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Background: Virtual reality (VR) helps control symptoms during procedures in chronic patients. This study analyzes VR’s effect on
pain and anxiety in hemodialysis (HD) patients at two points: the vascular access puncture and disconnection.

Methods: A prospective, non-randomized, crossover, multicenter pilot study assessing pre- and post-intervention outcomes with VR
headsets. The intervention group used VR for up to 13 sessions, around the puncture, and at the end of the session. Pain was measured
with the Faces Pain Scale - Revised (FPS-R) and anxiety with the Visual Analogue Scale for Anxiety (VAS-A). Usability and patient
satisfaction with VR were also evaluated.

Results: A total of 73 patients (66.2 + 13.3 years, 67% men) were included. At the start, 8.2% declined to wear the VR headset. The
average number of sessions with the headset was 6.5 + 4.8, with 23.3% completing all 13 sessions. Pain during punctures significantly
improved with VR (1.26 vs 0.97; p = 0.039), while anxiety improved non-significantly. Anxiety during disconnection slightly
increased, but also not significantly. Patients with higher initial pain and anxiety levels during puncture and disconnection showed
significant improvement, while those with lower initial levels worsened (p < 0.05 in all cases). The HD population showed varying
levels of acceptance of VR.

Conclusion: VR headsets help reduce pain during punctures, especially in patients with more intense pain. The effect on anxiety
reduction during punctures or at the end of the session is inconclusive, with better results in those with higher anxiety levels. VR
acceptance in the HD population is variable.
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Introduction

Patients with chronic kidney disease (CKD) undergoing hemodialysis (HD) treatment commonly experience pain and
anxiety during sessions.' Pain is a frequent physical symptom among HD patients,” which the International Association
for the Study of Pain (IASP) defines as “an unpleasant sensory and emotional experience associated with actual or
potential tissue damage”.?

According to the World Health Organization (WHO), pain is the most common reason for seeking medical attention.’
Alongside pain, the prevalence of anxiety among HD patients is high, around 40%, although one-third of those affected
report mild symptoms.*> Nevertheless, it is a concerning health issue, as it impacts the social well-being of patients and
negatively affects their perception of their quality of life. In addition, anxiety is a symptom associated with a higher rate

of mortality and hospital admissions.®
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The high prevalence of these symptoms of pain and anxiety is largely due to the fistula puncture and disconnection
during the session. Most patients receiving HD treatment do so through an arteriovenous fistula (AVF). This is considered
the safest vascular access, but it presents challenges, as it requires a double venous puncture that can be painful. The
success of cannulation is crucial for the appropriate treatment execution.”® The importance of proper puncture
performance is essential, as it not only determines the quality of dialysis but also represents a traumatic experience for
patients, involving pain experienced repeatedly over time.” Evidence of the significance of this symptom for HD patients
is found in the study by Carrasco et al, published in 2019, which assessed overall patient satisfaction and highlighted pain
control as the most decisive factor.*

In light of the above, improving the experience of pain and anxiety during AVF punctures is crucial. Technological
advances, including virtual reality (VR), have led to significant improvements in healthcare. VR immerses users in
a realistic digital environment'® and is increasingly used in medical settings to manage pain and psychological phobias
during procedures.''"? It is considered one of the most effective techniques for reducing pain and emotional distress.'*'?

Recent studies have demonstrated in patients undergoing HD treatment that the use of VR headsets during AVF
puncture can significantly reduce perceived pain, anxiety, and physiological stress markers, highlighting its potential as
a safe, simple, and cost-effective non-pharmacological tool in hemodialysis care.'®'® However, further research is
needed to deepen our understanding of patients’ pain and anxiety perceptions across multiple sessions, as well as
adherence to VR use, their satisfaction over time, and the technique’s usability.

This study aims to examine the effect of VR on pain and anxiety perception during AVF punctures and on anxiety at the end
of HD sessions. Using a crossover design in which each patient serves as their own control, this study reduces inter-individual
variability. Additionally, it evaluates the techniques’ adherence, usability, and patient satisfaction in the medium term.

Methods

Study Design

This multicenter pilot study, conducted from April to December 2023, is a prospective, non-randomized, crossover study
designed to assess pre- and post-intervention outcomes using VR headsets.

Study Population

All patients with AVF from three outpatient dialysis centers of Fundacion Renal Espafiola were invited to participate.
Recruitment, conducted by the nursing staff and psychologists from the support care team, began in April 2023 and
continued throughout the study, depending on the availability of VR headsets, as each intervention lasted about one
month. Participation was offered to all patients willing to try VR, and those who signed informed consent were included.
The inclusion criteria were: 1) more than 3 months on a chronic HD program; 2) patients who are dialyzed through an
arteriovenous AVF that is not newly punctured (at least one month after the first puncture); 3) no psychiatric disorders,
visual impairment, or history of epilepsy, vertigo, or dizziness.

