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Abstract

Background: Chronic pelvic pain isacommon and disabling condition in women living with endometriosis. Pharmacol ogical
and surgical treatments are not always effective at controlling pain and present important restrictions. Digital therapeutics (DTx)
are emerging as major nonpharmacological alternatives that aim to extend the analgesic therapeutic arsenal of patients.

Objective: In this randomized controlled trial (RCT), we aimed to measure the immediate and 4-hour persisting effects of a
single use 20-minute DTx (Endocare) on pain in women experiencing pelvic pain due to endometriosis.

Methods: A total of 45 women with endometriosis participated in arandomized controlled study comparing the analgesic effect
of asingle use of avirtua reality digital treatment named Endocare (n=23, 51%) to a 2D digital control (n=22, 49%). Perceived
pain and pain relief were measured before the treatment and 15, 30, 45, 60, and 240 minutes after the end of the treatment.

Results: The clustered posttreatment pain was significantly reduced compared to the pretreatment for both Endocare and the
control group (all P<.01). Endocare was significantly more effective than the control group (all P<.01). Endocare decreased the
mean pain intensity from 6.0 (SD 1.31) before the treatment to 4.5 (SD 1.71) posttreatment, while the control only decreased it
from 5.7 (SD 1.36) to 5.0 (SD 1.43). When comparing each posttreatment measuresto the pretest, Endocare significantly reduced
pain perception for all points in time up to 4 hours posttreatment. The differences did not reached significance for the control
group. Moreover, Endocare was significantly superior to the control group 15, 30, and 45 minutes after the treatment (all P<.001).
The mean perceived pain relief was significantly higher for Endocare at 28% (SD 2%) compared to the control, which was 15%
(SD 1% for all the posttreatment measurements (all P>.05).

Conclusions: Our study aimed to test the effects of a single use of a DTx treatment on reported pain at different time pointsin
women diagnosed with endometriosi s experiencing moderate-to-severe pelvic pain. Importantly, our results support that Endocare,
avirtual reality immersive treatment, significantly reduce pain perception compared to a digital control in women living with
endometriosis. Interestingly, we are the first to notice that the effect persisted up to 4 hours posttreatment.

Trial Registration: Clinical Trials.gov NCT04650516; https://tinyurl.com/2a2eu9wv

(J Med Internet Res 2022;24(9):€39531) doi: 10.2196/39531
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Introduction

Endometriosisis characterized by lesions occurring outside the
uterus whose appearance and behaviors are close to those of
the endometrium mainly on the pelvic peritoneum, ovaries, and
rectovaginal septum [1]. It might also reach deeper tissues, such
asthe rectum, bladder, ureters, colon, small bowel, diaphragm,
or pelvic nerves. Endometriosis is a multifactorial disease
resulting from the combined action of genetic and environmental
factors [2,3] and is a major contributor to chronic pelvic pain
(CPP) and infertility among women [4].

The mean preval ence of endometriosisin women with CPP has
been estimated at 70% (SD 3%) [5], but it may vary from 2%
t0 93% depending on the study [5,6]. CPPisthe main symptom
of women with endometriosis [7]. The most common painful
symptoms of endometriosis are dysmenorrhea and deep
dyspareunia, appearing in nearly 80% and 30% of patients,
respectively [1]. The pain, which can severely affect quality of
life, can be constant or triggered by various conditions, such as
menstruation [8].

Current management of endometriosis pain involves
pharmacological (eg, hormonal therapy) and surgical treatments
[9-11]. The goals of these medical therapies are multifold (eg,
reduction of inflammation, inhibition of ovulation, suppression
of menstruation) [1]. These are based on the concept that the
response of the eutopic endometrium and endometriosislesions
is substantially similar.

Hormonal therapies or surgeries are not adapted for women
willing to get pregnant. Therefore, the development of
nonpharmacological alternatives for the management of
endometriosispainiscritical to extend the treatment arsenal for
women with pelvic-perineal pain and endometriosis [12].
Among them, pilot evidence asserts the benefits of mindfulness
training (eg, meditation, breathing, music) on pain relief [13].
Various levels of quality of life (ie, physical, mental and social
features) are affected in women living with endometriosis
[14,15]. Therefore, additions to the treatment of psychological
interventions (eg, hypnotherapy, cognitive behavioral therapy)
have shown significant results for both physical and mental
well-being in patients living with CPP and endometriosis
[16,17].

