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ABSTRACT

STUDY QUESTION: What are the complications of transvaginal ethanol sclerotherapy for the treatment of endometriomas?

SUMMARY ANSWER: Sclerotherapy is a reliable, minimally invasive method applicable in outpatient procedures but with specific
and potential life-threatening complications that need to be identified and prevented.

WHAT IS KNOWN ALREADY: There are currently few data on the use of transvaginal ethanol sclerotherapy, and we mainly note
septic complications.

STUDY DESIGN, SIZE, DURATION: A retrospective observational cohort study was carried out. The study was conducted at an
academic hospital and included 126 women aged 31.9 +5.5 years (mean + SD), between November 2013 and June 2021. We analyzed a
total of 157 ethanol sclerotherapy treatment (EST), treated by 131 EST procedures, in 126 women.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The study included women with an indication for transvaginal ethanol
sclerotherapy. Indications were women with at least one endometrioma over 10 mm, isolated or associated with other endometriosis
locations, requiring treatment for pain or infertility before assisted reproductive treatment. We followed a standardized transvaginal
ethanol sclerotherapy procedure consisting of an ultrasound-guided transvaginal puncture of one or more endometriomas under
general anesthesia. The cyst content was completely removed and flushed with saline solution. Ethanol (96%) was injected at 60% of
the initial volume of the endometrioma, remained in the cyst for 10 min and was then completely removed. Ethanol loss was defined
as a loss of 5ml or more than 10% of the initial volume of the injected ethanol. Failure was defined by the contraindication of
endometrioma puncture because of interposition of the digestive tract, ethanol loss in the previous endometrioma treated (in case of
multiple ESTs), failure to aspirate the endometriotic fluid, contraindication to start ethanol injection owing to saline solution leakage,
or contraindication to continue ethanol injection owing to suspicions of ethanol leakage at sonography. Intraoperative complications
were defined by ethanol loss, positive blood alcohol level, and ethanol intoxication. Postoperative complications were defined by
fever, biological inflammatory syndrome, and ovarian abscess. Complications were classified according to the Clavien and Dindo
surgical classification, which is a system for classifying postoperative complications in five grades of increasing severity.

MAIN RESULTS AND THE ROLE OF CHANGE: We reported a total of 17/157 (10.8%) transvaginal ethanol sclerotherapy failures dur-
ing 14/131 (10.7%) transvaginal ethanol sclerotherapy procedures in 13/126 (10.3%) women. In the same sets of data, complication
was reported for 15/157 (9.5%) transvaginal ethanol sclerotherapy in 13/131 (9.9%) transvaginal ethanol sclerotherapy procedures in
13/126 (10.3%) women. Nine of 126 women (7.1%) had a grade I complication, one (0.8%) had a grade II complication (medical
treatment for suspicion of pelvic infection), two (1.6%) had a grade III complication (ovarian abscess) and one (0.8%) had a grade IV
complication (ethanol intoxication). We did not observe any grade V complications.

LIMITATIONS, REASONS FOR CAUTION: This was a retrospective study and pain assessment not considered. The benefit-risk
balance of endometrioma transvaginal ethanol sclerotherapy was not evaluated.

WIDER IMPLICATIONS OF THE FINDINGS: Our study is the first to evaluate the complications of transvaginal ethanol sclerotherapy
with such a large cohort of women in a standardized protocol. Transvaginal ethanol sclerotherapy seems to be an effective alternative to
laparoscopic surgery in the management of endometriomas and limits the alteration of ovarian reserve. Transvaginal ethanol sclerother-
apy is a reliable, minimally invasive method applicable on an outpatient basis. The majority of complications are Clavien-Dindo <IV, for
which preventative measures, or at least early diagnosis and treatment, can be easily performed. The risk of ethanol intoxication is rare,
but it is a life-threatening risk that must be avoided by appropriate implementation and promotion of the sclerotherapy procedures.

STUDY FUNDING/COMPETING INTEREST(S): None.
TRIAL REGISTRATION NUMBER: Aix Marseille University’s ethics committee registration number 2021-06-03-01.

Keywords: sclerotherapy / endometriosis / endometrioma / complication / ethanol / ultrasound / fertility / mini-invasive surgery /
infection / alcohol intoxication
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Introduction