Virtual Reality Headset and Intervention

The VR headset used included four Pico 4K VR headset (Pico Interactive, San Antonio, Texas, USA) and the WakeUp
and Smile software (WakeUp and Smile, Alcobendas, Spain). The device included a built-in audio system, using tracking
systems and physical movement, such as eye or head movements, to navigate a digitally created virtual world. It is
a head-mounted static VR display that allows participants to change the content. Various realistic scenarios were
presented, including random 360° videos: a classical music concert, the city of Paris, a beach, and other different
contents, bringing the total to 20 different scenarios.

Methods

VR was used at two points during the HD session:
1) At the start of the session, 10 minutes before the AVF puncture, and continued for 10 minutes after.
2) At the end of the session, starting 30 minutes before the conclusion, and removed during disconnection.
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Each patient participated in both the intervention and control conditions, serving as their own control. Four patients
began with VR and the other four without; after 13 sessions, the groups switched conditions for another 13 sessions,
totaling 26 sessions per patient. This allowed for approximately one month of treatment under each condition, as
patients typically undergo hemodialysis three times per week. The impact of VR on pain perception and anxiety during
puncture was evaluated using validated scales, as well as its effect on pre-disconnection anxiety at the end of the HD

session.

Scales

Adherence to VR treatment was assessed by calculating the number of sessions completed with the VR headsets relative to
the total of 13 sessions that could have been completed. The pain and anxiety measures consisted of patients’ subjective
ratings on scales administered after the AVF puncture and at the end of the HD session. Pain was measured with the Faces
Pain Scale - Revised (FPS-R),'? and anxiety with the validated visual analogue scale for anxiety (VAS-A).2°

The first measure, the FPS-R (Faces Pain Scale—Revised), presents six faces ranging from “no pain” to “very much
pain”, allowing patients to indicate their pain intensity. This scale is scored from 0 (no pain) to 10 (very much pain). Pain
scores were recorded immediately after the punctures, with VR users reporting their ratings after removing the headset.
The second measure, the VAS-A (Visual Analogue Scale for Anxiety), uses a 0 to 10 scale, where 0 indicates no
perceived anxiety and 10 represents extreme anxiety. Anxiety levels were recorded immediately after the dialysis session,
with patients using VR providing their scores after headset removal.

Usability and satisfaction were measured through patients’ subjective ratings at the end of the study after 13 sessions,
or earlier if they dropped out. Usability was measured with the System Usability Scale (SUS)?'. This scale consists of 10
items with responses on a 1-to-5 scale, where 1 indicates “strongly disagree” and 5 indicates “strongly agree”. It provides
an overall usability score, is easy to administer, and is widely used for user interfaces and applications. For greater clarity
in the presentation of the results, the SUS responses were grouped into three categories: disagree (1-2), intermediate (3),
and agree (4-5).

Satisfaction was measured with the Client Satisfaction Questionnaire (CSQ-8) 2*.This scale consists of 8 items that
assess overall satisfaction, with responses scored from 1 to 4, where 1 represents the lowest rating and 4 represents the
highest. For greater clarity in the presentation of the results, the CSQ-8 responses were grouped into two categories from
worst rated (1-2) to best rated (3—4) (Figure 3B).

Statistical Analysis

The Shapiro—Wilk test was used to assess the normality of the distribution. Descriptive statistics, mean and standard
deviation for quantitative variables, and percentages for qualitative variables are presented. Pearson’s chi-squared test
was employed for analyzing qualitative data, while the #-test was utilized for quantitative data. Statistical significance
was set at p<0.05. Data were processed using Microsoft® Excel®, Version LTSC Standard 2021 (Redmond, WA:
Microsoft Corp), and IBM SPSS Statistics for Windows, Version 29.0.2.0 (Armonk, NY: IBM Corp).

Ethics

The study has been approved by the Ethics Committee of Fundacion Jiménez Diaz (EC132-22 FJD-FRIAT), and it
complies with the international ethical guidelines of the Helsinki Declaration and its amendments (Fortaleza, Brazil,
October 2013), the WHO recommendations, the code of ethics, and relevant Spanish legislation. The processing,
communication, and transfer of personal data of all participants have been carried out in accordance with Organic
Law 3/2018 of 5 December 2018 on the Protection of Personal Data and the Guarantee of Digital Rights, and Regulation
(EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the protection of personal data.
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Results

Recruitment and Adherence

Seventy-three of the 145 eligible HD patients with AVF, representing 50.3% of the eligible population, participated in the
study. The mean age was 66.2 &= 13.4 years, 67.1% (49 patients) being male, and 27.4% (n = 20) had a diabetic etiology
of CKD. The average number of years participants were on dialysis was 5.0 + 6.17 (range 0.3-27.3). All patients were
dialyzed on a thrice-weekly schedule, in four-hour sessions. All were dialyzed via AVF, and the puncture was performed
with 15-gauge needles. There were no modifications to the hemodialysis technique throughout the study.