In the past few decades, the emergence of digital therapeutics
(DTx) aimed at the use of informatic tools to aid the diagnosis
and therapy of various pathologies has led to the creation of
many new therapeutic devices [18]. Recently, multiple
meta-analyses have specifically supported the efficacy of virtual
reality (VR) in several type of acute and chronic pain conditions
[19-24].

On these bases, a new digital therapeutic approach, Endocare,
was created by combining various therapeutic procedures based
on several modalitiesin aV R environment, individually known
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to reduce pain [25-27]. Endocare therapeutic procedures
comprise auditory (eg, a pha/theta binaural beats, nature-based
sounds) and visual (eg, bilateral aternative stimulations)
components associated with a 3D VR environment. To our
knowledge, no studies have ever tested the effects of this type
of nonpharmacological treatment on reported pain at different
time pointsin patients diagnosed with endometriosis perceiving
moderate-to-severe pelvic pain. In this randomized controlled
trial (RCT), we hypothesized that a single use of the Endocare
treatment would be able to significantly diminish the pain
intensity in patients diagnosed with CPP associated with
endometriosis.

Methods

Design and Setting

This was a randomized, controlled, comparative, open-label,
2-parallel-group interventional study comparing the effect of
Endocare and a digital control on endometriosis-related pain
after asingle use. ThisRCT was conducted between December
2020 and May 2021 at the Franco-European Multidisciplinary
Endometriosis Institute (IFEMEndo), Clinic Tivoli-Ducos in
Bordeaux, France.

Ethics Approval

This study was conducted in compliance with good clinical
practice guidelines, the principles of the Declaration of Helsinki,
and French laws and regulations. It was reviewed and approved
on November 6, 2020, by the Comité de Protection des
Personnes. All participants completed and signed the informed
consent form before inclusion in the study and before any
study-related procedure began. Before commencing participant
enrollment, this study was registered on ClinicaTrials.gov
(NCT04650516).

Quality Assurance

Standard operating procedures were applied for the conduct and
analysis of the clinical investigation. This study was monitored
regularly according to the specifically designed monitoring plan.
Furthermore, data were captured following the double entry
procedure in the dedicated case report form and compared.
Discrepancies were reviewed and corrected by a third entry
clerk. A data validation document specifically written for this
study aimed to list all data checks to be performed. A data
manager programmed the checkswith Ennov Clinsight, and the
sponsor validated the checks. In case of inconsistencies, aquery
was edited during the quality analysis beyond data entry. The
investigator or another authorized person fromthe clinical staff
was asked to answer the query by confirming or correcting the
data
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Population

Selection Criteria

The selection criteria were women over 18 years old with a
magnetic resonanceimagery (MRI) diagnosis of endometriosis
who were willing to participate in the study and signed the
informed consent form. All patientswererecruited from ahighly
specialized center (ie, IFEMENdo). These patients experienced
mostly severe pain related to their chronic pain condition and
presented along medical history concerning their endometriosis,
which was often deep endometriosis.

Inclusion Criteria

To beincluded in this study, the screened participants who met
the selection criteria had to be living with moderate-to-severe
endometriosis-related pain with a score =24 on an 11-point
numerical rating scale (NRS) at thetime of inclusion, acriterion
shared among various studies [8].

Exclusion Criteria

The exclusion criteria were women who (1) were pregnant or
breastfeeding; (2) had consumed painkillerswithin 8 hours prior
to inclusion; (3) were participating in an interventional study
or had participated in an interventional study within 30 days
before enrolment; (4) were employed by the investigator or
study site, with direct involvement in the proposed study or
other studies under the direction of that investigator or study
site, as well as family members of the employees or the
investigator; and (5) had a contraindication to Endocare or the
digital control, such as severe visual, hearing or cognitive
impairments, color blindness, photosensitivity, epilepsy, or
motion sickness.

Table 1. Sizeof the sample.