Endometriosis is a common pathology, affecting about 10% of
women worldwide (Eskenazi and Warner, 1997). Endometriomas
are detected in up to 44% of women with endometriosis (Chapron
et al., 2002) and are associated with pelvic pain, deep lesions, and
disease severity (Chapron et al., 2019). Owing to their involvement
in the alteration of women'’s quality of life, treating endometrio-
mas with minimally invasive techniques remains a challenge.
Currently, conventional laparoscopic surgery with divergent cys-
tectomy traction is still the standard treatment (Nezhat et al.,
1989; Vercellini et al., 2006; Hart et al., 2008). This technique has
been shown to increase the natural pregnancy rate in infertile
women and treat pain in symptomatic women (Hart et al., 2008).
However, evidence suggests that the ovarian reserve is compro-
mised during the surgical excision of endometriomas, especially
in the case of multiple interventions (Garcia-Velasco and
Somigliana, 2009; Roustan et al., 2015). Transvaginal ethanol
sclerotherapy treatment (EST) under ultrasound guidance for
endometrioma was first described in 1988 in Japan by Akamatsu
et al. (1988). Yazbeck et al. (2009, 2012) later standardized the cur-
rent technique commonly used (Miquel et al, 2021). Several
agents have been used to induce direct destruction of the cyst
wall (tetracycline, methotrexate, and ethanol), but ethanol is cur-
rently the most evaluated and used (Aboulghar et al., 1993;
Agostini et al., 2007; Hsieh et al., 2009; Shawki et al., 2011; Wang
et al.,, 2015; Cohen et al.,, 2017). However, the preoperative and
postoperative complications of transvaginal EST for endome-
trioma are poorly reported. The aim of this study is to report and
describe the failures and complications of transvaginal EST.

Materials and methods

This was a retrospective cohort study conducted in a French aca-
demic center (La Conception Hospital, Marseille, France) between
November 2013 and June 2021. Aix Marseille University’s ethics
committee approved the study in June 2021 (2021-06-03-01).

The inclusion criteria were women with an indication of EST,
over 18years old, and affiliated with the French healthcare sys-
tem. All women gave written informed consent to provide their
medical data to be used in this study.

During this period, the indications of EST were women pre-
senting with at least one endometrioma with a diameter over
10 mm, isolated or associated with other endometriosis locations,
and requiring specific treatment for pain or infertility before un-
dergoing ART. Endometriomas could be primary or recurrent.

All women had MRI before EST to minimize the risk of mis-
diagnosing a malignant cyst and to specify the diagnosis of endo-
metrioma. As EST is not the standard treatment, indications
were discussed during multidisciplinary endometriosis meetings,
and appropriate information was given to all the women. For
women requiring treatment of endometrioma and other loca-
tions of endometriosis, EST was associated with the surgical
treatment of endometriosis by laparoscopy. EST was performed
first, followed by laparoscopy for deep endometriosis treatment
during the same intervention.

The recorded variables were demographic and clinical data,
endometrioma size before and after EST, initial cyst volume, eth-
anol volume injected, ethanol volume removed, length of EST,
blood alcohol level after EST, intraoperative complications (e.g.
organs injury and blood transfusion), and postoperative compli-
cations in the month following EST according to the Clavien-
Dindo classification (Dindo et al., 2004).

Est protocol

Routinely, we followed the standardized EST technique, as previ-
ously described by Yazbeck et al. (2009), which consists of an
ultrasound-guided transvaginal puncture of one or more endo-
metriomas (Miquel et al., 2021). The intervention was performed
by a trained gynecologist in the outpatient department in a li-
thotomy position under general anesthesia. All women presented
with a negative vaginal swab 1week before the procedure.
Antibiotic prophylaxis with 2 g Cefazolin was systematically ad-
ministered during EST to prevent pelvic infection. The initial po-
sition and size of the endometrioma were recorded (Fig. 1a). The
endometrioma was transvaginally punctured under ultrasound
guidance using a single lumen 17 G x 250mm needle (Fig. 1b).
EST was not performed if interposition of the digestive tract was
identified. The cyst content was completely removed, and its vol-
ume was measured. Part of the liquid was sent to cytology for
analysis. Immediately after the complete cyst content removal
was confirmed by sonography, the cyst was flushed with saline
solution until a clear liquid was obtained. Then, 96% ethanol was
injected at 60% of the initial volume of the endometrioma to not
over-distend and to avoid any rupture of the cyst and ethanol dif-
fusion into the pelvis (Fig. 1c). Ethanol was not injected if leakage
of saline solution, indicating cyst rupture, was diagnosed by so-
nography during flushing (saline solution leakage). The ethanol
injection was stopped if a leak was detected during the injection
by sonography (ethanol leakage). Ethanol remained in the cyst
for 10min and was then completely removed (Fig. 1d). The recov-
ered volume was noted. Ethanol loss was defined as a loss of
more than 10% of the initial volume of injected ethanol. Beyond
S5ml of ethanol loss, we considered that there was an ethanol
loss, whatever the volume of ethanol initially injected. In this
case, we recommended that each woman’s blood alcohol level be
monitored, and the anesthetic team was notified. If the blood al-
cohol level was positive, the woman was more closely monitored.
All patients were warned of the possibility of a positive blood al-
cohol level. They were forbidden to drive for 12h following
their procedure.

We defined the EST procedure as single, double, or triple accord-
ing to the number of ESTs performed during the same procedure.

