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ABSTRACT

STUDY QUESTION: Is increasing the intensity of high-intensity focused ultrasound (HIFU) by 30% in the treatment of rectal endome-
triosis a safe procedure?

SUMMARY ANSWER: This study demonstrates the safety of a 30% increase in the intensity of HIFU in the treatment of rectal endo-
metriosis, with no Clavien-Dindo Grade III complications overall, and namely no rectovaginal fistulae.

WHAT IS KNOWN ALREADY: A feasibility study including 20 patients with rectal endometriosis demonstrated, with no severe com-
plications, a significant improvement in digestive disorders, dysmenorrhoea, dyspareunia, and health status, although the volume of
the endometriosis nodule did not appear to be reduced.

STUDY DESIGN, SIZE, DURATION: A prospective multicentre cohort study was conducted between 2020 and 2022 with 60 patients
with symptomatic rectal endometriosis. Following the failure of medical treatment, HIFU treatment was offered as an alternative
to surgery.

PARTICIPANTS/MATERIALS, SETTING, METHODS: As the main objective of this study was to examine safety, all adverse events ob-
served during the 6 months of follow-up were analysed and graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) and Clavien-Dindo classifications. Secondary objectives included evaluating the evolution of
symptoms using validated questionnaires: gynaecological and digestive pain symptoms with a visual analogue scale, health status
with the Medical Outcomes Study 36-item Short Form (SF-36) questionnaire, average post-operative daily pain level, and analgesic
medication required in the 10days following treatment. MRI was also performed at Day 1 to detect early complications. Finally, we
performed a blinded MRI review of the evolution of the nodule at 6 months post-treatment.

MAIN RESULTS AND THE ROLE OF CHANGE: The procedure was performed under spinal anaesthesia for 30% of the patients. The
median duration of treatment was 32 min. Fifty-five patients left the hospital on Day 1. MRI scans performed on Day 1 did not high-
light any early-onset post-operative complication. Using the Clavien-Dindo classification, we listed 56.7% Grade I events, 3.4%
Grade II events, and no events Grade III or higher. At 1, 3, and 6 months, all gynaecologic, digestive and general symptoms, as well
as health status, had significantly improved. The evolution of the nodule was also significant (P <0.001) with a 28% decrease
in volume.

LIMITATIONS, REASONS FOR CAUTION: The main objective was safety and not effectiveness. The study was not randomized and
there was no control group.

WIDER IMPLICATIONS OF THE FINDINGS: HIFU treatment for rectal endometriosis results in an improvement of symptoms with
low morbidity; as such, for selected patients, it could be a valuable alternative to surgical approaches following the failure of medi-
cal treatment.

STUDY FUNDING/COMPETING INTEREST(S): The study was funded by the company EDAP TMS. Professors Dubernard and Rousset
are consultants for EDAP TMS. Dubernard received travel support from EDAP-TMS. Dr F. Chavrier received industrial grants from
EDAP-TMS. He has developed a device for generating focused ultrasonic waves with reduced treatment time. This device has been
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Introduction

Deep infiltrating rectal endometriosis (rectal DIE) affects 8-12%
of women with intestinal endometriosis (Seracchioli et al., 2007;
Wills et al., 2008). Over 80% of these digestive cases have a rectal
or lower sigmoid involvement (Chapron et al., 2006). Rectal endo-
metriosis lesions often extend from the torus uterinum and/or
utero-sacral ligaments (USL) and may also spread to the posterior
vaginal cuff (Abrao et al., 2015). Together, this results in a large fi-
brotic endometriosis lesion between the rectal and uterine area,
causing debilitating painful symptoms (Chapron et al., 2004).
Patients with rectal DIE experience more symptoms than other
forms of endometriosis. They report dysmenorrhoea, deep dys-
pareunia, and gastrointestinal disorders including bloating, alter-
nating diarrhoea and constipation, rectal cramping, and pain on
defecation. Medical treatment can be used, but it is contraceptive
and often only effective in the short term, with poor tolerability.
Consequently, surgical treatment is often preferred (Nezhat et al.,
2018) and usually involves the resection of all deep infiltrating
lesions, rather than being limited to the digestive locations, as in
most cases all lesions merge into one (Chapron et al., 2004). While
surgical solutions improve pain symptoms (Byrne et al., 2018;
Vercellini et al., 2021), subsequent morbidity is significant, with
acute adverse events in 10% of cases and abnormal bladder void-
ing in up to 29% of patients (Minelli et al., 2009; Ballester et al.,
2011). Accordingly, the surgery tends to be performed in special-
ized reference centres (Roman et al., 2013; Dunselman et al.,
2014). Given the morbidity and the functional consequences of
the disease, experts are striving to offer less radical surgical solu-
tions, such as shaving or discoid resection, to avoid segmental re-
section where possible (Darwish and Roman, 2016).

