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Study Objectives 
Primary Objective 

!  Identify factors associated with endometrioma and/or deep infiltrating endometriosis. 

Main secondary objective 

!  Identify factors associated with superficial endometriosis. 
Other secondary objectives 

!  To identify factors associated with endometriosis (superficial endometriosis, endometrioma and deep infiltrating 
endometriosis). 

!  To identify factors associated with endometrioma and/or deep infiltrating endometriosis according to subject ethnicity. 
!  To describe subject’s characteristics by endometriosis status.  
!  To describe profiles of subjects according to endometriosis status (superficial endometriosis, endometrioma and deep 

infiltrating endometriosis) by subject ethnicity 

Main risk factors under exploration 
!  Personal (medical history, gynecological, surgical and family history etc.) 
!  Hormonal (past hormonal treatment for dysmenorrhea, current use for contraception etc.) 
!  Immunological (association with other diseases) 
!  Environmental / dietary / lifestyle 
!  Ethnicity 

FEELING Study 



China Russia France Total 

No endometriosis (No EM) 156 88 44 288 

Superficial endometriosis (SUP) 156 88 44 288 

Endometrioma (OMA) 156 88 44 288 

Deep infiltrating endometriosis (DIE) 78 43 22 143 

Total 546 307 154 1007 

Patients groups 

FEELING Study 

Inclusion criteria: 
Having undergone a laparoscopy or laparotomy for a benign gynecological 
indication in the last 3 months (excluding pregnancy) 



Investigational Sites (7 centers) 

Paris 

Ivanov Moscow 
Beijing x 2 

Changsha 

Hangzhou 
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Endometriosis:  
Time from symptoms to diagnosis 

  
 
Endometriosis 

China Russia France 
Total 

No. patients 331 180 63 574 

Mean age first endometriosis 
symptoms   
(years [95% CI]) 

 
28.15 

[27.37; 28.93] 
*  

 
27.66 

[26.92 ; 28.39] 
** 

 
22.54 

[20.65 ; 24.43] 
*;** 

27.38  

Mean time between first 
endometriosis symptoms and first 
medical attention  
(years [95% CI]) 

 
 2.13 

[1.62 ; 2.64] 
*;** 

 
0.78 

[0.43 ; 1.13] 
*; ***  

 
 5.06 

[3.66 ; 6.47] 
*; **; *** 

2.03  

Mean time between first medical 
attention and diagnosis  
(years [95% CI]) 

 
 1.81 

[1.48 ; 2.14] 
* 

 
1.93 

[1.53 ; 2.33] 
**  

 
 3.67 

[2.66 ; 4.67] 
*; ** 

2.04 

* Indicates where the values of the upper and lower 95% CI bounds between groups do not overlap FEELING Study 



FEELING Study 

Diagnosis of endometriosis 
Overall 
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Surgery indications Surgery results 
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(20.1%) 



Superficial endometriosis 
is a real disease 

OR (95% CI) P value 

Infertility 3.2 (1.7 - 6.2) < 0.001 
Severe dysmenorrhea 1.7 (0.9 - 3.2) NS 
Severe GI symptoms 3.4 (1.1 - 11) 0.038 
OCs treatment 2.3 (1 - 5.4) 0.043 
Family history of Osis 4.1 (1.2 - 14.3) 0.022 
Absenteeism from school  
during menstruation 

2 (1 - 3.7) 0.029 

Comparison between superficial endometriosis  
(n = 156) and control (n = 468) 

Chapron (2015, in preparation) 



FEELING Study 
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FEELING Study 

Main symptoms 
% 
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39.5% 60.5% 

Dysmenorrhea: by endometriosis type 
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Dysmenorrhea INTENSITY on a scale 
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0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Overall China Russia France 

n=575 n=308 n=147 n=120 
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Overall symptoms by country 
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Endometriosis: Impact on daily life and treatment 
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Patients may have taken multiple treatments 

Total no. 
patients 

China 
 
 

(n=64) 

Russia 
 
 

(n=57) 

France 
 
 

