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Introduction

Despite progresses in prevention and early detection, cervical cancer remains the fourth most commonly diagnosed cancer and the fourth leading cause of cancer death among females worldwide in 2018 [START_REF] Bray | Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries[END_REF].

Brachytherapy boost after radiochemotherapy has become a standard for locally advanced cervical cancer, T1b2 to T4a [START_REF] Cibula | The European Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology Guidelines for the Management of Patients With Cervical Cancer[END_REF]. Uterovaginal brachytherapy is delivered at High Dose Rate or Pulse Dose Rate, depending on local equipment.

New techniques (three dimensioning planning, magnetic resonance imaging and image-guided adaptive brachytherapy) improved disease control and spared the delivered-dose to organs at risk optimizing the tolerance [START_REF] Tanderup | Image Guided Adaptive Brachytherapy in cervix cancer: A new paradigm changing clinical practice and outcome[END_REF]. Nevertheless, several studies highlight the quality-of-life impairment during cervical cancer treatments [START_REF] Kirchheiner | Health related quality of life and patient reported symptoms before and during definitive radio(chemo)therapy using image-guided adaptive brachytherapy for locally advanced cervical cancer and early recovery -A mono-institutional prospective study[END_REF][START_REF] Ferrandina | Quality of life and emotional distress in early stage and locally advanced cervical cancer patients: A prospective, longitudinal study[END_REF], including brachytherapy procedures [START_REF] Humphrey | The experiences of women receiving brachytherapy for cervical cancer: A systematic literature review[END_REF][START_REF] Wiebe | Pain and symptom assessment during multiple fractions of gynecologic high-dose-rate brachytherapy[END_REF].

According to our clinical experience and from reading of online patients forums [START_REF]Cancer col et corps utérus ovaires. Ligue contre le cancer[END_REF], the withdrawal of applicators remains a bad experience, because of anxiety, pain and lack of intimacy. In our routine practice this procedure is performed under conscious sedation with an anesthetic gas: the nitrogen monoxide-oxygen mixture (N2O/O2), commonly called "nitrous oxide", which can provide some side effects.

Virtual reality emerged in the early 1990s and has a growing role in the medical field [START_REF] Dascal | Virtual Reality and Medical Inpatients: A Systematic Review of Randomized, Controlled Trials[END_REF]. Firsts studies in oncology reported promising results for anxiety management during chemotherapies and invasive acts [START_REF] Chirico | Virtual Reality in Health System: Beyond Entertainment. A Mini-Review on the Efficacy of VR During Cancer Treatment[END_REF]. Virtual reality is routinely used in our center since 2017 to manage pre-operative anxiety for ambulatory surgery [START_REF] Rosay | Auto-hypnosis before and during vascular access placement for better patient comfort[END_REF].

Our study is the first one evaluating the interest of virtual reality distraction during uterovaginal brachytherapy applicators' removal, as an alternative to nitrous oxide conscious sedation.

Material and methods

The whole medical and paramedical team joined the project and got involved in it: a pair of nurses was trained and then taught the technique to their colleagues. The study protocol was designed by a multidisciplinary team with nurses, radiation oncologists, supportive care physicians and a psychiatrist.

Patients

From January 2019 to October 2019, we prospectively evaluated virtual reality distraction or nitrous oxide conscious sedation in patients who were referred in our department for cervical brachytherapy.

The study was proposed to all patients meeting the following inclusion criteria: locally or locally advanced invasive cervical cancer, external radiation beam therapy (with or without concomitant chemotherapy), and indication of Pulse Dose Rate (PDR) or High Dose Rate (HDR) brachytherapy validated by the tumor board according to local and international guidelines. Exclusion criteria were: hemorrhagic risk (requesting a surgical environment for applicator's removal), inability to consent to the procedure, contra-indication for virtual reality (schizophrenia spectrum and other psychotic disorders, severe deafness, reduced visual acuity, cephalic wound, respiratory failure, claustrophobia, diving phobia) and contra-indication for nitrogen monoxide-oxygen mixture (respiratory failure, pneumothorax, emphysema, gas embolism, intra cranial hypertension, head trauma, abdominal gas distension, ophthalmic gas use < three month or intra-ocular air bubble, non-supplemented known vitamin B9 or B12 deficiency). This observational study has been conducted in routine care as the virtual reality device is not a medication and is labelled by the European authorities. Oral agreement was collected by the radiation oncologist for each patient. Data collection was registered and declared conform to European and national rules by to the local Data Protection Officer.