At the beginning of the study, 6 patients (8.2%) declined the use of VR glasses without completing any session
(Figure 1A). The reasons for discontinuation were: 4 patients (5.5%) felt overwhelmed, 1 (1.4%) reported fear, and 1
(1.4%) expressed a lack of interest. Pain was evaluated in 62 patients with and without VR, while anxiety was assessed in
59 patients during connection and 57 during disconnection. All included participants used the VR headset at least during
the first session (except for the six patients who declined participation at the beginning). However, some chose not to
complete one or both of the pain and anxiety assessments. Additionally, some patients could not be evaluated pre- and
post-VR due to discharge from the unit for reasons such as death, transplantation, or transfer. These factors account for
the variation in sample size across outcomes.

The average number of sessions completed by patients with the VR headset was 6.8 + 4.8 sessions. Only 17 (23.3%)
completed all 13 sessions (Figure 1B). The main reasons for dropout after at least one session up to session 12 were:
dislike/boredom (n = 24; 48% of those that participated in at least one session), dizziness/discomfort/feeling

A n =145 B

patients with AVF
eligible Causes of abandonment

e from session 1 to 12

A .did n(?t meF thfa 6% 2%

v inclusion criteria

n=73
recruited
48%
n=6(8.2%)

< withdrew before 44%

v session 1

n=67(91.8%)
completed at least
one session m Dislike/Boredom
n =50 (68.5%) m Dizziness/Discomfort/Overwhelmed

< dropped out during .

! the study Indiferent

n=17(23.3%) Other reasons

patients completed
all 13 sessions

Figure | Adherence results and causes of abandonment. (A) Flowchart on the recruitment and adherence of the study. (B) Causes of abandonment in the 50 patients that
dropped out from session | to 12.
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overwhelmed (n = 22; 44%), indifference (n = 3; 6%), and others (n = 1; 2%). No significant differences were found in
relation to age (p = 0.269), sex (p = 0.397), Charlson Comorbidity Index (p = 0.196), years on dialysis (p = 0.201), or HD
session duration (p = 0.169) about discontinuation.

Pain and Anxiety Perception with VR

The impact of VR on pain intensity (n = 62) and anxiety at the time of the puncture (n = 59) was analyzed. Pain
perception during the puncture improved significantly when patients wore the VR headset (pain score of 1.27 in patients
without VR vs 0.98 in patients with VR; p=0.039) (Figure 2). For self-perceived anxiety associated with the puncture,
a decrease in score was observed, but it was not statistically significant (1.08 vs 1.02; p=0.429).

No significant differences were found in anxiety perception during disconnection (n = 57), but in this case, an increase in
anxiety was observed compared to sessions without the VR headset (0.48 without VR Vs 0.83 with VR; p= 0.077)
(Figure 2).

When stratifying patients into those who improved their score, showed no change, or worsened with the use of VR,
significant differences were observed in pain and anxiety scores. Patients who improved their scores were those starting
with higher levels of pain during connection (2.50 in those who improved vs 1.27 in those who worsened; p < 0.001),
anxiety during connection (1.81 vs 0.39, p = 0.002), and anxiety during disconnection (1.54 vs 0.12, p <0.001) (Table 1).

VR Usability and Satisfaction Analysis
System Usability Scale (SUS) responses (n = 58) grouped into three categories are shown in Figure 3A. The usability results
for the VR device and software showed that most patients, 45 (77.6%), considered the application easy to use (question 3).
Overall, all responses indicated a high level of usability (eg, question 7, where 79.3% of patients believed that most people
would learn to use the application very quickly; or question 10, where 96.6% of patients thought that not much training was
needed to use the application). However, less than half of the patients felt confident using the application (n = 28; 48.3%).
Client Satisfaction Questionnaire (CSQ-8) © responses (n = 58) grouped into two categories are shown in Figure 3B. More
than half of the patients reported being satisfied with the application (n = 38; 65.5%), would recommend it to a friend (n = 34;
58.6%), and deemed it to be of good quality (n = 30; 51.7%). However, the majority considered that it had not helped improve

