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GLOSSARY OF TERMS
CONSORT: CONsolidated Standards Of Reporting Trials
EVAN-LR: Evaluation du Vécu de l’Anesthésie LocoRégionale Score
GLMM: Generalized Linear Mixed Model
ICH-GCP: International Conference on Harmonisation-Good Clinical Practice 
IQR: Interquartile Range
IV: Intravenous
LOS: Length of hospitalization
NRS: Numeric Rate Scale
OFS: Outpatient Foot Surgery
PACU: Post-Anesthesia Care Unit
PONV: Postoperative Nausea and Vomiting
QoR-15: Quality-of-Recovery-15 items score
STAI: Spielberger State-Trait Anxiety Inventory 
VR: Virtual Reality
VRH: Virtual Reality Hypnosis 


ABSTRACT
Introduction: Perioperative psychological stress significantly influences recovery after surgery. Sciatic nerve and ankle blocks are commonly used techniques for achieving postoperative analgesia in outpatient foot surgery. However, these procedures can cause discomfort for patients, potentially affecting their postoperative functional recovery. This study aims to assess the impact of virtual reality with or without hypnosis on patient satisfaction and postoperative functional recovery in patients undergoing peripheral nerve blocks for outpatient foot surgery.
Methods: A prospective randomized clinical trial was conducted involving 57 patients scheduled for outpatient foot surgery with combined sciatic popliteal and ankle nerve blocks. Patients were randomly assigned to one of three groups: Group C (usual care with intravenous midazolam), Group VR (virtual reality immersion through glasses and headsets), or Group VRH (virtual reality immersion with prerecorded hypnosis-sedation session). Patient satisfaction with the regional anesthesia experience (evaluated using the EVAN-LR score) was assessed 4 hours after surgery. The quality of recovery 15-item and perioperative anxiety (NRS and STAI-6) were evaluated at fixed time points: 1 hour before and after surgery for NRS-anxiety and STAI-6 and 1 day before surgery, and at day 1 and day 3 postoperatively for QoR-15.
Results: Postoperative EVAN-LR scores were similar across groups [Group C: 91 (86.5, 93.5) versus Group VR: 90 (87.5, 93.5) versus Group VRH: 91 (89, 93); p = 0.64]. There were no significant differences in evolution of quality of recovery 15-item (p = 0.25) nor perioperative anxiety (NRS and STAI-6: p = 0.18 and p = 0.14, respectively) among the groups.
Discussion: Virtual reality with or without hypnosis did not significantly impact satisfaction with regional anesthesia techniques in outpatient foot surgery. Additionally, there were no differences observed among the groups in terms of functional recovery during the first 3 postoperative days.


KEY MESSAGES SUMMARY
What is already known on this topic: Perioperative stress can have ill effects on perioperative outcomes. Sciatic nerve and ankle blocks are commonly used techniques in outpatient foot surgery (OFS). Patient discomfort may negatively impact postoperative satisfaction and functional recovery.
What this study adds: Virtual Reality with or without hypnosis, does not significantly enhance patients’ experience or postoperative recovery in the context of regional anesthesia for OFS.
How this study might affect research, practice or policy: Given these neutral findings, future research should focus on identifying specific patient subgroups who may benefit from virtual reality interventions, with the goal of improving satisfaction and recovery outcomes.