High-intensity focused ultrasound (HIFU) is a widely used
gynaecological treatment for uterine fibroids (Tsai et al., 2021).
HIFU is used to target the lesion with extreme precision, leaving
nearby healthy tissue largely untouched. We demonstrated the
feasibility of HIFU treatment for rectal endometriosis in a sample
of 20 patients (Philip et al., 2020b). In that study, we observed a
significant improvement in painful symptoms, as well as the
patients’ health status, while morbidity remained low. The vol-
ume of the endometriosis nodule, however, did not appear to be
reduced. Therefore, and to attempt to demonstrate the physical
effect of the HIFU on the endometriotic nodule, we decided to in-
crease the intensity of the treatment by 30%. The main objective
of this prospective multicentre study was to verify the safety of a
30% increase in treatment intensity and the secondary objectives
were the efficacy on gynaecologic and digestive symptoms and
on the patients’ health status.

Materials and methods

This prospective multicentre safety study, ENDO-HIFU-R1
(ClinicalTrials.gov identifier NCT04494568) was conducted between
September 2020 and August 2022 across four endometriosis referral
centres in France: Croix-Rousse University Hospital (Lyon), Angers
University Hospital (Angers), Kremlin-Bicétre University Hospital
(Paris), and a private hospital, the Tivoli-Ducos clinic (Bordeaux).

Participating centres were selected based on their recognized
expertise in the diagnosis and management of endometriosis,
as well as their involvement in a programme dedicated to de-
veloping HIFU treatment in France for benign gynaecological
pathologies (myomas and adenomyosis). The geographic
spread of the centres also allowed recruitment of patients
more widely.

Ethics approval

The study was approved by the ethics committee (CPP SUD-EST I,
2020-61) and the French National Medical Safety Agency (ANSM;
IDRCB 2020-A00467-32). All the participants involved in the study
gave their written informed consent.

Study population and participants

In each centre, consecutive patients matching the profile de-
scribed below were recruited if they met the inclusion criteria.
The study included patients aged >25 years with gastrointestinal
endometriosis with rectal involvement and experiencing symp-
toms; treatment was offered as an alternative to surgical man-
agement after the failure or the poor tolerance of medical
treatment in patients with no history of rectal surgery. Patients
were required to make no changes to their medical and hormonal
treatment throughout the follow-up (6 months) so that the HIFU
treatment would remain the only factor influencing symptoms.
Patients with no desire for a pregnancy within 6 months of treat-
ment were selected, so that MRI could be performed at the end of
the study to assess the evolution of the rectal lesion. As Focal
One® (FO) treatment is ultrasound-guided (Philip et al., 2020a),
the rectal lesion needed to be visible by ultrasound at the diagno-
sis. Final confirmation of the patients’ inclusion was based on
MRI criteria according to the ENZIAN classification (Burla et al.,
2019). A centralized reading of the MRI scans by an expert radiol-
ogist (E.M.) following a specific protocol was used to verify the in-
clusion criteria were met and thus validate each patient’s
recruitment to the study. A dedicated MRI protocol was per-
formed following the sequences recommended by the European
Society of Urogenital Radiology guidelines (Bazot et al., 2017).
Additional T2-weighted MRI sequences with thin axial and per-
pendicular slices to the rectal nodule were performed with the
use of semi-automatic software (Olea®; Olea Medical, La Ciotat,
France) to assess their volume. Moreover, sagittal diffusion, sagit-
tal dynamic contrast-enhanced fat-saturated T1-weighted, and
axial oblique contrast-enhanced T1 Water Fat Shift focused on
the rectal nodule were performed to assess post-HIFU complica-
tions. The same process was followed for each of the three MRI
scans planned in the study protocol (pre-operatively, on Day 1,
and 6-months post-treatment). A definitive diagnosis of intesti-
nal endometriosis was confirmed by a thickening of the bowel
wall (mainly >3 mm) on T2-weighted studies, by an iso- or hypo-
intense (relative to the myometrium) nodular, mass or plaque-
like bowel wall thickening, and by an associated obliteration of
the normal hypointense signal of the wall interrupting the nor-
mal aspect (Bazot et al., 2004). The distance between the superior
extremity of the lesion and the anal margin (AM) was also mea-
sured by MRI to determine the location of the lesions according
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to the following scale: high rectum (within 10-15cm of the AM),
middle rectum (5-10cm of the AM), and low rectum (0-5cm of
the AM) (Lee et al., 2019). Moreover, due to the volume of the rec-
tal probe, the percentage of stenosis of the digestive lumen
needed to be <50%. With the MRI, we were also able to identify
other areas of deep endometriosis involvement, whether poste-
rior (uterosacral ligaments, torus uterinum, vagina, parametrium)
or surrounding the bladder, using MRI ENZIAN (Maciel
etal., 2023).

