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study question: Do endometriotic ovarian cysts influence the rate of spontaneous ovulation?

summary answer: Endometriotic cysts, no matter what their volume, do not influence the rate of spontaneous ovulation in the affected
ovary.

what is known already: Endometriotic ovarian cysts may negatively affect spontaneous ovulation in the affected ovary.

study design, size, duration: This was a prospective observational study performed between September 2009 and June 2013.

participants/materials, setting, methods: This study included women of reproductive age with regular menstrual cycles
and unilateralovarianendometriomas (diameter≥20 mm) desiring to conceive. Exclusion criteria were:hormonal therapies in the 3 months prior
to study entry and previous adnexal surgery. Patients underwent serial transvaginal ultrasound to assess the side of ovulation (for up to six cycles).

main results and the role of chance: Ovulation was monitored in 1199 cycles in 244 women (age, mean+ SD, 34.3+4.9
years). 55.3% of the patients had left endometriomas and 44.7% had right endometriomas (P ¼ 0.024). The mean (+SD) diameter of the endo-
metriomas was 5.3 cm (+1.7 cm). Ultrasonographically documented ovulation occurred in 596 cycles in the healthy ovary (49.7%; 95% CI,
46.8–52.6%) and in 603 cycles in the affected ovary (50.3%; 95% CI, 47.1–53.2%; P ¼ 0.919). This observation was confirmed in patients
with diameter of the cyst ≥4 cm (n ¼ 166) and in those with diameter of the cyst ≥6 cm (n ¼ 45). One hundred and five patients spontaneously
conceived (43.0%; 95% CI, 36.7–49.5%).

limitations, reason for caution: The high pregnancy rate reported in this study wasobserved in a selected population of women
with endometriomas and cannot be extrapolated to all patients with endometriosis.

wider implications of the findings: Since ovarian endometriomas do not impair spontaneous ovulation, the impact on fertility
of surgical excision of ovarian endometriomas should be further investigated.

study funding/competing interest(s): None.

trial registration number: None.
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Introduction
At least 4% of reproductive age women are affected by endometriosis
(Ferrero et al., 2010). Ovarian endometriomas are a typical manifest-
ation of the disease and their prevalence is between 17 and 44% of
patients with endometriosis (Jenkins et al., 1986; Redwine, 1999;
Busacca and Vignali, 2003). Ovarian endometriotic cysts are more

frequently located on the left ovary (�60%); this is justified by the men-
strual reflux theory and the anatomical differences between the left and
right hemipelvis (Vercellini et al., 2002; Ferrero et al., 2005). Ovarian
endometriomas maybe treated by hormonal therapies which cause a de-
crease in their volume (Donnez et al., 1989; Rana et al., 1996; Lall et al.,
2011; Muneyyirci-Delale et al., 2012; Del Forno et al., 2013; Ferreroet al.,
2013); however, when these therapies are discontinued, ovarian
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endometriotic cysts frequently grow. Alternatively, endometriomas
may be excised at laparoscopy. However, the recurrence rate of endo-
metriomas after surgery is between 11.7 and 30.4% at 2–5 years follow-
up (Busacca et al., 1999; Ghezzi et al., 2001; Jones and Sutton, 2002; Koga
et al., 2006). Furthermore, surgical treatment of ovarian endometriotic
cysts may decrease the ovarian reserve (Ferrero et al., 2012; Raffi
et al., 2012; Somigliana et al., 2012, Uncu et al., 2013). During surgery,
healthy ovarian tissue may be inadvertently removed (Muzii et al.,
2005, 2007) particularly when the procedure is performed by surgeons
with limited experience (Muzii et al., 2011). Furthermore, the im-
pairment of ovarian reserve may also be related to the presence of the
ovarian endometriotic cysts per se. A histological investigation of the
functional morphologic features of the ovarian cortex surrounding
benign cysts demonstrated that endometriomas are associated with
reduced follicular number and activity compared with teratomas or
other benign cystadenomas (Maneschi et al., 1993). Recently, Uncu
et al. (2013) observed that women with endometriomas have lower anti-
Mullerian hormone (AMH) levels and antral follicle count compared with
women who do not have ovarian cysts, suggesting that the presence of
endometrioma per se is associated with a reduction in ovarian reserve.