INTRODUCTION
Outpatient foot surgery (OFS) is common and concerns the surgical treatment of various pathologies, including metatarsophalangeal arthrodesis and hallux valgus repair. To minimize pain and postoperative complications, OFS should be performed with multimodal analgesia, incorporating peripheral nerve block techniques such as the popliteal sciatic nerve block (PSNB) or ankle block (AB). Both techniques are recommended, with a preference for the more distal and selective AB [1].
One of the main limitations for performing these techniques is patient discomfort (i.e., “negative physical and/or emotional state, causing unpleasant feelings or sensations”) [2]. Regional anesthesia techniques and peripheral nerve blocks can provoke procedural anxiety and stress in some patients [3], which may potentially have a negative impact on their perioperative experience and overall satisfaction. These factors can hinder functional recovery—especially in populations or outpatient settings where procedural sedation is contraindicated (e.g., frail or elderly patients). Nonetheless, patient experience and satisfaction remain pivotal throughout the perioperative period and are essential for a successful postoperative recovery [4]. 
To enhance patients’ experience during the perioperative phase, non-pharmacological approaches like music and hypnosis have been investigated to mitigate intraoperative anxiety and stress [5,6]. Music serves as a well-known method for delivering a positive auditory experience, helping to mask ambient noises within the ward. Additionally, it can enhance emotional well-being by making an unfamiliar setting feel more comfortable, fostering a sense of hope and overall well-being [7]. Hypnosis is a peculiar state of consciousness characterized by increased absorption, dissociation, suggestibility and altered sense of agency with narrowed awareness of one’s surroundings [8,9]. Though hypnosis during surgery has been proven effective [10] its utilization is hindered by the need for specialized skills, resulting in underuse [11,12].
Fully immersive virtual reality (VR) utilizes digital technologies to create lifelike three-dimensional simulations of predetermined environments. VR has shown potential in alleviating discomfort during medical procedures, requiring no specialized personnel [13,14]. The integration of hypnosis and VR, termed virtual reality hypnosis (VRH), is emerging [15]. The latter offers an immersive experience while simultaneously delivering a clinical hypnotic protocol, i.e., an induction to enhance absorption, followed by pre-specified suggestions (e.g., analgesia, comfort, relaxation), and concluding with an exit from the hypnotic process [16]. Current findings suggest that VRH is effective in alleviating anxiety and pain in acute pain settings in healthy volunteers [17,18] while findings in clinical settings are inconsistent (e.g., chronic pain management, invasive procedures, Intensive care units hospitalized patients) [19, 20]. Furthermore, evidence regarding VRH's efficacy in the perioperative experience and functional recovery is inconclusive, warranting further randomized trials for comparison with standard anesthesia techniques [21].
This randomized controlled trial seeks to explore non-pharmacological approaches that improve patient comfort while filling gaps in the VRH literature. Specifically, it aims to demonstrate the benefits of a two-step administration of VR, with or without hypnosis, compared to a control group (usual care) during regional anesthesia and surgery in OFS. The goal is to assess whether this approach enhances the patient experience more effectively than conventional care. Secondary aims were to evaluate the efficacy of VR with or without hypnosis at reducing intraoperative anxiety, enhancing surgeon satisfaction, and promoting functional recovery within the initial 3 postoperative days compared to a control group (usual care).


MATERIALS AND METHODS
This prospective, open-label, single-center, randomized controlled clinical trial recruited adult patients undergoing OFS with combined PSNB and AB. It was approved by our local Institutional Review Board (Comité d’Ethique Hospitalo-Facultaire Universitaire de Liège; President: Prof. D. Ledoux; IRB number: 707) on November 21st, 2022, under the study number 2022/238. It was registered prior to patient enrollment in the International Conference on Harmonisation-Good Clinical Practice (ICH-GCP) Clinical Trials Registry on September 28th, 2022 under the number NCT05558449 and registry URL https://clinicaltrials.gov/study/NCT05558449. Prior to enrolling eligible patients, written informed consent was obtained. The first patient was enrolled on November 28th, 2022 and the last one on October 16th, 2023. This study follows the relevant CONsolidated Standards Of Reporting Trials (CONSORT) guidelines and adheres to the latest version of the Helsinki Declaration.

