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Abstract
Aim: To clarify the effects of small endometriomas on in vitro fertilization (IVF) out-
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the quantitative and qualitative outcomes of IVF was evaluated in the same
individual.

Methods: A retrospective analysis was performed, in which 118 infertile women with
unilateral endometriomas that were <40 mm in size and who underwent IVF or intra-
cytoplasmic sperm injection were evaluated. Single frozen embryo transfer cycles
were performed, with separate data collections for both the affected and the unaf-
fected ovaries, which allowed for an evaluation of the implantation rate.

Results: The mean antral follicular count and the number of follicular flushings, re-
trieved oocytes, and obtained embryos were significantly lower for the endometrioma-
containing ovary than for the contralateral, intact ovary. No significant difference was
observed regarding the blastocyst retrieval and good-quality blastocyst retrieval rates,
pregnancy rate, and clinical pregnancy or live birth rate.

Conclusion: Although the patients with a small endometrioma had a decreased ovarian
reserve, they had lower pregnancy rates. The decision to transfer an embryo from an
endometrioma-containing ovary or from a contralateral, intact ovary also might not

influence the pregnancy rate.
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1 | INTRODUCTION

>30% of infertile women.® Increasing numbers of women with endo-

metriosis have achieved pregnancy with assisted reproductive tech-

Endometriosis is a disorder that is characterized by the presence and
growth of endometrial tissue in ectopic sites.! Although the reported
prevalence among asymptomatic women ranges from 2% to 20%, the
prevalence in women with dysmenorrhea is as high as 40%-60%.2

Endometriosis also is frequently associated with infertility and affects

nology (ART). Several studies have suggested that the presence of an
endometrioma reduces the quality of the oocytes, as reflected by the
reduced rate of fertilization and implantation after controlled ovar-
ian hyperstimulation and in vitro fertilization (IVF) treatment.*” The
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state that there is no evidence that cystectomy prior to treatment
with ART improves the pregnancy rates in infertile women with en-
dometriomas that are >30 mm. The Guideline Development Group
recommends that clinicians only consider cystectomy prior to ART to
improve endometriosis-associated pain or the accessibility of the folli-
cles.? In addition, it has been reported that surgery prior to scheduled
ART does not benefit asymptomatic women with an endometrioma.”
However, no study has evaluated the impact of small endometrio-
mas and the ideal treatment schedule for IVF/intracytoplasmic sperm
injection (ICSI) has yet to be defined. The quantitative ovarian reserve,
embryo quality, and IVF outcome of women with a small endometri-
oma who undergo ART but with a high average age remain a matter of
debate because relevant evidence is scarce. Therefore, further studies
are needed to determine whether the endometrioma plays a role in
the decrease of fecundity or in the lower pregnancy rates after IVF.
Thus, the objective of the present study was to evaluate the quantita-
tive and qualitative IVF outcomes in ovaries with and without a small
(especially <40 mm) endometrioma in the same individual, with a high

average age of the participants.

2 | MATERIALS AND METHODS

2.1 | Patients

In this retrospective analysis, 118 infertile women with a unilateral
endometrioma that was <40 mm and who had undergone IVF or ICSI
from April 2011 to March 2014 were examined. All the patients met
the following inclusion criteria: (1) no previous history of adnexal sur-
gery; (2) both ovaries were present; (3) a diagnosis of a unilateral en-
dometrioma; (4) a menstrual cycle duration that ranged from 25 to
35 days; (5) no clinical sign of hyperandrogenism; and (6) a Body mass
index (BMI) that ranged from 18 to 25 kg/m? The exclusion criteria
were: (1) a previous history of any systematic disease or malignancy;
and (2) older than 45 years.

An ultrasound-based diagnosis of endometrioma was achieved fol-
lowing the visualization of persistent, round, homogeneous hypoechoic
“tissue” with low-level echoes within the ovary, as previously de-
scribed.’® Each endometrioma was measured in three dimensions and
the mean diameter was calculated. The contralateral, intact ovary was
confirmed to not contain an endometrioma via transvaginal ultrasound.

Written informed consent was obtained from all the patients. This
study was approved by the Ethical Review Board of Toho University
Medical Center Sakura Hospital, Sakura, Japan.

