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STUDY QUESTİON: Are live birth rates (LBR) different after ART cycles between women with primary or recurrent endometrioma?
SUMMARY ANSWER: Women with recurrent endometrioma have similar LBR as compared to patients with primary endometrioma.
WHAT IS ALREADY KNOWN: Recurrence rate can be as high as 29% after endometrioma excision. Prior studies on management of

endometrioma before ART involve primary endometriomas. There is limited information regarding the prognosis of women with recurrent
endometriomas.
STUDY DESIGN, SIZE, DURATION: A multicenter retrospective cohort study, including 76 women with primary and 82 women with
recurrent endometriomas treated at the participating centers over a 6-year period.
PARTICIPANTS/MATERIALS, SETTING, METHODS: Women with endometrioma who underwent ART at three academic ART

centers. Couples with another indication for ART were excluded.
MAIN RESULTS AND THE ROLE OF CHANCE: Female age, median number of prior failed ART cycles, proportion of patients with
bilateral endometrioma (28 versus 28.9%), ovarian stimulation protocols, and total gonadotropin consumption were similar between the
study groups. Numbers of metaphase two oocytes (5 versus 6), number of embryos transferred, and the proportion of patients undergoing
blastocyst transfer were similar across the study groups. Clinical pregnancy rates (36.6 versus 34.2%, absolute difference 2.4%, 95% CI:
−12.5 to 17.3%, P = 0.83) and LBR (35.4 versus 30.3%, absolute difference 5.1%, 95% CI: −9.5 to 19.7%, P = 0.51) per started cycle in recurrent and primary endometrioma were similar. Comparable success rates were also conﬁrmed with logistic regression analysis (OR: 1.14, 95%
CI: 0.78–0.57, P = 2.3)
LIMITATIONS, REASONS FOR CAUTION: The retrospective design has inherent limitations. Some women with severely decreased
ovarian reserve after primary endometrioma excision may not have pursued further treatment.
WIDER IMPLICATIONS OF THE FINDINGS: The management of endometrioma prior to ART is controversial but a different manage-

ment strategy is not required for recurrent endometriomas. Since recurrent endometriomas do not have a worse impact on ART outcome
than primary endometriomas, and repeat surgery has a higher risk for complications, conservative management without surgery can be
justiﬁed.
STUDY FUNDING/COMPETING INTEREST(S): No funding or competing interests to declare.
TRIAL REGISTRATION NUMBER: None.
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Introduction
Endometriosis is characterized by the presence of endometrial gland
and stroma outside the uterine cavity. While some patients are asymptomatic, endometriosis can present with chronic pelvic pain, and/or
infertility. The true prevalence of the disease is unknown but studies
suggest that endometriosis affects 25–50% of infertile women
(D’Hooghe et al., 2003).
Ovarian endometriosis presents as a cystic formation, which contains a homogenous dark brown viscous liquid, and is named endometrioma. A total of 17–44% of infertile patients with endometriosis are
diagnosed with ovarian endometrioma (Vercellini et al., 2003). Surgical
excision, cyst aspiration, hormonal treatment, ethanol injection as well
as leaving the cysts in situ are management options of endometrioma
in infertile women (Beretta et al., 1998; Brown and Farquhar, 2014;
McDonnell et al., 2014; Garcia-Tejedor et al., 2015). Yet, optimal management is still controversial.
ART is an effective treatment for endometriosis-associated infertility
(Dunselman et al., 2014). Although the presence of an endometrioma
increases the risk of ART cycle cancellation, pregnancy rates appear to
be similar compared to women without an endometrioma (Hamdan
et al., 2015a,b). Moreover, surgical excision of endometrioma prior to
ART does not increase pregnancy rates and may decrease the number
of collected oocytes (Hamdan et al., 2015a,b).
A high recurrence rate in the absence of post-operative hormonal
suppression of the disease process is a limitation of surgical excision in
subfertile patients. Depending on patient characteristics and duration
of follow-up recurrence rate can be as high as 16–29% even within 2
years after surgery (Guo, 2009; Sesti et al., 2009; Seracchioli et al.,
2010). Prior studies on management of endometriomata before ART
involve primary endometriomas (Yanushpolsky et al., 1998; Suzuki
et al., 2005; Bongioanni et al., 2011; Benaglia et al., 2013). Thus, there
is limited information about the optimal management of recurrent
endometriomas prior to ART cycles. In this study, we aimed to compare ART outcome between women with primary and recurrent
endometriomas.