(n=36) 
Oral 

Contraceptive 
Pills 

44 9% 56% 20% 

GnRH Agonists 69 55% 12% 47% 

Progesterone 20 8% <1% 28% 

Patients may have received multiple treatments 

15 Chinese patients received traditional Chinese 
medication 

Distribution of hormonal treatments 
among patients  

(n=157) 

44% 

28% 

13% 
5% 

GnRH agonists 

Oral contraceptives 

Progesterone 

Danazol 

Previous Hormonal Treatment for endometriosis 

FEELING Study 

N=958 16,4
% N=49 missing 



Global population:  
Previous surgery for OMA 
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Previous surgery for OMA  
by endometriosis type 
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The Impact of Excision of Ovarian Endometrioma on
Ovarian Reserve: A Systematic Review and
Meta-Analysis

Francesca Raffi, Mostafa Metwally, and Saad Amer

University of Nottingham (F.R., S.A.), Royal Derby Hospital, Derby, DE22 3NE, United Kingdom; and
Ninewells Assisted Conception Unit (M.M.), Dundee DD1 9SY, United Kingdom

Context: Endometriomas are mainly treated surgically. However, there has been concern over the
potential damaging effect of this surgery on ovarian reserve.

Objective: The aim of this meta-analysis was to investigate the impact of surgery for endometri-
omas on ovarian reserve as determined by serum anti-Müllerian hormone (AMH).

Data Sources: MEDLINE, PubMed, and Embase were searched electronically.

Study Selection: All prospective cohort studies that analyzed changes of serum AMH concentra-
tions after surgical treatment of endometriomas were eligible. Twenty-one studies were identi-
fied, of which eight were selected for meta-analysis.

Data Extraction: Two reviewers performed the data extraction independently.

Data Synthesis: Pooled analysis of 237 patients showed a statistically significant decrease in serum
AMH concentration after ovarian cystectomy (weighted mean difference !1.13 ng/ml; 95% con-
fidence interval !0.37 to !1.88), although heterogeneity was high. Sensitivity analysis for studies
with a preoperative serum AMH level of 3.1 ng/ml or greater improved heterogeneity but also still
showed a significant postoperative fall in serum AMH (weighted mean difference !1.52 ng/ml,
95% confidence interval !1.04 to !2).

Conclusion: The results of this study suggest a negative impact of excision of endometriomas on
ovarian reserve as evidenced by a significant postoperative fall in circulating AMH. (J Clin Endo-
crinol Metab 97: 3146–3154, 2012)

Ovarian endometriomas are found in 20% of patients
with endometriosis (1) and are associated with a

more severe form of the disease. There is a general con-
sensus that endometriomas require surgical treatment due
to ineffectiveness of medical therapies (2). However, sur-
gery carries a potential risk of significant damage to ovar-
ian reserve (3–11).

Two main surgical methods are widely used for endo-
metriomas including cystectomy and cyst ablation. Cys-
tectomy seems to be the favored modality by many authors
as it is associated with less recurrence of the disease (12).

However, cystectomy has been associated with concom-
itant excision of normal ovarian tissue resulting in signif-
icant follicle loss with possible subsequent reduction in
ovarian reserve (13–15).

Serum anti-Müllerian hormone (AMH) is a relatively
new marker of ovarian reserve, which has gained wide
popularity because it offers several advantages over other
tests. It has been shown to be remarkably stable through-
out the menstrual cycle (16–18) and it is not affected by
the use of hormones (19). In addition, it is very sensitive to
changes in ovarian reserve with advancing age and corre-
lates well with antral follicle count (20–22).
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Abbreviations: AFC, Antral follicle count; AMH, anti-Müllerian hormone; CI, confidence
interval; CV, coefficient variation; EIA, enzyme immunoassay; WMD, weighted mean
difference.
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rum AMH level. All studies thought to contain confound-
ing factors were excluded.

Studies with the lowest risk of bias (score of >6
on modified Newcastle-Ottawa scale, as long as
more than three stars obtained on comparability
score)

Three studies (25, 27, 29), with 86 cystectomies, were
identified. There was a trend toward a postoperative fall
in serum AMH levels (WMD !1.02 ng/ml), although this
did not reach statistical significance (95% CI 0.40 to
!2.44; I2 " 87%).

