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Abstract

Purpose: This study evaluated whether embryo cryopreservation before sur-
gery (ECBS) improves clinical outcomes in in vitro fertilization (IVF) patients with
endometrioma.

Methods: This retrospective study included patients aged 28-42years with endome-
trioma who underwent oocyte retrieval at our hospital from 2019 to 2022. Seventeen
patients who underwent ECBS and 43 patients who underwent embryo transfer (ET)
without surgery were included. Patient characteristics, reproductive outcomes, and
obstetric outcomes were compared between the groups.

Results: Maximum cyst size was significantly larger in the ECBS group than in the
control group. The abortion rate per pregnancy was significantly lower (0% vs. 35.5%)
in the ECBS group than in the control group. The ongoing pregnancy rate per case was
significantly higher in the ECBS group than in the control group (88.2% vs. 58.1%),
while the time to ongoing pregnancy was similar. Among patients in the ECBS group
who experienced live births, 84.6% became pregnant following three or fewer ET at-
tempts. Multivariate analysis revealed that ECBS was the only factor associated with
ongoing pregnancy. The rates of perinatal complications are comparable between the
groups.

Conclusions: ECBS is an effective method to improve reproductive outcomes in IVF

patients with endometrioma without prolonging the time to pregnancy.

KEYWORDS
embryo cryopreservation before surgery, embryo transfer, endometrioma, endometriosis, in
vitro fertilization

1 | INTRODUCTION

Endometriosis affects up to 10% of women of reproductive age

and can significantly impact fertility. Among women with en-

dometriosis, 17%-44% present with ovarian endometrioma.?®

A considerable proportion of these patients eventually require
treatment with assisted reproductive technologies (ARTs), in-
cluding in vitro fertilization (IVF) and embryo transfer (ET). While
surgical intervention may enhance the likelihood of natural con-

ception in patients with stage 1/1l endometriosis, as classified by
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the revised American Society for Reproductive Medicine (rASRM)
system,4 surgical excisions of ovarian endometrioma have a neg-
ative impact on ovarian reserve.”® A prospective randomized
cohort study shows that ovarian surgery resulted in longer stim-
ulation, higher FSH requirement, and lower oocyte number, but
fertilization, pregnancy, and implantation rates do not differ be-
tween the control and the surgery group.” Therefore, surgery for
ovarian endometriomas is not routinely recommended before ART
treatment due to the lack of evidence to improve reproductive
outcomes.® Nevertheless, surgical management can be beneficial
in specific cases to enable pathological diagnosis and reduce the
risk of pregnancy-related complications. However, the ability of
endometrioma excision to improve pregnancy outcomes before
ET cycles remains unclear.

To address the potential reduction in ovarian reserve associated
with surgery, a therapeutic approach involving preoperative cryo-
preservation of in vitro fertilized embryos, defined here as embryo
cryopreservation before surgery (ECBS), may be considered. Our
previous research demonstrated the efficacy of ECBS in women
of advanced reproductive age with uterine fibroids.” According to
European Society of Human Reproduction and Embryology (ESHRE)
guidelines for fertility preservation and for endometriosis, benign
disease including ovarian endometriosis can be an indication for
fertility preservation.'®! Despite its theoretical benefits, there are
currently no data on the efficacy of ECBS in IVF patients with en-
dometriomas. In this study, we retrospectively evaluated whether
ECBS improves reproductive outcomes in IVF patients with ovarian

endometriomas compared with conventional IVF treatment.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a retrospective cohort study. IVF patients with endometri-
oma who underwent oocyte pick-up (OPU) between January 2019
and December 2022 were included in this study. A total of 114 pa-
tients with endometriosis were retrospectively reviewed. Eight pa-
tients who underwent surgery before OPU and 20 patients who did
not have endometrioma were excluded. The remaining 86 patients
were divided into two groups: the control group (n=58), which com-
prised patients who underwent ET without surgery after OPU, and
the ECBS group (n=28), which comprised patients who underwent
surgery for endometrioma between OPU and the first ET cycle. The
exclusion criteria were as follows: age <25 or243years (control:
n=3), history of adenomyomectomy (control: n=5), previous his-
tory of IVF (control: n=3, ECBS: n=3), myomectomy during ECBS
(ECBS: n=8), and ET not performed (control: n=4). After exclusion
of ineligible patients, the control group (n=43) and the ECBS group
(h=17) were analyzed. In the ECBS group, OPU was repeatedly per-
formed until at least three frozen embryos were collected, and all
patients underwent cystectomy. After OPU cycles, patients were
informed of the pros and cons of surgery, and patients decided