Merlot et al

Sampl e Size Determination

This study aimed to eval uate the short-term pain evolution after
a single use of Endocare compared to a digital control in
participants experiencing endometriosis-related pelvic pain.
The primary end point was the mean pain intensity 60 minutes
after the beginning of treatment (or last evaluation if the
participant dropped out of the study or started any rescue
medication). Gerlinger et al [28] determined that women who
felt “minimally satisfied” in the management of their pain had
a change of —=19.5 mm (SD 14.3 mm) on a visual analogical
scale. Hence, a 20-mm difference between Endocare and the
digital control seemed like areasonable clinical target and was
taken into consideration for sample size calculation. We planned
to measure a total of 40 participants, with 20 allocated to the
intervention group and 20 to the control group, at 5 time points.

With a2-sided 95% Cl, the study achieved 81% power to detect
adifference between the group means at the last time of 20 mm
on a 100-mm VAS with a 25-mm standard deviation. The
correlation between measurements within a participant was
estimated at 0.500. A test based on amixed-model analysiswas
anticipated at a significance level of 5%. Assuming that about
25% of women would not experience an endometriosis-related
pain =24 on NRS at time of inclusion, we planned to screen 50
women. Conseguently, at least 40 women were planned to be
included in the study.

Finally, 46 participants were screened, of which 45 were
included and randomized; 1 was a screen failure because she
never went back for the study visit (Table 1). A total of 44
(97.78%) participants completed the entire study.

Sample Value
Participants screened, n 46
Participants randomized, n (%) 452 (100)
Participants who completed study, n (%) a4b (97.8)

80ne participant was lost to follow-up between the screening visit and the randomization visit and their inclusion criteria could not be checked.
bThe self-administered guestionnaire of 1 participant was never received for analysis.

Concomitant Medications

Pain medications were stopped at least 8 hours prior to
participation. If pain persisted after trestment (Endocare or
control), the patient could take their pain management rescue
treatment, thus ending the data collection at that time.

Treatment and Control

Endocare

We developed the Endocare treatment (Lucine, Bordeaux,
France) specifically for this study (Figure 1). It was displayed
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through a VR headset (Oculus Quest) with high-quality
headphones (APK K-240-MKII). Endocare is a standalone
medical software device comprised of an application stored in
aVR headset that isintended to mitigate pain for people prone
to endometriosis. Endocare offers a 20-minute treatment
consisting of acombination of auditory (eg, a pha/theta binaural
beats, nature-based sounds) and visual (eg, bilateral alternative
stimulations consisting of a sphere appearing and moving on a
horizontal axis) therapeutic procedures integrated in a 3D VR
environment.
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Figure 1. Visual display of the 3D virtual reality treatment (ie, Endocare) and the 2D tablet control.

Endocare

Control

Control

The digital control was also developed by Lucine specificaly
for this study (Figure 1). The digital control program was
displayed through a tablet (Samsung Galaxy Tab A) with
high-quality headphones similar to those used in the Endocare
group (APK K-240-MKII). The digital comparator was a
20-minute control with the same composition as the Endocare
treatment (same context, environment, and duration) but without
any immersive effects of the VR headset itself, nor the auditory
(eg, aphalthetabinaural beats, nature-based sounds) and visual
(eg, bilateral aternative stimulations) stimuli. A soundtrack
composed of nature sounds related to the projected image.

Procedures

Women living with endometriosis pain were recruited from
IFEMEndo, a clinic that specializes in endometriosis. All
patients were diagnosed with endometriosis by specialized
gynecologists and medical procedures (eg, MRI). Recruitment
was done when the patients came for their medical examination
and were informed about this study. If the patients expressed
interested in participating in this study, the research team offered

https://www.jmir.org/2022/9/e39531
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them a new appointment at the clinic to receive the study
treatment.

On-site Visit

When patients returned to the clinic on the day of theinclusion
visit, their pain level needed to be at least 4 on an 11-point
numeric pain rating scale to participate in this study. Patients
reporting a pain of <4 on this scale were considered as screen
failures and withdrawn from the study. This pain intensity
evaluation represented the pretreatment evaluation just before

the use of Endocare or control and is considered the baseline
(TO).

If the patient consented to participate and met the inclusion
criteria, they were randomized to 1 of the 2 groups, Endocare
or control. The treatment (either Endocare or control) consisted
of asingle use of the VR headset on the day of the visit, as
presented in Table 2.