Brachytherapy procedure

In our institution, cervical brachytherapy is performed two weeks after the completion of radiochemotherapy. Applicators are implanted under general or spinal anesthesia. An immediate postoperative CT-scan, and in most cases MRI, are performed for the 3D treatment planning. A Pulse Dose Rate technique is used in 80% of cases, for a mean duration of 60 hours in a dedicated room of the radiation oncology ward with a source projector. For High Dose Rate technique, five fractions are delivered twice a day, at least 8 hours apart, with the first fraction delivered the day of the operative procedure.

Analgesia is adapted to each patient, without systematic medication. Applicators' removal is performed by a radiation oncologist, specialized in cervix brachytherapy, assisted by a nurse, in the patient's room at the end of the treatment.

Management of pain and anxiety during applicators' removal

In our institution, virtual reality devices are shared between several wards and were not available at anytime during the present study. To facilitate the set-up of the study, patients were assigned to one or the other modalities according to the week of their intervention: reference group (nitrous oxide) for two weeks out of three and virtual reality group for one week out of three. In case of refusal of the virtual reality, the patient was excluded of the study and standard care with nitrous oxide was performed.

The patients assigned to the reference group received nitrous oxide during the whole procedure to decrease their perception of pain and anxiety.

The patients assigned to the virtual reality group benefited from a 10-minutes distraction session, which can be renewed if the procedure lasted longer. We used goggles harboring a smartphone and earphones displaying a virtual reality program (Aqua 10 French Version; Oncomfort SA, Wavre, Belgium) consisting in a virtual dive with a whale swimming in a peaceful environment. The patient was invited to slow down his breathing following the moves of the whale's tale.

Outcomes and analysis

The primary objective of the study was to describe the efficacy of virtual reality on pain and anxiety, compared to nitrous oxide conscious sedation. Secondary objectives were to evaluate other side effects and duration of the procedure.

Health related quality of life has become an essential part of therapeutic evaluation. We used patients reported outcomes (PROs) for a direct assessment by the patient.

The Spielberger State-Trait Anxiety Inventory (STAI) is a 20 items scale where each item is associated with a four-point Likert scale [START_REF] Spielberger | The State-Trait Anxiety Inventory[END_REF]: a high score reflects a high level of anxiety. This scale has been used in oncology [START_REF] Sun | Virtual experience' as an intervention before a positron emission tomography/CT scan may ease patients' anxiety and improve image quality[END_REF] and gynecology [START_REF] Baser | Effect of Pre-Procedural State-Trait Anxiety on Pain Perception and Discomfort in Women Undergoing Colposcopy for Cervical Cytological Abnormalities[END_REF]. We used the STAI-E form which evaluates the severity of current symptoms, instead of anxious personality trait. We evaluated it before the patient's installation for the procedure (preoperative STAI) and five to ten minutes after the end of the procedure (postoperative STAI).

The Virtual Analogue Scale (VAS) is used daily in hospital wards to measure pain [START_REF] Wewers | A critical review of visual analogue scales in the measurement of clinical phenomena[END_REF] but was also validated for anxiety evaluation [START_REF] Kindler | The Visual Analog Scale Allows Effective Measurement of Preoperative Anxiety and Detection of Patients' Anesthetic Concerns[END_REF][START_REF] Facco | Validation of visual analogue scale for anxiety (VAS-A) in preanesthesia evaluation[END_REF].VAS for pain was collected at three points: immediately before the procedure (preoperative VAS-pain); immediately after, asking to describe the most painful part of the procedure (peak VAS-pain); and ten minutes after the end of the procedure (postoperative VASpain). VAS for anxiety was collected at two points: immediately before the procedure (preoperative VAS-anxiety); and immediately after, asking the patient to describe the most anxious part of the procedure (peak VAS-anxiety). Postoperative VAS-anxiety was redundant with postoperative STAI and therefore was not measured. For a better understanding, we reported VAS scales in centimeters (0 to 10) instead of millimeters (0 to 100).

Side effects were recorded during the procedure and the two following hours, according to the Common Terminology Criteria for Adverse Events (CTCAE v5.0) classification.

We also recorded the times of beginning of patient installation, beginning of anxiolysis (virtual reality distraction or nitrous oxide conscious sedation), beginning of applicators' removal, end of applicators' removal and end of anxiolysis. Duration of preparation was calculated as the length between the beginning of installation and the beginning of applicator removal. Duration of the removal procedure was calculated as the length between the beginning and the end of applicators' removal.