whether ECBS was performed or not based on ovarian reserve and
the size of cysts.

This study was approved by the Institutional Review Board of
the University of Tokyo (registration number: 3128-(7)). All patients
were informed that their clinical data may be used for research and
scientific publications, and each patient provided signed informed

consent prior to IVF treatment.

2.2 | IVF-ET protocols

All patients received controlled ovarian stimulation with clomi-
phene citrate (Clomid, Fuji Pharma Co.), letrozole (Femara, Novartis),
or a daily injection of human menopausal gonadotropin (HMG
TEIZO or Gonapure, ASKA Pharmaceutical Co.) or recombinant
follicle-stimulating hormone (FSH; follitropin alfa (Gonal-F, Merck
Biopharma) or follitropin delta (Rekovelle, Fering)), with downregula-
tion by a gonadotropin-releasing hormone (GnRH) agonist (Nasanyl,
Pfizer Japan), a GnRH antagonist (Ganirest, MSD K.K.), or dydro-
gesterone (Duphaston, Viatris). When the diameter of the leading
follicle reached 18-20 mm, ovulation was induced with a single in-
jection of human chorionic gonadotropin (100001U; HCG Mochida,
Mochida Pharmaceutical Co.) or a GnRH agonist (Supurecur,
Clinigen). Oocytes were retrieved 34 h after the trigger. All embryos
were cryopreserved on day 3 or 5. ET was performed during natu-
ral or hormone replacement therapy cycles. Oral antibiotics were
administered for 4days starting from 1day before ET or OPU, and
vaginal antibiotics were administered for at least 2 days before ET or
OPU to prevent infection after procedures.

2.3 | Outcome measures

Patients' medical records were retrospectively reviewed until
December 2024. The following data were assessed: age at OPU,
body mass index (BMI), gravidity, parity, previous operative history,
cyst size, AMH level (ng/mL), basal FSH level (mlU/mL), presence of
adenomyosis and uterine fibroids, number of OPU cycles, number of
oocytes retrieved, fertilization rate (number of fertilized eggs/number
of oocytes retrieved), freezing rate (number of frozen embryos/num-
ber of fertilized eggs), number of frozen embryos, number of ET cycles,
rASRM score, and endometriosis infertility index (EFI) score.r? The
clinical pregnancy and ongoing pregnancy rates per ET and per case
were calculated. Clinical pregnancy was confirmed by the presence of
a gestational sac in the uterine cavity by transvaginal ultrasonography.
An ongoing pregnancy was defined as a pregnancy that continued be-
yond 12weeks of gestation. The primary outcome was the ongoing
pregnancy rate per case. The secondary outcomes were the clinical
pregnancy rate per case, clinical pregnancy rate per ET, ongoing preg-
nancy rate per ET, abortion rate per pregnancy, and time to pregnancy.
Obstetric outcomes, including gestational age, the rate of cesarean
section, birth weight, and the rates of perinatal complications, were
compared between the control and ECBS groups.
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2.4 | Statistical analysis

Statistical analysis was performed with GraphPad Prism 10
(GraphPad Software Inc.) and JMP Pro 14 software (SAS Institute
Inc.). Shapiro-Wilk test was used for the test of normal distribution.
Data were compared using Fisher's exact test and the unpaired t-
test for normally distributed data, and the Mann Whitney test for
non-normally distributed data. Nominal logistic regression analysis

was used for the estimation of predictive factors associated with

TABLE 1 Comparison of patients' characteristics between
control and ECBS group.

