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Precis:Embryo freezing and endoscopic surgery in women with diminished ovarian reserve and myomas

or ovarian endometriomas (Surgery-ART hybrid therapy)

ABSTRACT

Study Obijective: To analyze the clinical outcomes and predictive factors for the therapeutic effect of
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combination treatment of preoperative embryo cryopreservation and endoscopic surgery
(‘surgery-assisted reproductive technology [ART] hybrid therapy’) in infertile women with diminished

ovarian reserve (DOR) with uterine fibroids and/or ovarian endometriomas.

Design: A retrospective cohort study (Canadian Task Force Classification 11-2)

Setting: Data from all patients who underwent surgery-ART hybrid therapy at Juntendo/University
Hospital and Sugiyama Clinic from 2014 to 2016 were analyzed retrospectively. We compared women
who experienced livebirth (success group) and implantation failure or miscarriage (failure group) after

surgery-ART hybrid therapy and evaluate the predictive factors for livebirth.

Patients: A total of 39 infertile women underwent surgery-ART hybrid-therapy with 86 embryo transfer

cycles.

Interventions: All women underwent ART treatment for embryo cryopreservation preoperatively,
reproductive surgery and warmed embryos transfer after\the postoperative contraceptive interval
(surgery-ART hybrid therapy) for women with DOR (anti-Mdllerian hormone < 1.0 ng/mL) and/or
advanced reproductive age (>40 years) with uterine myomas and/or ovarian endometriomas who required
surgery.

Results: Out of 39 women underwent,surgery-ART hybrid therapy, one woman acquired no embryo after
oocyte retrieval trials and gave up coenceiving, 14 experienced childbirth (success group) and 24 (63.2%)
experienced implantation failure or‘miscarriage (failure group) after surgery-ART hybrid therapy. Women
in the success and failure groups were 40 (38-41) and 41.5 (41-42) years old [median (interquartile
range)] (p = .0318).andyhad 2.5 (0.1-8.6) and 1.3 (0.1-4.2) ng/mL serum anti-Millerian hormone levels
[median (range)] (p.= .396), respectively. The numbers of preoperative frozen embryos in the success and
failure groups were 5.0 (4.0-6.0) and 2.0 (1.0-3.0), respectively (p < .001). There were no significant
differences inusurgical findings of myomas and endometriosis in the two groups. The 14 women who
underwent successful surgery-ART hybrid therapy were significantly younger and had a larger number of

cryopreserved embryos than the 24 who experienced hybrid therapy failure.
Conelusion: Successful surgery-ART hybrid therapy requires preoperative sufficient age-specific number
of frozen embryos, establishment of ART treatment with stable pregnancy outcomes and skillful

reproductive surgery and the strong wills of patients and doctors for pregnancy.

Keywords: Assisted reproductive technology; Endoscopic surgery; Fertility preservation; Myoma;

Endometriosis
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Female aging leads to decreased quality and quantity of oocytes [1-5]. Advance-aged women also are a
high risk population for development of uterine tumor and endometriosis; therefore, the age at desire for
childbearing currently overlaps with this period [6, 7]. Uterine disorders with uterine cavity distortion,
such as submucosal myomas, interfere with embryo implantation, whereas based on assisted reproductive
technology (ART) data with donated oocytes, the implantation rate is not decreased by aging without

uterine tumor [8].

ART is the most effective infertility treatment; however, ART for aged women remains unsatisfactory
due to low implantation and high miscarriage rates caused by diminished ovariantreserve/(DOR) and
uterine disorders [9]. Endoscopic surgery is to gold standard for women-with uterine myomas and
endometriosis; however, preoperative treatment, such as with a gonadotrepin-releasing hormone (GnRH)
analogue, has been demonstrated to improve surgical outcomes [10]«<Regarding myomas, a postoperative
contraception period also is needed due to myometrial woundhealing to prevent uterine rupture during
pregnancy [11, 12]. In endometriosis, oocyte loss issa=serious issue of cystectomy for ovarian
endometriomas [13, 14]. Therefore, it is debatable whether infertility treatment or surgery should be the
first choice for aged reproductive women with uterine tumors and/or endometriomas. In 2009, we first
reported successful live births after a combination of ART for embryo cryopreservation and surgery,

named ‘surgery-ART hybrid therapy’ in-advance-aged infertile women with multiple myomas [15].

