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ABSTRACT

Background: Endometrioma is a cystic lesion formed in the ovaries consisting of old
menstrual blood and tissue. It often is seen in women of reproductive ages, making fertility
challenging for those with an immediate or future desire for pregnancy. Current treatment
options include medical treatment, laparoscopic cystectomy, drainage, and ablative techniques,
but each option has its limitations. Transvaginal sclerotherapy using highly concentrated
ethanol under ultrasound guidance aims to destroy endometrial tissue inside the cyst while
sparing the cyst wall, protecting surrounding oocytes from damage. However, the optimal
retention duration remains controversial. To increase the retention duration without leaving
ethanol inside for a long term, a two-session catheter-directed sclerotherapy (CDS) 1 day apart
was proposed. Therefore, the purpose of the study was to evaluate the safety and clinical
outcomes of two-session CDS with 99% ethanol in patients with endometrioma.

Materials and Methods: This prospective study was approved by the institutional review
board with written informed consent obtained from all participants and was registered on
clinicaltrial.gov. Consecutive patients with ovarian endometrioma between June 2020 and
March 2023 were prospectively evaluated for two-session CDS. After successful transvaginal
ultrasound-guided puncture of the endometrioma, the biopsy needle was exchanged for a 7- or
8.5-F catheter for aspiration and ethanol injection. The catheter was retained in sifu for a second
session the next day. Endometrioma volume was measured on ultrasound before and 1, 3, and
6 months after CDS, and volume reduction ratio (VRR) was calculated. Serum anti-Miillerian
hormone (AMH) was measured before and 6 months after CDS to assess ovarian reserve.
Results: Thirty-one endometriomas in 22 patients (mean age, 31.0 years; range, 19—44 years)
were treated; 28 endometriomas were successfully treated with two-session CDS, while one
session was incomplete in three endometriomas (3/31, 9.7%; the first session was incomplete

in one patient and the second session in two patients) in three patients due to contrast medium



leakage or pain. Therefore, a technical success rate of 90.3% (28/31 endometriomas) was
achieved. Minor procedure-related complications developed in four patients and resolved
spontaneously before discharge on the same day of the second session. No recurrence was
identified during follow-up. At the 6-month follow-up, the mean endometrioma diameter
decreased from 5.5+ 1.7cmto 1.4+ 0.9 cm (P <0.001), and the serum AMH level was lowered
without statistical significance (1.37 £ 0.96 ng/mL vs. 1.18 £ 0.92 ng/mL; P = 0.170). VRRs
at 1, 3, and 6 months after CDS were 84.3 £+ 13.7%, 94.3 + 5.8%, and 96.4 + 4.7%, respectively.
Conclusion: Two-session CDS with 99% ethanol is safe, feasible, and effective for treating

endometrioma with the ovarian function well preserved.
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INTRODUCTION
Endometriosis is an estrogen-dependent gynecological disorder caused by the migration of
endometrial tissue outside the uterus and is most commonly located in the ovaries [1, 2]. Of
the three typical types of endometriosis, namely superficial peritoneal lesions, deep infiltrating
endometriosis, and ovarian endometrioma, ovarian endometrioma is a cystic lesion formed in
the ovaries consisting of old menstrual blood and tissue [3]. It occurs in up to 44% of women
with endometriosis and often is seen in women of reproductive ages, making fertility
challenging for those with an immediate or future desire for pregnancy [4-6]. In addition,
patients with endometrioma usually suffer from dysmenorrhea, lower abdominal or pelvic pain,
and dysfunctional uterine bleeding. Current treatment options include medical treatment,
laparoscopic cystectomy, drainage, and ablative techniques [4]. Common medical treatments,
such as combined oral contraceptives, progestins, and gonadotropin-releasing hormone
agonists, can effectively control endometriosis-related pain and reduce 40-70% of
endometrioma volume. However, the size reduction and level of pain relieved in individual
patients vary, and not all patients respond to medical treatment [7-9]. Although laparoscopic
cystectomy is associated with a lower rate of recurrence and therefore remains the standard
treatment, it may diminish ovarian reserve by removing healthy tissue surrounding the cyst
wall and inducing excessive electrosurgery-related ovarian coagulation, increasing the risk of
infertility and early menopause [10-15]. Therefore, alternative treatment options that can
effectively treat endometrioma while minimizing iatrogenic damage are warranted.
Sclerotherapy using highly concentrated ethanol aims to destroy endometrial tissue
inside the cyst while sparing the cyst wall, protecting surrounding oocytes from damage [4]. It
can be performed either laparoscopically or transvaginally under ultrasound guidance, with the
latter choice being less painful for patients due to fewer anesthetic and/or surgical

complications, sequentially shorter hospital stays, and potentially a lower cost [16, 17]. The



technique was introduced in 1988 [18] with expectations of clear advantages over the
laparoscopic approach, such as avoiding abdominal scars and simultaneously treating multiple
endometriomas of various sizes [19], and modified to needle-directed sclerotherapy (NDS) in
2009. Although ethanol sclerotherapy was reported as an effective alternative to surgery
particularly for recurrent endometriomas and those planning for in vitro fertilization [20],
difficult aspiration of the viscous cyst content through a thin needle imposed an obstacle of
NDS, which can be resolved laparoscopically using a cannula of 5 mm in diameter. In 2020, to
overcome this major disadvantage and other inherent limitations of NDS (e.g., risk of needle
displacement and subsequent spillage of content or sclerosant into the peritoneal cavity),
catheter-directed sclerotherapy (CDS) was tested and concluded to be a promising modification
for managing endometrioma [21].