An exploratory analysis of efficacy outcomes was performed using the Mann Whitney test. All analyses were conducted using SPSS Statistics software, 27 version.

Results

Patients

From January 2019 to October 2019, thirty-nine consecutive patients were prospectively included. Four patients were not evaluable because of a lack of information (one in the virtual reality group and three in the nitrous oxide group). Finally, 35 patients were analyzed and are reported.

All patients matched to the inclusion criteria and were treated with cervix brachytherapy. In accordance with the study protocol, fourteen patients benefited from virtual reality distraction (experimental group) and twenty-one patients from conscious sedation with nitrous oxide (reference group). Patients' characteristics are reported in Table 1.

Virtual reality (N=14)

Conscious sedation (N=21) 

Age

Pain and anxiety

Pain (VAS-pain) and anxiety (VAS-anxiety, STAI-E) evaluations are reported in Table 3. STAI-E scores before applicators' removal were on average 35 in the virtual reality group and 38 in the reference group. The score declined to 30 and 28 respectively after procedure.

Graphical chronological representations of the two groups are reported in Figure 1. All the curves are globally parallels, except a higher VAS-pain value at the peak in the virtual reality group. There were no statistically significant differences in the exploratory analyses. 

Virtual reality (N=14) Conscious sedation (N=21) P value

Mean

Other side effects

In addition to anxiety and pain, procedure-attributed side effects were reported in 28.5% of patients in the virtual reality group and 14.3% in the reference group. The most reported side effect was nausea.

Vomiting and dizziness were also reported (Table 4). No grade 3 or more toxicity was reported. No hospital stay was extended because of virtual reality or nitrous oxide.

Out of the four patients in the experimental group with nausea, vomiting and/or dizziness, one received pharmacological premedication, and two of them felt a significant pain (VAS-pain ≥ 7.0).

Out of the four patients in the reference group with side effects, one received pharmacological premedication, and maximum VAS-pain was three for all of them.

Virtual reality (N=14) Conscious sedation (N=21)

Highest The removal procedure itself lasted on average 07 min 09 sec (from 1 to 25 min) in the virtual reality group and 6 min 39 sec (from 2 min to 20 min) in the reference group.

Discussion

Virtual reality has been evaluated for many procedures, often with small samples [START_REF] Dascal | Virtual Reality and Medical Inpatients: A Systematic Review of Randomized, Controlled Trials[END_REF][START_REF] Chirico | Virtual Reality in Health System: Beyond Entertainment. A Mini-Review on the Efficacy of VR During Cancer Treatment[END_REF]. A metaanalysis suggested that virtual reality could reduce pain by about 49%, but clinical and statistical heterogeneity was high [START_REF] Chan | Clinical efficacy of virtual reality for acute procedural pain management: A systematic review and meta-analysis[END_REF]. under Ericksonian hypnosedation instead of anesthesia [START_REF] Kissel | Hypnosedation for endocavitary uterovaginal applications: A pilot study[END_REF].

Participation and feasibility

The nurses' implication was overriding all over the study, with the support of their manager and the medical team. They participated to the study set-up and progress, data collection and interpretation.

This study showed the feasibility of virtual reality distraction during the uterovaginal brachytherapy applicator's removal. The use of virtual reality extended the removal preparation from only five minutes compared to nitrous oxide conscious sedation and did not necessitated extra health professional. The cost of the procedure was not specifically evaluated in our study but there is evidence that optimizing functional outcomes is cost-effective [START_REF] Lang | Cost Analysis of Adjunct Hypnosis with Sedation during Outpatient Interventional Radiologic Procedures[END_REF].

Impact of premedication

Premedication was delivered at the discretion of the physician performing the applicators' removal. A few years ago, the local habit was to systematically administer benzodiazepine and painkillers before the procedure. Conscious sedation with nitrous oxide was then implemented and premedication became optional, prescribed on an individual basis. Therefore, in our study only 25-30% of patients received one or more medication. Three patients received opioids or tramadol/codein medications in the reference group versus non in the experimental group. This might be explained by a different baseline level of pain or a prescription bias in this open non randomized study.