A study investigating the rate of spontaneous ovulation in patients with
unilateral endometrioma suggested that endometriotic cysts have a det-
rimental impact on ovarian physiology; the ratio of the rate of ovulation
between healthy and affected ovaries was about 2:1 (Benaglia et al.,
2009). To further investigate this topic, a wider prospective study was
designed to monitor for up to six ovulatory cycles the rate of spontan-
eous ovulation in patients with unilateral endometriomas.

Material and Methods

Study design
This prospective observational study was performed between September
2009 and June 2013. The study protocol was approved by the local Research
Review Committee. Women participated in the study after an informed
writtenconsentwasobtained.Theprimaryend-pointof thestudywastoevalu-
ate the rateofultrasonographicallydocumented ovulation between the healthy
and affected ovary in women with unilateral endometriomas. The secondary
end-point was to evaluate the pregnancy rate in this population.

Study population
The study included women of reproductive age, desiring to conceive, with
ultrasonographic diagnosis of unilateral ovarian endometriotic cysts (diameter
≥20 mm). Additional criteria for inclusion in the study were: regular menstrual
cycle (24–35 days) and male partners with normal semen analysis (accordingly
to the World Health Organization criteria). The exclusion criteria for the study
were: previous adnexal surgery; use of hormonal therapies in the 3 months
prior to inclusion in the study; pregnancy or breastfeeding in the 6 months
prior to inclusion in the study; ultrasonographic diagnosis of hydrosalpinx or
history of pelvic inflammatory disease; history of infertility (with or without pre-
vious use of infertility therapies); polycystic ovary syndrome (PCOS); thyroid
disorders; psychiatric disturbances and history of drug or alcohol abuse.

Study protocol
Ultrasonographic evaluation of the ovarian endometriotic cyst
The diagnosis of ovarian endometriotic cysts was based on transvaginal ultra-
sonography, which was performed by two experienced ultrasonographers
(U.L.R.M. and S.F.) by using a Voluson E6 ultrasound machine (General Electric

Medical Systems, Milwaukee, WI, USA). Ovarian endometriotic cysts were
diagnosed when a round-shaped cystic mass with thick walls, regular
margins, homogeneous low echogenic fluid content with scattered internal
echoes, and without papillary projections was observed (Mais et al., 1993).

After the diagnosis of unilateral ovarian endometriotic cysts, patients were
invited to participate to the study. Patients accepting to participate to the
study underwent, after 2 months, a second transvaginal ultrasonography. If
the diagnosis of unilateral ovarian endometriotic cysts was confirmed, the
volume of the cyst was measured (baseline assessment). The volume of
the ovarian endometriotic cysts was estimated by using the virtual organ
computer-aided analysis (VOCAL, GE Healthcare, Milwaukee, WI, USA)
as previously described (Ferrero et al., 2013). Briefly, the VOCAL technique
wasused toobtaina sequence of 20sections ofeach ovariancyst around afixed
axis, eachafter98 rotation from the previous section,which represents the best
compromise between reliability, validity and time to define the volume (Raine-
Fenning et al., 2003). The contour of each cyst was drawn manually by using the
roller ball cursor of the 3D ultrasound machine to obtain a 3D volume meas-
urement. The measurements were performed off-line after scanning. In add-
ition, the largest diameter of the endometrioma was recorded. The volume
of the endometriomas and the largest diameter of the cyst were assessed at
baseline and then at the sixth ovulatory cycle, unless the patient withdrew
from the study, used hormonal therapy, underwent surgery or had conceived.

Assessment of ovulation and endometrial
thickness
Patients underwent daily serial transvaginal ultrasounds to determine the side
of ovulation starting on Day 6–8 of the menstrual cycle for up to six ovulatory
cycles. The ultrasonographically documented ovulation was defined as the
presence of a growing leading follicle and the subsequent development of
corpus luteum. The day of ultrasonographically documented ovulation was
considered Day 0 and the preceding Days 21, 22, 23, 24.