The research team accompanied the patient to distinct isolated
rooms and then handed them either the headset (ie, Endocare)
or the tablet (ie, control). Patients were then guided orally by
the investigator for up to 5 minutes until the beginning of the
treatment (ie, Endocare or control).
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Table 2. Study flowchart.
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Study procedures

Screening Care and follow-up  Follow-up until 240
minutes after treatment

Informed consent

Eligibility criteria (without pain assessment)
Demographics

History and management of endometriosis

Typology of pain crises

O o o o o

Baseline pain assessment (TO) (just before the start of Endocare or control treatment)

Assessment of genera status
Endocare or control treatment

Pain evolution (pain relief and intensity)
Satisfaction
Concomitant treatments

Adverse events

0?2 oP
Db

o o

0 O

3Evaluation 15 minutes (T15), 30 minutes (T30), 45 minutes (T45), and 60 (T60) minutes posttreatment.

BEvaluation 240 minutes (T240) posttreatment.
CIncludes rescue treatment if needed.

Follow-up

Once the treatment was completed, each participant was asked
to rate on a paper questionnaire their pain perception on an
11-point NRS (0: no pain, 10: unbearable pain) and their
perceived pain relief on a 5-point categorical scale 15 minutes
(T15), 30 minutes (T30), 45 minutes (T45), and 60 minutes
(T60) after administration of the allocated study treatment.
During the first hour, participants remained under the direct
supervision of the study site staff. After the first hour, and if
cleared by the study site staff, participants were free to leave
the study site and go home to complete next assessment 240
minutes (T240) after the end of the treatment. Adverse events
(AEs), if any, were collected during the entire duration of
patients participation. Before leaving the clinic, participants
underwent ageneral health status check to ensure they were not
experiencing any AEs and were able to go home.

At home, patients were asked to rate on a paper questionnaire
their pain relief on a5-point categorical scaleand painintensity
based on the 11-point NRS at T240 or at the last time point if
the participant dropped out the study or began taking a rescue
medication before the end of the follow-up period.

M easur ements

Pain Assessment and Pain Relief

Pain intensity was evaluated on an 11-point NRS at TO, T15,
T30, T45, T60, and T240. This scale is the reference tool to
assesspainin most clinical trials, and it has been used in various
recent studies, including those rel ated to endometriosis[29-31].
Notably, its use is recommended by the IMMPACT (Initiative
on Methods, Measurement, and Pain Assessment in Clinica
Trials) guidelines[32].

https://www.jmir.org/2022/9/€39531

Pain relief was evaluated on a 5-point categorical scale (0: no
relief, 1: dlight relief, 2: moderate relief, 3: lots of relief, and 4:
completerelief) at TO, T15, T30, T45, T60, and T240.

If rescue medication was needed, the participant was asked to
rate their pain intensity or pain relief just prior to the intake of
the rescue medication. Study follow-up was terminated upon
the intake of rescue medication.

Patient Replacement

Patients who dropped out before the end of the 240-minute
follow-up period were not replaced.

Statistical Analyses

A linear mixed-model framework was used for statistical
analysis (SPSS 2020, IBM Corp). The selected covariance
matrix of the repeated measurements that better fitted the data
based on the Akaike Information Criterion was the first-order
ante-dependence. Therewere 3 explanatory fixed factors: group
(Endocare, control), time (TO, T15, T30, T45, T60, T240), and
group*time, aswell as arandom effect on the intercept of each
participant. In the first analysis, time (fixed effect) was
parametrized as baseline (T0) versus al other times (T15 to
T240). The analysis consisted of comparing TO with the 5
posttreatment data clustered for both groups and looking at the
interaction term (group*time). A contrast analysis was aso
performed to verify the difference between baseline (T0) and
posttreatment times (clustered) in the 2 separate groups. In the
second analysis, time was parametrized as TO, T15, T30, T45,
T60 and T240. A contrast analysis was also performed to test
the difference between TO and all other times (separated) in
both groups. Bonferroni corrections were applied for multiple
comparisons.

For pain relief, data were analyzed using R software. Because
data did not satisfy to normality when assessed with the
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Shapiro-Wilk normality test, Wilcoxon unilateral unpaired tests
corrected for multiple comparisons with a false discovery rate
(FDR) were used.