Studies in which age was not a significant
confounding factor (age <40 yr)

Five eligible studies (24, 25, 27, 29, 34), including 143
cystectomies, were identified. Pooled analysis showed a
statistically significant postoperative fall in serum AMH
(WMD !0.73 ng/ml; 95% CI !0.11 to !1.34; I2 " 79%).

Studies with endometriomas 5 cm greater than in
diameter

Four studies (25, 27, 34, 35), involving 140 cystecto-
mies, were identified. The weighted average preoperative
AMH was 2.7 ng/ml, and this fell by 23% postoperatively,
although this did not reach statistical significance (WMD
!0.61 ng/ml; 95% CI 0.03 to !1.25; I2 " 78%).

Studies with analysis of changes in AMH stratified
by baseline AMH (>3.1 ng/ml)

Five studies (24, 25, 29, 35, 36), including 111 cystec-
tomies, were identified. Pooled analysis showed a statis-
tically significant postoperative fall in serum AMH with
low heterogeneity between studies (WMD !1.52 ng/ml;
95% CI !1.04 to !2.00; I2 " 0%) (Fig. 3).

Studies with endometriomas 5 cm greater than
and baseline serum AMH 3.1 ng/ml or greater

Two studies were identified (25, 35), involving 57 cys-
tectomies. Pooled analysis showed a statistically signifi-

cant postoperative fall in serum AMH after surgery with
low heterogeneity between studies (WMD !1.68 ng/ml;
95% CI !0.84 to !2.51; I 2 "0%).

Secondary outcome: antral follicle count
Three studies including 79 patients were identified

(24, 27, 28). There was no statistically significant
change in AFC postoperatively (WMD 0.37; 95% CI
2.16 to !1.42). Heterogeneity between studies was high
(I2 " 73%).

Discussion

The current study is the first meta-analysis to investigate
the effect of surgery for endometriomas on ovarian reserve
as determined by circulating AMH. The initial results sug-
gest a significant loss of ovarian reserve after excision for
endometriomas with up to 40% fall in AMH. However,
there was significant heterogeneity between the included
studies. Sensitivity analysis for studies with a preoperative
serum AMH level of 3.1 ng/ml or greater improved het-
erogeneity and still showed a significant fall in serum
AMH.

Timing of postoperative serum AMH measurement
The timing of postoperative serum AMH measurement

varied in different studies, although the majority of studies
(five studies, 142 excisions) performed the measurement
at the 3-month follow-up (25, 27–29, 36), and only two
studies (28, 36) performed multiple measurements (56 ex-
cisions). In these two studies, we used the latest sample (9
and 3 months of follow-up) because this is likely to rep-
resent the most sustained postoperative change of serum
AMH. This is clinically more important than the imme-
diate effect of surgery, which may be only temporary.

A subgroup analysis for studies assessing AMH at 6–9
months after surgery was also carried out. This analysis
was important to investigate the possibility of recovery of
ovarian reserve with time as suggested by a previous study

FIG. 3. Meta-analysis. Weighted mean difference in serum AMH after surgery for endometrioma: pooled results for studies with analysis of
changes in AMH stratified by baseline AMH (!3.1 ng/ml).

J Clin Endocrinol Metab, September 2012, 97(9):3146–3154 jcem.endojournals.org 3151
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Endometriosis: Logistic regression analysis  
of factors predicting AMH levels < 1 ng/ml 

Streuli - Chapron, Hum Reprod 
(2012) 

previous cystectomies for non-endometriotic cysts is therefore missing
in both controls and endometriosis patients. (ii) Our database pro-
vided information about prior endometriosis and OMA surgery, but
not the date at which the surgery was conducted, neither the size
of the OMAs that were removed. (iii) There were only 35 women
in the group with SUP. The small sample size precluded determining
whether the slightly higher AMH levels found in these women truly dif-
fered from findings made in controls and women with OMA or DIE.
(iv) Our study included women referred to our surgery department;
we can therefore not exclude that infertile women with OMAs asso-
ciated with a diminished ovarian reserve, as assessed during their infer-
tility work-up, were referred less frequently to surgery and might
therefore be underrepresented. Against a potential referral bias is
the fact that, in our population, AMH levels were not different

in women with OMAs whether they were infertile (42%) or not
(P ¼ 0.9).