Treatments and assessments

The FO device (EDAP TMS, Vaulx-en-Velin, France) is a real-time
ultrasound-guided robotic device approved for transrectal HIFU
treatment of prostate cancer (Crouzet et al,, 2010; Rischmann
et al., 2015; Bakavicius et al., 2022). The treatment is performed
through the rectal wall. FO treatment was performed in an oper-
ating room, under either spinal or general anaesthesia. We first
localized and assessed the volume of the endometriosis lesion,
both the rectal nodule and other locations of DIE (USL, torus uteri-
num, posterior vaginal cuff) when they were visible with the im-
aging transducer. The lesion then was divided in a series of
transverse slices at 1.7-mm intervals by the therapeutic trans-
ducer. For each slice, the operator manually defined the contour
of the area to be treated, which matched the limits of the endo-
metriosis lesion. Then the FO software automatically dispensed
the burst of the HIFU beam to cover the target volume entirely
(Fig. 1). To prevent the risk of rectovaginal fistulae (RVF), a safety
margin of 3mm from the rectal mucosae was automatically ap-
plied. When the volume treated was below 90% of the pretreat-
ment scanning volume, it was considered a partial treatment.
The HIFU procedures were performed by all the surgeons in-
volved in the study. The teams in Paris, Angers, and Bordeaux

Ballogn

Figure 1. High-intensity focused ultrasound energy plan on a
transversal slice; image obtained during treatment for rectal
endometriosis. Balloon around the probe. RM, rectal mucosae; RN,
rectal nodule developed from the right uterosacral ligament; EL, limits of
endometrial nodule, defined manually by the clinician. The number of
HIFU beams required to treat the area is based directly on this
contouring. TD, limits of the thermal diffusion depending on number of
HIFU beams (yellow line); Hb, HIFU beams; HIFU, high-intensity

focused ultrasound.

were trained by the Lyon surgeons (G.D., SW. and C.-A.P.) and
supervised by them when administering the treatments.

Compared with the feasibility study, HIFU intensity was in-
creased by 30%. As the main objective was safety, all adverse
events reported during the 6-month follow-up period were ana-
lysed and graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE v5.0),
as well as post-operative complications according to the Clavien—
Dindo classification (Clavien et al., 2009). We also planned an MRI
on Day 1 to identify the treatment area and look for potential
early complications. The secondary objective was the evolution
of symptoms, assessed by comparing the answers to the vali-
dated questionnaires before treatment and 1-, 3-, and 6-months
post-treatment in association with consultations with the doctor
who performed the treatment in each centre. We used a vali-
dated visual analogue scale to assess gynaecological and gastro-
intestinal symptoms (Dubernard et al., 2006; Daral et al., 2010;
Ballester et al., 2011). Health status was assessed using the
Medical Outcomes Study 36-item Short Form (MOS-SF-36) ques-
tionnaire (Dubernard et al., 2008a; Bourdel et al., 2019), while av-
erage daily post-operative pain levels and analgesic medication
requirements were assessed during the first 10days post-
treatment by analysing the data collected in patient diaries.
Specific symptoms were evaluated at each follow-up time point:
anal continence with the Wexner questionnaire, constipation
with the Knowles—Eccersley-Scott Symptom (KESS) question-
naire, urinary function and continence with the Urinary
Symptom Profile (USP) questionnaire, and sexual function with
the Female Sexual Function Index (FSFI) questionnaire.

An assessment of the evolution of the nodule was also per-
formed. Pretreatment and 6-month post-treatment MRI scans
were centralized for a blinded review (in terms of patient identifi-
cation and MRI timing). An independent radiologist (P.R.) special-
ized in endometriosis, who was not involved in the selection of
the patients, measured the volume of the nodules. Surveys were
sent electronically to the patients using Castor ePRO
(Castor, Amsterdam).

Statistical analysis

A statistical analysis was conducted using IBM SPSS Statistics,
Release 28 (IBM Corp. Released 2021. IBM SPSS Statistics for
Windows, Version 28.0. Armonk, NY: IBM Corp). Binary and cate-
gorical data were presented with counts and percentages, contin-
uous data with summary statistics (N, mean, median, SD, min,
max, and 95% CI for specific outcomes). Normal distribution was
assessed using the Kolmogorov-Smirnov test. When appropriate,
pre- and post-paired comparisons were assessed with either a
paired sample Student’s t-test or a Wilcoxon test. A Type I error
rate (« level) of 5% (P < 0.05) was used for statistical significance.
Safety analyses were presented as the number of adverse events
reported, with the corresponding number of patients experienc-
ing events. Serious adverse events were detailed individually.

Results

Sixty-five patients were initially included in the study. We
reported 5 (8%) cases of inability to proceed owing to severe ute-
rosacral ligaments retraction and/or a stenosis of the rectal lu-
men by the rectal nodule, which limited the progression of the
probe. The study therefore included 60 treated patients. The clin-
ical history of the patients and the characterization of the endo-
metriotic lesions are reported in Table 1. The mean age of the
patients was 35.7 years. Overall, 41 patients (68.3%) were using
contraception at baseline. Severe posterior deep infiltrating
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Table 1. Baseline patient and endometriosis characteristics.

