation is consistent with the World Health Organization's (WHO) 

age-friendly initiative, which encourages environments and spaces that enhance older 

adults' lives.26 Immersive Virtual Reality has the potential to deliver support, leisurely 

activities, and entertainment through virtual environments. Furthermore, IVR has the 

potential to align with other various age-friendly initiatives which are aimed at reducing 

feelings of social isolation and promoting physical exercise as well as cognitive 

stimulation.   

Additionally, recent policy developments indicate a shift towards insurance 

coverage for IVR therapies in older adults under the Centers for Medicare & Medicaid 

Services (CMS) Healthcare Common Procedure Coding System for certain IVR 

devices.27 This recent ruling by CMS will likely pave the pathway for Medicare and 

commercial payer insurance coverage of IVR use in older adults. 

Finally, the Food and Drug Administration (FDA) has started to provide increased 
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review and guidance on a growing number of IVR devices through premarket approval 

as a medical device classification.28 Up until recently IVR was not considered a medical 

device, and therefore, was not regulated as such by the FDA. It is expected that the 

FDA will increasingly provide more regulatory oversight and guidance on IVR use in 

clinical care. 

Future Considerations for Implementation of IVR 

As the era of digital healthcare continues to unfold in transforming the landscape 

of the medical industry, virtual reality emerges as a paramount element in this 

forthcoming evolution of patient care. Although IVR has been successfully adopted for 

use in commercial settings for entertainment, such a gaming, it is expected that IVR has 

the potential to positively impact patient care. The exponential growth of IVR use for 

patient care can best be illustrated by the substantial increase in the number of 

published research articles and emerging medical IVR and augmented reality 

companies over the last five years. 

Although still in its infancy, several aspects of virtual reality are expected to 

shape the future of patient care. First, it is projected that artificial intelligence (AI) will 

greatly influence the ways by which patients interact within virtual reality 

environments.29–31 Artificial intelligence and machine learning can create interactive 

avatars. These “coaches” or virtual assistants can understand a patient’s natural 

conversation and respond accordingly with highly customized feedback and 

assistance.30 In leveraging AI enhanced IVR, this type of technology will be able to 

deliver customizable virtual reality experiences specific to each patient and according to 

individual preferences across a variety of clinical settings and use cases.32 Additionally, 

although very much in the early stages of research, preliminary research on the use of 
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AI, specifically Large Language Models (LLMs), combined with a virtual avatar in a 

virtual reality environment, has highlighted the potential of delivering interactive mental 

health coaching through naturalistic conversations.30 The use cases in the clinical 

settings for this type of AI enhanced virtual reality are almost limitless, yet are 

promising. 

A second area, closely tied to AI enhanced virtual reality, is the potential use of 

biosensing data to capture not only physiological measures (e.g., heart rate, respiratory 

rate, etc.), but also emotional response to customize real-time interaction in the virtual 

reality environment.33 For example, one study demonstrated that 

electroencephalography data could be used to inform customizable biofeedback training 

to reduce anxiety.34 In another study, a surface electromyography was used to measure 

facial muscle contractions as a proxy of emotional state, while engaged in a virtual 

environment, by attaching the sensors directly to the HMD unit.35 

Ethical Considerations 

A final area of discussion as related to IVR use in patient care is emerging ethical 

considerations. Although regulatory acts such as the Health Information Portability and 

Accountability Act (HIPAA) provide a strong foundation for patient privacy, privacy 

oversight of IVR platforms remains limited.36–38 Many IVR platforms have the capability 

to record patient interactions and responses during IVR sessions, with the potential to 

store this information in third-party databases.37 This lack of stringent regulation 

presents a potential patient privacy risk, underscoring the need for more comprehensive 

oversight in this area. Beyond the legal implications of patient privacy, remains the 

overarching issue of IVR data ownership. There remains ambiguity around this topic as 

many ethical considerations continue to arise. It is unclear if the company, the 
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healthcare organization, or the patient owns the IVR data. Second, also closely tied to 

the regulatory and legal components, is the topic of ownership for adverse reporting of 

IVR related events and negative outcomes, given that many IVR devices are not 

technically cleared as a medical device. Currently, FDA regulatory oversight and 

guidance on ownership of adverse events and reporting considerations are limited.37 