Endometrioma is associated with a high recurrence rate up to 62.5% [22]. A lower
recurrence rate can be achieved by increasing the duration of ethanol washing due to increased
contact between the sclerosing agent and cyst wall [23]. However, in a previous study where
ethanol was retained inside the aspirated endometrioma for the long term, the total pregnancies
were lower than that in the ethanol irrigation group [24]. Since the optimal retention duration
remains controversial, and to increase the retention duration without leaving ethanol inside for
a long term, a two-session CDS 1 day apart was proposed. Therefore, the purpose of the study
was to evaluate the safety and clinical outcomes of two-session CDS with 99% ethanol in

patients with endometrioma.



MATERIALS AND METHODS

Study design

This prospective study was approved by the institutional review board (No. S2022-2027-0001)
with written informed consent obtained from all participants and was registered on
clinicaltrial.gov (Identifier: NCT06274086). The inclusion criteria were: 1) aged > 18 years; 2)
symptom manifestation as endometriosis (i.e., dysmenorrhea, dyspareunia, and lower
abdominal or pelvic pain); 3) endometrioma (appearing as an avascular unilocular cyst
containing low-level, homogeneous ‘ground glass’ echogenicity) > 3 cm confirmed on
ultrasound; 4) no evidence of solid mass on ultrasound; and 5) no suspected extraovarian
endometriosis. Patients with a history of gynecologic malignancy, active inflammation or

infection, abnormal coagulation profile, or lost to follow-up were excluded (Figure 1).



Assessed for eligibility (n = 29)

Excluded (n =7)
* Non-endometrioma cyst (n = 6)
* Loss to follow-up (n=1)

Enrolled (n = 22) to receive two-session CDS for endometrioma (n’ = 31)

* Preprocedural serum AMH level
* Preprocedural ultrasound (endometrioma diameter + volume)

One session failed (n’ = 3)

1-month follow-up (n = 22)
* Ultrasound (endometrioma volume)

3-month follow-up (n = 22)
* Ultrasound (endometrioma volume)

6-month follow-up (n = 22)
* Serum AMH level
* Ultrasound (endometrioma diameter + volume)

Figure 1. Study flowchart. CDS, catheter-directed sclerotherapy; AMH, anti-Miillerian

hormone.



Procedural details

All procedures were performed by an over-20-year-experienced interventional radiologist.
Transvaginal ultrasound (HM70A, Samsung Medison, Seoul, Korea) was used given its high
diagnostic accuracy for endometrioma [25, 26]. Intravenous sedoanalgesia was achieved using
25 mg pethidine hydrochloride (Hana Pharm. Co., Seoul, Korea) and 50 pg fentanyl (Hanlim
Pharm. Co., Seoul, Korea). After placing the participant in a lithotomy position, the vagina was
sterilized with chlorhexidine gluconate 0.5% solution (Hexitane 0.5%; Firson, Cheon-an,
Chungcheongnam-do, Korea). Then, the ultrasound probe, to which an in-plane endocavitary
needle guide (EVN4-9, Aspen Surgical, Caledonia, MI, USA) was attached for precise
targeting, was inserted into the vagina. Once the endometrioma was located, it was punctured
by an 18-gauge, 20-cm Chiba biopsy needle (Cook, Bloomington, IN, USA). Next, a 0.035-
inch hydrophilic guidewire (Terumo, Tokyo, Japan) was advanced into the endometrioma
under fluoroscopy, and the needle was exchanged for a 7- or 8.5-F pigtail catheter (Dawson-
Mueller Drainage Catheter; Cook) over the guidewire. Following complete aspiration of the
chocolate-colored content, the cyst was filled with 5-20 mL, depending on the endometrioma
size, of a water-soluble non-ionic contrast medium (iobitridol, Xenetix 300 [300 mg I/mL],
Guerbet, Villepinte, France) to rule out rupture or spillage into the pelvic cavity. After the
contrast medium was aspirated, the cyst was infused with 99% ethanol (30-80% of the
aspirated volume; maximum 100 mL for patient safety) depending on the patient’s pain
tolerance or sense of fullness. Then, the participant was asked to change the positions (i.e.,
supine, bilateral decubitus, and prone) every 5 minutes with the catheter clamped to warrant a
maximized contact between ethanol and the endometrioma wall [21]. After 20 minutes, the
ethanol was aspirated as thoroughly as possible. The catheter was clamped and left in situ
overnight for the second session the next day, and the patient was monitored in the patient ward.

Any discomfort, such as pain or tenderness in the pelvic region, that the patient experienced



was recorded. The next day, after ruling out leakage, the same procedure was repeated with the
same volume of ethanol instilled for 20 minutes (Figure 2). After the second session was
completed, the catheter was removed, and the patient was monitored for any procedure-related
complications or discomfort and discharged the same day. If contrast medium spillage was
identified or the patient complained about pain during the procedure, especially during ethanol
injection, the session was discontinued immediately to minimize the risk of ethanol
intoxication [8]. To rule out malignancy, the drained fluid was sent for a cytological
examination to identify any atypical cells. Oral contraceptives (e.g., dienogest) were prescribed

to control endometriosis-related pain where necessary [7].



Figure 2. Technical steps of the two-session catheter-directed sclerotherapy for endometrioma.

a) The endometrioma was punctured using an 18 G Chiba needle under transvaginal ultrasound
guidance. b) A 0.035-inch guidewire was inserted into the endometrioma. c) A 7 F pigtail
catheter was advanced over the guidewire. d) A contrast medium was injected to rule out
leakage. ) The catheter was retained in situ for the second session performed the next day, and

the same procedure was repeated.