Patient characteristics (N = 60) Mean + SD (Median) [Range]
First symptoms
Age at onset (years) [11; 50]

229+96  (21.2)
(

Time from onset (years) 12.4+8.2 11.4) [0.8;32]

Diagnosis

Age at diagnosis (years) 31.0x6.1 (30.5) [19; 51]
Time to diagnosis (years) 49+49 (3.5) [0.1; 23]
Before intervention
Age at intervention (years) 35.9+6.2 (35.4) [26; 53]
BMI 242+41  (23.8)  [17;36]
Gravidity 0.95+1.16 (1.0) [0; 4]
Parity 0.73£090  (0.0) [0; 3]
Pregnancy plan 12 (20.0)
Infertility 15 (25.0)
Hormonal treatment
No treatment 17 (28.4)
Non-hormonal treatment 5 (8.3)
Hormonal treatment 38 (63.3)
Other endometriosis locations
Vagina 44 (73.3)
Torus uterinum 42 (70.0)
Uterosacral ligaments 54 (90.0)
(LorR)
Endometrioma (L or R) 15 (25.0)
Bladder 1 (1.7)
Other 13 (21.7)
External adenomyosis 11 (18.6)
Prior endometriosis surgery 15 (25.0)
Prior abdominal surgery 25 (41.7)
Nodule characteristics
Height (mm) 26+0.9 (2.4) (1;4.8]
Width (mm) 2.0+0.6 (1.9  [1.1;3.6]
Thickness (mm) 1.0+0.5 (0.9 [0.5; 3.4]
Volume (mm?) 27+2.4 (2.2)  [0.3;14.0]
Nodule position from rectum
(based pre-therapeutic MRI)
Lower limit (mm) 94+16 (9.0) [5.0; 13]

Mid-point (mm) 10.7+1.5 (10.9) [6.9; 14]
Upper limit (mm) 12.1+£1.6 (12.0) [8.7; 15]
Nodule in mid rectum 22 (36.7)
Nodule in upper rectum 38 (63.3)

lesions were included in the study with multiple locations. The rec-
tal nodules (based on the midpoint) were located in the upper rec-
tum for 38 patients (63.3%) and in the mid-rectum for the
remaining patients. Other DIE localizations most commonly ob-
served on the MRI were the USL (90.0%), vagina (73.3%), and torus
uterinum (70.0%). The description of endometriotic lesions according
to the ENZIAN classification is reported in Supplementary Table S1.

Treatment procedures are reported in Table 2. Median procedure
duration, from probe insertion to probe removal, including planifica-
tion and treatment, was 32 min (range, 17-89). In addition to the rec-
tal lesion, HIFU targeted the torus uterinum in 70.0% of cases, USL in
41.7%, and the vagina in 11.7%. Fifty-five (91.7%) patients left the
hospital on Day 1 after the MRI had been performed.

Adverse events according to the safety evaluation are reported
in Table 3. Of the 36 (60.0%) patients with related adverse events,
34 (56.7%) were Grade I events and 2 (3.3%) were Grade II. No
event Grade III or higher was observed. The most commonly
reported gastrointestinal disorders (43.3% of patients) included
rectal pain (15.0%), constipation (13.3%), diarrhoea (10.0%), and
rectal haemorrhage (8.3%). Among the reproductive system dis-
orders, vaginal haemorrhage was reported in 11.7% of patients,
and pelvic pain and vaginal discharge in 6.7% each.

Of the two patients with Clavien-Dindo Grade II complica-
tions, one was a combined vaginal and bladder infection and one
was a bladder atony with severe voiding dysfunction; for the lat-
ter, the procedure was performed under spinal anaesthesia and

Table 2. Treatment procedures for the patients with rectal
endometriosis.

Treatment procedure (N=60) Mean + SD (Median) [Range]
Anaesthesia
General 42 (70.0)
Spinal 18 (30.0)
HIFU session
Treatment completion
Complete 51 (85.0)
Partial 9 (15.0)
Treatment duration 0:35+0:13 (0:32) [17; 89]
(hh:mm)
Operating time (hh:mm) 1:26£0:21 (1:24) (40; 168]
Nights in hospital 0.95+0.29 (1) [0; 2]
Ambulatory 4 (6.7)
One night 55 (91.7)
Two nights 1 (1.7)
Sick leave duration (days),  9.6+5.1 (12) [2;21]
N=43
Treated lesions
Firing duration (mm:ss) 2:30+1:37  (0:35;9:34) [0:17; 1:29]
Number of elementary 150+97 (131) [35; 584]
lesions
Location
Rectum 60 (100.0)
Torus uterinum 42 (70.0)
Vagina 7 (11.7)
Uterosacral ligaments 25 (41.7)

HIFU, high-intensity focused ultrasound.

the patient presented a bladder globe of 700 cc after removal of
the bladder catheter, worsening a pre-operative urinary voiding
dysfunction.