Control ECBS
Patient
characteristic n=43 n=17 p-value
Age (year) 36.7+3.3 35.2+4.6 0.2328
BMI (kg/m?) 21.8+3.2 23.1+29 0.2892
Nulligravid 76.7% (32/43) 58.8% (10/17) 0.1970 39 |
Nulliparous 86.0%(37/43) 88.2%(15/17) >0.9999 )
History of 23.2% (10/43) 29.4% (5/17) 0.7426
cystectomy
History of 7.0% (3/43) 5.9% (1/17) >0.9999
myomectomy
Maximum cyst 33.6+14.8 59.4+19.5 <0.0001
size (mm)
Bilateral 46.5% (20/43) 35.3% (6/17) 0.5656
AMH (ng/mL) 20+1.7 24+1.6 0.2319
Basal FSH (mIU/  8.9+3.1 9.3+1.3 0.4277
mL)
Adenomyosis 37.2% (16/43) 17.6% (4/17) 0.3752
Uterine fibroid 18.6% (8/43) 23.5% (5/17) 0.4879

Note: Data are shown as mean+SD.

Abbreviations: AMH, anti-Mdillerian hormone; BMI, body mass index;
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ongoing pregnancy. A p-value of <0.05 was considered statistically

significant, and all reported p-values are two-sided.

3 | RESULTS

3.1 | Comparison of patients' characteristics
between the control and ECBS groups

Patients' characteristics are shown in Table 1. Age, BMI, gravid-
ity, parity, operative history of the ovaries, the basal FSH level, the
AMH level, and the rates of uterine fibroids and adenomyosis did
not significantly differ between the groups. The maximum cyst size
was significantly larger in the ECBS group than in the control group
(59.4+19.5mm vs. 33.6+14.8mm, p<0.0001). The rate of bilateral
cysts did not significantly differ between the groups.

ECBS strategy for endometrioma

In the ECBS group, the mean numbers of OPU cycles and frozen
embryos before surgery were 2.2+1.8 and 7.6 +4.2, respectively.
Of the 17 patients in the ECBS group, 16 (94.1%) underwent cys-
tectomy with laparoscopy. The mean rASRM and EF| scores were
67.6+39.6 and 4.6 +2.4, respectively.

3.3 | Comparison of reproductive outcomes
between the control and ECBS groups

Reproductive outcomes are shown in Table 2. The numbers of OPU
and ET cycles, the number of oocytes retrieved, fertilization rate, and
freezing rate were comparable between the groups. While the clini-

cal pregnancy rate per ET was comparable between the groups, the

FSH, follicle-stimulating hormone.

TABLE 2 Reproductive outcomes
between control and ECBS group.

The number of OPU cycles
Number of oocytes retrieved
Fertilization rate

Freezing rate

The number of ET cycles
Clinical pregnancy/ET
Ongoing pregnancy/ET
Abortion/pregnancy

Clinical pregnancy/case
Ongoing pregnancy/case

Time to ongoing pregnancy (month)

Note: Data are shown as mean+SD.

Control ECBS

n=43 n=17 p-value
22+1.8 22+17 0.8114
5.8+3.6 7.7+3.9 0.0735
68.0+18.0% 76.0+8.2% 0.0861
73.0+22.6% 78.8+18.1% 0.4301
27+x1.6 27+1.6 0.4602
30.0% (31/103) 34.8% (16/48) 0.7089
19.4% (20/103) 34.8% (16/48) 0.0683
35.5% (11/31) 0% (0/16) 0.0085
58.1% (25/43) 88.2% (15/17) 0.0340
44.1% (19/43) 88.2% (15/17) 0.0031
9.7+8.3 10.8+5.8 0.1947

Abbreviations: ET, embryo transfer; OPU, oocyte pick-up.
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ongoing pregnancy rate per ET was higher in the ECBS group than
in the control group (34.8% vs. 19.4%, p=0.0683). The abortion rate
per pregnancy was significantly lower in the ECBS group than in the
control group (0% vs. 35.5%, p=0.0085). The ongoing pregnancy rate
per case was significantly higher in the ECBS group than in the control

100+
— ECBS

80 — Control
60
40—

20

0 T T T T T 1
0 6 12 18 24 30 36

Month

Cumulative pregnancy rates (%)

FIGURE 1 Cumulative ongoing pregnancy rates. Cumulative
ongoing pregnancy rates are plotted from the time of OPU.