EST failure was defined by the contraindication of endome-
trioma puncture because of interposition of the digestive tract,
ethanol loss in the previous endometrioma treated in case of
multiple ESTs, failure to aspirate the endometriotic fluid as it is
too thick and contains solid clotted parts, contraindication to
start ethanol injection owing to saline solution leakage, or con-
traindication to continue ethanol injection owing to suspicions of
ethanol leakage at sonography.

In case of multiple ESTs, the procedure was stopped if a failure
or intraoperative complication happened on the first or second
endometrioma treated. Therefore, untreated endometriomas
were considered EST failures.

In case of EST failure, a laparoscopic cystectomy was planned
or not, according to the preoperative information and alterna-
tives suggested to the woman before the EST procedure.

Intraoperative complications were defined as ethanol loss,
positive blood alcohol level, and ethanol intoxication.

Postoperative complications were defined as fever, biological
inflammatory syndrome, and ovarian abscess.

Complications were classified according to the Clavien and
Dindo surgical classification, which is a system for classifying
post-operative complications in five grades of increasing severity
(Dindo et al., 2004).
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Figure 1. Transvaginal ethanol sclerotherapy treatment protocol in women. (a) Initial position and size of the endometrioma. (b) Transvaginal
endometrioma puncture under ultrasound guidance. (c) 96% ethanol injection at 60% of the initial volume of the endometrioma. (d) Final aspect.

The characteristics of the women were also collected. Some
women had recurrent endometrioma initially treated with an
EST procedure and then required a second EST procedure (two
procedures). Some women had several endometriomas treated
by EST in the same EST procedure (single, double, or triple EST
procedure). Each endometrioma treated by EST was considered
as one EST. Thus, some women may have more than one EST be-
cause of a recurrent endometrioma or several endometriomas on
one or both ovaries treated at the same time. The term ‘EST’
refers to the treatment of an endometrioma by ethanol sclero-
therapy, the term ‘EST procedure’ refers to the intervention pe-
riod when one or more endometriomas could be treated, while
the term ‘women’ refers to woman treated. Women were fol-
lowed as outpatients for the those requiring simple EST or as
conventional inpatients for the women who underwent EST and
laparoscopic surgery for associated endometriosis. A visit to the
hospital was scheduled for 1 month later.

Results

Between November 2013 and October 2021, 126 women under-
went at least one EST procedure for pain treatment (68/126
(54.0%)) or infertility (58/126 (46.0%)). All the infertile women
underwent IVF after EST to treat infertility. The women’s charac-
teristics are reported in Table 1.

Ninety-seven of 126 (77.0%) women underwent an exclusive
EST procedure, while 29/126 (23.0%) women were treated in a
combined procedure with surgery for deep endometriosis.

Among these 126 women, five (4.0%) underwent the EST pro-
cedure twice. One woman underwent a second EST procedure

because the first EST procedure failed. Four women underwent a
second EST procedure for recurrent endometrioma. All four pre-
sented with a new endometrioma after the first EST procedure
for a unique endometrioma. For three of the women, recurrence
occurred in the contralateral ovary between 8 and 18 months af-
ter the first EST procedure; for one woman, recurrence occurred
in the same ovaria 41 months after the first EST procedure.

We analyzed a total of 157 EST treated by 131 EST procedures
in 126 women.

One EST was performed in 108 EST procedures, two in 20 EST
procedures, and three in three EST procedures. Among these 126
women, the data for 37 women have been published in a previous
study (Miquel et al., 2020).

The characteristics of the endometriomas are presented in
Table 2. We performed seven EST under 30mm. All EST proce-
dures under 30 mm were performed on endometrioma resistant
to medical treatment in women without a desire for conventional
cystectomy. We treated endometriomas from 10mm up to
140 mm and injected ethanol in volumes from 1ml up to 540 ml.

Failures

We reported a total of 17/157 (10.8%) EST failures during 14/131
(10.7%) EST procedures in 13/126 (10.3%) women. Among these
14 EST procedures, we found two contraindications of puncture
because of interposition of the digestive tract (single EST), two
failures to aspirate the endometriotic fluid as it was too thick and
contained solid clotted parts (single EST), nine contraindications
to inject ethanol owing to saline solution leakage, indicating rup-
ture of the cyst during flushing (six single EST procedures and
two double EST procedures in the second endometrioma and one



Table 1. Characteristics of women who have undergone
transvaginal ethanol endometrioma sclerotherapy.