We analyzed the clinical outcomes and predictive factors for the therapeutic effect of surgery-ART

hybrid therapy.

Methods

Patient’Selection

This study was approved by the local ethics committee of Juntendo University, Faculty of Medicine
(No. 16-158) and Sugiyama Clinic (No. 16-001). We performed ART for embryo cryopreservation
preoperatively and reproductive surgery (surgery-ART hybrid therapy) for 39 patients who met the
following conditions: visiting Juntendo University Hospital between 2014 and 2016, informed consent by
K.K., poor prognosis for successful pregnancy with DOR (anti-Mdillerian hormone < 1.0 ng/mL) and/or
advanced age (>40 years), uterine myomas and/or ovarian endometriomas requiring surgery, women who

aimed to preserve >3-5 frozen embryos preoperatively at Juntendo University Hospital or Sugiyama

3
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Clinic and laparoscopic surgery performed by K.K at Juntendo University Hospital.
Indication for Surgery

Regarding uterine leiomyomas, the indication for surgery were cases felt to be at high risk of
implantation failure and complications during pregnancy. We assessed leiomyomas using magnetic
resonance imaging, hysteroscopy and hysterography as appropriate. Submucosal or intramural“myomas
that protrude or compress into the uterine cavity cause implantation failure [16, 17]. In cases of intramural
myomas, whether surgery should be done before pregnancy often is debatable. Intramural myomas with
symptoms, such as abnormal uterine bleeding have a potential for obstruction of, embryo implantation
[16]. Therefore, we included them in the indication. For complications of pregnancy by leiomyomas, it is
difficult to assess which uterine myomas increase the risk, because myomas,have varied sizes, numbers
and locations in the uterus and their volume may be changed during pregnancy [16]. In any case, when
considering complications in pregnancy, such as pelvic pain‘with degeneration of myomas, miscarriage,
preterm birth and postpartum hemorrhage, myomas >10 cm.in diameter also are indicated for surgery

[18].

In endometriosis, most endometriotic lesionstare shrunken after pregnancy [19]. According to the
European Society for Human Reprodugtioniand Embryology (ESHRE) guideline, there is no evidence
that cystectomy for ovarian endometriomas before ART treatment increases pregnancy outcomes in
infertile women [20]. However, some large ovarian endometriomas are ruptured, developed abscess and
grow with intratumoural decidual change [21]. Therefore, we decided that endometriomas >5cm in their

greatest diameter are indicated for surgery.
Preoperative Cryopreservation of Embryos

Regarding) preoperative embryo freezing, procedures for controlled ovarian stimulation, oocyte
retrieval and in vitro fertilization (IVF)-embryo transfer (ET) have been described previously [22]. Briefly,
in ‘controlled ovarian stimulation approaches, clomiphene citrate-recombinant follicle-stimulating
hormone (rFSH) or human menopausal gonadotropin (hMG), or GnRH antagonist cycles were chosen
depending on the ovarian reserve status and previous ART data. In the clomiphene-rFSH or hMG cycle,
infertile women received 50 mg clomiphene citrate (Clomid®, Fuji Pharma, Tokyo, Japan) once daily for
5 days starting at day 3 of the menstruation cycle, and 150-300 IU rFSH (Gonal-f®, Merck, Tokyo,

Japan) or hMG (HMG Ferring, Ferring Pharmaceuticals, Tokyo, Japan) administered on cycle days 4, 6