Furthermore, the endometrial thickness was evaluated by aligning the
uterus along the central longitudinal axis; it was measured from the echogenic
interface between the endometrium and myometrium to the opposite inter-
face at the point of maximum thickness.

Assessment of non-ovarian endometriosis
All patients underwent a detailed ultrasonographic assessment when the
second transvaginal ultrasonography was performed to confirm the diagnosis
of ovarian endometrioma. In particular, the presence of endometriotic
nodules in the following locations was systematically assessed: rectovaginal
septum, vagina, rectum-sigmod, uterosacral ligaments, bladder. Endometrio-
tic nodules were typically visualized as hypoechoic or isoechogenic solid
masses with irregular outer margins (Bazot and Darai, 2005). The largest
diameter of any deep nodule was recorded.

Assessment of ovarian reserve and cancer
antigen-125 (CA-125)
Venous blood samples were drawn on Day 3 of the menstrual cycle at baseline
assessment. Ovarian reserve was estimated by measuring the levels of AMH
and FSH. AMH was assayed with AMH Gen II ELISA (Beckman Coulter, Inc.,
Brea, CA, USA). FSH and CA-125 levels were analysed with the Immulite
2000 XPi immunoassay system (Siemens Healthcare Diagnostics, Milan, Italy).

Assessment of symptoms
The intensity of pain symptoms (dysmenorrhea, non-menstrual pelvic pain
and deep dyspareunia) was measured using a 10 cm visual analogue scale
(VAS), the left extreme of the scale indicating the absence of pain, and the
right indicating the pain as bad as it could be. The intensity of pain symptoms
was evaluated at baseline and at the sixth ovulatory cycle immediately before
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the first ultrasonography used to assess the side of ovulation (Day 6–8 of the
menstrual cycle). At each assessment patients were requested to judge the
severity of the pain perceived in the last month.

Statistical analysis
Both in the total study population and in the subanalyses (side of the endome-
trioma, number of endometriomas and size of the endometriomas), the rate
of ultrasonographically documented ovulation in the healthy and affected
ovary was presented as percentage and 95% confidence interval (CI) of
the percentage. The normal distribution of continuous variable data was evalu-
ated with the Kolmogorov–Smirnov test. Categorical variables were compared
by using the chi-square test and the Fisher exact test according to sample size.
Continuous variables were compared by using t-test or Mann–Whitney test
according to data distribution. A Bonferroni correction was applied to the signifi-
cance levels obtained to determine whether the observed significant differences
in endometrial thickness and in main diameter of the leading follicle between
women ovulating in the healthy ovaryor in the affected ovary may have occurred
due to multiple analyses. The correlation between FSH, AMH, CA-125 and
volume and main diameter of the endometriomas was assessed by using the
Spearman correlation coefficient. The Kruskal–Wallis one way analysis of vari-
ance on ranks was used to compare FSH, AMH and CA-125 levels in patients
with different number of endometriomas. Data were analysed using the SPSS
software version 20.0 (SPSS Science, Chicago, IL, USA).

Results
Three hundred and forty-three patients were invited to participate in the
study, 278 (81.0%) agreed and 244 (71.6%) were finally included.
Women included in the study had a mean+ SD age of 34.3+4.9
years and a mean+ SD BMI of 22.5+ 1.9 kg/m2. Twenty-seven

patients (11.1%) had previous live births and the median (range) parity
was 0 (0–1). Sixty-one patients (25.0%) had no evidence of deep endo-
metriosis. One hundred thirty-six patients (55.7%) had endometriotic
nodules on the uterosacral ligament on the side of the endometrioma,
mean+ SD diameter 12.4+4.9 mm (range, 5–26 mm); 58 patients
(23.8%) had endometriotic nodules on the uterosacral ligament contra-
lateral to the endometrioma, mean+ SD diameter 12.1+4.7 mm
(range, 5–22 mm); 67 patients (27.5%) had rectovaginal endometriotic
nodules, mean+ SD diameter 14.2+5.1 mm (range, 8–28 mm); 13
patients (5.3%) had vaginal nodules, mean+ SD diameter 11.4+
2.6 mm (range, 7–16 mm); 4 patients (1.6%) had rectum-sigmoid endo-
metriotic nodules, mean+ SD diameter 22.3 (+3.8) mm (range, 18–
27 mm); and 2 patients (0.8%) had bladder nodules, respectively with
larger diameter of 23 and 28 mm.