Ongoing Ongoing Univariate
pregnancy (-) pregnancy (+)  analysis

(n=26) (n=34) p-value
Age (year) 37.8+3.3 35.6+4.0 0.0222
Maximum cyst 36.3+18.9 44.7+20.0 0.1153
size (mm)
Bilateral 38.5% (10/26) (16/34) 0.6025
History of 26.9% (7/26) (7/34) 0.759
cystectomy
AMH (ng/mL) 1.7+13 23+19 0.1867
Basal FSH (mlU/ 9.4+3.0 89+2.8 0.5113
mL)
Adenomyosis 34.6% (9/26) 29.4% (10/34)  0.7814

Uterine Fibroid 23.1% (6/26) 17.6% (6/34) 0.7471

Total number of 4.3+3.7 6.0+3.7 0.0224
embryos frozen

ECBS 7.7% (2/26) 44.1% (15/34)  0.0031

Note: Data are shown as mean +SD.

group (88.2% vs. 58.1%, p=0.0340). In the ECBS group, two patients
spontaneously became pregnant after using all frozen embryos, while
no patients spontaneously became pregnant in the control group.
Additionally, 84.6% (11/13) of patients in the ECBS group experienced
live births following three or fewer ET attempts. The cumulative preg-
nancy rate is illustrated in Figure 1. The cumulative pregnancy rate in
the ECBS group increased at 6 months after the first OPU. The time to
ongoing pregnancy did not significantly differ between the control and
ECBS groups (9.7 + 8.3months vs. 10.8 + 5.8 months).

We compared characteristics between cases with ongoing preg-
nancy and cases without ongoing pregnancy (Table 3). Patients with
ongoing pregnancy were significantly younger than those without
ongoing pregnancy (35.6+4.0 vs. 37.8+3.3, p=0.0222). The total
number of frozen embryos and the rate of ECBS were significantly
higher in cases with ongoing pregnancy than those without ongo-
ing pregnancy. We performed nominal logistic regression analysis
to determine the factors associated with the successful of ongoing
pregnancy. It revealed that ECBS was the only contributing factor
associated with ongoing pregnancy (odds ratio 10.8 [95% confidence
interval 1.18-99.2], p=0.0354).

TABLE 3 Comparison of characteristics
between patients with ongoing pregnancy

Multivariate analysis R .
and those without ongoing pregnancy.

Odds ratio
(95% ClI) p-value

0.13 0.1379
(0.0071-
1.96)

0.66 0.8272
(0.013-
22.4)

2.16 0.2779
(0.54-
8.65)

0.65 0.5694
(0.14-2.92)

3.23 0.5155
(0.11-
159.0)

0.31 0.5109
(0.0081-
10.2)

2.05 0.3466
(0.45-9.16)

0.59 0.5464
(0.10-3.30)

4.39 0.4182
(0.11-
207.7)

10.8 0.0354
(1.18-99.2)

Abbreviations: AMH, anti-Miillerian hormone; BMI, body mass index; Cl, confidence interval;
ECBS, embryo cryopreservation before surgery; FSH, follicle-stimulating hormone.
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3.4 | Comparison of obstetric outcomes
between the control and ECBS groups

Obstetric outcomes of patients who gave birth were compared be-
tween the groups. Among patients who gave birth, one patient in the
control group and three patients in the ECBS group delivered twice.
Among the 37 deliveries, two deliveries in the control group with-
out information during pregnancy and delivery were excluded; thus,
35 deliveries were analyzed. Gestational age, type of delivery, and
birth weight did not significantly differ between the groups (Table 4).
Regarding perinatal complications, the rate of placental previa
tended to be higher in the control group than in the ECBS group,
but the difference was not significant (16.7% vs. 0%, p=0.2286). No
case suffered an infection or rupture of a cyst during pregnancy in

either group.