4
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and 8. In the GnRH antagonist cycle, 225-300 IU hMG was administered on consecutive days 3 to 6. On
menstrual day 7, when dominant follicles >15 mm in diameter were confirmed, 0.25 mg GnRH antagonist
(Cetrotede®, Shionogi & Co. Ltd., Tokyo, Japan) injection also was begun with the hMG injection. When
dominant follicles >17 mm were confirmed, either 5,000 or 10,000 1U of human chorionic gonadotropin
(Gonatropin®, Aska Pharmaceutical Co. Ltd., Tokyo, Japan) injection or 300 ug nasal buserelin acetate
spray (Sprecur® nasal solution 0.15%, Mochida Pharmaceutical Co., Tokyo, Japan) was administered.
Two days later, we aspirated follicles transvaginally and performed conventional IVVF or intracytoplasmic
sperm injection depending on spermatic findings and previous fertilization rates at JuntendoyUniversity
Hospital or Sugiyama Clinic. Cleavage stage embryos at 2-3 days or blastocysts at 5~6 days after
fertilization were recognized and cryopreserved once. Morphologically and developmentally competent
embryos were defined as grades 1-3 of the Veeck classification and >6-cell embryos in cleavage stage at
day 3 after fertilization and 5- or 6-day blastocysts after fertilization except.for grade C in both the inner

cell mass and the trophectoderm of the Gardner classification.
Laparoscopic Surgery

After embryo freezing, the GnRH agonist, Leuprorelin acetate (Leuplin®, Takeda, Tokyo, Japan) or
Goserelin acetate (Zoladex® 1.8 mg depot; Kissei Pharmaceutical, Matsumoto, Japan), was injected every
4 weeks for 2-4 months as preoperative treatment and planned laparoscopic myomectomy or cystectomy.

An experienced surgeon (K¢K.) performed all laparoscopic surgeries at Juntendo University Hospital.
The surgical procedures fordlaparoscopic myomectomy and cystectomy have been described previously
[22, 23]. Briefly, we usually performed the 4-puncture method with the patient under general anesthesia
by endotracheal intubationiin the lithotomy position. In myomectomy, vasopressin (20 U in 1 mL diluted
100 times with saline) was infused between the myoma capsule and the normal muscle layer [24], and a
horizontalincision/was made above the myoma using a monopolar needle. The myoma was enucleated
using amyoma screw. A 2—4-layer running 0 Polysorb (Tyco Healthcare, Tokyo, Japan) suture was used
to\close;the myometrial layer to avoid forming a dead space. A mattress suture was used to close the
serous layer. In ovarian cystectomy, we removed the ovarian cyst walls as a stripping method and closed
the ovarian defect using 2-0 Polysorb purse string sutures. At operation, we examined the severity of

endometriosis using the revised American Society for Reproductive Medicine (re-ASRM) score.

We decided that the postoperative contraceptive period after myomectomy was 6 months at Juntendo

University Hospital to allow for wound healing of the uterine musculature. However, cryopreservation of
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embryos was allowed after restart of menstruation during the contraceptive period. Regarding cystectomy,
there was no need to have the contraceptive interval until ET. Afterwards, warmed embryos were

transferred into the uterus using trans-vaginal ultrasound guidance.

Statistical Analysis

The data are presented as n (%) or median with interquartile range for quantitative and percentage for
qualitative parameters. Shapiro-Wilk was used for evaluating normal distribution for quantitative data.
Mann-Whitney U-test was applied in order to compare the parameters or independent samples.
Categorical variables were compared with the Fisher's exact test. All statistical analyses:were performed
with GraphPad Prism ver.6.07 for Windows (GraphPad Software, San Diego, CA, USA). Statistical

significance was defined as P < 0.05.

Our study design is a retrospective cohort study, using data fromvall patients who
underwent surgery-ART hybrid therapy at Juntendo University"Hospital and Sugiyama Clinic from 2014
to 2016 and compared women who experienced livebirth (success group) and implantation failure or
miscarriage (failure group) after this therapy, analyzing statistically. Our study sample size is not enough
to make conclusion, owing to the study feasibility, and our study results were preliminary and was an
explored study, however, as the exploratory analysis, we believe our study results should be paid

attention and have important clues for future direction of the study.