At baseline, the mean+ SD levels of FSH, AMH and CA-125 were
6.89+2.04 mIU/ml, 2.79+1.37 ng/ml and 39.5+25.6 IU/ml, re-
spectively. Figure 1 summarizes the flow of the patients during the
study. Supplementary Table SI shows that there was no correlation
between FSH, AMH, CA-125 levels and size, laterality and number of
the ovarian endometriotic cysts at baseline.

Characteristics of ovarian endometriotic cysts
Endometriomas were located more frequently on the left ovary (n ¼ 135;
55.3%) than on the rightovary (n ¼ 109; 44.7%; P ¼ 0.024). One hundred
and ninety-eight (81.1%) patients had single endometrioma, 37 (15.2%)
had two endometriomas and 9 (3.7%) had three endometriomas. The
mean+ SD largest diameter of endometriomas at baseline was 5.3+
1.7 cm. At baseline, 166 patients (55.5%) had endometriomas with

Figure 1 Flow of the patients during the study.
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largest diameter ≥40 mm and 45 (15.1%) had endometriomas with a
largest diameter ≥60 mm. The mean+ SD volume of the endometrio-
mas at baseline was 54.9+ 52.5 cm3.

Characteristics of spontaneous ovulation
during the study
Table I describes the distribution of ultrasonographically documented
ovulation between the healthy and affected ovary during the study.

A total of 1311 cycles were evaluated. In 112 cycles (8.5%; 95% CI,
7.1–10.2%) it was not possible to clearly identify the ovulation. No sig-
nificant difference in the rate of ultrasonographically documented ovula-
tion was observed between the healthy (50.3%; 95% CI 47.1–53.2%)
and the affected ovary (49.7%; 95% CI 46.8–52.6%; P ¼ 0.842; Fig. 2).
As summarized in Table II, the rate of ultrasonographically documented
ovulation between the affected and the healthy ovary was not affected by
the laterality of endometriomas, their number and size. Furthermore, the

.............................................................................................................................................................................................

Table I Distribution of ultrasonographically documented ovulation during the study between the healthy and the affected
ovary.

Healthy ovary
(n, %; 95% CI)

Affected ovary
(n, %; 95% CI)

P

All diameters of the cysts:

Cycle 1 (n ¼ 244)* 118 (48,4; 41.9–54.8) 126 (51.6; 45.2–58.1) 0.786

Cycle 2 (n ¼ 238)* 121 (50.8; 44.3–57.4) 117 (49.2; 42.6–55.7) 0.927

Cycle 3 (n ¼ 224)* 109 (48.7; 41.9–55.4) 115 (51.3; 44.6–58.1) 0.850

Cycle 4 (n ¼ 210)* 103 (49.0; 42.1–56.0) 107 (51.0; 44.0–57.9) 0.922

Cycle 5 (n ¼ 156)* 75 (48.1; 40.0–56.2) 81 (51.9; 43.8–60.0) 0.821

Cycle 6 (n ¼ 127)* 63 (49.6; 40.6–58.6) 64 (50.4; 41.4–59.4) 0.950

Total 596 (49.7; 46.8–52.6) 603 (50.3; 47.1–53.2) 0.919

*Number of patients.

Figure 2 Percentage of cycles when each patient demonstrated ultrasonographically documented ovulation from the affected ovary. The scatter plot
represents the percentage of ultrasonographically documented ovulation for each patient on the affected ovary; each patient is represented by a circle.
The continuous black line indicates the mean percentage rate of ultrasonographically documented ovulation on the affected ovary in the entire study popu-
lation. The interrupted black lines indicate the 5 and 95% limits of the confidence interval of the mean percentage. Blue circles are used to indicate the
patients with a percentage rate of ultrasonographically documented ovulation on the affected ovary that is below the 5% limit of the confidence interval
of the mean percentage. Red circles are used to indicate the patients with a percentage rate of ultrasonographically documented ovulation on the affected
ovary that is over the 95% limit of the confidence interval of the mean percentage. Black circles are used to indicate the patients with a percentage rate of
ultrasonographically documented ovulation on the affected ovary that is between the 5 and 95% limits of the confidence interval of the mean percentage.