N=126
Age (years) 31.9+5.5
Gravidity 0.6+1.1
Parity 0.3+0.8
BMI (kg/m?) 22.9+4.1
Tobacco smoker > 10 cigarettes 11 (8.7)
Serum AMH (ng/ml) 3.0+£2.8
AFC 11.1+7.1
AFSr grade 3.6+0.5
Extra ovarian endometriosis (MRI diagnosis) 88 (69.8)
Adenomyosis (MRI diagnosis) 18 (14.3)
History of operative laparoscopy for endometrioma 36 (28.6)
History of operative laparoscopy for endometriosis 19 (15.1)

global treatment

Bilateral endometrioma(s) 58 (46.0)
Number of endometrioma(s) 19+1.1
Combined transvaginal ethanol endometrioma 29 (23.0)

sclerotherapy procedure with surgery for deep
endometriosis

Data are mean + SD or n (%). AFC, antral follicle count on Day 3; AMH, anti-
Millerian hormone; AFSr, American Fertility Society revised.

Table 2. Characteristics of the 157 endometriomas in 126 women
who were treated using ethanol sclerotherapy.

N=157
Initial endometrioma(s) size (mm) 45.6+20.9
40 (10; 140)
Endometrioma(s) size after EST (mm) 6.9+12.9
0(0;78)
Initial endometrioma(s) volume (ml) 67.2+124.0
25 (2; 1010)
Ethanol volume injected per endometrioma(s) (ml) 37.8+124.0
15 (0; 450)
Duration of EST per endometrioma(s) (min) 10.5+2.0
10 (0; 20)

Data are mean + SD or n (%) and median (min; max). EST, ethanol
sclerotherapy for endometrioma.

double EST procedure in the first endometrioma) and one contra-
indication to inject ethanol in the second and third endome-
trioma because of failure during EST of the first endometrioma
(ethanol leakage).

In 2/157 (1.3%) EST in 2/131 (1.5%) EST procedures in 2/126
(1.6%) women, a puncture was not possible because of interposi-
tion of the digestive tract. EST was suggested for pain treatment.
Two women presented with a single endometrioma. The diame-
ters of these two endometriomas were 35 and 60 mm, respec-
tively. They had a history of endometrioma surgical resection on
the same side by conventional laparoscopic surgery with diver-
gent cystectomy traction.

For the first woman, as EST was scheduled at the same time
as the surgery for associated endometriosis, cystectomy, and ex-
cision of endometriosis lesions of the Douglas, the utero-sacral
ligament and the left ovarian fossa were performed after the EST
failure. For the second woman, as EST was also scheduled with a
laparoscopic treatment. Cystectomy and a resection of a nodule
by rectal shaving was then performed.

In 2/157 (1.3%) EST in 2/131 (1.5%) EST procedures in 2/126
(1.6%) women, where the fluid was so thick that it could not be
aspirated, two women presented with a single endometrioma,
and EST was suggested for infertility. The diameters of these two
endometriomas were 35 and 50mm. These two women had a

history of endometriosis surgery (rectovaginal septum nodule
with rectal resection for the first woman; peritoneal nodule re-
section, utero-sacral ligament resection, and divergent cystec-
tomy traction for the second woman). A conventional
laparoscopic surgery with divergent cystectomy traction was not
performed after the failure of the EST. The IVF procedure was
performed 15 days later.

In 9/157 (5.7%) EST in 9/131 (6.9%) EST procedures in 8/126
women (6.3%), saline solution leakage was found, indicating rup-
ture of the cyst. The mean + SD diameter of these nine endome-
triomas was 41.0+27.6 mm. None of these women had a history
of endometriosis surgery. Ethanol injection was not performed
because of the risk of extravasation into the pelvis. For each
woman, an alternative treatment was suggested according to
indications of EST, medical history, and woman preference.

Complications

Over the 157 EST during 131 EST procedures in 126 women, a
complication was reported for 15/157 (9.5%) EST in 13/131 (9.9%)
EST procedures in 13/126 (10.3%) women.

Nine of 126 women (7.1%) had a grade I complication, one
(0.8%) had a grade II complication, two (1.6%) had a grade II com-
plication, and one (0.8%) had a grade IV complication. We did not
find any grade V complications (Table 3).

Ethanol loss

Ethanol loss was reported in 10/131 (7.6%) EST procedures.
Median blood alcohol level was 0.39 (0.12; 2.38) g/1. In one woman
with two ESTs planned in the same procedure, the second EST
was not performed because ethanol loss was diagnosed during
the first one.

One woman had to be admitted to an intensive care unit be-
cause of an ethanol intoxication (2.38 g/l maximum), which led to
coma. Her blood alcohol level was normalized in <24h. After
physiotherapy, she was allowed to go home within 48h. She was
a 42-year-old woman with stage 4 American Fertility Society re-
vised classification of endometriosis (AFSr). She had a history of
adenomyosis, adhesion between the anterior wall of the rectum,
the sigmoid, and the left uterosacral ligament. She had no history
of endometriosis surgery. The mean diameter of the endome-
trioma was 98 mm. The volume of the endometriotic fluid re-
moved was 260ml, and the ethanol volume injected was 120ml.
The ethanol loss was 95 ml.

Other characteristics of ethanol loss EST complications are
presented in Table 3.