4 | DISCUSSION

In this study, we examined the efficacy of ECBS, a combination
therapy of ART treatment and cystectomy, for women with endo-
metrioma. The ongoing pregnancy rates per case were significantly
higher in the ECBS group than in the control group. The cumulative
pregnancy rate in the ECBS group increased 6 months after the first
OPU, while the time to ongoing pregnancy did not significantly dif-
fer between the groups. Most patients in the ECBS group conceived
following three or fewer ET attempts. ECBS was the only contrib-
uting factor associated with ongoing pregnancy. The abortion rate
per pregnancy was significantly lower in the ECBS group than in the
control group, while obstetric outcomes did not significantly differ
between the groups.

Endometriosis affects fertility through several mechanisms.
Pelvic adhesions disrupt pelvic anatomy and tubal function, and
the chronic inflammatory environment can interfere with ovula-
tion, sperm function, fertilization, and endometrial receptivity.*>**
Ovarian endometrioma can decrease ovarian reserve and oocyte
developmental competence.* Patients with severe endometri-

osis (stage IlI/IV) and endometrioma have significantly reduced

TABLE 4 Obstetrics outcomes
between control and ECBS group.

Gestational days

% of CS

Birth weight (g)

Complications
Preeclampsia
GDM

Placenta previa

Placenta accreta spectrum disorder

Reproductive Medicine and Biology

pregnancy rates upon IVF treatment.*>® However, surgery for endo-
metrioma negatively affects ovarian reserve because it reduces the
antral follicle count'” and it also increases the risk of cycle cancella-
tion due to a poor response and oocyte retrieval failure.*® However,
ECBS appears to mitigate the negative impact of surgery on ovarian
reserve. A concern is that endometrioma may hinder access to ovar-
ian follicles. However, in our study, a sufficient number of embryos
(7.6 +4.2) were frozen with a mean of 2.2 OPU cycles, and there
were no complications, such as rupture or infection of cysts, during
OPU cycles. The effect of endometriosis on embryo quality remains
debated.’* A recent meta-analysis suggested that endometriosis
does not affect embryo morphology.19 A recent retrospective anal-
ysis using time-lapse technology observed altered relative kinetics
in embryos from patients with endometriosis, indicative of poorer
embryo quality‘20 Laparoscopic excision of endometrioma does not
improve oocyte developmental competence in comparison with
oocytes from the contralateral healthy ovary.?! Considering the po-
tential impact of surgery on ovarian reserve, oocyte retrieval before
surgery is a reasonable approach if ovarian follicles can be accessed.

According to the ESHRE Endometriosis Guideline 2022, surgery
for endometrioma prior to ART treatment should not be routinely
recommended to improve live birth rates.!° Systematic reviews and
meta-analyses have not demonstrated a significant beneficial effect
of surgery for endometrioma on live birth rates.”?2 However, the
efficacy of ECBS for endometrioma remains unclear. One study re-
ported clinical outcomes following surgery-ART hybrid therapy for
endometrioma and uterine fibroids.?® In that study, the total preg-
nancy rate per ET was 33.7% (29/86) and the live birth rate was
16.2%. However, only 16 of 36 cases had ovarian endometrioma;
therefore, the specific efficacy for ovarian endometrioma was not
clearly demonstrated. In our study, the ongoing pregnancy rates per
case were significantly higher in the ECBS group than in the con-
trol group. The peritoneal environment of endometriosis may affect
implantation and early embryo development.* The levels of proin-
flammatory cytokines and growth factors are elevated in follicular
fluid of endometriosis patients.?*?> Follicular fluid released into the
peritoneal cavity during ovulation affects the peritoneal microen-

vironment. Animal models have shown that peritoneal fluid from

Control ECBS

n=18 n=17 p-value
274+12 274+9 0.4754
44.4% (8/18) 47.0% (8/17) >0.9999
3146+ 515 3233+419 0.2922
11.1% (2/18) 11.8% (2/17) >0.9999
0% (0/18) 5.9% (1/17) 0.4857
16.7% (3/18) 0% (0/17) 0.2286
11.1% (2/18) 5.9% (1/17) >0.9999

Note: Data are shown as mean+SD.