Patient recruitment and assignment to groups
Adult patients scheduled for elective OFS with PSNB combined with AB were screened prospectively and consecutively for potential inclusion. Exclusion criteria included patients’ refusal, American Society of Anesthesiologists physical status IV, impaired auditory and/or visual acuity preventing the use of the VR and VRH device, head or facial injuries precluding device use, schizophrenia or dissociative disorders, pregnancy, lack of proficiency in French, chronic pain and/or regular use of strong opioids (equivalent to 20 mg oral morphine or more per day), and dizziness during previous surgery or transportation dizziness. Before patient enrollment, it was decided to exclude data from patients who required conversion from regional to general anesthesia.
A computer-generated randomization list was utilized for allocation. Due to the intervention's nature, patients were not blinded. Participants were randomized in a 1:1:1 ratio to receive intraoperative VR, VRH, or usual care. Groups thus differed in receiving VR alone (VR Group), VR with hypnosis (VRH Group), or usual care (Control Group). The VRH experience involved a prerecorded hypnosis session in a digital scenario simulating a mountain walking experience through the four seasons (Silva© Version 1.1, HypnoVR SAS, Strasbourg, France) (Appendix). Duration was customized according to stages of care and patients’ needs (see below). HypnoVR Digital Sedation™ sessions are an application software aimed at pain and anxiety management through clinical hypnosis via VR. Sessions are played on VR goggles and headsets, controlled wirelessly from a tablet, components composing the Oncomfort Sedakit X2 (HypnoVR SAS, Strasbourg, France). The software is classified as a Class Ia medical device. Patients received the VR session with or without hypnosis in two stages: first during the performance of PSNB with AB in the anesthesia induction room (15 minutes), and then a second session during surgery in the operating room (60 minutes). If a shorter or longer duration was necessary during the VR(H) sessions, the duration could be instantly modified remotely via the tablet control.
Patients in the Control Group received intraoperative midazolam (1 mg bolus)  as usual care. The midazolam was administered by the anesthesiologist at his discretion or upon the patient's request, with a 5-minute lockout period, aiming for a maximum sedation score of -3 on the Richmond Agitation Sedation Scale indicating moderate sedation: any movement to voice, but no eye contact [22]. No alternative sedative agents were administered.

Patient management and anesthesia protocol
All patients received oral premedication, at least 120 minutes before the performance of peripheral nerve blocks, consisting of etoricoxib 120 mg and dexamethasone 16 mg. The analgesia protocol adhered to the recent Procedure Specific Postoperative Pain Management guidelines for hallux valgus repair surgery [1]. All patients were monitored with pulse oximetry, non-invasive blood pressure, and 5-lead electrocardiogram during the administration of anesthesia techniques and throughout the duration of surgery. Five minutes after the installation of the VR headset (VR and VRH Groups), or after the injection of 1 mg of midazolam (Control Group), all patients received the regional anesthesia techniques. Firstly, patients received a PSNB with an injection of 10 mL of 1% Lidocaine with 1:200,000 adrenaline [23]. This block was performed to ensure tolerability during surgery with a calf tourniquet, in line with our institutional opioid-sparing ambulatory anesthesia protocol. Immediately after, a selective AB of the deep and superficial peroneal nerves, the saphenous nerve, and the tibial nerve was performed with a total injection of 15 mL of 0.5% ropivacaine [24]. When necessary, patients received ondansetron 4mg every 8 hours to treat postoperative nausea and vomiting. Each patient received 1g of intravenous paracetamol at the end of surgery and every 6 hours with etoricoxib 60 mg every 24 hours for 3 days. If required, iterative oral tramadol (50 mg) was scheduled every 6 hours as a rescue analgesic medication.