2.2 | Measurement of the serum hormone levels

Samples of blood (5 mL) were collected on day 3 of menstruation dur-
ing the IVF cycle and were centrifuged. The resultant serum samples
were frozen at -80°C until subsequent assessments of the levels of
anti-Muillerian hormone (AMH), follicle-stimulating hormone (FSH),
and estradiol (E2) were performed. The serum AMH levels were
measured with a commercial assay kit (AMH Gen Il ELISA; Beckman
Coulter, Brea, CA, USA). The detection limit of this kit was 0.16 ng/mL.
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2.3 | Cycle monitoring during the
infertility treatment

The number of early antral follicles was determined by ultrasound
examination on day 3 of IVF. Ultrasonographic (USG) measurements
were performed with a multifrequency transvaginal probe (Voluson P6
with a multifrequency convex endovaginal transducer; GE Healthcare
Company, Tokyo, Japan), as previously described.!* Briefly, on day 3,
all the antral follicles with a mean diameter of 2-10 mm were counted
in both the endometrioma-containing ovary and in the contralateral,
intact ovary. All the participants were treated according to a stand-
ard treatment protocol for FSH-mediated ovarian hyperstimulation,
using a short-acting antagonist to gonadotropin-releasing hormone,
with 10 000 units of human chorionic gonadotropin (hCG), which was
used to induce follicular maturation at 36 hours before the collection
of the eggs. The IVF or ICSI procedure was performed at 4-6 hours
after collection of the ova. For this study, the oocytes were routinely
stored separately according to the ovary of origin. All the embryos
that reached an appropriate blastocyst stage were cryopreserved
on day 5 or 6. The patients who prepared for frozen transfer cycles
underwent programmed hormone replacement. Single frozen em-
bryo transfer cycles were performed for 81 blastocysts, which were
scored according to the Gardner standard.'? The blastocyst quality
was classified as “good” (23 BB) or “poor” according to its trophec-
toderm and inner-cell mass quality scores. The decision to transfer
a given embryo was based on morphology, which indicated the best
embryo. The ovary of origin did not influence the clinical choice. The
appropriate FSH and human menopausal gonadotropin (hMG) dose
was determined on an individual basis according to the antral follicular
count (AFC) and the observation of the growing follicles. The number
and size of the follicles that responded to FSH/hMG stimulation were
monitored regularly by transvaginal sonography.

The ovarian response was assessed by the total dose of gonado-
tropin (recombinant FSH or hMG) that was required for ovarian stimu-
lation, the number of follicles on the day that the oocyte was obtained,
the number of retrieved oocytes, and the numbers of embryos that
were obtained from the endometrial ovary and the contralateral, intact
ovary.

“Pregnancy” was defined as a positive serum -hCG test and “clin-
ical pregnancy” was defined as the ultrasonographic demonstration of

an intrauterine gestational sac 4 weeks after the embryo transfer.

2.4 | Clinical characteristics and outcome measures

The patients’ age, BMI, duration of the menstrual cycle, and tumor size
were recorded as the baseline clinical characteristics. In addition, on
day 3, the serum levels of the AMH, FSH, and E2 were recorded, along
with the total number of doses and the duration of recombinant FSH/
hMG stimulation. The following were evaluated and compared for the
endometrioma-containing ovary and the contralateral, intact ovary:
the AFC, the degree of follicular flushing (follicular size: 217 mm), the
oocytes that were retrieved, the embryos that were obtained, the

blastocyst retrieval rate, the good-quality blastocyst retrieval rate,
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the pregnancy rate, the clinical pregnancy rate, and the live birth rate.
The primary outcome was the clinical pregnancy rate per cycle. The
ovarian response to gonadotrophin stimulation was considered as a
secondary outcome.

2.5 | Statistical analysis

The chi-square test or Fisher's exact test was used to compare the
categorical variables. In order to compare the means of the continu-
ous variables, the non-parametric Mann-Whitney U test was used
if the continuous variables were not normally distributed and the
Student’s t test was used if the continuous variables were normally
distributed. P-values of <.05 were considered to be significant. The
results were expressed as the arithmetic mean+SD, range, and me-
dian. JMP software (SAS Institute, Inc., Cary, NC, USA) was used for
the statistical analysis.