Baseline anxiety

Baseline level of anxiety was measured with visual analogical scale (VAS) and STAI-E scale. The VASbaseline anxiety values seemed to be higher in the reference group than in the virtual reality group (respectively 4.1 and 2.9). However, the STAI-E values were similar (respectively 38 and 35). This gap reflects the difficulty to measure a feeling and the heterogeneity of scales: Facco and colleagues pointed a 29% discrepancy rate between VAS-anxiety and STAI scale in the preoperative setting, with a trend to overestimation with VAS-anxiety [START_REF] Facco | Validation of visual analogue scale for anxiety (VAS-A) in preanesthesia evaluation[END_REF].In the original publication of Spielberger about his STAI scale, the average value for general medical patients without psychiatric complications was 43 [START_REF] Spielberger | Manual for the State-Trait Anxiety Inventory[END_REF]. Hawighorst et al. measured a mean STAI-E level of 61.8 by women before a pelvic surgery for cervical cancer [START_REF] Hawighorst | The physician-patient relationship before cancer treatment: a prospective longitudinal study[END_REF]. In the Baser et al. study, with 231 women undergoing a colposcopy, the mean STAI level was 47 [START_REF] Sun | Virtual experience' as an intervention before a positron emission tomography/CT scan may ease patients' anxiety and improve image quality[END_REF]. Therefore, baseline STAI-E levels seemed to be moderate in our population.

Pain and anxiety evolution

As it was a pilot study, we did not use statistical tests to compare efficacy outcomes. Nevertheless, the graphical representation of pain and anxiety -before, during and after the procedure -shows globally parallel decreasing curves, with two exceptions.

We observed a peak of VAS-pain during the procedure in the virtual reality group, but not in the control group. Administration of nitrous oxide gas enables a conscious sedation but also has an analgesic effect, notably through NMDA neurotransmission modulation in the amygdala [START_REF] Ranft | Nitrous oxide (N2O) pre-and postsynaptically attenuates NMDA receptor-mediated neurotransmission in the amygdala[END_REF], and patients in the reference group were more likely to receive opioids, which can explain the observed differences.

However, these numerically and/or graphically apparent differences might be clinically not meaningful. Indeed, commonly retained thresholds are 50mm for VAS-anxiety (17) and 30-40 mm for VAS-pain [START_REF] Myles | Measuring acute postoperative pain using the visual analog scale: the minimal clinically important difference and patient acceptable symptom state[END_REF][START_REF] Gerbershagen | Determination of moderate-to-severe postoperative pain on the numeric rating scale: a cut-off point analysis applying four different methods[END_REF] which is higher than in our population.

Safety

Nitrous oxide is commonly used for medical procedures. A safety meta-analysis reported adverse events in up to 68% of uses (mainly nausea, vomiting and vertigo), and a risk of serious adverse events of 3/10 000 (29).

We noticed procedure-attributed side effects in 14.3% of patients receiving nitrous oxide, with the classical spectrum of nausea, vomiting and dizziness. Surprisingly, 4 patients (28.5%) in the virtual reality group also reported these adverse advents. According to the company which commercializes the virtual reality device, no adverse effects were previously reported [START_REF]Clinically proven efficacy | Oncomfort[END_REF]. Among the four patients in the experimental group with nausea, vomiting and/or dizziness, only one received pharmacological premedication. However, two of them felt a significant pain at the peak of the procedure (VAS-pain ≥ 7.0), which can lead to vasovagal reactions explaining these symptoms.

Study limitations

There are some limitations to our study. First, patients were not randomized but assigned to a group according to the week of their intervention and we did not registered patients' refusals. Populations might therefore be non-comparable. However, the time sequence (one week out of three), enabled to spread the allocations during the whole study.

Patients and professionals were obviously aware of the intervention arm. The caregivers' motivation and interest for this new technique might have pushed them to emphasize the advantages of virtual reality. This might modify the patient's expectancies and therefore optimize both a placebo effect [START_REF] Price | An analysis of factors that contribute to the magnitude of placebo analgesia in an experimental paradigm[END_REF] and a suggestibility to autohypnosis during virtual reality [START_REF] Reategui | The relationship between expectation and hypnotic susceptibility: a literature review[END_REF]. Conversely the virtual reality approach does not allow a verbal or eye contact with the nurse or physician that may involuntarily induce an associated hypnosis that may favor the referent group. Secondly, the samples were not important enough to perform a non-inferiority analysis which could have been relevant. Finally, our population reflects the daily activity of a comprehensive cancer center but might not been generalizable to all brachytherapy centers.

Conclusion

Our study confirmed the feasibility of replacing a medical gas -nitrous oxide mixture -by a virtual reality device during the removal of uterovaginal applicators for cervix brachytherapy. Levels of pain and anxiety were acceptable and similar in both groups. Prospective randomized trials are needed to confirm efficacy and to determine which patients could benefit the most from this approach.