Material and Methods
This multicenter retrospective cohort study was conducted at the
Assisted Reproductive Technology Centers of the Uludag University
School of Medicine, Hacettepe University School of Medicine and the
American Hospital of Istanbul. Uludag University research ethics committee approved the study protocol. Electronic databases of the three
clinics were screened to identify patients with endometriosis who
underwent ART between the years 2011 and 2016. Patients who
never had an endometrioma and couples with other etiology than
endometriosis for infertility were excluded.
An endometrioma was deﬁned by the visualization of an ovarian cyst
with regular margins and ground-glass echogenicity on transvaginal
ultrasound examination (Savelli, 2009; Exacoustos et al., 2014). In all
clinics, the presence of the cysts was conﬁrmed at least on two separate examinations done at least 1 month apart. Surgical histories of
women with endometrioma who underwent ART were retrieved
from original patient charts. Women with a history of a prior endometrioma excision were included in the recurrent endometrioma group.
They were matched with women without a history of endometrioma
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excision. Women with multiple ART cycles were included only with
the chronologically ﬁrst cycle.
Protocols for controlled ovarian stimulation (COS) included GnRH
antagonist protocol, microdose ﬂare-up, long GnRH agonist, and ultralong GnRH agonist protocol at the discretion of treating physicians.
The stimulation protocols and trigger criteria were described elsewhere (Aslan et al., 2015; Esinler et al., 2015). Oocytes were retrieved
transvaginally 34–36 h after the ovulation trigger. Fertilization was
affected by ICSI in all cases. One or two embryos were transferred
under transabdominal ultrasound guidance. Day of embryo transfer
was decided based on the number of available embryos and embryo
quality. We usually aim for a Day 5 transfer but patients who had an
equal or smaller number of good quality cleavage stage embryos than
the number allowed to transfer per local regulations underwent cleavage stage transfer. Cleavage stage transfer was also done when the
patients’ or the laboratory schedule did not allow for a day ﬁve transfer. Luteal phase was supported with vaginal micronized progesterone.
Clinical pregnancy was deﬁned as the presence of at least one
embryo with cardiac activity. Implantation rate (IR) was calculated as
number of embryos with heartbeat divided by the number of embryos
transferred. IR was calculated separately for each woman and treated
as a continuous variable to address multiple implantations in a woman.
Live birth was deﬁned as the delivery of a live infant after 24th gestational week.
Distribution of variables was evaluated visually with histograms.
Depending on distribution characteristics, continuous variables were
deﬁned with mean (standard deviation) or median (25th–75th percentile). Categorical variables were deﬁned with numbers and percentages. Mann Whitney U and independent samples t-test were used to
compare continuous and derivatives of chi-square test was used to
compare categorical variables across the groups. A two-tailed P value
< 0.05 was regarded as statistically signiﬁcant. Logistic regression analysis including live birth as the dependent variable, treatment center,
endometrioma recurrence and female age as the independent variables was done.
A sample size calculation was not done for this retrospective analysis, but all women meeting inclusion criteria were included in the analysis. The absolute differences between the two groups were
presented with accompanying 95% CI to reﬂect the inherent imprecision of point estimates.

Results
A total of 158 patients with endometriosis were eligible for inclusion.
They comprised 76 women with a primary endometrioma and 82 with
recurrent endometrioma after excision.
Of the 82 women with a recurrent endometrioma, 67 had a laparoscopy and 15 had a laparotomy. While 59 (71%) of these patients had a
unilateral endometrioma excision, 23 (28%) patients had a bilateral
cystectomy. Six (26%) women with bilateral endometrioma excision
had bilateral recurrence and the rest, 17 (74%), had unilateral recurrence. Overall, 14 (24%) women with unilateral excision had bilateral
recurrence whilst, 78% (35/45) of unilateral recurrences were on the
ipsilateral side and 17% (10/45) were on the contralateral side.
Female age (31.5 ± 4.1 versus 31.9 ± 4.8 years), number of prior
failed ART cycles (0 versus 0), early follicular phase serum FSH levels
(6.5 versus 6.8 IU/L), proportion of patients with bilateral
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endometrioma (28 versus 29%), ovarian stimulation protocols and total
gonadotropin consumption (3150 versus 3225 IU) were similar between
the study groups. Baseline characteristics are presented in Table I.
Numbers of oocytes collected (7 versus 8), metaphase two oocytes
(5 versus 6), two pronuclear fertilized oocytes (5 versus 4), proportion
of patients reaching embryo transfer (87.8 versus 93.4%), number of
embryos transferred (1 versus 1), and the proportion of patients
undergoing blastocyst transfer (49 versus 35%) were similar across the
study groups. Laboratory parameters are presented in Table II.
Overall embryo implantation rates (including both cleavage stage
and blastocyst transfers) were 35 versus 34% in the recurrent and primary endometrioma groups, respectively (P = 0.83). Clinical pregnancy (37 versus 34%) and live birth (35 versus 30%) rates were
similar in the study groups (Table III)