1.4 1.27

1.2 1.08
0.98

1.02
1.0

0.83
0.8
0.6
0.4

0.2

0.0
Pain during connection Anxiety during connection Anxiety during disconnection
(p=0.039) (p=0.429) (p=0.077)

Without VR m With VR

Figure 2 Change in pain and anxiety average score during puncture, and anxiety in the last half hour of dialysis, with and without virtual reality (VR) headsets.
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Table 1 Number and Percentage of Patients Showing Improvement, No Change, or Worsening After VR,
Along with Their Respective Sessions Completed and Scores. p-values in Bold Indicate Statistical Significance

N | Improvement | No Changes -E

PAIN during connection (n patients and %) 20 (32.3%) 29 (46.8%) 13 (21.0%)

Without VR mean+SD 62 2.50+1.61 0.41+0.68 1.27+1.33 <0.001

With VR mean+SD 62 0.78+1.64 2.54+1.09 <0.001
ANXIETY during connection (n patients and %) 31 (52.5%) 19 (32.2%) 9 (15.2%)

Without VR mean+SD 59 1.81+1.94 0.21£0.42 0.3940.49 <0.001

With VR mean+SD 59 0.60+0.78 4.17+3.15 <0.001
ANXIETY during disconnection (n patients and %) 13 (22.8%) 23 (40.4%) 21 (36.8%)

Without VR mean+SD 57 1.54+0.85 0.22+0.52 0.1240.31 <0.001

With VR mean+SD 57 0.12+0.30 1.95+2.13 <0.001

their well-being (n = 50; 86.2%), had not assisted them in dealing more effectively with their problems (n = 40; 69.0%), and
were they satisfied with the amount of content it provided (n = 36; 62.1%).

Discussion

The study demonstrates the effectiveness of VR in reducing pain perception during AVF puncture at the start of the HD
session. Although its impact on anticipatory anxiety was less pronounced, while anxiety during the puncture was
reduced, there was an increase in anxiety experienced during the final half-hour of dialysis, both changes being
statistically non-significant. Notably, patients with initially higher levels of pain and anxiety benefited most from VR,
while those starting with lower levels tended to experience worsening symptoms. Especially relevant was the high
number of patients who did not complete the 13 sessions with VR.

As in this study, other research has also demonstrated a reduction in pain associated with the use of VR in patients
undergoing HD, as well as the recent study by Namazinia et al (2024)** who demonstrated that the use of VR is effective
in reducing pain during AVF puncture when compared with a control group. VR is a non-pharmacological pain relief
method that helps reduce pain perception by diverting the patient’s attention. For example, in pediatric patients, its
effectiveness has been proven in needle-related procedures, including venipuncture and catheter placement.”*2® In
adults, VR distraction has also been demonstrated as an effective strategy for managing pain and/or anxiety in various

27,28

procedures and treatments, including surgical or burn wounds, chemotherapy,” emergency interventions,”® pre-

operative procedures,”’ and other chronic or acute pain problems.***

In the case of patients undergoing HD, there is limited evidence regarding the efficacy, safety, and acceptability of VR
in alleviating the symptoms associated with the dialysis session.>**> In our study, VR was beneficial for pain manage-
ment, particularly in patients who initially had higher levels of pain, as they benefited most from VR. However, those
starting with lower pain levels tended to experience worsening symptoms. These findings suggest that VR should be
adopted as a standard practice in HD, specifically for patients who experience higher levels of pain during puncture.
Despite this, it is noteworthy that 77% of the patients in this study were unable to complete all 13 sessions with the VR
headsets, the reasons for which will be discussed later in this section. However, the use of VR for other HD utilities such
as implementing exercise programs during HD sessions, improving patients’ physical condition, and reducing fatigue, as
well as symptoms of anxiety and depression®®>® has demonstrated its usefulness and its acceptability.