Septic complication

Regarding the septic complications, they occurred in a total of
3/131 (2.3%) EST procedures in 3/126 (2.4%) women. In 1/131
(0.8%) EST procedures and 1/126 (0.8%) women, medical treat-
ment for suspicion of pelvic infection was needed. In 2/131 (1.5%)
EST procedures and 2/126 (1.6%) women, surgical treatment for
pelvic abscess was required.

The first woman required medical treatment. She was
32years old with rAFS stage 3 endometriosis. She had a history of
uterosacral ligament endometriosis but no history of endometri-
osis surgery. The mean diameter of the endometrioma was
25mm. The volume of the endometriotic fluid removed was
10ml, and the ethanol volume injected was 6ml. The woman
presented with abdominal pain and pain on uterine mobilization
4days after the EST procedure with a biological inflammatory
syndrome. Her symptoms were normalized after 7 days of oral
antibiotics.



Table 3. Characteristics of complications associated with transvaginal ethanol sclerotherapy for endometrioma.

Number of Mean size of Amount of
Grade endometrioma treated endometrioma alcohol Maximum blood
complication during EST procedure (n = 15) treated (mm) injected (ml) Type of complication alcohol level (g/1)
Grade I 1 34 12 Loss of 5ml of ethanol 0.12
9 (60.0) Immediate stop of the EST proce-
dure for breathing difficulties
2 33 13 Loss of 5ml of ethanol 0.18
2 7
1 65 58 Loss of 7ml of ethanol 0.28
1 64 82 Loss of 30ml of ethanol 0.51
1 50 31 Loss of 20ml of ethanol 0.50
1 60 44 Loss of 11 ml of ethanol 0.20
1 25 21 Loss of 10ml of ethanol 0.22
1 71 95 Loss of 40 ml of ethanol 1.09
(0.80atH+2)
1 120 300 Loss of 70ml of ethanol 1.64
Grade II 1 25 10 Fever and pelvic pain. Biological 0.00
1(6.7) inflammatory syndrome,
treated by antibiotics
Grade III 2 56 90 Ovarian abscess treated with 0.00
2(13.3) 35 14 surgery and antibiotics
1 78 60 Ovarian abscess treated with 0.00
surgery and antibiotics
Grade IV 1 98 120 Loss of 30ml of ethanol 2.38
1(6.7) Woman not waking up, after sur-

gery, alcoholic coma, treating
with physiotherapy, requiring
ICU management

Data are mean = SD or n (%). EST, ethanol sclerotherapy for endometrioma; ICU, intensive care unit.

The second woman required surgical treatment for a pelvic
abscess. She was 43years old with rAFS stage 4 endometriosis.
She had no history of endometriosis surgery. She had undergone
salpingectomy for ectopic pregnancy on the same side (right) a
few months previously. There was no left hematosalpinx at the
time of this laparoscopy. The mean diameter of the endometrio-
mas was 56 mm. The mean volume of the endometriotic fluid re-
moved was 149 ml, and the ethanol volume injected was 89 ml.

She presented with fever, pelvic pain, and biological inflam-
matory syndrome 7 days after the EST procedure. A contralateral
ovarian abscess was diagnosed. After 48h of i.v. antibiotics and
no clinical improvement, surgical treatment was performed.
Additional antibiotic therapy was completed for a total of
14 days. She did not experience a recurrence of the abscess.

The third woman also required surgical treatment for a pelvic
abscess. She was 31years old with rAFS stage 3 endometriosis.
She had no history of endometriosis surgery. The mean diameter
of the endometriomas was 78 mm. The mean volume of the
endometriotic fluid removed was 125ml, and the ethanol volume
injected was 75ml. Additional surgery after EST was performed
in the same procedure by laparoscopic resection of rectovagi-
nal septum.

She presented with fever, pelvic pain, unusual vaginal loss,
and biological inflammatory syndrome 8 days after the EST pro-
cedure. An ovarian abscess was diagnosed. After 48h of i.v. anti-
biotics and no clinical improvement, surgical treatment was
performed. Additional antibiotic therapy was completed for a to-
tal of 14days. She also did not experience a recurrence of
the abscess.

The details of the endometriomas and EST procedure charac-
teristics of all EST complications are presented in Table 3.

The maximum doses of ethanol to be injected according to
weight to avoid reaching a blood ethanol concentration of 2 g/l in
women are presented in Table 4.

Discussion

Based on our study results, the incidence of EST failure is low, oc-
curring in 13/126 (10.3%) women. These failures were principally
related to a contraindication in following the EST procedure of
ethanol injection because saline solution leakage was identified,
indicating that the cyst had ruptured during flushing (9/131
(6.9%)). Other causes of failure included 2/131 (1.5%) interposi-
tions of the digestive tract, 2/131 (1.5%) failures to aspirate the
endometriotic fluid because it was too thick or contained solid
clotted parts, and 1/131 (0.8%) contraindication to performing
EST on the second and third endometriomas resulting from a
failure of EST on the first endometrioma. The classification of
suspicion of ethanol leakage as a failure can be debated as a
complication rather than a failure. However, not all woman with
suspected ethanol leakage developed complications. Moreover,
according to the meta-analysis of Kim et al. (2021), sclerotherapy
lasting <10 min can be considered as incomplete treatment.