3 | RESULTS

In total, 118 women were evaluated in this study and their clinical
characteristics, as well as those of their endometriotic tumor, are

summarized in Table 1. Their mean age was 40.4+0.9 years. Table 2

TABLE 1 Baseline clinical characteristics of the patients

Characteristic MeantSD
Age (years) 40.40+.90
Body Mass Index (kg/mz) 22.40+£2.50
Menstrual cycle (day) 29.90+£1.20
Duration of infertility (years) 3.20+.80
Size of the cyst (mm) 30.30+£1.40
AMH (ng/mL) 1.75+.30
Day3 FSH (mIL/mL) 5.80+.60
Day3 E2 (pg/mL) 61.90+5.40
Total dose of FSH/hMG (IU) 2406.20+370.80
IVF/ICSI (%)

IVF 38.10

ICSI 61.90

AMH, anti-Miillerian hormone; E2, estradiol; FSH, follicle-stimulating hor-
mone; hMG, human menopausal gonadotropin; ICSI; intracytoplasmic
sperm injection; IVF, in vitro fertilization.

presents the comparisons of the IVF/ICSI outcomes for the ovaries
with and without an endometrioma. The mean AFC, the number of
follicular flushings, the retrieved oocytes, and the number of obtained
embryos were significantly lower for the endometrioma-containing
ovaries than for the contralateral, intact ovaries. No significant differ-
ence was found with respect to the rate of blastocyst retrieval and the
rate of good-quality blastocyst retrieval. The total pregnancy rate, the
clinical pregnancy rate, and the live birth rate were not significantly
different (Table 3). When the study group was divided according to its
pregnancy status (pregnant vs non-pregnant), no significant difference
was observed in the AMH level (1.72 [1.45-1.99] vs 2.2 [<0.16-4.7]
ng/mL).

In this study, no complication (eg, the spread of infection) was ob-
served. In some cases, contamination of the follicular fluid was difficult
to avoid during the retrieval of the oocytes in the endometrioma-
containing ovary. In all, seven of the 118 endometrioma-containing
ovaries were situated in a deep position relative to the surface; how-
ever, these ovaries were able to be reached and the follicles were able

to be punctured in all cases.

4 | DISCUSSION

The objective of the present study was to evaluate the quantitative
and qualitative IVF outcomes of women with and without a small en-
dometrioma. Overall, the results suggested that the presence of an
ovarian small endometrioma reduces the ovarian reserve but does not
significantly affect the pregnancy rate.

The findings of this study were unique because the single embryo
transfer policy that was followed, together with the separate data
collections for both the affected and the unaffected ovaries, allowed
for the evaluation of the implantation rate. The implantation rate thus
could be directly attributed to the ovary with the endometrioma or to
the contralateral, healthy ovary. Embryo cryopreservation is a routine
part of ART that is associated with many benefits. Most studies have
suggested that cryopreservation maximizes the cumulative success of
each and every IVF cycle.

The management of endometriomas that are <40 mm in size in
women who attempt to conceive remains a matter of debate >13-1°
The results of this study demonstrated that the AFC, the num-
ber of follicular flushings, the number of retrieved oocytes, and the
number of obtained embryos were all significantly lower for the

TABLE 2 Comparing the in vitro

Variable Endometrioma Non-endometrioma  P-value el e .
fertilization/intracytoplasmic sperm

Antral follicle count 2.2+0.5 4.0£0.4 <.05 injection outcome in the endometrioma

Antral follicle count 3303 4.8:0.7 <05 and in the contralateral, intact ovary
(meanSD)

Number of oocytes 2.1+0.3 3.9+0.3 <.05

Number of obtained embryos 1.2+0.2 2.4+0.2 <.05

Blastocyst embryos (%) 37.1 31.5 NS

Good-quality blastocyst embryos (%) 12.3 10.8 NS

NS, not significant.
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Non-endometrioma

Endometrioma

Transfer of a good-quality embryo

Pregnancy/embryo transfer (ET)
Clinical pregnancy/ET

Live birth/ET

Transfer of a poor-quality embryo

Pregnancy/ET

Clinical pregnancy/ET

Live birth/ET

NS, not significant.

endometrioma-containing ovary than for the contralateral, intact
ovary. These results were limited only to cysts that are <40 mm in size,
which implies that small endometriomas can quantitatively decrease
the ovarian reserve.