Results

Study Participants

Of the 45 women that participated in the study, 1 (2%) did not
return the questionnaire. Among the patients included, 1 (2%)
from the treatment group and 4 (9%) from the control group
took rescue medication after T60 but before T240. Therefore,
in accordance with the study design, no results at T240 were
collected for these 5 patients. Participants from both groups
were comparable in terms of age, height, and weight (Table 3),
aswell asin painintensity at TO.

Table 3. Participant demographics.

Merlot et al

All participants were recruited from aclinic that specializesin
endometriosis and  were living  with severe
endometriosis-associated symptoms (Table 4). Of the
participants, 90% (n=41) were living with CPP not related to
menses, and the majority were living with dysmenorrhesa,
dysuria, and dyspareunia. Moreover, 77% (n=35) were living
with deep infiltrating endometriosis, and 22% (n=10) had
adenomyosis.

Most of the patients weretaking different classes of medications
for their endometriosis condition, including hormones,
analgesics, and antidepressants (Table 4). Since this study was
based on an add-on protocol, participants were authorized to
continue all their medications, except for pain drugs before the
beginning of the testing. The participants kept these analgesics
as rescue medication after the Endocare or control treatment if
needed.

Characteristics Total (N=45) Endocare (n=23) Control (n=22)
Age (years)
M (missing?) 45 (0) 23(0) 22 (0)
Mean (SD) 32.7(8.02) 32.2(8.02) 33.2(8.12)
Median 31 32 30.5
Min® 21 21 21
Maxd 53 53 51
Height (cm)
M (missing) 44(1) 22 (1) 22(0)
Mean (SD) 162.7 (7.22) 162.6 (6.72) 162.8 (7.84)
Median 165 165 164
Min 148 148 150
Max 175 175 175
Weight (kg)
M (missing) 44(1) 22 (1) 22(0)
Mean (SD) 63.8 (12.51) 67.2 (12.46) 60.4 (11.88)
Median 60 63.5 57
Min 45 50 45
Max 95 95 92

a\1: total number of cases.

PMissi ng: total number of cases with missing data.
EMin: minimum.

dMax: maximum.
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Table 4. Participants' history of endometriosis.
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Variable Total (N=45) Endocare (n=23) Control (n=22)
Time since endometriosis diagnosis (months)
M2 (missing®) 45(0) 23(0) 22(0)
Mean (SD) 45.2 (54.9) 43.4(59.3) 47.2 (51.1)
Median 238 16.6 238
Min® 22 25 22
Maxd 277.8 277.8 199.7
Type of endometriosis, n (%)
Superficial peritonea 10 (22.2) 6(26.1) 4(18.2)
Deep infiltrating endometriosis 34 (75.6) 17 (73.9) 17 (77.3)
Digestive locations 122 1(4.3) 0(0)
Other 2(4.9) 1(4.3) 1(4.5)
Presence of adenomyosis, n (%) 11 (24.4) 6(26.1) 5(22.7)
History of surgical management of endometriosis, n (%) 31(68.9) 14 (60.9) 17 (77.3)
Time from endometriosis diagnosisto surgery (months)
M (missing) 31 (14) 14(9) 17 (5)
Mean (SD) 40.6 (43.9) 405 (36.5) 40.6 (50.2)
Median 244 38.8 238
Min 0.1 21 0.1
Max 199.7 136.0 199.7
Symptom resolution following surgery, n (%)
Yes 13(41.9) 3(21.4) 10 (58.8)
No 18 (58.1) 11 (78.6) 7(41.2)
Time from surgery to symptom recur rence (months)
M (missing) 13 (0) 3(0) 10 (0)
Mean (SD) 35.1 (55.2) 9.5 (15.5) 42.8 (61.1)
Median 211 17 22.0
Current management of endometriosis, n (%)
Hormone-based therapy
None 10 (22.2) 6(26.1) 4(18.2)
Combined hormonal contraceptives 14 (31.1) 7(30.4) 7(31.8)
Progestogens 18 (40.0) 9(39.1) 9(40.9)
Gonadotrophin-releasing hormone agonists 1(2.2) 0(0) 1(4.5)
Other 2(4.9) 1(4.3) 1(4.5)
Chronic analgesic treatment 26 (57.8) 14 (60.9) 12 (54.5)
Other treatment 16 (35.6) 7 (30.4) 9(40.9)
Usual pain symptoms, n (%)
Chronic pelvic pain not related to menses 41 (91.1) 21 (91.3) 20(90.9)
Dysmenorrhea 24 (53.3) 12 (52.2) 12 (54.5)
Dysuria 14(31.1) 6(26.1) 8(36.4)
Dyschesia 1(2.2) 1(43) 0(0)
Dyspaneuria 29 (64.4) 15 (65.2) 14 (63.6)
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a\: total number of cases.