Recorded parameters and time points of interest
Our primary endpoint was the measurement of the post-operative EVAN-LR questionnaire [25], assessed 4 hours after the end of surgery, before the patient’s discharge from the hospital. Secondary endpoints included the self-assessment at the end of the surgery of absorption (“Could you estimate on a 0- (not at all) to 10- (fully) scale how deeply you felt absorbed and felt your attention as focalized and focused by the experience?”) and dissociation (“Could you estimate on a 0- (not at all) to 10- (fully)scale if you felt a dissociation between your bodily sensation and the actual environment”) [26] on a 0-10 numeric rating scale (NRS), as well as the evolution of surgeon’s satisfaction on a Likert-type scale from 1 (very poor) to 5 (excellent). The impact of VR(H) on the evolution of patients' functional recovery was measured using the validated French version of the Quality-of-Recovery 15-items score (QoR-15) [27] one day before surgery, 24 hours, and 3 days after surgery. Similarly, the patients' anxiety evolution was assessed 1 hour before and immediately after surgery using the six-item State-Trait Anxiety Inventory (STAI-6) [28] and a 0-10 NRS. The Chung’s score was used to evaluate the patient's readiness for discharge after ambulatory surgery [29]. The Apfel score was used to assess baseline differences between groups regarding risk of postoperative nausea and vomiting. An assessment of baseline preoperative anxiety state and trait was conducted using the Anxiety Inventory-Form Y (STAI-Y) questionnaire [30].

Statistical analyses 
All statistical analyses and a sample size calculation were performed using the R package (version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria). 
We performed a sample size calculation assuming a 15% improvement in the EVAN-LR score as significant. Based on unpublished data from our institution concerning patients undergoing OFS, we obtained a mean (SD) of 86 (14) on the EVAN-LR score. To achieve 90% power with a 0.05 alpha level using a one-way ANOVA, 17 patients per group were required. Assuming a 10% dropout rate post-randomization, 57 patients were randomized in a 1:1:1 ratio. 
Normality of distributions was tested by calculating the skewness of distributions and using the Shapiro-Wilk test. Demographic and non-repeated measure data were compared between groups using Fisher’s exact tests, χ2 tests for qualitative variables, one-way ANOVA or the equivalent non-parametric Kurskal-Wallis test for quantitative variables. Generalized linear mixed model (GLMM) was used to analyze the evolution of anxiety (STAI-6 and NRS) and recovery (QoR-15) over time within and between groups (two-factor mixed design). For the mixed model, time, patient group, and their interaction were defined as fixed effects, with time as a repeated-measure factor. The chosen covariance type was the variance component. The degrees of freedom were calculated using the residual method. A sequential Bonferroni correction was applied to adjust for multiple comparisons. A sensitivity analysis was performed for the time-group interaction on the evolution of anxiety (STAI-6 and NRS) and recovery (QoR-15). An effect size was considered significant when the Cohen’s f was greater than 0.4; this threshold was chosen a priori to reflect a large effect according to conventional benchmarks, indicating a substantial and potentially clinically meaningful difference. A two-tailed p-value <0.05 for analyses of primary and secondary endpoints was considered statistically significant.

RESULTS
The study was conducted from November 28th, 2022, to October 19th, 2023, at the Liege University Hospital, Liege, Belgium. Out of 59 patients scheduled for elective OFS who were initially screened, 2 were excluded due to refusal to participate. Consequently, 57 patients were enrolled and randomly assigned to one of the three study groups. No additional patients were excluded, and analysis was performed on 57 patients. The allocation process according to CONSORT is presented in Figure 1.
Demographic and surgical characteristics and the preoperative STAI-Y were not different between groups (Table 1).