We recognize that there is no ideal control group for studying AMH
levels in endometriosis. Our control group consisted of women oper-
ated for benign gynaecological conditions. This may lead to biases
stemming from the fact that certain benign gynaecological conditions,
such as tubal infertility or ovarian cysts, might be associated with
altered ovarian reserve. Speaking against that possibility is the fact
that AMH levels were not lower in any of the surgical subgroups of
this control population. Our endometriosis population constituted
women who were all scheduled to undergo surgery may differ from

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

Table III Logistic regression analyses of factors
predicting an AMH level below 1 ng/ml.

Variable Category OR 95% CI P-value

Age ≤29 – – –
30–34 3.08 1.48–6.41 0.01
35–39 6.99 3.47–14.11 0.001
≥40 20.82 9.14–47.41 0.001

BMI .25 versus ≤25 1.04 0.65–1.67 0.87

Infertility None – – –
Primary 0.70 0.39–1.23 0.22
Secondary 1.21 0.71–2.06 0.49

Smoking Never – – –
Ex smoker 1.25 0.69–2.26 0.46
Current smoker 0.51 0.30–0.88 0.02

Endometriosis None (controls) – – –
SUP 0.61 0.20–1.90 0.40
OMA, without
prior surgery

0.66 0.30–1.47 0.31

DIE, without prior
surgery

1.29 0.74–2.27 0.38

Prior OMA surgery
(with/without
current DIE or
OMA)

3.00 1.40–6.41 0.01

SUP, superficial peritoneal lesion; OMA, endometrioma; DIE, deep infiltrating
endometriosis.

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

Table II AMH levels according to the type of endometriosis (controls, SUP, OMA and DIE) and the presence of current
OMA and past OMA surgery.

Endometriosis type r-AFS score Current OMA Past OMA surgery n Mean SD P-value

Controls / No No 413 4.1 3.4 0.01

SUP / No No 35 4.5 3.6

OMA III– IV Yes No 77 4.0 3.0

OMA III– IV Yes Yes 18 2.7 2.0

DIE I–II No No 63 4.0 3.0

DIE III– IV No No 34 3.5 3.6

DIE III– IV Yes No 45 3.8 3.2

DIE III– IV No Yes 19 1.6 1.7

DIE III– IV Yes Yes 22 2.6 2.3

Figure 3 AMH levels according to the presence of an OMA and to
past OMA surgery. S+, past endometrioma surgery; S2, no past
endometrioma surgery; OMA+, diagnosis of a current endome-
trioma; OMA2, no current endometrioma. Asterisk denotes gener-
alized linear models, as described in the ‘Statistical analysis’ section.

Endometriosis and anti-Müllerian hormone 3299
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OMA: Ovarian reserve and repetitive cystectomy 

Muzzi et al.,  Fertil Steril (2015) 

First surgery  
for OMA 

Recurrent surgery  
for Oma 

P value 

(n = 17) (n = 11) 

Cyst wall thicknes 1.1 ± 0.3 1.7 ± 0 .3 0.00003 

Antral follicule count * 0.2 0.002 

Ovarian volume* 0.08 0.001 

*: p value (operated versus controlateral ovary) 



IVF outcome and diminished ovarian reserve:  
Post OMA cystectomy versus idiopathic 

Roustan et al.,  Hum Reprod 
(2015) 

outcome in women operated for bilateral ovarian endometriomas
described a higher use of gonadotrophins, a lower number of retrieved
oocytes and a detrimental impact on pregnancy rate (Ragni et al.,
2005; Busacca et al., 2006; Esinler et al., 2006; Somigliana et al., 2008).