Another ethical consideration is equitable access to IVR delivered treatments to 

ensure such technology does not widen health care disparities as the benefits of 

technology integration into clinical care rise.31,39,40 Finally, as IVR technology advances 

to incorporate more sophisticated technologies, such as AI, it will be imperative to 

continuously assess any biases embedded within these algorithms. Such biases could 

potentially lead to discrimination against vulnerable social groups, including older adults 

and underrepresented minorities.41,42 

Summary 

The primary objective of this dissertation was to evaluate the acceptability and 

feasibility of an IVR intervention for pain management among older adults during the 

early inpatient recovery period following elective abdominal surgery. The findings from 

this dissertation enrich our understanding of how IVR can be utilized in the immediate 

postoperative inpatient context for older patients undergoing complex abdominal 

operations.  

Moreover, this research contributes to the expanding research on IVR as a 

possible non-pharmacological option for acute pain management and underscores the 

potential of leveraging technology to enhance patient outcomes and surgical recovery in 

the older adult population. Finally, this study broadens the research on IVR applications 

to include a wider variety of surgical operations, presenting a promising safe and viable 
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option for acute pain management in a population that is typically considered vulnerable 

and at high risk for adverse effects from postoperative pain and pain medications. 
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 APPENDIX 

 
Appendix 2.1 Participant Interview Guide 

 
TOPIC QUESTIONS 
Rapport/updates • How did your surgery go? 

Resources 
that helped or 
is needed for 
recovery 

Now I’d like to talk about how you are recovering and what has 

helped or has not helped with your recovery. 

• [PHYSICAL] How are you physically recovering? 
• [EMOTIONAL] How has your mood been after surgery? 

- How has that affected your recovery? 

• [SOCIAL] How has the surgery affected your social life? 

- Have you had people in your life help you with recovery? 

- How have they helped you recover? 

• [SERVICES] 

- Are there people or services or support that you feel 

you needed for recovery that you did not get? 

Expectations • What part of your recovery after surgery was surprising or 
unexpected for you? 

Concerns/worries • What are you worried about after surgery? 
Wrapping up • Is there anything else you would like to add? 

• Do you have any questions for me? 
Ending on a good 
note 

• What are you hopeful for in the upcoming months? 
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Appendix 4.1 List of Immersive Virtual Reality Experiences 
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Appendix 4.2 User Experience Survey 
 
 

On a scale of 1 to 5, with Strongly Disagree=1, Disagree=2, Neutral=3, Agree=4, 
and Strongly Agree=5, please mark your response regarding your virtual reality 
experience. 

 
 

1. I liked the virtual reality experience 1 2 3 4 5 

2. The headset was comfortable 1 2 3 4 5 

3. The audio sound was pleasant 1 2 3 4 5 

4. The image quality was pleasant 1 2 3 4 5 
 

5. The virtual reality simulation improved my discomfort 1 2 3 4 5 
 

6. I would use virtual reality again for pain   1 2 3 4 5   

7. I would use virtual reality again for anxiety 1 2 3 4 5 

8. I would recommend virtual reality to others 1 2 3 4  5 
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Appendix 5.1 List of Immersive Virtual Reality Experiences 
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Appendix 5.2 Interview Semi-Structured Question Guide 
 

1. Tell us about your overall experience with using virtual reality during your hospital 

stay. 

2. What did you like or find helpful about using virtual reality? 
 

3. Did you have any problems or issues with using virtual reality programs or 

headset? If so, please feel free to share your concerns with us. 

4. Tell us about your preferences for the type of VR experiences or environments 

that you liked or would like to see in the future. 

5. Tell what you think about the age and/or cultural appropriateness of the VR 

content and programs? Is there anything you would like to see more of less of in 

terms of the types of environments as related to age or culture? 

6. Would you consider using virtual reality again for your healthcare? If so, how do 

you think it would be useful? 

7. Would you recommend VR for other older patients? Tell us more about how you 

think others may use virtual reality during surgery. 

8. What are your suggestions for the healthcare team regarding using virtual reality 

for pain and/or anxiety or any other use? 

9. If offered, what are your thoughts on using virtual reality at home after surgery? 
 

10. What type of support do you think would be needed at home to use virtual reality? 
 

11. Is there anything that we could have done differently to enhance or improve your 

virtual reality experience? 
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