Follow-up and definitions
Participants were routinely followed up with ultrasound by the performing physician at 1, 3,
and 6 months after CDS to monitor changes in endometrioma diameter and volume as well as

recurrence. The endometrioma volume was calculated using the formula:

V =—nr3

where d indicated the diameter of the endometrioma measured by ultrasound. The change in
endometrioma volume was expressed as the volume reduction ratio (VRR) and was calculated
using the formula [27]:

] ) (initial volume — final nodule volume)
Volume reduction ratio = — X 100%
initial volume

For patients with multiple endometriomas, the diameter and volume of each endometrioma
were evaluated individually.

To assess the impact of CDS on ovarian reserve, serum anti-Miillerian hormone (AMH)
was measured before and 6 months after the procedure. Procedure-related complications,
fluoroscopy time, and dose area product were recorded in all cases.

Technical success was defined as the completion of both sessions by successfully
retaining ethanol inside the endometrioma for 20 minutes during each session. Recurrence of
endometrioma was defined, in the same ovary, as the occurrence of newly developed
endometriomas on ultrasonography or an increase in size during follow-up and calculated using
the formula [28]:

number of patients developing recurrence
Recurrence rate = - X 100%
total number of patients treated

Major complications were defined as procedure-related adverse events causing or
prolonging hospitalization, requiring an invasive procedure to treat, or resulting in a change of

functional status. Minor complications were defined as transient procedure-related adverse



events requiring nominal or no treatment with or without overnight hospitalization for

observation and resolving spontaneously [29].

Statistical analyses

Continuous variables are presented as mean + standard deviation. According to the variable’s
normality, either the paired #-test or Wilcoxon signed-rank test was used as appropriate. P <
0.05 was considered to indicate a statistically significant difference. All statistical analyses

were performed using SPSS software (version 22; IBM, Chicago, IL, USA).



RESULTS

Baseline participant and endometrioma characteristics are presented in Table 1. From June
2020 to March 2023, a total of 29 patients were assessed for eligibility and seven were excluded.
The reasons for exclusion were non-endometrioma cysts (n = 6) and loss to follow-up (n = 1).
The final analysis included 22 participants at a mean age of 31.0 years (range, 1944 years)
with 31 endometriomas of an average size of 5.5 £ 1.7 cm (range, 2.7-10.0 cm). Among them,
14 patients (63.6%) had a single endometrioma, seven (31.8%) had two endometriomas
(unilateral endometriomas in one patient and bilateral in six), and one (4.5%) had three
endometriomas on both the right and left sides. The detailed clinical characteristics and
treatment outcomes are listed in Tables 2 & 3. Twenty (90.9%) patients had primary
endometriomas, including three patients who had contralateral pelviscopic ovarian cystectomy
after 2 and 8 years or salpingo-oophorectomy after 20 years. Two (9.1%) patients had recurrent
endometriomas 3 and 7 years after receiving ipsilateral pelviscopic ovarian cystectomy. The
reasons for endometriomas being detected were pain (n = 12), including dysmenorrhea in nine
patients and lower abdominal pain in three, incidental findings during routine ultrasound

check-ups (n = 8), and follow-up after pelviscopic ovarian cystectomy (n = 2).
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Table 1. Baseline characteristics and procedural details

Characteristic Value
Age, yr (n=122) 31.0£6.0
Previous surgery for endometrioma 5(22.7)
Initial AMH, ng/mL 1.37+0.96
Number and location of endometrioma
One 14 (63.6)
Two
Unilateral 1(4.5)
Bilateral 6 (27.3)
Three (Bilateral) 1(4.5)
Initial endometrioma diameter, cm 55+1.7
Initial endometrioma volume, cm? 114.6 £ 113.0
Aspirated endometrioma volume, mL 65.0 £ 68.1
Volume of instilled ethanol, mL
First session 28.1+23.9
Second session 27.4+24.7

Note: Data are presented as mean + standard deviation and number (percentage). AMH, anti-

Miillerian hormone.

11



Table 2. Clinical characteristics of patients with endometrioma

Patient Age f of . Side  Reason for detection Medication
# Endometriomas
1 28 1 R Dysmenorrhea N/A
R
2 33 2 L Dysmenorrhea Dienogest after CDS
23 1 R Recurrent EMA after PEL-LOC  Dienogest before/after CDS
4 30 1 R Lower abdominal pain Dienogest after CDS
R
5 38 2 L Dysmenorrhea Dienogest after CDS
6 30 1 L USG check-up N/A
7 41 1 L Dysmenorrhea N/A
3 3 1 R USG check-up Oral contraceptives after
CDS
9 29 1 R Dysmenorrhea Dienogest after CDS
10 41 | R USG check-up N/A
R
11 32 2 L Lower abdominal pain Dienogest before CDS
R .
12 29 2 L USG check-up Dienogest after CDS
13 26 1 L Dysmenorrhea Dienogest after CDS
14 29 1 L Dysmenorrhea N/A
R
15 27 3 R USG check-up N/A
L
L
16 33 2 L Dysmenorrhea N/A
R
17 28 2 L USG check-up Dienogest after CDS
18 34 1 R USG check-up N/A
R
19 44 2 L Recurrent EMA after PEL-LOC N/A
20 19 1 L Lower abdominal pain N/A
21 25 | L USG check-up N/A
22 31 1 R Dysmenorrhea N/A

Note: R, right; L, left; EMA, endometrioma; PEL-LOC, pelviscopic left ovarian cystectomy;

USG, ultrasonography; CDS, catheter-directed sclerotherapy; NA, not applicable.

12



Table 3. Treatment outcomes of catheter-directed sclerotherapy for endometrioma

Ethanol injection

Aspirated 3 . Diameter (cm) Volume (cm?) VRR (%) AMH (ng/mL)
Patient#  Side volume (cm’) S; s;:()jn

(cm®) I 2nd Before 6 mo. Before 1 mo. 3 mo. 6 mo. 1 mo. 3 mo. 6mo. Before 6 mo.