EST complications are represented by a few cases (10/126
(7.9%) women) of high blood alcohol levels during the EST proce-
dure and infectious complications (3/126 (2.4%) women).
Symptoms of ethanol intoxication by alcohol are well studied
and usually related to blood alcohol concentration (Mendes et al.,
2023). At a blood alcohol concentration higher than 3.0g/l
(65.1mmol/l), there is an increased risk of respiratory depression
and arrest. Death attributable to acute alcohol intoxication gen-
erally occurs at a blood alcohol concentration higher than 5.0g/1
(108.5mmol/l), although the lethal dose of alcohol can be vari-
able (Vonghia et al., 2008). However, the long-term effects of a
single acute ethanol intoxication, apart from lethal effects, are
difficult to establish (D’Angelo et al., 2022).

As most complications are represented by ethanol diffusion
during the EST procedure, blood alcohol level analysis after EST
should be suggested in case of ethanol loss to optimize patient
management and avoid major clinical complications. Ethanol



Table 4. Maximum dose of ethanol to be injected according to weight to avoid reaching a blood ethanol concentration of 2 g/l in

women.*

Weight Ethanol Weight Ethanol Weight Ethanol Weight Ethanol Weight Ethanol
(kg) volume (ml) (kg) volume (ml) (kg) volume (ml) (kg) volume (ml) (kg) volume (ml)
40 58 60 87 80 116 100 145 120 174
41 60 61 88 81 117 101 146 121 175
42 61 62 90 82 119 102 148 122 177
43 62 63 91 83 120 103 149 123 178
44 64 64 93 84 122 104 151 124 180
45 65 65 94 85 123 105 152 125 181
46 67 66 96 36 125 106 154 126 183
47 68 67 97 87 126 107 155 127 184
48 70 68 99 38 127 108 157 128 185
49 71 69 100 89 129 109 158 129 187
50 72 70 102 90 130 110 159 130 188
51 74 71 103 91 132 111 161 131 190
52 75 72 104 92 133 112 162 132 191
53 77 73 106 93 135 113 164 133 193
54 78 74 107 94 136 114 165 134 194
55 80 75 109 95 138 115 167 135 196
56 81 76 110 96 139 116 168 136 197
57 83 77 112 97 141 117 169 137 198
58 84 78 113 98 142 118 171 138 200
59 86 79 115 99 143 119 172 139 201

2 g/1 corresponds to the level of severe acute alcohol intoxication, which also corresponds to the blood alcohol threshold we observed for the complications

that occurred in our study.

diffusion may be explained by leakage of ethanol during proce-
dure or intravascular absorption of ethanol by the wall cyst. This
may explain cases of ethanol loss without leakage during proce-
dure. Only one woman out of the 126 (0.8%) in our cohort had an
ethanol intoxication leading to a complication with clinical rele-
vance (coma). Her maximum blood alcohol level was 2.38 g/l and
the ethanol loss was 30 ml.

In order to limit this type of complication and never to risk a
Clavien-Dindo V complication, we advise practitioners to be
careful with the quantity of ethanol injected.

Future studies will need to determine the maximum quantity
of ethanol injection, probably in relation to the patient’s weight.
Blood alcohol levels are known to depend on the woman'’s weight
(Gullberg and Jones, 1994).

An EST procedure above 80 mm should be reserved for refer-
ence centers with the expertise to handle these complications.
An EST procedure in this specific case should only be proposed if
the operative risks of conventional laparoscopic surgery with di-
vergent cystectomy traction are high, after discussion with the
woman, and after being approved in multidisciplinary meeting.

The intraoperative use of a noninvasive method of blood alco-
hol measurement could be effective for the early detection of
ethanol loss. Indirectly monitoring the blood alcohol level via
transdermal detection by metal oxide gas sensors can be a good
method to rapidly evaluate blood alcohol concentration during
an EST procedure (Annanouch et al., 2021).

Even though we performed antibiotic prophylaxis with 2g
Cefazolin and required a negative vaginal swab within 5days
prior to the EST procedure, infectious complications were still
present. As when oocyte retrieval is performed for IVF, endome-
triosis appears to be a risk factor for infection, as does a history
of pelvic inflammatory disease, ruptured appendicitis, or multi-
ple prior pelvic surgical EST procedures (Pereira et al, 2016).
Ovarian abscesses lead to infertility even when surgical manage-
ment of the abscess is undertaken (Rosen et al., 2009). Pelvic
infections are also a source of tubal infertility because of the sal-
pingitis and pelvic adhesions they induce (Mardh, 2004).
Moreover, the presence of a tubo-ovarian abscess following oo-
cyte retrieval corresponds to a 30% reduction in ovarian response

to gonadotrophin stimulation, as described by Fouks et al
(2019a). Even if antibiotic prophylaxis is not recommended for
good practice in ultrasound oocyte retrieval (D’Angelo et al,
2019), it would be interesting to carry out post-operative antibi-
otic therapy to reduce this risk and prevent any fertility impair-
ment in this population of infertile women (Fouks et al., 2019b).