Results

A total of 39 women met the conditions of surgery-ART hybrid therapy and their characteristics are
shown in Supplemental Table 1. One woman acquired no embryo after two oocyte retrieval trials and
decided not to pursue further interventions. Fourteen (36.8%) experienced livebirth (success group) and
24 (63.2%) experienced implantation failure or miscarriage (failure group) after surgery-ART hybrid

therapy (Fig. 1).

The characteristics of the patients in the two groups are shown in Table 1. The women in the success
group [median (interquartile range)] were significantly younger than those in the failure group [40
(38-41) and 41.5 (41-42) years, respectively, p = .0318]. As for serum anti-Miillerian hormone levels
[median (range)], there was no significant difference [2.5 (0.1-8.6) and 1.3 (0.1-4.2) ng/mL,

respectively, p = .396]. Regarding embryo cryopreservation, the numbers of preoperative frozen embryos
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in the success and failure groups [median (interquartile range)] were 5.0 (4.0-6.0) and 2.0 (1.0-3.0),
respectively (p < .001), and the numbers of morphologically and developmentally competent embryos
were 3.0 (2.0-5.0) and 1.0 (0-1.0), respectively (p < .001; Table 2). In particular, the number of frozen
blastocysts in success group were significantly larger than that in failure group (p < .001). We
recommended three to five frozen embryos preoperatively; however, 10 patients (41.7%) in the failure

group obtained only one or two embryos.

The surgical findings are shown in Table 3. The success and failure groups [median (interquartile
range)] had 3.5 (1.0-9.5) and 4.0 (1.0-8.5) uterine myomas (p = .881) withha diameter of 5.5
(2.0-10.0) and 8.0 (5.5-9.5) cm (p = .234), respectively. In endometriosis; thereywere no significant
differences in the size of ovarian endometriomas and severity of endometriosis with re-ASRM scores.
The findings of uterine myomas and endometriosis did not contribute to a success rate in surgery-ART

hybrid therapy.

When comparing between 30 ET cycles in the success group and 56 in the failure groups, 1.1
transferred embryos per ET in both groups produced,73:3% (22 ET) and 10.0% (10 ET) clinical

pregnancy rates and 46.7% (14 ET) and 0% (0 ET)\livebirth rates, respectively (Table 4).

Discussion

Changes in the female lifestyle have led to a trend for later marriage. The aging of women has two
critical problems for fecundity: decreased egg quality and quantity and an increased incidence of uterine
disease and endometriosis. Aged oocytes are strongly associated with an increased rate of chromosomal
anomalies, leading to a high incidence of reproductive failure, including implantation failure and
pregnancy loss [9,25-27). Therefore, it is important to obtain embryos as early and as much as possible to
optimize the odds of livebirth in advanced reproductive aged women with fibroids and/or endometriosis
requiring surgery. Surgery-ART hybrid therapy minimizes degradation of time-dependent oocyte factors

while a patient awaits surgery and recovers through upfront cryopreservation.

In this study, of 38 patients with advanced age or DOR, 14 achieved successful pregnancy after
surgery-ART hybrid therapy (36.8%). The 14 women who underwent successful surgery-ART hybrid
therapy were significantly younger and had a larger number of cryopreserved embryos compared to those
who had surgery-ART hybrid therapy failure. We recommended three to five frozen embryos

preoperatively; however, the average number of embryos was only 2.0 in the failure group. It is quite
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difficult to predict the individual number of frozen embryos that can produce a sufficient livebirth rate.
Most women do not have accurate information on female fertility decline with aging and age-specific
pregnancy outcomes of IVF before ART treatment [28]. In our study, most of the patients had no
experience with ART treatment; therefore, they might expect that preoperative frozen embryos can
produce higher successful pregnancy rates, comparing to actual outcomes depending on their age.
According to Japanese ART data in 2015, the clinical pregnancy rate of 36-year-old women is/37.2% per
one ET cycle, including 21.6% for miscarriage, resulting in a 27.4% livebirth rate (Supplemental table 2)
[29]. The livebirth rate for 40-year-old women is 16.0% per ET. In Japan, more than 80% of.ET cycles
are single embryo transfers; thus, the pregnancy outcomes per ET are approximate to_those per single
embryo. If 36-year-old women desire 50% or 80% cumulative livebirth rates, they must aim for three or
six frozen embryos, respectively (Supplemental table 2). For 40-year-0ld women, four or nine embryos
are needed, respectively. Counselling regarding livebirth rates and number of frozen embryos is based on
this ART data. Although some countries, including Japan;“haveimposed restrictions on the use of
chromosomal testing of embryos, frozen euploid embryos after preimplantation genetic testing must have

a good prognosis for pregnancy in cases of surgery-ART hybrid therapy [30].