1 R 80 25 25 N/A 54 2.0 80.1 42 42 4.2 94.8 94.8 94.8 1.46 1.84
R 130 40 40 N/A 7.0 2.7 179.5 20.6 20.6 10.3 88.5 88.5 94.3

2 2.57 1.71
L 30 15 15 N/A 4.0 0.7 335 0.3 0.2 0.2 99.1 99.4 99.4

3 R 30 20 20 N/A 5.0 1.0 65.4 1.1 1.1 0.5 98.3 98.5 99.2 0.03 0.08

4 R 100 40 40 N/A 6.0 24 113.0 31.8 7.8 7.2 71.9 93.1 93.6 2.55 1.89
R 25 15 15 N/A 43 2.0 40.2 6.4 52 4.0 84.1 87.1 90.0

5 1.00 0.66
L 35 20 20 N/A 4.2 23 39.3 9.6 8.0 6.4 75.6 79.6 83.7

6 L 235 80 80 N/A 8.5 34 322.0 33.5 22.4 21.1 89.6 93.0 934 5.70 N/A

7 L 30 15 15 N/A 52 0.8 71.6 3.1 0.8 0.3 95.7 98.9 99.6 0.18 0.25

8 R 51 25 25 N/A 5.7 0.6 98.0 0.1 0.1 0.1 99.9 99.9 99.9 N/A 0.40

9 R 20 8 N/A ™ 43 0.6 42.5 4.5 0.3 0.1 89.4 99.3 99.8 3.75 2.72

10 R 25 20 20 N/A 5.6 2.6 91.9 28.7 20.6 9.2 68.8 77.6 90.0 0.01 0.01
R 10 5 5 2nd 4.2 0.8 38.8 2.1 0.3 0.3 94.5 99.3 99.3

11 0.78 0.07
L 210 70 70 N/A 7.2 0.8 195.3 50.9 42 0.3 73.9 97.9 99.9
R 25 15 15 N/A 4.6 1.2 50.9 20.6 2.6 0.9 59.6 95.0 98.2

12 2.20 1.98
L 100 50 50 N/A 7.6 1.2 229.7 17.1 14.1 0.9 92.5 93.8 99.6

13 L 40 20 20 N/A 4.6 0.8 50.9 5.6 0.5 0.3 89.1 99.0 99.5 0.72 1.61

13
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98.9

89.8

93.5

389

81.3

76.3

73.4

85.8

94.4
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98.3

974

99.5

89.2

99.8

96.3

98.2

83.8

93.1

95.0
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100.0
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0.87
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Note: VRR, volume reduction ratio; AMH, anti-Miillerian hormone; mo, month; R, right; L, left; NA, not applicable.

14



A technical success rate of 90.3% (28/31 endometriomas) was achieved. The technical
failure rate was 9.7%. To be specific, suspicious minimal or extensive contrast medium leakage
was identified during the first session in one endometrioma of one patient having bilateral
endometriomas (#11) and during the second session in two having a single endometrioma (#9
and 18). For patient #9, the second session failed because extensive contrast medium was
observed, and ethanol injection followed by 20-minute retention could not be completed
(Figure 3). During the first session of patient #11’s right ovary, suspicious minimal contrast
medium leakage was seen. From the perspective of patient safety, 5 mL of ethanol washing
was attempted and immediately aspirated without retaining ethanol inside for 20 minutes. A
20-minute instillation with position change was completed after ruling out leakage during the
second session the day after. This patient did not complain about intolerable pain throughout
the whole experience. During patient #18’s second session, suspicious minimal contrast
medium leakage was observed. After 20 mL of ethanol was infused, the patient’s complaint
about pain prevented further injection of ethanol (45 mL injected during the first session) and
20-minute retention; thus, the procedure was terminated with catheter removal, and the patient

was monitored in the patient ward.

15



Figure 3. Extensive contrast medium leakage in patient #9 with a unilateral (right)
endometrioma. a) No contrast medium leakage occurred during the first session. b) Extensive
contrast medium leakage was observed during the second session, and the procedure was

immediately terminated to ensure the patient’s safety.

16



An average of 65.0 = 68.1 mL (range, 5-265 mL) of fluid was aspirated, and the mean
volume of alcohol instilled was 28.1 £ 23.9 mL (range, 3-90 mL) and 27.4 + 24.7 (range, 3—
90 mL) for the first and second sessions, respectively. The mean fluoroscopy time was 3.5 +
1.5 minutes for the first session and 0.6 + 0.3 minutes for the second session. The mean dose
area product was 4.9 + 2.9 and 0.7 + 0.4 Gycm? for the first and second sessions, respectively.
No atypical cell was discovered in the aspirated fluid. The clinical course of one participant is

described in Figure 4.

17



Figure 4. The clinical course of a 30-year-old woman with primary endometrioma in the right
ovary. a) The endometrioma was measured to be 6 cm in diameter and 113 ¢m? in volume on
ultrasound before the procedure. b) The endometrioma shrunk to 3.8 ¢cm and 31.8 cm?® at 1-
month follow-up, and the volume reduction ratio (VRR) was 71.9%. c) At the 3-month follow-
up, the endometrioma shrunk to 2.1 ¢cm in diameter and 7.8 cm?® in volume, and VRR was
93.1%. d) The endometrioma (arrows) further shrunk to 1.2 cm and 0.9 cm?® at the 6-month

follow-up, and VRR was 99.2%.