Few studies have compared the numbers of oocytes that are pro-
duced by endometrioma-containing ovaries and healthy ovaries in the
same individual. One of the first to compare the responses of affected
and unaffected ovaries to gonadotropins showed the production of a
reduced number of co-dominant follicles in endometrioma-containing
ovaries in response to ovarian stimulation and this reduction was more
evident in women with endometriomas that were >20 mm in size.?
Another study also reported that the presence of an endometrioma
resulted in a reduced response to ovarian stimulation, compared with
the response of the contralateral, intact ovary in the same individual.
It also was found that, in the case of endometriomas that are <30 mm,
the basal FSH concentration is the most important prognostic factor
for oocyte retrieval.’* In contrast, it has been reported that the pres-
ence of an endometrioma is not associated with a reduction in the
number of retrieved oocytes.'® In the present study, no statistically
significant difference was observed in the percentage of good-quality
blastocysts that was able to be retrieved, the pregnancy rate, the
clinical pregnancy rate, and the live birth rate between the ovaries.
Therefore, it is believed that small endometriomas might not be in-
volved in a decrease in oocyte quality and might not affect pregnancy
outcomes. The decision to transfer an embryo from an endometrioma-
containing ovary or from a contralateral, intact ovary also might not
influence the pregnancy rate.

Laparoscopic ovarian surgery is a major topic in the field of re-
productive medicine and the excision of ovarian endometriomas has
been reported to be associated with detrimental effects on the ovarian
reserve immediately after surgery.!” In addition, previous studies have
demonstrated that both the number of follicles and the number of oo-
cytes that are retrieved during ovarian hyperstimulation are markedly
reduced in the surgically resected gonad, compared with the contra-
lateral, intact ovary.'®? Thus, it appears that the surgical removal of
endometriomas could exert a negative effect on fertility.

The precise risks that are associated with oocyte retrieval following
treatment for an endometrioma are not well known. According to one

study, at least five complications can be associated with a conservative

N (%) N (%) P-value
5/14 (35.7) 6/20 (30.0) NS
4/14 (28.6) 5/20 (25.0) NS
3/14 (21.4) 4/20 (20.0) NS
2/19 (10.5) 4/28(14.3) NS
1/19 (5.3) 3/28 (10.7) NS
1/19 (5.3) 2/28(7.1) NS

approach in patients who are undergoing IVF cycles: (1) rupture of the
endometrioma; (2) development of a pelvic abscess; (3) a failure to
recognize an occult, early-stage malignancy; (4) difficulties in oocyte
retrieval; (5) contamination of the follicular fluid with the contents of
the endometrioma; and (6) the progression of endometriosis.*® All of
these risk factors should be considered when the method of oocyte
retrieval is determined. In this study, no complication was observed.
The results of this study demonstrated that lower reserves were not
associated with a lower pregnancy rate. Therefore, this finding implies
that the appropriate choice of management of a small endometrioma
for a woman with a high average age should be the avoidance of sur-
gical intervention.

In this study, no significant difference was observed in the AMH
levels between the pregnant and the non-pregnant women. Although
some studies have reported that AMH can be a predictor of the ovar-
jan reserve and the success rate of IVF,2%2! this study’s findings are
consistent with those of other studies.?22

Several limitations affect the results of the present study. First,
this study included only a small number of participants with a rel-
atively high average age (40.4+0.9 years). The overall pregnancy
rate in this study was relatively low but could be explained by the
high average age of the participants, as the overall pregnancy rate
was age-appropriate. The findings of this study were unique, in that
the average age was relatively higher than that in similar studies.
Other studies also were limited to patients who were younger than
40 years of age at the time of the IVF/ICSI cycle.>'* The patients
who receive IVF/ICSI in Japan tend to be older. Most of the patients
were older than 40 years of age in this study. Second, transvaginal
USG-based diagnosis without a laparoscopy was performed in this
study. A staging system for endometriosis, based on the revised
American Society for Reproductive Medicine score classification and
the Endometriosis Fertility Index for an accurate diagnosis, has not
yet been developed.

In conclusion, despite the small number of participants in the pres-
ent study, it was concluded that women with a small endometrioma
and with an average age of 40 years have a reduced ovarian reserve
but this does not significantly affect the pregnancy rate. A large, pro-
spective study therefore is necessary in order to clarify the effects of

small endometriomas on IVF outcomes.
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