Abbreviations: CS, cesarean section; GDM, gestational diabetes mellitus.
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women with endometriosis reduces implantation rates.?®?” A sys-
tematic review and meta-analysis indicate that the miscarriage rate
is elevated in endometriosis patients.”’z8 In our study, the abortion
rate per pregnancy was significantly lower in the ECBS group than in
the control group. Surgery for ovarian endometrioma may improve
the peritoneal microenvironment, thereby increasing ongoing preg-
nancy rates and reducing abortion rates.

Endometriosis increases the risk of pregnancy and delivery com-
plications, including preeclampsia, preterm delivery, and postpartum
hemorrhage.13 Placenta previa and placenta accreta spectrum disor-
ders are strongly associated with endometriosis. Women undergoing
ART treatment are more likely to experience these conditions than

t.2 It is unknown whether

those who do not undergo ART treatmen
surgical treatment for endometriosis improves perinatal complica-
tions. A literature review of three studies did not provide sufficient
evidence due to heterogeneous designs.30 A recent case-control
study showed that among patients with stage IllI/IV endometriosis,
the incidence of placenta previa was significantly reduced in those
who underwent complete surgery. In our study, obstetric outcomes
did not significantly differ between the groups, but the incidence of
placenta previa tended to be lower in the ECBS group than in the
control group. Although it is rare, surgery for endometrioma can pre-
vent ovarian cyst problems during pregnancy. In our cases, no rup-
tures or infections of ovarian cysts were observed. Further studies
are needed to evaluate the effect of surgery on perinatal outcomes.

One concern with ECBS is that the perioperative contraceptive
period may delay the time to pregnancy. The cumulative pregnancy
rate was lower in the ECBS group than in the control group during the
first 5months following the first OPU, but was higher after 6 months.
Most patients in the ECBS group conceived following three or fewer
ET cycles, suggesting that cryopreserving three or more embryos be-
fore surgery is optimal to minimize the interval between OPU and
surgery. Another concern is that surgery for endometrioma may di-
minish ovarian function in patients whose ovarian reserve is already
reduced. It is essential to discuss the advantages and disadvantages
of ECBS and provide personalized treatment for each patient.

This study has several limitations. First, it was a single-center,
retrospective control study. The small sample size may have influ-
enced the results. The detailed evaluation of reproductive and ob-
stetric outcomes contributed to the limited sample size. Second, the
control group did not undergo laparoscopy, meaning endometrioma
was confirmed using imaging alone. Laparoscopy and pathological
diagnosis remain the most reliable methods to assess the severity of
endometriosis. The use of imaging alone may have underestimated
the impact of endometriosis in the control group. Third, some pa-
tient characteristics, such as maximum cyst size, differed between
the groups. Larger cysts were more likely to be surgically removed,
introducing potential selection bias. Despite the possibility that en-
dometriosis was more severe in the ECBS group, reproductive out-
comes were better in this group than in the control group. Besides,
multivariate analysis revealed that there were no differences in
patients' backgrounds between cases with ongoing pregnancy
and those without ongoing pregnancy except for ECBS. Future

randomized cohort studies are needed, comparing reproductive
outcomes between patients who underwent ovarian cystectomy
and conventional IVF patients or those who underwent laparoscopic
observation, to eliminate confounding factors.

In conclusion, ECBS is an effective method to improve reproduc-
tive outcomes in IVF patients with endometrioma without prolonging
the time to pregnancy. It appears advantageous to cryopreserve three
or more embryos before surgery to optimize outcomes. Future pro-
spective cohort studies with larger sample sizes are needed to identify

patients who would benefit most from ECBS for endometriosis.
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