Primary and secondary outcomes
The EVAN-LR [score; median (IQR)] 4 hours after surgery was not different between groups [Control Group : 91 (86.5, 93.5) versus Group VR: 90 (87.5, 93.5) versus Group VRH: 91 (89, 93); p = 0.6]. The perception of absorption and dissociation differed significantly between groups. Post hoc comparisons show a significant difference between Group C and Group VR (p = 0.01 and p <0.001 for absorption and dissociation, respectively) and between group C and group VRH (p <0.01 and p <0.001 for absorption and dissociation, respectively), but not between Group VR and Group VRH (p = 0.2 and p = 0.5 for absorption and dissociation, respectively). No statistically significant differences were observed between groups in terms of total intraoperative midazolam use or surgeon satisfaction (Table 2).
As GLMMs analyses demonstrate (Appendix 1), no statistically significant main effect of group or time was observed regarding the evolution of recovery (QoR-15), with no significant group-time interaction (p = 0.8 for main effect of group, p = 0.6 for main effect of time and p = 0.3 for interaction between group and time, respectively; Figure 2). 
Similarly, for the evolution of anxiety on the NRS, no significant main effect of group with no group-time interaction were found (p = 0.5 for main effect of group and p = 0.2 for interaction between group and time, respectively; Figure 3). This result was confirmed by the evolution of anxiety as assessed by the STAI-6 score, with no evidence of significant main effect of group with no interaction between time and groups (p = 0.7 for main effect of group and p = 0.1 for interaction between group and time, respectively; Figure 4). Anxiety decreased from the preoperative to the postoperative period, as evidenced by a significant main effect of time across all groups, found for NRS (p < 0.001; Figure 3) and STAI-6 (p < 0.001; Figure 4).
Sensitivity analysis confirmed a minimal effect size for the evolution of recovery (QoR-15) (Cohen’s f = 0.2) and anxiety (Cohen’s f = 0.3 and 0.3 for NRS and STAI-6, respectively) (Appendix 1).

Table 1. Demographic and surgical procedure characteristics. 
	
	Group C
	Group VR
	Group VRH

	Sample size, n
	19
	19
	19

	Demographic Characteristics
	
	
	

	Age [y; median (IQR)]
	58 (48, 65)
	59 (41.5, 67)
	59 (33.5, 67.5)

	Women [n (%)]
	7 (36.8)
	2 (10.5)
	7 (36.8)

	ASA classification [n (%)]
	
	
	

	I
	2 (10.5)
	1 (5.3)
	5 (26.3)

	II
	14 (73.7)
	17 (89.5)
	13 (68.4)

	III
	3 (15.8)
	1 (5.3)
	1 (5.3)

	Weight [Kg; median (IQR)]
	81 (72.5, 90)
	65 (57, 87.5)
	73 (60.5, 86.5)

	Height [m; mean (SD)]
	1.67 (0.1)
	1.62 (0.1)
	1.66 (0.1)

	BMI [Kg.m-2; mean (SD)]
	28.8 (3.8)
	26.7 (5.8)
	26.4 (5.1)

	Medical preoperative conditions
	
	
	

	Apfel Score [n (%)]
	
	
	

	0
	3 (15.8)
	0 (0)
	1 (5.3)

	1
	7 (36.8)
	7 (36.8)
	11 (57.9)

	2
	8 (42.1)
	10 (52.6)
	5 (26.3)

	3
	1 (5.3)
	2 (10.5)
	2 (10.5)

	Diabetes [n (%)]
	0 (0)
	0 (0)
	1 (5.3)

	History of chronic alcohol abuse [n (%)]
	3 (15.8)
	3 (15.3)
	3 (15.8)

	Tobacco consumption [n (%)]
	7 (36.8)
	3 (15.8)
	5 (26.3)

	Preop STAI-Y trait [n; median (IQR)]
	35 (28.5, 42.5)
	37 (34, 43)
	35 (28.5, 48)

	Preop STAI-Y state [n; median (IQR)]
	36.5 (32.5, 44.5)
	36 (31.5, 43)
	35 (30.5, 42)

	Surgical characteristics
	
	
	

	Duration of Surgery [min; mean (SD)]
	58.2 (14.9)
	53.1 (25.3)
	61.2 (21.7)

	Side [right, n (%)]
	11 (57.9)
	9 (47.4)
	7 (36.8)