In the case of anxiety, the results are less conclusive. In our study, only those patients who had high levels of anxiety
at the beginning of the puncture and half an hour before its completion showed benefits from the use of VR. This
contrasts with other studies in HD patients, such as the one conducted by Hosseini et al (2024),*> where the VR
intervention significantly reduced both state and trait anxiety compared to the control group.
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A System Usability Scale (SUS) responses
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Figure 3 VR usability and satisfaction analysis. (A) System Usability Scale (SUS) responses grouped in disagree (1-2), intermediate (3), and agree (4-5). (B) Patient Satisfaction
Questionnaire (CSQ) responses grouped into two categories from worst rated (1-2) to best rated (3—4). Reproduced from Attkinson CC, Greenfield TK. 2004. The UCSF Client
Satisfaction Scales: |. The Client Satisfaction Questionnaire-8. In ME Mauruish (Ed.), The use of phsicological testing for treatment planning and outcomes assessment (3rd Ed) (pp.
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The lack of knowledge about the procedure and poorly managed pain are often the main causes of peri-procedural
anxiety.” According to our results, at the time of puncture, VR appears to act as a distraction from both pain and anxiety,
promoting relaxation, entertainment, and/or cognitive stimulation for patients. However, during disconnection, VR may
not effectively distract from impatience or fatigue related to the anticipation of disconnection, especially in patients who
initially have lower levels of anticipatory anxiety. In any case, given the high prevalence of anxiety in HD patients (with
up to 30-60% of patients experiencing it*’) and its impact on treatment adherence®® further research is needed to unravel
whether VR should be applied at the end of the session or, conversely, only at the HD session beginning. In any case,
high levels of pain or anxiety appear to be necessary for the benefits of the technique to outweigh the discomfort
associated with using VR headsets.

Another key aspect to be explored is which type of VR and which content are most beneficial and best accepted by
patients.*' In this study, the VR used displayed images of everyday life but did not require any action from the patients. It
is likely that this type of content, combined with the lack of active participation, contributed to the high dropout rate
(77%) and the absence of results in reducing anxiety at the time of disconnection, and even led to an increase in anxiety.
Other studies have shown that the level of immersion in VR is important for the effectiveness in managing HD session
symptoms.** The more immersive the VR, the greater the analgesic effect.”>*"%**** When the patient is fully immersed
in the situation and feels as if they are part of the virtual world, it makes the experience more engaging. There are four
types of VR commonly recognized:** desktop VR (like computer video games), augmented VR (like road navigation
systems), mixed VR (which combines real and virtual objects), and immersive VR. The latter can be passive (like in our
study) or active (allowing the user to participate).

Thus, it is not simply a matter of whether or not to use VR, but also of making an appropriate choice regarding the
type of VR employed. Ideally, active immersive VR, which requires greater user involvement, would enhance the
potential for distraction, symptom improvement, and adherence. Notably, 48% of patients who dropped out after one
session cited boredom or dissatisfaction with the videos as their reason for discontinuing.

In this regard, despite most patients reporting high usability of the VR (96.6% of patients thought that not much
training was needed to use the application and 77.6% considered the application easy to use), the majority were not fully
satisfied, as they did not find it beneficial for pain and anxiety management during routine HD sessions. It has been
suggested that low digital literacy, possibly due to an average age (over 65) or lower educational levels, could contribute
to this dissatisfaction.*> However, no significant age differences were found in our study, consistent with other research.*®
In fact, 65.5% of patients reported a positive experience with the VR headsets, suggesting that age may not be a key
factor. Thus, it seems that the unsatisfactory experience could be linked to the type of VR used. So that, further studies
are needed to determine the optimal levels of immersion and interactivity required to achieve favorable outcomes.

Among the study limitations, one notable aspect was the large number of patients who failed to complete all 13 VR
sessions, which needs to be further explored in future interventions. Also, the novelty effect may have contributed to the
initial reduction in pain and anxiety, highlighting the need for longer follow-up and a larger sample size. Another factor
was the aforementioned limited interactivity and content of the videos, which, along with discomfort, were key reasons
for dropout. These issues may have affected the effectiveness of VR, particularly concerning anxiety symptoms. It should
also be noted that symptoms such as dizziness or headaches are commonly experienced by HD patients, so future
analysis should consider whether the source of this discomfort was the side effects of VR (known as cyberemesis) or
those of dialysis.>*

Despite those limitations, the results of this study are promising, emphasizing the need for further research into non-
pharmacological, non-invasive, and cost-effective strategies to reduce pain and anxiety during HD AVF puncture and
disconnection. VR could help improve psychological comfort, make the procedure less unpleasant, or even aid in training
for fistula creation itself. Considering this, it should be examined whether the level of interaction with active immersive
VR using more advanced special controllers improves the results.

Conclusions
VR has proven effective in reducing pain perception during AVF puncture at the start of HD sessions. However, its
impact on anticipatory anxiety was less pronounced and conclusive: anxiety during puncture appeared to decrease, but
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anxiety experienced during the final half-hour of dialysis showed a clinically relevant, yet statistically non-significant
increase. Notably, patients with initially higher levels of pain and anxiety benefited most from VR. Although most
patients reported high usability, the majority were not fully satisfied, perceiving VR as not particularly beneficial for pain
and anxiety management. Further studies are required to determine the optimal level of presence, immersion, and
interactivity needed to achieve positive results, as well as to identify the patient group that benefits most from this
technology.
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