According to patient diaries, a moderate level of post-
operative pain was reported, with a median level of 3 on Day 1
(Supplementary Fig. S1). A progressive reduction of post-
operative pain within the first 10days after treatment reached a
median of 0 from Day 8. Type >2 analgesics were used by 25% of
patients immediately after the procedure, and by fewer than 20%
after Day 5. For the 48 patients in employment, the mean sick
leave duration was 9.6 days (range, 2-21).

No early complication was reported on the MRI performed on
Day 1. Immediate efficacy was not available for one patient be-
cause of artefacts. For the others, the devascularization area and
modification of the nodule were observed in 51 (86.4%) and 49
(83.0%) patients, respectively. As expected, most of the MRI modi-
fications involved the pelvic fat (63.3%), rectal wall (65%), and va-
gina (13.3%).

Symptom evolution is reported in Table 4 and Fig. 2A. Among
the 60 patients treated, two had an unplanned pregnancy during
the follow-up period; both were removed from the paired evalua-
tions. All the gynaecologic and gastrointestinal symptoms showed
significant improvement at all follow-up evaluation points. This im-
provement was maintained for all symptoms, with no significant
variation between 1 and 3months, 1 and 6months, or 3 and
6months (except for dyspareunia, P=0.035). More specifically, for
the gynaecologic symptoms, the proportion of patients having
reported a symptom diminution during follow-up was 91.8%,
89.8%, and 81.6% for acute pelvic pain and 88.4%, 90.7%, and 83.7%
for dyspareunia at 1, 3, and 6 months, respectively. In the same
way, for digestive symptoms, a high proportion of patients (from
85.7% to 97.1%) reported a symptom diminution for any of the six
digestive symptoms components at all follow-up evaluations.

According to the health status analysis based on the SF-36
questionnaire (Table 5 and Fig. 2B), the proportion of patients
having reported an improvement at é months was 65.5% and
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Table 3. Related adverse events according to the System Organ Class and Clavien-Dindo classifications.

Clavien-Dindo Grade I

Clavien-Dindo Grade II Clavien-Dindo Grade III (%)

SOC and Clavien-Dindo (N = 60) Event (%) Subject (%) Event (%) Subject (%) Event (%) Subject (%)
Any 76 (92.7) 34 (56.7) 4 (4.9) 2 (3.3) 0(0.0) 0(0.0)
Gastrointestinal disorders 43 (52.4) 26 (43.3)

Reproductive system and breast disorders 15 (18.3) 11(18.3)

General disorders and admin, site conditions 11 (13.4) 9 (15.0)

Renal and urinary disorders 3(3.7) 3(5.0) 2(2.4) 1(1.7)

Infections and infestations 2(2.4) 1(1.7)

Skin and subcutaneous disorders 1(1.2) 1(1.7)

Musculoskeletal and connective tissue disorders 1(1.2) 1(1.7)

Nervous system disorders 1(1.2) 1(1.7)

Psychiatric disorders 1(1.2) 1(1.7)

Clavien-Dindo was not applicable for two complications: one case of diarrhoea the day before treatment (probably due to the implementation of the study
procedures) and one case of cervical stiches (due to a Museux clamp required during the HIFU procedure).

HIFU, high-intensity focused ultrasound.

84.5% for Physical score and Mental score components, respec-
tively. A significant improvement was observed since the
1-month visit, except for Role limitation due to Physical Health
(RP) and Physical Component Scale, which were significantly
improved from the 3-months evaluation. This quality-of-life
improvement was maintained for all the items during follow-up
with no significant variation between 1 and 3months, 1 and
6months, and 3 and 6 months, except for RP, Social Functioning,
Bodily Pain and Physical Component Scale, where the improve-
ment still increased after the 1-month visit. Urinary symptoms
(USP questionnaire) were also improved for urinary urgency at
6months and incomplete bladder voiding at 1 and 6émonths
(Supplementary Table S2).

The FSFI, Wexner, and KESS questionnaire results are pro-
vided in Supplementary Tables S3, S4, and S5, respectively.
Regarding continence (Wexner score), an improvement was ob-
served but it was non-significant. Conversely, we observed a sig-
nificant improvement in constipation at 6 months (KESS score).
The FSFI score, which was below 26 in half of our patients, was
shown to have significantly improved by 2.2 points (P =0.012).

Patient perceptions were positive, with 81.0%, 89.7%, and
84.5% of patients feeling that their condition had improved at 1,
3, and 6 months, respectively (Supplementary Table S6). This sat-
isfaction was also reflected, at 6 months, in patient acceptance of
retreatment if necessary (94.8%) and in their recommendation of
treatment to a friend (96.6%).