BMiss ng: total number of cases with missing data.
CMin: minimum.

dMax: maximum.

Pain Perception

Differencein Pain Perception Between Baselineandthe
5 Clustered Posttreatment Measurements

Wefirst analyzed the differences between the baseline pain (TO)
and the 5 clustered posttreatment measurements covering 15
minutes to 4 hours after the treatment (ie, T15, T30, T45, T60,
and T240) in both groups using a linear mixed model (Figure
2). We did not observe any effect of the group (Endocare,

Merlot et al

control; F4g71,=-060; P=.807), but we did observe an effect of
the time (TO; F 43 094=44.179;, P<.001). Moreover, we found an
interaction for group*time (F43 004=7.343; P=.010), indicating
that the mean reduction of pain through time (TO) was
significantly different between each group (ie, Endocare,
control). Contrast analysis revealed that the mean reduction of
pain was greater in the Endocare group (1.58; t,06=6.624;
P<.001) than in the control group (0.38; t43 ,5,=2.781; P=.008).

Figure 2. Differencein pain perception between baseline and the 5 clustered posttreatment measurements. Mean pain perception (+ standard error) in
both groups (ie, Endocare, control) at baseline (black: TO) and the 5 clustered posttreatment measurements (white: T15, T30, T45, T60, and T240).
##P<.01 (interaction group*time); **P<.01 (mixed model) ***P<.001 (mixed model).

#He
.

Ty

6,5

s
[5,]

w

Mean (£SE) Pain Perception
Rl
(9]

35 1
TO T15 T30 T45 T60 T240

EndoCare

Difference in Pain Perception Between Baseline and
Each of the 5 Posttreatment Measurements

We then aimed to analyze the differences between the baseline
(TO) and each of the 5 posttreatment measurements separately
(ie, T15, T30, T45, T60, or T240) in both groups using a mixed
model (Figure 3). We did not observe any effect of the group
(F41,122=0.716; P=.402), but we did observe an effect of the
time (Fs; 235=10.066; P<.001). Moreover, we did not find an
interaction of group*time (Fs; ,35=1.618; P=.170), likely due
to a weak dtatistical power. Contrast anaysis revealed
group*time interactions at T15 (tsp000=2.211; P=.033), T30
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6,5

U
w
Mean (+SE) Pain Perception

(%3]

=
w

3,5
TO T15 T30 T45 T60 T240

Control

(t46‘241:2.226; P=031), and T45 (t4l,389:2'53; P:015), a
tendency for T60 (tzg06,=1.946; P=.059), and none for T240
(t3767=1.618; P=.114). This indicates that the mean reduction
of pain through time was significantly different between each
group (ie, Endocare, control) from T15 to T45, but it was not
significantly different from T60 to T240. For the Endocare
group, the pain perception reduction was significant in each of
the 5 posttreatment measurements (Figure 2, all P<.05). For the
control group, except for a tendency at T15 (ty;000=2.576;
P=.068), no significance was reached relative to the pain
perception reduction in each of the 5 posttreatment
measurements (all P>.05).
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Figure 3. Differencein pain perception before and each of the 5 posttreatments measurements. Mean pain perception (+ standard error) in both groups
(bold line: Endocare; dash-line: control) at baseline (T0) and each of the 5 posttreatment measurements (T 15, T30, T45, T60, or T240). +P<.05 (t test);

*P<.05 (mixed model).
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Covariance For Adenomyosis and Surgery

A total of 31 (70%) participants had surgery related to
endometriosis (14 in the Endocare group and 17 in the control),
and 11 (25%) suffered from adenomyosis (6 in the Endocare
group and 5 in the control). Thus, we introduced 2 covariates,
surgery and adenomyosis, into the linear mixed model. Neither
surgery (F41,g00=-009; P=.924) nor adenomyosis (F 4 7,=-001;
P=.982) changed the results. This indicates that the effect of
the treatment on pain was independent of these 2 conditions.