For one woman who required surgical treatment for a pelvic
abscess, an additional surgery after EST was performed in the
same procedure by laparoscopic resection of rectovaginal sep-
tum. It is difficult to conclude whether the postoperative compli-
cation was related to the EST or to the laparoscopy. As it is not
possible to specify the cause of the complication, it seems ethi-
cally acceptable to us to attribute it to EST.

We did not find any bleeding complications in our population
even though this is one of the most common complications of oo-
cyte punctures as a result of direct trauma to the vaginal vessels
(Evers et al., 1988) and may be present in 1.4-18.4% of cases
(El-Shawarby et al., 2004).

In the meta-analysis of Kim et al. involving 1301 women
and 28 studies, the major complication rate of EST was between
0.0% and 7.1% in women, with a pooled estimate of 1.7% (95% CI,
1.0-2.8%). The only major complication was an abscess in 0.3%
(3/1117) of the women. Subgroup analysis showed sclerotherapy
>10min for a pooled major complication rate of 1.8% (95% CI,
1.0-3.2%), which was comparable to a rate of 1.6% (95% CI,
0.6-3.9%; P=0.837) for sclerotherapy <10min.

The minor complication rate of sclerotherapy was between
0.0% and 36.8%, with a pooled estimate of 11.0% (95% CI,
7.1-16.5%) (Kim et al., 2021). Alcohol intoxication was less com-
mon (0.6%), probably owing to the lack of data. Abdominal etha-
nol extravasation was found in 0.3% of cases and pelvic
inflammation in 0.2% (Kim et al., 2021).

The severity of complications during EST is comparable with
that found for the non-gynecological use of sclerotherapy. In the
treatment of renal cysts (Mohsen and Gombha, 2005), no severe
complication was noted, and the only complications were micro-
scopic hematuria and slight fever. In the treatment of thyroglos-
sal duct cysts in adults (Chow et al., 2012), the only complication



was moderate pain after the EST procedure in two women, which
was controlled with oral analgesics.

The aim is therefore to reduce the incidence of complications.
The size of the endometrioma to be treated needs to be consid-
ered in light of the operator’s experience. We started with endo-
metriomas of <80 mm, then 100 mm, then up to 140 mm.

In our study, we treated endometriomas from 10mm up to
140mm and injected ethanol from 1ml up to 540ml. In the
meta-analyses of Kim et al., the lower volume of ethanol injected
reported was 3ml. Most of the studies did not report the maxi-
mum and minimum volumes of ethanol injected.

A limit for the volume of ethanol injected needs to be sug-
gested. We propose to use the Widmark formula to calculate the
limit of ethanol injected according to the woman’s weight to
avoid the risk of severe acute alcohol intoxication (Vonghia et al.,
2008). According to this formula, the maximum quantity of 96%
ethanol to be injected so as not to reach 2 g/l depending on the
weight of the woman is calculated as follows C=100vzd/rM (C =
maximum blood alcohol concentration (mg/100ml); M = mass of
the subject (kg); r = volume of distribution of ethanol or
Widmark factor (I/kg); v = volume of alcoholic beverage con-
sumed (ml); z = strength of alcoholic beverage (% v/v); d = den-
sity of ethanol (g/ml)) (von Burg, 1982). We recommend using
Table 4 to determine the maximum dose of ethanol to be injected
according to the woman'’s weight to not reach 2 g/l blood alco-
hol level.

Treatment of endometriomas larger than 80mm is a chal-
lenge. The laparoscopic approach is also complicated for these
women. We have been able to treat such large endometriomas
because we have long experience of EST and a facility adapted to
the management of complications. We do not recommend EST
over 80 mm outside referral centers, unless after discussion with
the woman and being approved in a multidisciplinary team
meeting. Specific research on this issue is currently being con-
ducted by our team.

EST is easy to perform, allows outpatient treatment, and
requires minimal equipment (Miquel et al., 2021). It makes possi-
ble the management of isolated endometriomas by avoiding lap-
aroscopic surgery, which is more invasive, requires a longer
recovery and poses a higher risk of complications (Garcia-Tejedor
et al., 2020). Moreover, using the vaginal method, EST does not
present any aesthetic inconvenience.