Data on assessment of the nodule at 6 months are reported in
Figs 3 and 4. Among the MRI scans performed for our 60 patients,
three were censored from nodule evolution analysis: two because
of pregnancy and one because of the suspicion of a multiple nod-
ule that would have skewed the analysis. Volume evolution,
which was the main criteria for this blinded review, significantly
decreased from 2.92 to 2.10 cc (P < 0.001).

Discussion

This is the first prospective multicentre study to evaluate the
safety of HIFU treatment for rectal endometriosis. Among its lim-
itations, the lack of randomization and the absence of a control
group, especially regarding surgery and the length of post-HIFU
follow-up of the patients (6 months), can restrict the interpreta-
tion of the results within the wider context of the treatment of
rectal endometriosis. In addition, we cannot exclude the possibil-
ity of a placebo effect, although a randomized study by Bergqvist
et al. (1998) comparing the effects of triptorelin versus placebo on
the symptoms of endometriosis demonstrated that this effect

tended to dissipate from 2months after the start of treatment.
Finally, the HIFU treatment of gastrointestinal endometriosis
only targets rectal lesions, sometimes associated with a torus ute-
rinum and/or USL involvement. Though the disease is very often
multifocal, this treatment does not address other endometriosis
locations. However, in selected patients with rectal DIE, this mul-
ticentre prospective study confirms the very low morbidity of
HIFU treatment. In this study, we corroborated results from our
prior feasibility study (Philip et al.,, 2020b) while observing no
Grade III complications even as we increased treatment intensity
by 30%. This was also regardless of experience, as some physi-
clans were administering the treatment for the first time, un-
der guidance.

HIFU thus appears to be a safe, minimally invasive transrectal
approach. Comparatively, in a longitudinal study involving 364
gastrointestinal surgical procedures, Abo et al. (2019) encoun-
tered a 14.8% rate of Grade III complications, including 3.8%
cases of RVF (Abo et al., 2019). More recently, a meta-analysis by
Bendifallah et al. (2021) found a 1.5% rate of RVF, of which 0.3%
occurred following rectal shaving, pointing to the safety of that
approach. In contrast, the rate of Grade I complications in our
study was higher than generally found in relevant literature.
This could be caused by the study design and specified data col-
lection, as the study’s primary endpoint was safety, while Grade I
events are often omitted from other study results because they
tend to improve or resolve spontaneously with no or limited
medical intervention. Moreover, we observed a significantly
lower rate of Grade II complications then reported in the litera-
ture, especially for patients treated with a conservative ap-
proach. In the long run, however, the most problematic
complication is voiding dysfunction (Dubernard et al., 2008b;
Ballester et al., 2011, 2014), which can affect up to 19% of patients
(Jayot et al, 2018) immediately after conservative surgeries.
Although one patient in our study presented with severe bladder
dysfunction, we otherwise observed no worsening of urinary
function. Results even showed that urinary urgency and incom-
plete bladder voiding had significantly improved at 6 months. For
the one patient who experienced a serious adverse event, the in-
dependent data and safety monitoring board concluded that this
event was related to several procedures performed within the re-
search period involving spinal anaesthesia, as well as concurrent
disease (endometriosis with bilateral hypogastric plexus nerve
involvement). Moreover, a review of the MRI performed on Day 1
for this patient showed that HIFU lesions were only visualized in
the rectal nodule and not in the hypogastric plexus nerve areas.
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Table 4. Evolution of symptoms using a visual analogue scale—paired results.

HIFU (N =58)
Mean = SD (median) [IQR] (95% CI)
Gynaecological symptoms
Acute pelvic pain/dysmenorrhoea
Pre-op 6.2+3.1(7) [5;8.3] (5.4;7.0)
Sixmonths 2.8+3.0(2) [0; 5] (2.0;3.6)
Difference —3.4+3.8(-3) [=7;0] (—4.4; —2.4)
P-value <0.001
Dyspareunia
Pre-op 4.7+3.3(6) [0;7.3] (3.8;5.6)
Sixmonths 2.0+2.9 (0) [0;3.3] (1.3;2.8)
Difference —2.7+3.3(=3) [-5.3;0] (=3.5;-1.8)
P-value <0.001
Gastrointestinal symptoms
Diarrhoea
Pre-op 3.0+3.3(2.5) [0; 6] (2.2;3.9)
Six months 1.2+2.3(0) [0;1.3] (0.6;1.8)
Difference -1.9+3.1(0) [—4; 0] (-2.7,-1.1)
P-value <0.001
Constipation
Pre-op 4.7+3.7 (5.5) [0; 8] (3.7;5.7)
Six months 2.2+2.7(0) [0; 4] (1.5;2.9)
Difference —25+3.3(-2) [—4; 0] (—3.4;,-1.7)
P-value <0.001
Rectal bleeding
Pre-op 1.1+£2.5(0) [0; 0] (0.4;1.7)
Six months 0.4+1.6(0) [0; 0] (0.0;0.9)
Difference -0.6+2.6 (0) [0; 0] (=1.3;0.0)
P-value 0.035
False urges
Pre-op 2.6+3.0(0) [0; 5] (1.8;3.4)
Six months 0.6+1.9(0) [0; 0] (0.2;1.7)
Difference -1.9+2.8(0) [—4; 0] (=2.7,-1.2)
P-value <0.001
Tenesmus/spasms
Pre-op 5.7+3.0(6) [4.8; 8] (4.9;6.5)
Six months 2.8+2.9(3) [0; 5] (2.1;3.6)
Difference —2.8+3.3(=2.5) [-6; 0] (=3.7;,-2.0)
P-value <0.001
Pain on defecation
Pre-op 3.9+3.7(4) [0; 7] (2.9;4.9)
Six months 1.3+2.1(0) [0;2.3] (0.8;1.9)
Difference —2.6+3.1(-2) [-5; 0] (—3.4;,-1.7)
P-value <0.001
General symptoms
Post-pelvic pain
Pre-op 3.6+3.8(3) [0; 7] (2.6; 4.6)
Six months 2.1+2.8(0) [0;3.3] (1.4;2.8)
Difference -1.5+3.7 (0) [-5; 0] (=2.5; =0.5)
P-value 0.004
Asthenia
Pre-op 6.4+2.6(7) [5; 8] (5.7;7.2)
Six months 42+£30(4) [1.8;7] (3.5;5.0)
Difference —2.1+3.1(-2) [—4.3; 0] (=2.9; -1.3)
P-value <0.001