Logistic regression analysis revealed an odds ratio of 1.14 (95% CI:
0.57–2.3) for achieving a livebirth in women with recurrent endometriomas as compared to women with primary endometriomas.

Discussion
Our results show that women with primary and recurrent endometriomas have similar response to COS and ART outcome. To the best of
our knowledge, this is the ﬁrst study comparing live birth rates following
ART between women with primary and recurrent endometriomas.
Retrospective design has its inherent limitations; however, it is
impossible to conduct a randomized controlled trial since women cannot be randomized to have recurrent endometriomas or not. Yet, a
prospective cohort study could provide a more reliable comparison.

Table I Participant characteristics and ovarian stimulation protocols. Data are mean (±SD), n (%) or median (quartiles).
Recurrent endometrioma (n = 82)

Primary endometrioma (n = 76)

31.5 (±4.1)

31.9 (±4.8)

P

.............................................................................................................................................................................................
Age (y; mean)
Number of prior ART cycles

0 (0–1)

Early follicular phase serum FSH levels in IU/L

6.5 (5.4–8.2)

6.8 (5.1–9.8)

Patients with bilateral endometrioma

23 (28%)

22 (29%)

Total gonadotropin dosage

0.55

0 (0–0)

3150 (2250–4500)

0.14
0.57
>0.99

3225 (2400–4425)

0.89

Stimulation protocols (%)
GnRH antagonist

23 (28%)

Microdose ﬂarea

5 (6.1%)

4 (5.3%)

Long GnRH agonist

31 (37.8%)

26 (36.1%)

Ultralong GnRH agonist

23 (28.1%)

17 (22.4%)

a

29 (38.2%)

0.39

Microdose ﬂare protocols are excluded from analyses to meet chi-square test assumptions.

Table II Assisted reproductive technology outcomes. Data are median (quartiles) or n (%).
Recurrent endometrioma
(n = 82)

Primary endometrioma
(n = 76)

Absolute difference
(95% CI)

P

.............................................................................................................................................................................................
No. of cycles canceled before oocyte collection

2 (3%)

0 (0%)

2.5% (−0.9% to 5.8%)

0.99

No. of oocytes

7 (4–11)

8 (5–11)

−0.9 (−2.6 to 0.8)

0.29

No. of metaphase two oocytes

5 (3–8)

6 (4–9)

−0.4 (−1.6 to 0.8)

0.36

0.02 (−1.0 to 1.1)

0.84

No. of two-pronuclear fertilized oocytes
Patients who had embryo transfer
Number of embryos transferred
Blastocyst transfer (%)

5 (2–7)

4 (3–7)

72 (87.8%)

71 (93.4%)

1 (1–2)

1 (1–2)

35/72 (48.6%)

25/71 (35.2%)

−5.6% (−14.6% to 5.4%)

0.23

−0.05 (−0.3 to 0.2)

0.67

13.4% (−2.6% to 29.4%)

0.11

Table III Pregnancy and live birth rates. Data are mean (±SD) or n (%).
Recurrent endometrioma (n = 82)

Primary endometrioma (n = 76)

Absolute difference (95% CI)

P

0.87

.............................................................................................................................................................................................
Clinical pregnancy (%)

30 (37%)

26 (34%)

2.4% (−12.5 to +17.3)

Implantation rate (SD)

35% (45%)

34% (45%)

1.6% (−13.1 to +16.4)

0.83

29 (35%)

23 (30%)

5.1% (−9.5 to +19.7)