302 Leone Roberti Maggiore et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/30/2/299/726881 by guest on 21 August 2022



rate of ultrasonographically documented ovulation between the affected
and the healthyovary wasnot affected by the diagnosis of deep endomet-
riosis at transvaginal ultrasonography.

Characteristics of endometrial thickness
and of the leading follicle during the study
Table III summarizes the measurements of endometrial thickness which
were recorded during Day 0, 21, 22, 23 and 24 of each cycle. Table IV
shows the measurements of the main diameter of the leading follicle which
were evaluated during Day 0, 21, 22, 23 and 24 of each cycle.

Patients progression through the study
and pregnancy rate
A total of 127 patients (52.3%; 95% CI 45,8–58.7%) completed the 6
cycles of the study protocol. The causes of withdrawal are listed in
Table V. Following the six spontaneous ovulations monitored during
the study, 105 patients conceived (43.2%; 95% CI, 36.9–49.7%). No
statistical difference was reported in the side of ovulation (healthy or
affected ovary) at the time of conceiving. The pregnancy outcome is
reported in Table V.

Characteristics of ovarian endometriotic
cysts and of pain symptoms at the end of
the study protocol
A mean (95% CI) increase of 8.1% (6.6–9.6%) in the volume of
the ovarian endometriotic cysts was observed between baseline
(mean+ SEM, 54.9+4.7 cm3) and sixth ovarian cycle (59.1+
4.9 cm3; P , 0.001). Figure 3 shows the per cent changes in the
volume of the endometriomas at sixth ovarian cycle in the study popula-
tion. There was a mean (95% CI) increase of 3.9% (3.1–4.7%) in the

largest diameter of the ovarian endometriotic cysts between baseline
(mean+ SD, 5.3+ 1.7 cm) and sixth ovarian cycle (5.6+ 1.8 cm;
P , 0.001). The number of patients reporting pain symptoms and the
intensity of these symptoms were similar between baseline and sixth
ovarian cycle (Table VI).

Discussion
In the last decade great attention has been given to the impact of endo-
metriomas on ovarian physiology. Benaglia et al. (2009) observed that in
a population of women with unilateral endometriomas assessed for one
ovarian cycle, spontaneous ovulation occurred more frequently in the
healthy ovary than in the affected one. In that study, the number of cysts
and their side seemed to influence the rate of spontaneous ovulation
between the two ovaries, while the size did not. In contrast, the current
study with a larger sample size shows that, in patients with unilateral
ovarian endometriotic cysts assessed for a period of six ovarian cycles, the
rate of ultrasonographically documented ovulation was similar between
the healthy and the affected ovary. Furthermore, this study showed that
the rate of ultrasonographically documented ovulation between the two
ovaries was not affected by the laterality of endometriomas, their number
and size, and by the ultrasonographic diagnosis of deep endometriosis.

The role of endometriomas on ovarian physiology is quite controver-
sial. Initially, it was suggested that the presence of ovarian endometriotic
cysts was associated with decreased antral follicle count and with a re-
duction in the number of oocytes retrieved for in vitro fertilization (IVF)
(Yanushpolsky et al., 1998; Suzuki et al., 2005; Kumbak et al., 2008;
Almog et al., 2010). However, these findings were contradicted by
more recent investigations showing that the number of antral follicles
and oocytes retrieved were not affected by the presence of endometrio-
mas (Tocci et al., 2010; Almog et al., 2011; Kiran et al., 2012). Similar

...................................................

.............................................................................................................................................................................................

Table II Main characteristics of endometriomas.