HIFU, high-intensity focused ultrasound; IQR, interquartile range.

In addition to low morbidity, it is worth mentioning that the
duration of HIFU treatment and hospital stay are much shorter
than for surgery. Comparatively, the average treatment time for
the surgical management of patients was 208 min, which in-
cluded removal of all endometriotic lesions (Abo et al., 2018); the
average length of hospital stay was 7.5days (Jayot et al., 2018).
Moreover, the median post-operative pain score remained very
low, allowing outpatient management. The low duration of the
procedure and the hospital stay can also explain the significant
reduction of post-operative morbidity. Therefore, HIFU treatment
also appears to be a cost-effective procedure that could have
health economics benefits in the future.

The study confirmed a significant improvement in the
patients’ gynaecological symptoms, digestive symptoms, and
health status. Currently, surgery is the standard of care for diges-
tive endometriosis as it helps to significantly improve symptoms.
In a previous prospective study involving 58 colorectal resections,
we demonstrated a significant improvement of digestive symp-
toms (Dubernard et al., 2006). Such improvements have since
been corroborated in several studies (Mabrouk et al., 2011; Ribeiro
et al, 2014; Touboul et al, 2015; Comptour et al., 2019).
Comparably to surgery, improvements are observed after HIFU
treatment across all symptoms, dyspareunia in particular, as
early as the first month post-treatment. The significant reduction
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Figure 2. Evolution of symptoms and health status at 1, 3, and 6 months after treatment by high-intensity focused ultrasound for rectal
endometriosis. (A) Symptoms, measured by visual analogue scale (1-10); (B) health status, measured by Medical Outcomes Study 36-item Short Form
questionnaire. Pre-op, pre-operative; 1-mo, 1 month; 3-mo, 3 months; 6-mo, 6 months.
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Table 5. Evolution of health status according to the MOS-SF-36 questionnaire—paired results.

HIFU (N =58)

MOS-SF-36 health status Mean + SD (median) [IQR] (95% CI)

PF: physical functioning
Pre-op 80.6+21.4 (90) [70; 95] (75; 86)
Six months 89.1+14.1(93) [85; 100] (85; 93)
Difference 8.5+16.2(5) [-5;15] (4.3;12.8)
P-value <0.001

RP: role limitation due to physical health
Pre-op 51.3+40.9 (50) [0; 100] (41; 62)
Six months 70.7 +40.3 (100) [25; 100] (60; 81)
Difference 19.4+48.0 (0) [0; 50] (6.8;32
P-value <0.001

RE: role limitation due to emotional problems
Pre-op 43.7+37.0 (33) [0; 67] (34; 53)
Six months 74.1+38.5 (100) [33; 00] (64; 84)
Difference 30.5+44.3 (33) [0; 67] (18.8;42.1)
P-value <0.001

VT: energy/fatigue
Pre-op 34.1+17.8 (30) [20; 45] (29; 38)
Six months 48.8+19.7 (50) [50; 65] (44; 54)
Difference 14.7 £16.8 (15) [0; 25] (10.3; 19.2)
P-value <0.001

MH: emotional well-being
Pre-op 50.6+19.5 (52) [36; 64] (46; 56)
Six months 65.0+18.2 (68) [52; 80] (60; 70)
Difference 14.3+18.7 (10) [0; 25] (9.4;19.3)
P-value <0.001