18



CDS was well tolerated in general, and intraprocedural pain was conservatively
managed with analgesics. No patient complained about intolerable discomfort from carrying
the catheter overnight, and no catheter migration was observed between the two sessions.
Minor procedure-related complications were detected in four patients, with one patient
developing a mild fever and three experiencing mild pain, and resolved spontaneously before
discharge on the same day of the second session. The patient who developed a fever had a
history of contralateral pelviscopic ovarian cystectomy, while the other three patients who
experienced mild pain did not have a history of previous surgery for endometrioma. As shown
in Table 4, the mean diameter of endometrioma significantly decreased from 5.5 + 1.7 cm at
baseline to 1.4 + 0.9 cm at 6 months after the procedure (P < 0.001). In addition, the mean
volume of endometrioma significantly decreased from 114.6 = 113.0 cm? to 3.4 + 4.9 cm? at 6-
month follow-up (P <0.001), and VRR was 84.3 + 13.7%, 94.3 + 5.8%, and 96.4 +4.7% at 1-,
3-, and 6-month follow-up, respectively (Figure 5). No recurrence was identified in any of the
participants. No significant difference was found in the serum AMH level before and 6 months
after the procedure (P = 0.170).

Of the 12 patients who experienced pain before the procedure, one (#9) had no change,
four (#1, 2, 4, and 7) had less pain, and the pain disappeared in seven (#5, 11, 13, 14, 16, 20,
and 22). One patient received dienogest (i.e., a progestin) before the procedure whereas one
continued it and seven started it after the procedure. One patient started oral contraceptives

(i.e., a combination of estrogen and progestin) after the procedure.
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Table 4. Comparison between baseline and treatment outcomes

Characteristic Before CDS 6 months after CDS P
Endometrioma diameter (cm) 55+1.7 1.4+£0.9 <0.001
Endometrioma volume (cm?) 114.6 £ 113.0 34+49 <0.001
AMH (ng/mL) 1.37+0.96 1.18 £0.92 0.170

Note: Data are presented as mean + standard deviation. CDS, catheter-directed sclerotherapys;

AMH, anti-Miillerian hormone.
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DISCUSSION

This prospective study analyzed the safety and clinical outcomes of two-session CDS using
99% ethanol for endometrioma in 22 patients with 31 endometriomas. Both sessions were
successfully performed for 28 endometriomas, and at least one session was successful in the
remaining three endometriomas. This finding indicated the feasibility of this modified
sclerotherapy with a high technical success rate of 90.3%. Minor procedure-related
complications developed in four patients and resolved spontaneously without prolonging
hospitalization. The mean endometrioma diameter significantly decreased from 5.5 + 1.7 cm
to 1.4 £ 0.9 cm and VRR reached 96.4 + 4.7% at 6-month follow-up. A decrease in the serum
AMH level was detected 6 months after the procedure at a nonsignificant level.

Since a cleavage plane between the endometrioma wall and the ovarian cortex is absent,
cystectomy may result in a significant loss of cortex and ovarian parenchyma bleeding, leading
to impaired ovarian reserve, which was evidenced by significantly reduced serum AMH levels
in previous studies [30, 31]. In this regard, for five patients who previously received ipsi- or
contralateral ovarian cystectomy or salpingo-oophorectomy, transvaginal sclerotherapy was
performed to minimize the risk of further impairing ovarian reserve. In this present study,
among the three patients who developed primary endometrioma, the serum AMH level
increased in two of them after the procedure and remained constant in one. For the two patients
with recurrent endometriomas, the serum AMH level decreased in one patient and remained
the same in the other. Overall, the nonsignificant change in the AMH level demonstrated a
well-preserved ovarian function after two-session CDS. Meanwhile, adding a second session
of ethanol instillation did not considerably increase radiation exposure (first and second session:
3.5+ 1.5 and 0.6 + 0.3 minutes, respectively) or prolong hospitalization given that all patients

were discharged 2 days after admission (i.e., the same day as the second session), while a single
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session required an average hospitalization of 2.6 days reported in a previous study [16]. These
findings were important as they substantiated the overall safety of this modified technique.

The overall recurrence rate of endometriomas after sclerotherapy is 13.8% [32]. Similar
to Han et al.’s study [21], no recurrence was observed in the current study, demonstrating the
efficacy of this modified technique. This may result from the sufficiently long ethanol retention
inside the endometrioma during the two 20-minute sessions. As previously reported, the
recurrence rate can be significantly lowered if the sclerosing agent is retained for > 10 minutes
compared to < 10 minutes (odds ratio, 0.2; P = 0.015) in a single session [32, 33]. However,
the existing data can hardly prove the superiority of two sessions to a single session, requiring
comparative research in the future. Also, it might be of interest to compare a single session >
10 minutes and two sessions < 10 minutes each to discover the possible role of ethanol retention
duration and/or number of sessions performed in treating endometrioma.

No major procedure-related complications were observed in this present trial. Also,
performing a second session was found to increase the probability of, at least, one successful
session. This was because even a few patients experienced one failed session, no patients
experienced failure for both sessions. The recurrence rate was explored to decrease as the
duration of ethanol washing increased [32, 34]; the underlying theory is that increased contact
between the sclerosing agent and cyst wall helps to denature proteins and induce necrosis in
the endometrial lining cells. This process creates aseptic inflammation and fibrosis, which
impairs their secretory function, prevents cyst refilling, and ultimately eliminates the cyst [35,
36]. However, there exist different opinions that in Aflatoonian et al.’s comparison between the
aspiration and retention approaches, no significant difference in recurrence was detected
(aspiration vs. retention, 52.0% vs. 46.2%; P = 0.500) [37]. Furthermore, when comparing
irrigation and retention of ethanol, both postprocedural serum AMH level and total pregnancies

were lower in the retention group than in the irrigation group (both P < 0.05) [24]. A possible
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explanation was that ethanol could persistently destroy ovarian tissue when left in situ, while
ethanol irrigation generally caused less damage. Also, long-term ethanol retention may cause
ethanol extravasation into the abdominal cavity, increasing postoperative abdominal pain,
forming peritoneal adhesion, and causing severe reactions including infection and abscess [12,
38]. On the other hand, when leaving ethanol in situ for a long time, continuous intravascular
absorption of ethanol by the cyst wall may increase the risk of high blood alcohol levels,
leading to ethanol intoxication or even more lethal conditions [8]. Therefore, implementing the
second session was anticipated to minimize the risk of deteriorating ovarian reserve due to
ethanol retention and reduce the recurrence of endometrioma.