Population Number of cases (n, %) Ultrasonographically documented
ovulation in the affected ovary during
6 ovulatory cycles

P*

Number % (95% CI)

Side of the endometrioma:

Right 109 (44.9) 272 49.4 (45.1–53.6) 0.880

Left 135 (55.6) 331 50.6 (46.4–54.9) 0.825

Number of cysts:

1 198 (81.1) 486 50.5 (47.3–53.7) 0.873

2 37 (15.2) 97 49.5 (42.3–56.7) 0.920

3 9 (3.7) 20 50.0 (33.8–66.2) 1.0

Main diameter of the endometrioma:

≥40 mm 166 (55.5) 454 53.0 (49.6–56.4) 0.236

≥60 mm 45 (15.1) 134 51.9 (45.7–58.2) 0.725

Deep endometriosis:

No 61 (25.0) 141 50.0 (44.2–55.8) 1

Yes 183 (75.0) 462 50.4 (47.2–53.6) 0.926

*The P-value refers to the comparison between the healthy and the affected ovary.
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findings were reported for the quality of embryos obtained in patients
with endometriomas who underwent IVF. Some studies suggested that
the presence of endometriomas may affect embryo quality (Yanush-
polsky et al., 1998; Kumbak et al., 2008), but these results were not con-
firmed by other investigations demonstrating that endometriotic ovarian
cysts did not negatively influence embryo quality (Tinkanen and Kujansuu,
2000; Suzuki et al., 2005; Tocci et al., 2010; Reinblatt et al., 2011). On the
basis of this contradictory literature, it is difficult to specify the correct man-
agement of ovarian endometriotic cysts in women with fertility expectation.

A finding of the current study is that 43.0% of the patients conceived
during the 6-month study period. Although several studies reported
the reproductive performance after surgical excision of endometriomas
(Shimizu et al., 2010; Raffi and Amer, 2013), surprisingly no data are avail-
able on the spontaneous pregnancy rate of patients with endometriosis
without a history of infertility. The high pregnancy rate observed in the
current study may be explained by the fact that the patients had unilateral
endometriomas, no history of infertility, no risk factors for tubal disease

........................................................................................

Table III Endometrial thickness (mm; mean+++++SD).

Patients
ovulating in the
healthy ovary

Patients
ovulating in the
affected ovary

P

Cycle 1

Day 0 11.5+2.8 11.8+3.0 0.274

Day 21 10.4+2.7 10.6+2.7 0.508

Day 22 9.4+2.5 9.6+2.4 0.501

Day 23 8.5+2.1 8.7+2.2 0.431

Day 24 7.5+1.9 7.8+2.1 0.274

Cycle 2

Day 0 11.8+3.1 11.4+2.9 0.485

Day 21 10.5+2.9 10.4+2.7 0.986

Day 22 9.6+2.7 9.5+2.6 0.941

Day 23 8.7+2.5 8.6+2.3 0.983

Day 24 7.9+2.4 7.8+2.2 0.880

Cycle 3

Day 0 11.8+2.8 11.6+3.1 0.468

Day 21 10.6+2.7 10.4+2.9 0.330

Day 22 9.6+2.4 9.4+2.7 0.257

Day 23 8.6+2.1 8.6+ 2.4 0.534

Day 24 7.7+2.0 7.7+2.4 0.773

Cycle 4

Day 0 11.3+3.0 11.7+3.2 0.270

Day 21 10.3+2.8 10.4+2.9 0.702

Day 22 9.2+2.6 9.4+2.7 0.687

Day 23 8.2+2.2 8.6+2.5 0.189

Day 24 7.2+2.1 7.8+2.4 0.043*

Cycle 5

Day 0 11.7+2.8 11.5+2.9 0.607

Day 21 10.6+2.6 10.2+2.7 0.161

Day 22 9.5+2.4 9.2+2.5 0.200

Day 23 8.5+2.0 8.4+2.2 0.624

Day 24 7.4+1.9 7.6+2.1 0.713

Cycle 6

Day 0 11.8+2.7 11.9+3.0 0.960

Day 21 10.8+2.5 10.6+2.8 0.489

Day 22 9.7+2.3 9.6+2.5 0.520

Day 23 8.6+2.0 8.7+2.3 0.973

Day 24 7.5+2.0 7.8+2.1 0.433

*Not significant after Bonferroni correction.