Footnote: VRH: Virtual Reality Hypnosis, VR: Virtual Reality, C: Control, n: number; y: years; min: minutes; IQR: interquartile range; ASA: American Society of Anesthesiologists Physical Status; SD: standard deviation; BMI: Body Mass Index; NRS: numeric rating scale; Apfel score: indicates the risk of postoperative nausea and vomiting (female gender, nonsmoking, postoperative opioids and history of postoperative nausea and vomiting or motion sickness increase the risk, the higher the score, the higher the risk); Preop: preoperative; STAI-Y: Spielberg's State and Trait Anxiety Inventory [composed of 2 scales of 20 items each; state scale: evaluates the feeling of apprehension, tension, nervousness, and worry at the moment of the consultation, indicating the transitory changes in the level of anxiety due to therapeutic or aversive situations; trait scale: the highest the score, the highest the anxiety; can be used to assess performance at adapting to stressful situations].
Table 2. Secondary outcomes evolution 
	
	Group C
	Group VR
	Group VRH
	P-value

	Absorption [NRS; median (IQR)]
	0 (0, 5.5)
	6 (4, 8.5)
	8 (7, 9.5)
	<0.01

	Dissociation [NRS; median (IQR)]
	0 (0, 1)
	7 (5, 8)
	7 (6, 8.5)
	<0.001

	Intraoperative midazolam [mg; median (IQR)]
	1 (1, 1)
	0 (0, 1)
	0 (0, 1)
	0.2

	Surgeon’s satisfaction [Likert; median (IQR)]
	5 (5, 5)
	5 (5, 5)
	5 (5, 5)
	0.8



Footnote: C: Control, VR: Virtual Reality, VRH: Virtual Reality Hypnosis, IQR: interquartile range; NRS: numeric rating scale (0 to 10); mg: milligram; Likert: satisfaction rating scale from 1 (very poor) to 5 (excellent); IQR: interquartile range. 