At present, there is no standard on the maximum volume of ethanol injection, and the
mean volume of ethanol injection varies across studies focusing on endometriomas of different
sizes. In most studies published by far, the volume of ethanol injection was based on the initial
volume of the aspirated cyst volume. One Italian cohort reported the use of 95-100% of the
initial volume of the aspirated content [39]; however, refilling a cyst with 100% of the initial
volume, in others’ opinion, was risky and challenging because preventing spillage was almost
not possible [39]. Han ef al. injected 25% of the aspirated volume at a maximum of 100 mL
for patient safety [21]. In Miquel ef al.’s 8-year experience in treating endometrioma using
ethanol, 60% of the initial volume of ethanol was injected [8]. Whilst most studies relate the
volume of ethanol injection to the initial volume of the endometrioma, some suggest the
volume of ethanol injection refers to the patient’s weight because blood alcohol levels show a
direct correlation to the patient’s weight [8, 40]. However, there is no evidence showing the
association between the patient’s weight and the size/volume of the endometrioma, and
whether the maximum volume of ethanol injection should depend on the patient’s weight rather
than the endometrioma condition is appropriate and reliable remains unclear. Taken together,

how the volume of ethanol injection affects treatment outcomes and complications is
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inconclusive and worth investigating. The maximum volume of ethanol injection needs to be
further tested and verified in a larger cohort of patients with various weights.

Serum cancer antigen 125 (CA-125) was often used to measure therapeutic efficacies
in previous work, but direct visualization of the cyst and histopathological confirmation remain
the gold standard for diagnosing endometrioma [41]. Since tumor markers are inconclusive for
diagnosing endometrioma [42], CA-125 was not included in this study protocol; instead, the
drained fluid was cytologically examined to identify atypical cells [37]. Considering the
positive correlation between serum AMH level and endometrioma, the serum AMH level was
monitored to assess ovarian reserve [43]. As a relatively new biomarker of ovarian reserve,
serum AMH has recently gained increasing attention due to its relatively stable level
throughout the menstrual cycle, even if hormonal treatment is prescribed [44]. This current
study detected a nonsignificant decrease in serum AMH after the procedure (1.37 + 0.96 vs.
1.18 £ 0.92 ng/mL, P = 0.170), indicating well-preserved ovarian reserve that likely resulted
from the safer, less invasive features of the procedure compared to surgical procedures [45].
Also, this finding was consistent with previous studies, in which an initial decrease was
identified followed by gradual recovery to a slightly lower level at post-procedural 6 months
than that at baseline [24, 44]. In Ghasemi Tehrani et al.’s study, in the sclerotherapy group, no
significant changes were found between pre- and 12 months for postoperative AMH levels
(2.12+1.05 versus 2.09 £ 1.01; P=0.120) [45]. Serum AMH level is affected by many factors,
such as age, previous surgery, autoimmune condition, and family history. Some patients
enrolled in this trial presented with a low serum AMH level and were referred by the
gynecology department due to gynecological conditions. Also, they tended to be of a higher
age or have a surgical history for endometrioma. Although maintaining fertility is a main goal

of procedures likewise, fertility rate before and after the procedure was not evaluated in this
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current study because some patients did not have a sexual intercourse history and pregnancy
was not their purpose of the treatment.

There were some limitations to this study. First, despite its prospective nature to
minimize potential confounders, this investigation represented a single-arm trial that lacked a
control group to confirm its superior efficacy. In addition, all procedures were performed by a
single experienced interventional radiologist. Subsequent randomized controlled multicentric
trials comparing this two-session design, performed by operators with different skill levels,
with single-session CDS or ethanol retention are warranted to promote the generalizability of
the modified technique. Second, the sample size was small, and the follow-up period was
relatively short. Third, only the serum AMH level was assessed, and other markers (i.e., antral
follicle count) or factors that could affect ovarian reserve (i.e., the use of dienogest or oral
contraceptives for polycystic ovary syndrome) were not considered. Lastly, the change in pain
was not assessed as a treatment outcome because it was difficult to quantify considering that
some patients initially had no pain but received medications for amenorrhea/pain after the
procedure. However, the change in pain is worth investigating and needs to be included in

subsequent studies.
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CONCLUSION

In this limited series, the two-session CDS with 99% ethanol 1 day apart is safe, feasible, and
effective, showing a steady reduction in the volume of endometrioma over 6 months and well-
preserved ovarian function. Whether it is superior to previously reported single-session CDS

needs to be further validated in subsequent studies.

27



References

1.

10.

I1.

Burney, R.O. and L.C. Giudice, Pathogenesis and pathophysiology of endometriosis.
Fertil Steril, 2012. 98(3): p. 511-9.

Hsu, A.L., I. Khachikyan, and P. Stratton, Invasive and noninvasive methods for the
diagnosis of endometriosis. Clin Obstet Gynecol, 2010. 53(2): p. 413-9.

Nisolle, M. and J. Donnez, Peritoneal endometriosis, ovarian endometriosis, and
adenomyotic nodules of the rectovaginal septum are three different entities. Fertil Steril,
1997. 68(4): p. 585-96.