........................................................................................

Table IV Main diameter of the leading follicle (mm;
mean+++++SD).

Patients
ovulating in the
healthy ovary

Patients
ovulating in the
affected ovary

P

Cycle 1

Day 0 21.2+1.7 21.5+1.9 0.967

Day 21 20.1+1.6 20.3+1.8 0.675

Day 22 18.9+1.5 19.1+1.7 0.920

Day 23 17.7+1.4 17.8+1.7 0.815

Day 24 16.2+1.5 16.4+1.6 0.530

Cycle 2

Day 0 21.6+1.7 21.4+2.0 0.307

Day 21 20.4+1.6 20.2+1.9 0.175

Day 22 19.3+1.5 19.1+1.8 0.187

Day 23 18.1+1.6 17.9+1.8 0.287

Day 24 16.7+1.6 16.3+1.7 0.095

Cycle 3

Day 0 21.2+2.1 21.6+2.1 0.299

Day 21 20.2+2.1 20.4+1.9 0.487

Day 22 19.0+1.9 19.3+2.0 0.309

Day 23 17.7+1.9 18.0+ 1.9 0.267

Day 24 16.1+2.0 16.3+1.7 0.370

Cycle 4

Day 0 21.5+2.4 21.5+1.6 0.479

Day 21 20.3+2.3 20.3+1.4 0.665

Day 22 19.2+2.2 19.0+1.5 0.183

Day 23 18.0+2.3 17.7+1.5 0.127

Day 24 16.4+2.1 16.1+1.4 0.048*

Cycle 5

Day 0 21.0+2.5 21.3+2.5 0.211

Day 21 19.8+2.3 20.1+2.4 0.313

Day 22 18.6+2.4 19.1+2.4 0.089

Day 23 17.5+2.3 17.9+2.3 0.067

Day 24 15.8+2.2 16.4+2.3 0.053

Cycle 6

Day 0 21.3+2.1 21.7+1.6 0.123

Day 21 20.1+1.9 20.5+1.5 0.169

Day 22 19.0+2.0 19.3+1.4 0.210

Day 23 17.8+2.0 18.0+1.4 0.297

Day 24 16.1+1.8 16.4+1.3 0.261

*Not significant after Bonferroni correction.
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(such as history of pelvic inflammatory disease) and their male partners
had normal semen analysis. In addition, it is relevant that there was no
significant difference in the side of ovulation (healthy or affected ovary)
when the patients conceived. These findings should be considered
when choosing the best treatment of endometriomas in women desiring
to conceive. The high spontaneous pregnancy rate observed in the
current study suggests that surgery should not be routinely offered to
women with endometriomas without history of infertility with the aim
to improve fertility. These patients should try to spontaneously conceive,
particularly if they have no risk factor for tubal disease and if their male
partners have normal semen analysis. Recently, the ESHRE guideline
on the ‘Management of women with endometriosis’ suggests that in
case of single ovarian endometriotic cysts with diameter between 3
and 6 cm, surgery may be not useful before ART (ESHRE, 2013). The
findings of the current study suggest that surgery may not be required
in patients without a history of infertility desiring to conceive. The avail-
ability of histological confirmation of endometrioma diagnosis, the im-
provement of endometriosis-related pain, lysis of adhesions and tubal

patency evaluation may be points in favour of laparoscopic treatment
of endometriomas. However, patients without a history of infertility
undergoing surgery because of endometriomas should be informed on
the risk of ovarian function damage (Raffi et al., 2012; Somigliana et al.,
2012) and ovary loss (Busacca et al., 2006) and of the lack of improved
clinical pregnancy rate in case of ART (Hart et al., 2008; Benschop
et al., 2010; ESHRE, 2013).

Another finding of this study was that, during the 6-month study
period, there was an increase in the volume of endometriomas. This ob-
servation suggests that endometriomas size may progress and surgery
may be considered in patients who do not conceive after a reasonable
period of time (between 6 and 12 months). While it is well known that
hormonal treatments decrease the size of endometriomas (Donnez
et al., 1989; Ferrero et al., 2013), no data are available on the changes
in the size of endometriomas during long-term follow-up of patients
who do not use hormonal therapies and did not undergo previous
surgery.