SF: social functioning
Pre-op 52.4+24.2 (50) [38; 63] (46; 59)
Six months 76.5+21.3 (75) (63; 100] (71; 82)
Difference 24.1+21.3(25) [13; 38] (18.5; 29.7)
P-value <0.001

BP: bodily pain
Pre-op 49.2+£23.7 (45) [34; 68] (43; 55)
Six months 71.9+20.0 (74) [58; 90] (67;77)
Difference 22.7 £25.2 (20) [7; 43] (16.1;29.3)
P-value <0.001

GH: general health
Pre-op 46.8+19.4 (45) [35; 65] (42;52)
Six months 57.8+18.4 (60) [44; 70] (53; 63)
Difference 10.9+14.3 (10) [0; 25] (7.2;14.7)
P-value <0.001

PCS: physical component summary
Pre-op 45.3+8.9 (47) [24; 61] (43; 48)
Six months 49.2+7.0 (51) [33; 63] (47;51)
Difference 3.9+7.54) [-9; +21] (2;6)
P-value <0.001

MCS: mental component summary
Pre-op 34.5+10.4 (35) [27; 40] (31;37)
Six months 443+11.2 (48) [38;52] (41; 47)
Difference 9.8+10.2 (10) [2; 16] (1.4;6.6)
P-value <0.001

MOS-SF-36, Medical Outcomes Study 36-item Short Form.
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Figure 3. Blinded revue of the nodule evolution at 6 months post-
treatment (N = 57). *P<0.05. HIFU: high-intensity focused ultrasound.

of the volume of the nodule observed after a 30% increase in the
intensity of the treatment can also explain the improvement in
digestive symptoms. As demonstrated, the gastrointestinal disor-
ders linked to endometriosis are not limited to infiltration of the
endometriosis lesions into the wall of the digestive tract, but
seem to be more complex (Roman et al., 2012). In fact, functional
disorders observed in cases of digestive endometriosis are fre-
quently compared to irritable bowel syndrome (IBS) (Chiaffarino
et al., 2021). The reduction of the volume of the rectal lesions ob-
served 6 months post-treatment, evidencing the physical effects
of the HIFU, is likely to explain the decrease in constipation, bet-
ter bowel function, and improvement in IBS symptoms.

Finally, a visible trend in recent years has been to limit the use
of radical surgical treatments, especially in digestive diseases.
Whereas digestive segmental resection used to account for
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Figure 4. MRI T2 sagittal sequences performed on the same level. (A) Before treatment, (B) Day 1 after treatment, and (C) 6 months post-treatment.
The rectal endometriosis nodule is indicated by the white arrow. In panel (B), the hyperintensity shows a thicker nodule and oedema corresponding to
the effect of the high-intensity focused ultrasound treatment. Panel (C) shows that the nodule is no longer visible.

nearly half of surgical approaches (Roman and FRIENDS group
(French coloRectal Infiltrating ENDometriosis Study Group),
2017), it is on the decrease, and surgical management is evolving
towards mostly conservative treatments. Bendifallah et al. (2021)
confirmed this in their meta-analysis, finding a 30% increase in
conservative treatments compared to a study by Donnez and
Roman (2017). The functional nature of endometriosis explains
this change in practices and the similarities in symptom im-
provement resulting from these varying surgical approaches
(Darai et al., 2010; Fanfani et al, 2010; De Cicco et al, 2011,
Meuleman et al., 2011). HIFU treatment is in line with this evolu-
tion, as the practice can be considered as equivalent to rectal
shaving in terms of the safety margin. To prevent a digestive fis-
tula, the safety margin for the first HIFU sonications is 3mm
(Fig. 1) from the rectal mucosa. Such a margin is difficult to man-
age in surgery but is probably very close to what we apply in rec-
tal shaving procedures. Consequently, considering the low
morbidity associated with this treatment approach, HIFU could
be offered as first line for a specifically selected population of
patients. Surgery would then be used after HIFU failure or for the
treatment of other endometriosis locations that are not accessi-
ble with an HIFU treatment. During the long-term follow-up pe-
riod for our feasibility study, only two patients (10%) received
surgery (one shaving and one segmental resection) and the pro-
cedure was not made more difficult by the fact that the patient
had previously been treated with HIFU (Philip et al., 2020b).

To conclude, our study confirmed that a transrectal robotic
HIFU treatment of rectal endometriosis with a 30% intensity in-
crease remained safe while significantly improving gynaecologi-
cal and digestive symptoms, as well as patients’ health status.
The significant reduction in the volume of the nodule at
6months also validates the therapeutic effect of HIFU on endo-
metriosis lesions. To further evaluate the efficacy of the tech-
nique, it should now be investigated in a study with a higher
standard of proof. A randomized double-blind study comparing
HIFU treatment and a simulated treatment (sham group) is cur-
rently underway in France across nine referral centres specializ-
ing in endometriosis.

Supplementary data

Supplementary data are available at Human Reproduction online.
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The data underlying this article are available in the article and in
its online supplementary material.
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