DISCUSSION
The aims of this study were to investigate the potential benefits of VR(H) on patients’ experience and recovery during OFS performed under regional anesthesia. Despite the innovative integration of these technologies into the perioperative setting, our results did not demonstrate significant differences in the primary endpoint of patient satisfaction, as measured by the EVAN-LR score, nor concerning secondary outcomes, including anxiety levels, surgeon satisfaction, and early functional recovery. 
These findings contribute to the growing body of literature exploring the application of immersive technologies in healthcare, particularly for reducing anxiety and enhancing patient-centered outcomes during surgical procedures [31]. VR(H) have been posited as valuable tools for non-pharmacological sedation, given their potential to create engaging, distraction-based environments [14,32,33]. However, in this study, the intervention did not significantly outperform conventional care at improving patient-reported outcomes.
In contrast, a recent study evaluated VR(H) in a perioperative context and reported findings that both parallel and differ from our work [34]. While our study did not show significant improvements in patient satisfaction, anxiety reduction, or early functional recovery compared to usual care, Rougereau and colleagues observed a reduction in intraoperative sedation needs and an enhancement in recovery metrics [34]. These differences may stem from variations in patient populations, procedural settings, and the personalization of VR content. Our focus on ambulatory surgery with high baseline satisfaction could have masked potential improvements. Together, these studies highlight the context-dependent efficacy of VR-based interventions and emphasize the need for tailored protocols to optimize patient outcomes. 
Several factors could explain our results. First, the satisfaction levels in all groups were high, as evidenced by the EVAN-LR scores. This ceiling effect may have limited our ability to detect significant improvements with VR or VRH. Similarly, the inclusion criteria likely selected a population with relatively low baseline anxiety and a good capacity for recovery, further reducing the potential impact of the interventions. While anxiety was assessed using validated tools such as the STAI-6 and VAS scales, the lack of significant group differences suggests that the anxiolytic effects of VR(H), if present, were not robust enough to alter the perioperative trajectory of these patients. Furthermore, this investigation was designed specifically for patients undergoing ambulatory surgery, focusing on a narrow, procedure-specific group. While this homogeneity helps control for variability in outcomes, it also restricts the generalizability of the findings to other surgical procedures or settings [4]. Different patient populations, including those with more complex medical needs or higher baseline anxiety levels, may respond differently to these interventions [35,36]. Although our study did not demonstrate superiority of VR or VRH over standard sedation with midazolam, the comparable outcomes observed are nonetheless clinically meaningful—particularly given that the trial was not powered for a non-inferiority hypothesis, and thus the absence of statistical difference should be interpreted with caution. These findings support the potential of VR-based interventions as viable non-pharmacologic alternatives in selected patient populations where sedation may be undesirable or contraindicated.
Another aspect to consider is the design of the follow-up process. Patients were asked to complete multiple questionnaires and participated in follow-ups one and three days after surgery. This comprehensive monitoring likely made patients feel well-supported and could have independently enhanced their overall experience and satisfaction, potentially masking differences between the groups. This demonstrates the Dodo bird effect, which posits that all bona fide therapeutic approaches yield comparable outcomes due to shared non-specific factors. This concept, originally introduced by Rosenzweig (1936) with reference to the Dodo’s claim that "everybody has won and all must have prizes" emphasizes the role of factors like patient expectations, therapeutic alliance, and general support in treatment success. In our study, the rigorous follow-up procedures may have inadvertently enhanced patient experiences across all groups, echoing a placebo-like benefit seen in other therapeutic contexts [19-21]. Similar outcomes have been reported where different intervention modalities produce equivalent improvements, suggesting that the inherent support and monitoring could mask specific effects of the interventions. Recognizing this phenomenon is crucial, as it may guide future studies in designing control conditions that better isolate the unique contributions of each treatment modality in clinical practice.
The nature of the intervention also warrants attention. While VRH combines the principles of clinical hypnosis with VR, its efficacy may depend on individual hypnotic suggestibility, which varies considerably. Indeed approximately 40% of the general population will hardly (20%) or highly (20%) respond to hypnosis leaving most of the general population being mediumly suggestible to hypnosis [37,38]. Although findings show that highly suggestible benefit better from hypnosis, it is also known that the assessment of hypnotic suggestibility is time consuming, requires a trained professional, and more importantly, it does not fully grasp the individual variability or provide a fine-grained understanding of the hypnotic responsiveness/experience [38]. Additionally, the VR scenarios used in this study were generic, aiming to provide a soothing environment rather than targeting specific anxiety triggers or tailoring content to individual patient preferences. Personalized VR content might yield stronger effects and warrants further investigation.
Despite the lack of significant differences in the primary and secondary endpoints, the study underscores the feasibility of integrating VR(H) into routine surgical practice. Our findings revealed significant differences in patients’ levels of dissociation and absorption, with those exposed to VR(H) exhibiting higher scores compared to those who did not receive any VR(H) intervention. This finding is particularly noteworthy because enhanced dissociation and absorption may contribute to a more immersive and therapeutic experience during the surgical procedure. Interestingly, no significant differences were found between the VR and VRH groups, suggesting that the VR component itself may be the primary driver of these psychological effects. These results highlight the potential of VR-based interventions to positively modulate patients’ perceptual experiences, regardless of added hypnotic elements. Unlike hypnosis, which requires trained personnel, VR-based interventions are highly scalable and do not rely on specialized expertise. This ease of implementation positions VRH as a promising adjunct to traditional care, particularly in resource-limited settings where access to trained hypnotherapists is limited. 
From a methodological perspective, this study adhered to rigorous standards, including a randomized controlled design and validated outcome measures. Nevertheless, the open-label nature of the intervention precluded blinding of patients and care providers, introducing potential biases. While every effort was made to standardize care across groups, subjective outcomes such as anxiety and satisfaction remain susceptible to placebo effects and patient expectations. Moreover, the study was conducted at a single center with a relatively homogeneous patient population, limiting the generalizability of the findings to other settings or more diverse populations.
A limitation of our study is that we did not collect data on the anesthesiologist's satisfaction or experience during the block placement, an aspect that could impact the technical success and overall patient experience. We hope that future studies will include this variable to allow comparison with the surgeon's satisfaction. It is important to emphasize, however, that during surgery, patient immobility and compliance are critical, especially when the procedure is performed under regional anesthesia with no or minimal sedation, making surgeon satisfaction a key factor in assessing the effectiveness and safety of the techniques studied.
The use of VRH and VR in specific subpopulations, such as those with heightened preoperative anxiety, chronic pain, or psychological vulnerabilities, also requires further exploration. Stratifying patients based on these characteristics might reveal differential benefits and guide targeted applications of immersive technologies. Additionally, future research should consider longer follow-up periods to assess the sustained effects of VRH on functional recovery and overall patient well-being. While our findings did not demonstrate a significant benefit of the VR(H) protocol used, we acknowledge that the choice of content and delivery method may play a crucial role. Future studies should investigate alternative VR and hypnosis designs, particularly those tailored to individual cognitive profiles or emotional needs. Personalization—and the time required to adequately inform and prepare patients—may be key to unlocking the full potential of these interventions.
In conclusion, while the integration of VR and VRH into the perioperative management of OFS is a novel approach, our findings suggest that these interventions do not significantly enhance patient satisfaction, reduce anxiety, or improve early recovery outcomes compared to usual care. Nonetheless, the feasibility and scalability of VR-based interventions make them a valuable area for continued research. Refining the content, timing, and delivery of VR experiences, as well as tailoring them to individual patient needs, may unlock their full potential in improving perioperative care. Future studies should aim to address these gaps, paving the way for more effective and personalized applications of immersive technologies in healthcare.
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FIGURE LEGENDS
Figure 1: CONSORT flow chart of patient enrollment, group allocation, follow-up, and data analysis. CONSORT = CONsolidated Standards Of Reporting Trials. RASS: Richmond Agitation Sedation Scale.