Our results are in accordance with the study of Somigliana et al. (2008)
that reported a significantly reduced clinical pregnancy rate (7% per
starting cycle) and delivery rate (4% per starting cycle and 8% per
embryo transfer) in women previously operated for endometriomas.
They found odds ratios for pregnancy and delivery in women affected
of 0.34 (0.12–0.92) and 0.23 (0.07–0.78), respectively. Aboulghar
et al. (2003) obtained similar results and concluded that IVF outcome
in stage IV endometriosis with previous surgery was significantly lower
compared with an age-matched group of tubal factor infertility. They
reported higher cycle cancelation rate (29.7 versus 1.1%, P , 0.0001)
and significantly lower oocyte yield (4.5 versus 10.7, P , 0.0001), im-
plantation rate (8.7 versus 22.3%, P , 0.001), and pregnancy rate
(15.3 versus 52.5%, P , 0.0001) in women with endometriosis.

Although we observed a trend for a lower mean number of oocytes
retrieved in the DOR following endometrioma cystectomy group
than in control group, we showed significantly higher fertilization rate
and mean number of embryos obtained in group A compared with
group B. This result could be related to our study design. Indeed, we
compared two groups of patients with DOR associated with two differ-
ent etiologies (ovarian cystectomy of endometrioma(s) or idiopathic
DOR) whereas previously published studies used a control group
composed in the majority of cases of patients with tubal infertility. In
addition, we could partly associate this result to the younger age in
patients from group A, even so, there is no any real clinical significance
(31.7 years versus 33.7 years). We found, in both analyses, a significantly
decreased implantation rate in endometriosis patients, supporting two
possible mechanisms: a lower quality of the embryos obtained, which
is in agreement with the results of Somigliana et al. (2008) and Aboulghar
et al. (2003) and a reduced endometrial receptivity. In our study, we
showed a significantly lower mean number of top embryos in subgroup
A compared with subgroup B, in the Bologna criteria analysis. Garrido
et al. (2000) concluded that embryo development was more frequently
blocked in cases of endometriosis compared with non-endometriosis
patients, suggesting an impairment of embryo quality, which may be

responsible for the reduction in implantation rate. They analyzed the fol-
licular environment in women with endometriosis and showed increased
concentrations of progesterone and interleukin-6, and decreased con-
centrations of vascular endothelial growth factor (VEGF) in follicular
fluid. These alterations impaired embryo quality and ability to implant.
Thus, Somigliana et al. (2008) concluded that surgical treatment of
ovarian endometrioma may cause a quantitative impairment of ovarian
reserve but also a qualitative injury to ovarian reserve. Furthermore,
recent accumulating evidence indicates that reduced implantation rate
in endometriosis patients reflects a failure of endometrial receptivity.
Several mechanisms seem to be involved: aberrant levels of steroid
hormone receptors leading to a condition of progesterone resistance
(Brosens et al., 2012; Lessey et al., 2013; Moberg et al., 2014), reduction
of functional gap junctions (Yu et al., 2014) and increase in angiogenesis
(Kim et al., 2011). So, the poor embryo quality and the failure in endomet-
rial receptivity seem to be the most likely hypotheses for a reduced
implantation rate and therefore a decrease in pregnancy and delivery rate.

A limit of our study is the retrospective case control design. However,
randomized controlled trials are not possible in this case. Although our
sample size is relatively small, our study provides statistically significant
evidence that the chances of IVF success are decreased in women with
DOR following cystectomy for endometrioma. Further larger series
and a multicentered study based on the Bologna criteria are needed to
confirm these findings. Another limitation of our study is that patients
in group A are statistically younger than in group B. This age difference
has little clinical significance, since higher implantation, pregnancy and
birth rates were assessed in Group B. A final limitation of our study
could be that AMH levels have been checked only after endometrioma
resection. Indeed, patients have been addressed in our unit of Repro-
ductive Medicine after surgical management, and few surgeons had
requested a determination of AMH level before surgery. We hypothe-
sized that women in group A had no evident or additional causes of
DOR except the endometrioma cystectomy, especially as they were
younger than women in group B and a majority of these patients under-
went surgery for bilateral endometriomas. However, further studies will
be necessary to evaluate ovarian reserve before and after cystectomy
with a multivariate analysis of live birth rate in IVF according to the post-
operative AMH levels.

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

Table V IVF outcomes in women defined as poor responders (Bologna criteria): patients with DOR diagnosed after
cystectomy(s) for endometrioma(s) (subgroup A) and patients with idiopathic DOR (subgroup B).