0.51

Live births (%)
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We used strict inclusion criteria to collect study groups as homogenous as possible and include a relatively large sample and a multivariable
analysis to adjust for the effects of other variables to the possible
extent. The present data are also valuable for guiding future prospective studies on the subject.
Both the presence of endometrioma per se (Uncu et al., 2013) and
endometrioma excision (Somigliana et al., 2008, 2012; Rafﬁ et al.,
2012; Urman et al., 2013) cause a decrease in ovarian reserve. Since
surgical intervention can further decrease an already diminished ovarian reserve; one would expect lower ovarian response to COS, hence
lower pregnancy rates in women with recurrent endometriomas.
Nevertheless, we found a similar ovarian response to COS and ART
outcome in the recurrent endometrioma group.
A similar number of oocytes being collected from women with
recurrent versus primary endometriomas can be explained by several
mechanisms. For example, if endometriomas arise from ovulatory
events, one may speculate that if an ovary was severely injured during
prior surgery this will have depleted its primordial follicle pool and it
will be unlikely to develop a recurrent endometrioma, simply due to
the absence of follicular growth and ovulation. Thus, only patients who
have relatively better preserved ovarian reserve can be prone to
recurrence (Somigliana et al., 2011).
Ovarian response to COS in women with recurrent and primary
endometriomas was compared in two other studies. While, Xing et al.
(2016) reported collecting signiﬁcantly more MII oocytes from women
with recurrent endometrioma (8.61 ± 5.61 versus 6.71 ± 4.27, P <
0.05) (Xing et al., 2016), Somigliana et al. (2011) reported similar number of oocytes being collected. Nevertheless, when only affected ovaries
were compared, they also reported that ovaries with recurrent endometriomas yielded signiﬁcantly more co-dominant follicles than those
without recurrence (Somigliana et al., 2011). Secondly, ovaries with
small, i.e. <3 cm, endometriomas were reported to yield similar numbers of oocytes when compared to healthy contralateral gonads (Esinler
et al., 2012; Yang et al., 2015). Since the majority of women in our study
had endometriomas <3 cm, it is possible that their ovarian reserve was
more or less maintained. Many women in our study had a suboptimal to
poor ovarian response, despite mean female age being ~30 years. Thus,
failure to demonstrate a small difference from an already low comparator as statistically signiﬁcant could be a false negative ﬁnding.
Importantly, women with severely decreased ovarian reserve following
primary endometrioma excision could have given up further treatment,
and be underrepresented in the study populations. This could have led
to overestimation of ovarian responsiveness in the recurrent endometrioma group. Indeed, the median number of oocytes collected and
metaphase—two oocytes were one less in the recurrent endometrioma
group than in the primary endometrioma group, and it should be noted
that, our sample had only 18 and 9% power to demonstrate the
observed differences in the number of oocytes and number of metaphase two oocytes between the study groups as statistically signiﬁcant,
respectively. Final possible explanation is based on the hypothesis that
damage to ovarian cortex could promote follicle growth by suppressing
the hippo-signaling pathway. The hippo-signaling pathway is an important intracellular signaling system that controls cell proliferation and
determines organ size (Hsueh et al., 2015). This pathway consists of several negative growth regulators, and damaging and/or cutting ovaries
could suppress the hypo-signaling pathway leading to increased recruitment from the primordial follicle pool to the growing antral follicle stage.
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Regarding pregnancy and live birth rates, previous studies focused
on the effect of second-line surgery. Spontaneous pregnancy rates
after second-line surgery for endometriosis have been reported to be
almost half that after primary surgery, but comparable with IVF cycles
(Vercellini et al., 2009a,b). Whereas, Park et al. (2015) reported that
second-line surgery have deleterious effect on ovarian response,
implantation rate, and clinical pregnancy rates when compared with in
situ recurrent endometriomas before ART cycle (Park et al., 2015).
Moreover, additional deleterious effect of second-line surgery on ovarian reserve recently has been histologically conﬁrmed (Muzii et al.,
2015).
Our ﬁndings indicate that patients with recurrent endometriomas
have similar ovarian response to COS, embryo implantation, clinical
pregnancy and live birth rates as women with primary endometriomas.
Surgical intervention for the sole purpose of improving ART outcome
does not seen justiﬁed in women with recurrent endometriomas, since
the risk of complications is substantially higher in women with prior
abdominal surgery.
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