To increase the successful pregnancy ~rate,with™ this therapy, maximum collection of oocytes
preoperatively is important. However,«in, women with DOR, obtaining the ideal number of frozen
embryos is difficult. To collect asamany. oocytes as possible, double stimulation during the follicular and
luteal phases has been reported- as’the /Shanghai protocol [31]. Lin et al [32] also reported that oocyte
retrievals after ovarian stimulation during the luteal phase in women with poor ovarian response obtained
a larger number of eggs.and higher quality oocytes compared to those obtained during the follicular phase.
Furthermore, in“women, with hypergonadotropic DOR, continuous clomiphene citrate and estradiol
administration is an effective stimulation with a lower cancellation rate of oocyte retrieval and larger
number of retrieved eggs [33]. To improve oocyte quality, supplementation with dehydroepiandrosterone
(DHEA)arhuman growth hormone, resveratrol, melatonin, and myo-inositol during ART treatment may

be'an effective alternative [34-36].

We performed surgery for leiomyomas and endometriosis in cases with a high risk of implantation
failure and complications during pregnancy; however, it is difficult to predict the increased risk of
complications during pregnancy. Most ovarian endometriomas are shrunken after conception [19], but

complications of endometriosis in pregnancy, including acute hemoperitoneum, are rare [37, 38]. Uterine
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myomas are mainly enlarged during the first trimester of preghancy; however, prediction of the likelihood
to modify their size during pregnancy is also difficult [16, 39]. Furthermore, there is no evidence whether
surgery would prevent the adverse effects of leiomyomas or endometriosis on pregnancy outcomes [38,
39]. Therefore, our indications for surgery were considered to be submucosal or intramural myomas that
protrude into the uterine cavity, myomas >10 cm in diameter, and ovarian endometriomas >5 cm in

diameter.

Surgery-ART hybrid therapy has advantages and disadvantages. Surgery-ART hybrid therapy can not
only reduce the risk of implantation failure, but also the complications of pregnancy asseciated with
uterine myomas and endometriosis, such as pregnancy loss, preterm birth and“endometrioma rupture. By
contrast, patients must undergo surgery and ART treatment; thus, causing.a physical, temporal, and
financial burden to the patients. In fact, most women in the failure group abandoned their desire to have a
child after all frozen embryos had been transferred. Also, skillful surgicaljand I\VVF techniques are required
in this therapy, therefore reproductive specialists and surgical.experts can cooperatively treat the patients.
In addition, surgery-ART hybrid therapy has nowvindication for patients with large myomas or

endometriomas, which interfere with oocyte retrieval.

This study has some limitations. First, this is'a retrospective cohort study. Second, we did not compare
pregnancy outcomes in patients who.underwent IVF treatment, surgery only, or no treatment. Third, the

number of patients was small, whichhmaderit difficult to draw conclusions from the data.

Conclusion

To our knowledgesthisiis the first study of combination treatment consisting of preoperative embryo
cryopreservation and endoscopic surgery in women with decreased ovarian function with myomas or
endometriomas..Successful surgery-ART hybrid therapy requires preoperative cryopreservation of an
age-dependent number of embryos, establishment of ART treatment with stable pregnancy outcomes and

skillful reproductive surgery and the strong wills of patients and doctors for pregnancy.
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Surgery-ART hybrid therapy
in 2014—2016
n=39

Operation without frozen embryos
n=1

Included patients
Operation after embryo freezing
n=238
|

I l
Success group Failure group
Livebirth after ET Implantation failure or miscarriage
n =14 (30 ET cycles) n =24 (56 ET cycles)

Figure 1. Flowchart of patients in surgery-ART hybrid therapy:="A‘total of 39 women met the conditions
of surgery-ART hybrid therapy. One woman acquired norembryo after two oocyte retrieval trials and
unfortunately gave up her chance for childbirth. Of 38 women, 14 (36.8%) experienced childbearing
(success group) after 30 embryo transfer (ET) cycles.and 24 (63.2%) experienced implantation failure or

miscarriage (failure group) after 56 ET-cycles.