Table 1 :

 1 population and treatment characteristics.Four patients (28.5%) in the experimental group and five (23.8%) in the reference group received painkiller and/or anxiolytic premedications. Type and number of premedications are reported in

	(years)		
	Median (IQR)	53 (45-61)	51 (43-67)
	FIGO stage		
	IB	2 (14.3%)	2 (9.5%)
	IIA	1 (7.1%)	3 (14.3%)
	IIB	10 (71.4%)	13 (61.9%)
	IIIA	0 (0%)	2 (9.5%)
	IIIB	1 (7.1%)	1 (4.8%)
	Node involvment		
	N0	7 (50.0%)	13 (61.9%)
	N1	7 (50.0%)	8 (38.1%)
	Type of applicator		
	Utrecht applicator	10 (71.4%)	11 (52.4%)
	Venezia applicator	4 (28.6%)	9 (42.9%)
	Interstitial needles only	0 (0%)	1 (4.8%)
	Parametrial boost		
	Yes	6 (42.9%)	12 (57.1%)
	No	8 (57.1%)	9 (42.9%)
	Modality		
	Pulse Dose Rate	12 (85.7%)	16 (76.2%)
	High Dose Rate	2 (14.3%)	5 (23.8%)

Table 2 .

 2 

		Virtual reality (N=14)	Conscious sedation (N=21)
	Premedications		
	Paracetamol	3 (21.4%)	4 (19.0%)
	Tramadol/Codein	0 (0%)	1 (4.8%)
	Opioid	0 (0%)	2 (9.5%)
	NSAID*	1 (7.1%)	2 (9.5%)
	Benzodiazepine	1 (7.1%)	1 (4.8%)
	Number of premedication(s)		
	None	10 (71.5%)	16 (76.2%)
	One	3 (21.4%)	2 (9.5%)
	Two	1 (7.1%)	1 (4.8%)
	Three	0 (0%)	2 (9.5%)

Table 2 :

 2 premedications received in each group.

*NSAID: nonsteroidal anti-inflammatory drug.

Table 3 :

 3 

			Min.	Max.	Mean	Min.	Max.	
	Preoperative VAS-anxiety	2.9	0	10.0	4.1	0	10.0	0.315
	Peak VAS-anxiety	2.7	0	7.0	1.6	0	10.0	0.224
	Preoperative VAS-pain	1.0	0	5.0	1.8	0	6.0	0.207

evaluation of pain and anxiety before, during, and after brachytherapy applicators' removal Figure 1: chronological comparison of average pain and anxiety for each group

Table 4 :

 4 

	grade toxicity		
	None	10 (71.5%)	18 (85.7%)
	Grade 1	3 (21.4%)	3 (14.3%)
	Grade 2	1 (7.1%)	0 (0%)
	Nausea		
	Grade 1	2 (14.3%)	3 (14.3%)
	Grade 2	1 (7.1%)	0 (0%)
	Vomiting		
	Grade 1	0 (0%)	1 (4.8%)
	Grade 2	1 (7.1%)	0 (0%)
	Dizziness		
	Grade 1	1 (7.1%)	0 (0%)
	Grade 2	0 (0%)	0 (0%)

side effects

Duration of anxiolysis procedure

Virtual reality distraction was performed whenever it was planned (14 patients). No technical issue required to stop it, nor nitrous oxide conscious sedation in the reference group.

The preparation lasted on average 11 minutes 23 seconds in the virtual reality group and 6 min 15 sec in the reference group, with maximum durations of 38 min and 22 min, respectively.

  To our knowledge, there is no recommendation about anxiolysis or pain management during brachytherapy procedures and no study specifically evaluated virtual reality in this setting. Gynecologic procedures share some characteristics with uterovaginal brachytherapy applicators' removal and enable a first approach: inDeo et al. study about outpatient hysteroscopy, virtual reality reduced numeric rating scores of pain and anxiety by about 2.15 and 2.3 on a 10-scale (19); in Wong et al. study in laboring women, virtual reality reduced pain score by 28% (20). Beyond virtual reality, hypnosedation has been evaluated to decrease pain and anxiety during pelvic brachytherapy. In Chapet et al. study, Ericksonian hypnosedation could replace general or spinal anesthesia by 76% of patients treated for prostate brachytherapy, with acceptable levels of pain and comfort (21). Kissel et al. reported a 70% success rate for uterovaginal brachytherapy implantation
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