Women suffering from endometriosis sometimes undergo
complex surgical procedures. Treatment with sclerotherapy can
avoid additional invasive surgery that can lead to further compli-
cations and a multiadherent pelvis (Wilde et al., 2017).

In our previous study, we found that EST is also a feasible
technique to improve IVF success rates in women with moderate
to severe endometriosis (Miquel et al., 2020).

The meta-analysis of Kim et al. (2021), as well as the article of
Ghasemi Tehrani et al. (2022), provide reassuring evidence re-
garding the benefits and risks of EST for endometrioma. These
publications, along with the 2022 guidelines from ESHRE, are
starting to acknowledge the potential of EST in the management
of endometrioma (The ESHRE Guideline Group on Female
Fertility Preservation et al., 2020).

The literature suggests that EST effectively reduces the size of
endometrioma, alleviates symptoms, and improves fertility out-
comes. Kim's meta-analysis provides a comprehensive evalua-
tion of multiple studies and confirms the efficacy of EST in
reducing endometrioma size and relieving associated pain (Kim
etal., 2021).

A study of Ghasemi Tehrani et al. (2022) compared the effec-
tiveness of sclerotherapy versus laparoscopic surgery in the
treatment of ovarian endometriomas, considering endometrioma
recurrence rates and ovarian reserve markers such as anti-
Millerian hormone (AMH). The authors found that the recur-
rence rate of endometriomas was similar between the groups.
However, in the laparoscopy group, a significant decrease in
AMH levels was observed after 12months (2.48+1.34 versus,
1.62+1.22; P<0.001), while in the sclerotherapy group, no signifi-
cant changes were found between pre- and 12 months for post-
operative AMH levels (2.12+1.05 versus 2.09+1.01; P=0.120).
These results are consistent with those of Raffi et al. (2012), who
concluded that laparoscopic endometrioma surgery led to de-
creased AMH levels, which could lead to impaired fertility in
women after surgery. The authors concluded that EST seems to
be an effective alternative to laparoscopic surgery in the manage-
ment of endometriomas and limits the alteration of ovar-
lan reserve.

As a decision to treat must depends on the balance between
benefits and risks, it would have been interesting in our study to
report on clinical improvement, ovarian marker evolution, and
recurrence rate after treatment, especially for the pain indica-
tion. Other articles deal specifically with this subject (Crestani
et al., 2023; Vaduva et al., 2023). One major limitation of our study
is that we opted for a study only evaluating the safety and feasi-
bility of the method.

Notably, there is still a dearth of data suggesting a short-, me-
dium-, or long-term superiority of EST compared to laparo-
scopic surgery.

At the start of our study in 2013, laparoscopic sclerotherapy
was not a reported technique. We chose the EST option because
this technique was well described in the early years.
Laparoscopic sclerotherapy was first described in May 2020 by De
Cicco Nardone et al. (2020) and later standardized by Crestani
et al. (2023). According to De Cicco Nardone et al. (2020), the lapa-
roscopic sclerotherapy technique seems to be an important topic
of research and should be investigated further over the coming
years. For the time being, the technique has been evaluated
much less than EST and clinicians are less experienced in the
technique than EST. No study has reported the complication rate
for laparoscopic sclerotherapy.

Our study is the first to evaluate the complications of transva-
ginal EST with such a large cohort of women in a standardized
protocol. The wider cohort of EST for endometrioma reported in
the meta-analysis of Kim et al. (2021) is that of Wang et al. (2011),
with 68 women with EST short-term retention (10min) and 69
women with EST retention (no re-aspiration). No complication
was noticed in the study, probably owing to publication bias.

In addition, we included women with large endometriomas of
up to 140 mm and 1010 ml, whereas previous studies rarely dealt
with such large sizes. In the meta-analysis of Garcfa-Garcia et al.
(2022), the maximum size of benign-appearing adnexal cystic
masse treated by EST was 120mm, with a maximum volume
of 300 ml.

In conclusion, sclerotherapy is a reliable, minimally invasive
method applicable as an outpatient procedure but also associ-
ated with a risk of ethanol intoxication. This risk was low in our
study, but it can expose women to a life-threatening condition.
We suggest that clear information on this risk must be provided
to women. To reduce these complications, we propose to system-
atically perform an evaluation of ethanol loss during the proce-
dure and perform blood alcohol level analysis if ethanol leakage
is suspected. The steps of the procedure should be respected to



avoid the dissemination of ethanol and the risks of ethanol intox-
ication. This will allow rapid and appropriate management of
intraoperative complications. Specific training in sclerotherapy is
required, as well as periodic monitoring of assessing its complica-
tions (leak rate, average ethanol loss, overall complications). We
do not believe that it is appropriate to perform EST on endome-
triomas wider than 80mm outside a center specialized in endo-
metriosis and management of the specific complications of
sclerotherapy.

Any indication for sclerotherapy should be decided after a
multidisciplinary team meeting to assess other treatment
options and the benefit/risk balance.
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