Differencein Pain Relief at Each of the 5 Posttreatment
Measurements

At each posttreatment measurements, participants were asked
to measure their perceived pain relief on a 5-point numerical
scale from no relief to total relief (Figure 4). The mean pain
relief reported was 28% (SD 24.28%) for Endocare and 15%
(SD 16.34%) for the control group. Nonparametric Wilcoxon
unilateral unpaired tests corrected for multiple comparisons
with FDR were performed. All posttreatment measurements
present a significantly higher pain relief score for Endocare
compared to the control group (all P<.05).

Figure4. Differencein pain relief at each of the 5 posttreatment measurements. Percentage of pain relief (+ standard error of the mean) in both groups
(circles and bold line: Endocare; squares and dash-line: control) at each of the 5 posttreatment measurements (T15, T30, T45, T60, or T240). +P<.05

(Wilcoxon).
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Maximum Reduction in Pain Assessed by NRS

Finally, we analyzed the maximum reduction of pain intensity
in both groups. The mean maximum effect was 42% (95% ClI
30.82-53.18) for Endocare and 22% (95% Cl 15.38-28.53) for
the control group. The maximum effect was significantly higher
for the treatment group (Endocare; Cochran t-test, P=.004).

Adverse Events

Seven (15%) participants reported mild-to-moderate AEs, of
which 4 (8%) were evaluated as probably unrelated and 3 (6%)
as possibly related to the Endocare treatment. The 3 possibly
related events were within the treatment group and described
as amild headache and nausea related to motion sickness.

Discussion

Principal Results

In this RCT, we aimed to measure the immediate and 4 hours
persisting effects of asingle use of a20-minute DTx (Endocare)
on pain in women living with pelvic pain related to
endometriosis. We showed that Endocare was able to
significantly reduce the overall pain perception when comparing
the pain at baseline (TO) with the combined 5 posttreatment
measurements from 15 minutes (T15) to 4 hours (T240).

We found that our digital control was also able to significantly
reduce the overall pain perception but significantly less than
the Endocare treatment. Next, we wanted to evaluate whether
the pain reduction was significant at each posttreatment
measurement (ie, T15, T30, T45, T60, and T240) compared to
baseline (TO) in each group. We showed that this was the case
for the Endocare group but not for the control group, thus
confirming the analgesic effect of the Endocare treatment. To
our knowledge, our study is the first to demonstrate an effect
on pain reduction in women living with moderate-to-severe
pelvic pain dueto endometriosis by using anonpharmacol ogical
treatment that combined VR with visual and auditory stimuli.

Comparison With Prior Work

Numerous studies have shown that VR is an effective way to
reduce acute pain intensity, especially pain experienced during
medical procedures, by burn victims, or by women during
childbirth [24,33-36]. The vast majority of the studies on acute
pain only measured pain intensity directly after the treatment,
within minutes, or up to 1 hour [34,35,37,38]. Some studies
also looked at the effects of VR on chronic pain [24,36]. For
instance, studies on patients living with neuropathic,
musculoskeletal, phantom limb, or indefinite chronic pain
showed reduced pain intensity during or immediately after VR
application [39-43]. More recently, a study also reported that
56 days of VR was effective at reducing chronic low back pain
throughout the entire duration of the treatment [8]. However,
there was no precise indication of how long participants rated
their pain after the treatment intake during each of the 56 days.
In our study, we measured pain intensity in a short-term period,
showing that VR can reduce pain intensity for up to 4 hours,
which is comparable to some analgesics. Indeed, a systematic
review noted multiple analgesicsfor their ability to relieve acute
postoperative pain by half over a 4-6-hour period [44]. In our
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study, to potentialize VR effects, we chose various auditory (eg,
alpha/theta binaural beats, nature-based sounds) and visua (eg,
bilateral alternative stimulations) therapeutic procedures known
to relieve pain in different conditions (eg, premenstrual pain,
medical imaging procedures, experimental pain, or caesarean
section [25-27]). Lucine aimed to combine these stimuli into
the DTx treatment Endocare to act on different components of
pain. Among the auditory stimuli used in the treatment, binaural
beats are associated with a calm and positive affect and are
known to reduce stress and anxiety [45,46], contributing to
reduced pain perception. Studies also reported that nature-based
sounds can promote relief, concentration, and asleep [47],
especialy by masking environmental noise [48,49] or by
amplifying slow waves sleep [50,51]. Therefore, these auditory
stimuli can help people with CPP and endometriosis relax and
feel reduced pain. Listening to nature soundsis also used in the
medical context to reduce pain during surgeries, such ascesarean
section, or for intensive care patients [27,52]. Moreover, a
systematic review indicated that visual bilateral aternative
stimulations can effectively reduce chronic pain [53].