Table 1. Characteristics of patients
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Success group

Failure group

n=14 n=24 P
Age (years)” 40 (38-41) 41.5 (41-42) .0318%
Pregnancy history”
Gravida 0 (0-2) 0 (0-1) 7728
Parity 0 (0) 0 (0) 1.000°
Duration of infertility (year)” 1.0 (1.0-8.0) 2.5 (1.5-4.0) 134°
AMH (ng/mL) ™ 2.5(0.1-8.6) 1.3 (0.1-4.2) .396°
Indication for surgery®
Myoma 12 (85.7) 24 (100) 129"
Endometriosis 6 (42.3) 10/41.7) 1.000"
AMH = anti-Mdillerian hormone
“Variable, provided in median (interquartile range).
“Variable, provided in median (range).
" Variable, provided in n (%).
*ltalic numbers indicate statistical significance.
§ Mann-Whitney U test
1 Fisher’s exact test
Table 2. Preoperative IVF and cryopreservation of embryos
Success group Failure group b
n=14 n=24
Qogyte retrieval cycle” 3.0 (1.0-3.0) 2.0 (1.5-2.0) 2198
Nufnber of cryopreserved embryos” 5.0 (4.0-6.0) 2.0 (1.0-3.0) <.001%
Cleavage embryo 2.0 (0-3.0) 2.0 (1.0-2.5) 7628
Blastocyst 2.0 (1.0-5.0) 0 (0-0) <.001%
Number of competent embryos” ' 3.0 (2.0-5.0) 1.0 (0-1.0) <.001%
Cleavage embryo 0.5 (0-1.0) 1.0 (0-1.0) 8918
Blastocyst 2.0 (1.0-4.0) 0 (0-0) <.001%
Embryo transfer cycle” 3.0 (1.0-3.0) 2.0 (2.0-3.0) 726°
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“Variable, provided in median (interquartile range).

" Competent embryos were defined as grades 1-3 of the Veeck classification and >6-cell
embryos in cleavage stage at day 3 after fertilization and 5- or 6-day blastocysts after
fertilization except for grade C in both the inner cell mass and the trophectoderm of the Gardner
classification.

* Italic numbers indicate statistical significance.

$ Mann-Whitney U test

Table 3. Surgery findings during laparoscopy

Success group . Failure group P

Myoma n=A42 n=24

Number of myomas” 3.5((1.0-9:5) 4.0 (1.0-8.5) 881"

Diameter of myomas (cm)” 5.5.(2.0-10.0) 8.0 (5.5-9.5) 2347
Ovarian endometrioma n==6 n=10

Unilateral / Bilateral 412 713 1.000*

Diameter of endometrioma (cm)” 6.0 (5.0-7.0) 7.0 (5.0-8.5) 536"

Revised ASRM score (points)” 51.0 (30.0-120.5) 61.5 (32.0-108.0) 915"

“Variable, provided in median (interquartile range).
¥ Mann-Whitney U test

*Fisher’s exact test

Table 4. Pregnancy outcomes after frozen-warmed embryo transfer

Success group Failure group

n=30 n =56 i
Number of embryos transferred” 1.0 (1.0-1.0) 1.0 (1.0-1.0) .934°
Clinical pregnancy rate’ 22 (73.3) 7 (10.0) 014
Livebirth rate’ 14 (46.7) 0 (0) .006*

“Variable, provided in median (interquartile range).
" Variable, provided in n (%).
*1talic numbers indicate statistical significance.
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ACCEPTED MANUSCRIPT

§ Mann-Whitney U test

T Fisher’s exact test
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