Figure 2: Evolution of the French validated Quality of Recovery-15 (QoR-15) items over the time points of interest (Preop = one day before surgery; D+1 = one day after surgery; D+3 = 3 days after surgery) in Group C (red), Group VR (green) and Group VRH (blue). Scatter plots with estimated marginal means of the values (triangles): lower and upper bars = 95% confidence interval (95% CI); dots represent each sample. Within group means and between-group mean difference are provided in the tables below each figure, according to the generalized linear mixed model analysis. Numbers have been rounded up to the first decimal, with the 95% confidence interval (95% CI) of the means and of the mean difference (MD).

Figure 3: Evolution of anxiety as assessed with the numeric rating scale (NRS) over the time points of interest (Preop = one hour before surgery; Postop = one hour after surgery) in Group C (red), Group VR (green) and Group VRH (blue). Scatter plots with estimated marginal means of the values (triangles): lower and upper bars = 95% confidence interval (95% CI); dots represent each sample. Within group means and between-group mean difference are provided in the tables below each figure, according to the generalized linear mixed model analysis. Numbers have been rounded up to the first decimal, with the 95% confidence interval (95% CI) of the means and of the mean difference (MD).

Figure 4: Evolution of anxiety as assessed with the six-item Spielberger State-Trait Anxiety Inventory (STAI-6), over the time points of interest (Preop = one hour before surgery; Postop = one hour after surgery) in Group C (red), Group VR (green) and Group VRH (blue). Scatter plots with estimated marginal means of the values (triangles): lower and upper bars = 95% confidence interval (95% CI); dots represent each sample. Within group means and between-group mean difference are provided in the tables below each figure, according to the generalized linear mixed model analysis. Numbers have been rounded up to the first decimal, with the 95% confidence interval (95% CI) of the means and of the mean difference (MD).
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