Unfortunately, in the current study we did not investigate the size of
the endometriomas during pregnancy. A retrospective study analysed
the changes in the size of endometrioma during pregnancy showing
that among 25 ovarian endometriotic lesions observed in 24 women
(one patient had two lesions), the size of the cyst decreased in 13
cases (52%), did not modify in 7 cases (28%), and increased in 5 cases
(20%) (Ueda et al., 2010). More recently, a prospective cohort study
including 24 women carrying endometriomas at the time of in vitro
fertilization who got pregnant, demonstrated that a consistent propor-
tion of small cysts (mean diameter of all cysts ,20 mm) becomes un-
detectable after delivery. In fact, 12–18 months after oocyte retrieval,
the number of cysts per patient was unchanged in 8 cases (33%),
increased in 2 cases (8%) and decreased in 14 cases (59%). In 11 of
these latter cases (46% of the total), no endometrioma could be
detected (Benaglia et al., 2013).

Another limitation of this study is the lack of evaluation of the presence
of adhesions and of ovarian mobility. Adhesions are a typical manifest-
ation of endometriosis and in patients affected by endometriomas they
may develop among the cyst, pelvic wall, bowel and uterus. The most
accepted classification of the disease, the revised American Society of
Reproductive Medicine Classification, rASRM, underlines the relevant
role of adhesions in endometriosis; in fact, their presence significantly
influences the total score. It should be considered that rASRM is part
of the Endometriosis Fertility Index, a classification, which has been
demonstrated to estimate effectively the chances of pregnancy after
surgery (Adamson and Pasta, 2010). Previous studies proved that trans-
vaginal ultrasonography has good specificity and sensitivity (90 and 89%,
respectively) in the assessment of adhesions and of ovarian mobility
(Guerriero et al., 1997; Okaro et al., 2006; Holland et al., 2010,
2013). Therefore, due to the fact that the presence of ovarian adhesions
was not assessed, it was not possible to estimate the impact of ovarian
adhesions on the rate of spontaneous pregnancies.

In conclusion, the current study shows that endometriotic cysts, irre-
spective of their volume, do not influence the rate of spontaneous ovu-
lation in the affected ovary. Furthermore, this study demonstrates for the
first time that patients with unilateral endometriomas have good spon-
taneous pregnancy rate if the couple has no other risk factor for infertility.
Future investigation should assess the spontaneous pregnancy rate in
patients with other endometriotic lesions (such as rectovaginal nodules
and bilateral endometriomas).

Table V Characteristics of withdrawal and pregnancy
outcome.

Withdrawal time (median, 25th–75th
percentiles, number of cycle)

5 (4–5.3)

Causes of withdrawal (n, %)

Lost at follow-up 14 (12.0%)

Hormonal therapies 8 (6.8%)

Surgery 5 (4.3%)

Pregnancies 90 (76.9%)

Total 117 (100%)

Pregnancies

Number of patients conceiving during the
study protocol (n, %)

105 (43.0%)

Patients conceiving during the study protocol (n, %)*

without concomitant deep endometriosis 29 (47.5%; 35.0–60.0%)

with concomitant deep endometriosis 76 (41.5%; 34.4–48.6%)

Last cycle evaluated before conceiving
(median, median, 25th–75th percentiles)

4 (3–5)

Side of ovulation when conceiving (n, %; 95% CI)**

Healthy ovary 56 (53.3%; 43.3–63.1%)

Affected ovary 49 (46.7%; 36.9–56.7%)

Pregnancy outcome (n, %)

Miscarriages 11 (10.5%)

Second trimester voluntary termination
of pregnancy

2 (1.9%)

Pre-term pregnancies 4 (3.8%)

Term pregnancies 67 (63.8%)

Ongoing pregnancies 21 (20.0%)

Delivery outcome (n, %)

Spontaneous delivery 76 (72.4%)

Operative delivery 6 (5.7%)

Caesarean section 23 (21.9%)

*P ¼ 0.502; **P ¼ 0.408.
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