Thus, the combination of these stimulations potentialized with
the VR experience could lead to the decrease in pain observed
in the Endocare group immediately after and up to 4 hours
posttreatment.

In the field of VR research, while some studies do not use a
control group [40,42], others compare the effects of VR with
medication intake [54] or with totally different controls, such
asclosing theeyes or adistraction selected by the control group
itself (eg, reading, meditating) [35,39,41]. This can be
problematic sinceit is difficult to conclude on the use of VR or
a simple headset effect. To our knowledge, only 1 study used
a sham VR group, with noninteractive 2D nature scenes, and
reported positive outcomes in both groups with reductions in
pain and al domains of pain-related interference [8]. In this
study, the sham group used the same V R apparatus as the other
group. However, the environment of the 2 groups was not
identical: the treatment group had a visual display skill-based
interactive 3D environment, while the sham group had a
noninteractive 2D nature scene. We purport that this type of
control is closer to the treatment and thus easier to be
double-blinded. Neverthel ess, we could not definitively conclude
on whether our results were due to the stimulations or the
headset itself, since the immersive effect of the headset could
be considered as part of the treatment [55].

In thisstudy, we choseto useadigital control program displayed
through a 2D tablet with a headset, allowing us to control for
the Endocare treatment and not solely the VR apparatus or the
stimuli. Indeed, our digital control contained the same
composition asthe Endocare treatment (ie, context, environment,
duration) without the immersive aspect of VR or the auditory
and visual stimuli of the treatment. However, to preserve an
immersive-like session, we chose to keep a soundtrack
composed of nature sounds related to the projected image in
the control group, which could potentially explain the positive
outcome observed. This dight decrease in pain intensity
observed in the control group indicates that our control is
relevant.
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Limitations

One limitation of our study may be the population, as we
decided to work with patients living with mostly severe pain
related to a complex and chronic pain condition, which could
represent a selection bias. We likely could have had dlightly
better treatment results with less severe pain conditions.
However, to assess this potential selection bias and analyze
whether the beneficia effect would be lessened in populations
with complex pathologies related to endometriosis, we
covariated for surgery and adenomyosis, 2 conditions with
potentially more pain and less responses to the treatment. We
found that the results were equivalent, suggesting a similar
effect in all subpopulations, including those with a more
complex pathophysiology. Nevertheless, an effect in the range
of 30% for Endocare can ultimately be considered moderately
significant according to the IMMPACT guidelines [56]. This
can be explained by the design of our study itself. Indeed, our
relatively small sample size, or perhaps the unique use of the
treatment, could have lessened the effect. Nevertheless, it is
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important to highlight the fact that we reached significance even
with this design. Future studies should aim to confirm these
results with a larger population size and repeated use of the
treatment.

Conclusions

In conclusion, thispilot study on the Endocare treatment shows
encouraging results for developing a digital therapy to relieve
patients of pelvic and perinea pain associated with
endometriosis. Moreover, Endocare treatment can be a great
alternative to hormonal treatment or surgery for women who
wish to get pregnant. These results will be further investigated
in asecond study eval uating the anal gesic effects of the repeated
use of Endocare at home with a larger population of women
living with chronic pelvic pain associated with endometriosis.
In the future, Endocare could benefit patients diagnosed with
endometriosisduring their everyday lifeto reduce the acuteand
chronic pain encountered in this pathol ogy, thusimproving their
quality of life.
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CPP: chronic pelvic pain

DTx: digital therapeutics

FDR: falsediscovery rate

IFEMEndo: Franco-European Multidisciplinary Endometriosis Institute

IMMPACT: Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
MRI: magnetic resonance imagery

NRS: numerical rating scale

RCT: randomized controlled trial

VR: virtua reality
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