Cruz, J. and S. Behbehani, Battle for the endometrioma treatment championship: Does
sclerotherapy have a shot at the title? Fertil Steril, 2022. 117(5): p. 1104.

Jenkins, S., D.L. Olive, and A.F. Haney, Endometriosis: pathogenetic implications of
the anatomic distribution. Obstet Gynecol, 1986. 67(3): p. 335-8.

Redwine, D.B., Ovarian endometriosis: a marker for more extensive pelvic and
intestinal disease. Fertil Steril, 1999. 72(2): p. 310-5.

Hwang, H., et al., Clinical evaluation and management of endometriosis: guideline for
Korean patients from Korean Society of Endometriosis. Obstet Gynecol Sci, 2018.
61(5): p. 553-564.

Miquel, L., et al., Ethanol endometrioma sclerotherapy: safety through 8 years of
experience. Hum Reprod, 2024.

Thiel, P.S., et al., The Effect of Hormonal Treatment on Ovarian Endometriomas: A
Systematic Review and Meta-analysis. ] Minim Invasive Gynecol, 2024.

Cranney, R., G. Condous, and S. Reid, An update on the diagnosis, surgical
management, and fertility outcomes for women with endometrioma. Acta Obstet
Gynecol Scand, 2017. 96(6): p. 633-643.

Dilek, U., et al., Excision of endometriotic cyst wall may cause loss of functional

28



12.

13.

14.

15.

16.

17.

18.

19.

20.

ovarian tissue. Fertil Steril, 2006. 85(3): p. 758-60.

Falcone, T., Ethanol Sclerotherapy for Endometrioma: At the Time of Laparoscopy. J
Minim Invasive Gynecol, 2023. 30(1): p. 1-2.

Muzii, L., et al., Second surgery for recurrent endometriomas is more harmful to
healthy ovarian tissue and ovarian reserve than first surgery. Fertil Steril, 2015. 103(3):
p. 738-43.

Ronsini, C., et al., The Efficiency of Sclerotherapy for the Management of
Endometrioma: A Systematic Review and Meta-Analysis of Clinical and Fertility
Outcomes. Medicina (Kaunas), 2023. 59(9).

Unlu, C. and G. Yildirim, Ovarian cystectomy in endometriomas: Combined approach.
J Turk Ger Gynecol Assoc, 2014. 15(3): p. 177-89.

Koo, J.H., et al., Comparison of the therapeutic efficacy and ovarian reserve between
catheter-directed sclerotherapy and surgical excision for ovarian endometrioma. Eur
Radiol, 2021. 31(1): p. 543-548.

Miquel, L., et al., Endometrioma ethanol sclerotherapy could increase IVF live birth
rate in women with moderate-severe endometriosis. PLoS One, 2020. 15(9): p.
€0239846.

Akamatsu, N., et al., [Ultrasonically guided puncture of endometrial cysts--aspiration
of contents and infusion of ethanol]. Nihon Sanka Fujinka Gakkai Zasshi, 1988. 40(2):
p. 187-91.

Roman, H., Laparoscopic Sclerotherapy of Large Endometriomas: Is It a Reasonable
Approach? ] Minim Invasive Gynecol, 2020. 27(6): p. 1223-1224.

Yazbeck, C., et al., Ethanol sclerotherapy: a treatment option for ovarian
endometriomas before ovarian stimulation. Reprod Biomed Online, 2009. 19(1): p.

121-5.

29



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Han, K., et al., Catheter-directed Sclerotherapy for Ovarian Endometrioma: Short-term
Outcomes. Radiology, 2018. 289(3): p. 854-859.

Frankowska, K., et al., The Efficacy and Safety of Transvaginal Ethanol Sclerotherapy
in the Treatment of Endometrial Cysts-A Systematic Review. Int ] Mol Sci, 2024. 25(2).
Kafali, H., et al., Management of non-neoplastic ovarian cysts with sclerotherapy. Int J
Gynaecol Obstet, 2003. 81(1): p. 41-5.

Huang, L., et al., Changes in anti-mullerian hormone after ultrasound guided
aspiration and ethanol sclerotic therapy of ovarian cyst. Taiwan J Obstet Gynecol, 2021.
60(3): p. 509-512.

Guerriero, S., et al., Systematic approach to sonographic evaluation of the pelvis in
women with suspected endometriosis, including terms, definitions and measurements:
a consensus opinion from the International Deep Endometriosis Analysis (IDEA) group.
Ultrasound Obstet Gynecol, 2016. 48(3): p. 318-32.

Bazot, M., et al., Accuracy of transvaginal sonography and rectal endoscopic
sonography in the diagnosis of deep infiltrating endometriosis. Ultrasound Obstet
Gynecol, 2007. 30(7): p. 994-1001.

Kim, J.H., et al., 2017 Thyroid Radiofrequency Ablation Guideline: Korean Society of
Thyroid Radiology. Korean J Radiol, 2018. 19(4): p. 632-655.

Lee, J.K., et al., Therapeutic Efficacy of Catheter-directed Ethanol Sclerotherapy and
Its Impact on Ovarian Reserve in Patients with Ovarian Endometrioma at Risk of
Decreased Ovarian Reserve: A Preliminary Study. ] Minim Invasive Gynecol, 2022.
29(2): p. 317-323.

Healey, M.A., et al., Complications in surgical patients. Arch Surg, 2002. 137(5): p.
611-7; discussion 617-8.

Muzii, L., et al., Histologic analysis of endometriomas: what the surgeon needs to know.

30



31.

32.

33.

34.

35.

36.

37.

38.

39.

Fertil Steril, 2007. 87(2): p. 362-6.

Younis, J.S., et al., Endometrioma surgery-a systematic review and meta-analysis of the
effect on antral follicle count and anti-Mullerian hormone. Am J Obstet Gynecol, 2022.
226(1): p. 33-51 ¢7.

Kim, G.H., et al., Ultrasound-guided sclerotherapy for the treatment of ovarian
endometrioma: an updated systematic review and meta-analysis. Eur Radiol, 2022.
32(3): p. 1726-1737.

Cohen, A., B. Almog, and T. Tulandi, Sclerotherapy in the management of ovarian
endometrioma: systematic review and meta-analysis. Fertil Steril, 2017. 108(1): p. 117-
124 e5.

Hsieh, C.L., et al., Effectiveness of ultrasound-guided aspiration and sclerotherapy
with 95% ethanol for treatment of recurrent ovarian endometriomas. Fertil Steril, 2009.
91(6): p. 2709-13.

Wang, L.L., et al., Ultrasound-guided interventional therapy for recurrent ovarian
chocolate cysts. Ultrasound Med Biol, 2011. 37(10): p. 1596-602.

Albanese, G. and K.L. Kondo, Pharmacology of sclerotherapy. Semin Intervent Radiol,
2010. 27(4): p. 391-9.

Aflatoonian, A. and N. Tabibnejad, Aspiration versus retention ultrasound-guided
ethanol sclerotherapy for treating endometrioma: A retrospective cross-sectional study.
Int J Reprod Biomed, 2020. 18(11): p. 935-942.

Garcia-Tejedor, A., et al., Ethanol Sclerotherapy versus Laparoscopic Surgery for
Endometrioma Treatment: A Prospective, Multicenter, Cohort Pilot Study. ] Minim
Invasive Gynecol, 2020. 27(5): p. 1133-1140.

Crestani, A., et al., Impact of Laparoscopic Sclerotherapy for Ovarian Endometriomas

on Ovarian Reserve. ] Minim Invasive Gynecol, 2023. 30(1): p. 32-38.

31



40.

41.

42.

43.

44,

45.

Gullberg, R.G. and A.W. Jones, Guidelines for estimating the amount of alcohol
consumed from a single measurement of blood alcohol concentration: re-evaluation of
Widmark's equation. Forensic Sci Int, 1994. 69(2): p. 119-30.

Fiala, L., P. Bob, and J. Raboch, Oncological markers CA-125, CA 19-9 and
endometriosis. Medicine (Baltimore), 2018. 97(51): p. e13759.

Magalhaes, J.S., et al., Role of biomarkers CA-125, CA-15.3 and CA-19.9 in the
distinction between endometriomas and ovarian neoplasms. Biomarkers, 2021. 26(3):
p. 268-274.

Suardi, D., et al., Correlation of Serum Anti-Mullerian Hormone (AMH) Level on
Ovarian Volume in Women with Endometrioma. Int J] Gen Med, 2021. 14: p. 1-8.
Martinez-Garcia, J.M., et al., Comparing the effects of alcohol sclerotherapy with those
of surgery on anti-Mullerian hormone and ovarian reserve after endometrioma
treatment. A prospective multicenter pilot cohort study. Eur J Obstet Gynecol Reprod
Biol, 2021. 259: p. 60-66.

Ghasemi Tehrani, H., et al., Ethanol Sclerotherapy versus Laparoscopic Surgery in
Management of Ovarian Endometrioma; a Randomized Clinical Trial. Arch Acad

Emerg Med, 2022. 10(1): p. e55.

32



o] X

H o] T},

S

g Aeda =

=

[€)

T
7kl Ao o ol A1

T

H) 73 A2

ZEgof

°|

—~
110

B

K

T
- .

[e)

i

2 A7 7}l

-

=] -

}

S

om, & A7 HHL 99%

1

K

-

o
1l

Al

[e)

2 F RS A

e} A A 0] WE 77 o 18] = dtke] of %7}

73 3} Q *H (catheter-directed sclerotherapy, CDS)

]

5 9]

el

A

7HAL 2 5-E

=

=i
=

A=

i A <] ol

& CDS #13}

[

S

_CH

[e)

=

A

A Al

|y
g5l

=5} 2020 A 6 € 5F-E 2023 A

=
o

[¢}

T

1 2 A4 CDS A

o

CDS A, 1 714, 3 7H€, 6 7N

T

of i

[¢)
A=, 31.0 A, B9, 1944 A2 31 A9 AFUEEo)

ol
-

< W9k o ™ Clinicaltrial.gov ©I]

}E- 2 2] ¢t & 2 (AMH)

Abg

]

-
2

Y

3|

8

hes

7 =+ 8.5F 7HelE] 2 w A glc}. 71E

[e)

7+ Abs W

3

8

FASA. AT 2

3 4 Atolel
Fo67Md d

ol

™,3 74 ] eAt

o]
%

25t 28 7o) AFE W WEL 2 A4 CDS & Al &4 02 2 7 5

33

37K Apg ol A

==
3



0.001), @3 AMH %= #4383 oub BA4 52142 1A TH(1.37 £ 0.96 ng/mL U]

—

1.18 ng/mL). + 0.92ng/mL, P = 0.170). CDS % 1 7/l €, 3 71 <€, 6 71 € ¥ VRR & 7}~

|

84.3+13.7%, 94.34+5.8%, 96.4+4.7%%3 T}.

AE:99% o §F2-5 AF8-3F 2 Al A CDS & AW x| 5o kA Ehar A8 755

~

gydola dAh Ve S F H

F
ot

.

34



Abbreviation

AMH

CA-125

CDS

NDS

VRR

Anti-Miillerian hormone
Cancer antigen 125
Catheter-directed sclerotherapy
Needle-directed sclerotherapy

Volume reduction ratio
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