Characteristics Subgroup A
(Bologna criteria)
(99 cycles)

Subgroup B
(Bologna criteria)
(189 cycles)

P-value

Implantation rate (%) 8/134 (6.0%) 37/290 (12.8%) 0.035

Clinical pregnancy rate per cycle (%) 9/99 (9.1%) 38/189 (20.1%) 0.016

Live birth rate (%)

Per cycle 5/99 (5.1%) 29/189 (15.3%) 0.001

Per transfer 5/79 (6.3%) 29/173 (16.8%) 0.03

Spontaneous abortion rate (%) (before or after 12 weeks of gestation) 3/7 (42.9%) 8/37 (21.6%) NS

Ectopic pregnancy rate (%) 1/9 (11.1%) 1/38 (2.6%) NS

Multiple pregnancy rate (%) 2/7 (28.6%) 4/36 (11.1%) NS

Data are expressed as mean+ standard deviation.
NS, not significant.

IVF outcome depends on the etiology of DOR 845
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OMA: Spontaneous ovulation rate (n = 244) 

Maggiore et al.,  Hum Reprod 
(2015) 

(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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37%). Indications to treatment in the control group were as
follows: male factor in 66 patients (48%), tubal-anatomic
factor in 24 women (18%), unexplained infertility in 28
patients (21%) and mixed in the remainder (n ¼ 18, 13%).

Baseline characteristics of recruited patients are shown in
Table II. The age, BMI, duration of infertility and proportion
of patients with primary infertility were similar in the study
and in the control groups. Day 3 serum FSH and the proportion
of patients with Day 3 serum FSH !12 IU/ml were remarkably
greater in the cases.

Cycle characteristics are shown in Table III. Proportion of
cancelled cycles in cases and controls were 26% (n ¼ 18)
and 21% (n ¼ 28), respectively (P ¼ 0.38). In contrast, the
causes leading to cycle cancellation differed significantly.
Poor ovarian response was higher in cases whereas hyper-
response predominated in controls (Table III). In cases,
dosage of gonadotrophin used was higher whereas number of
follicles and number of retrieved oocytes were lower. No
oocyte was retrieved in nine cases (18%) in the study group
and in three cases (3%) in the control group (P ¼ 0.002).

IVF and ICSI procedures were performed in 15 (37%) and
26 (63%) cycles in the study group and in 22 (21%) and 81
(79%) cycles in the control group, respectively (P ¼ 0.09).
The median (inter-quartile range) fertilization rate in the
study and the control groups was 67% (50–100%) and 100%
(67–100%), respectively (P ¼ 0.06). The mean number of
oocytes used and embryos obtained was significantly higher
in the controls compared with the cases (Table III). The
mean number of embryos transferred was, conversely, similar
in the two groups. The clinical pregnancy rate and the delivery
rate were significantly reduced in the study group (Table III).
The odds ratios (OR) [95% confidence interval (CI)] for preg-
nancy and delivery in women affected were 0.34 (0.12–0.92)
and 0.23 (0.07–0.78), respectively. The implantation rate was
also significantly decreased in the study group (5/73, 7%)
compared with the control group (33/202, 16%) (P ¼ 0.048).

The same analyses were repeated within the study group
comparing patients with (n ¼ 31) and without endometrio-
ma(s) recurrence (n ¼ 37). For all variables considered, no
significant difference was observed between the two groups
(data not shown).

Discussion

In the present study, it was shown that the ovarian reserve of
previously operated gonads is significantly damaged. Indeed,

patients previously operated on for bilateral endometriomas
had a Day 3 serum FSH value higher than controls as well as
a higher withdrawal rate for poor response. Moreover,
despite the use of higher doses of gonadotrophins, the
number of follicles, oocytes and embryos were significantly
lower. Finally, our study showed that the chances of pregnancy
are significantly lower in affected women. We indeed docu-
mented a three-fold reduction in the clinical pregnancy rate
and a four-fold reduction in the delivery rate.

Some limits of the study should be considered. First, data
were retrospectively collected. In this regard, it is, however,
noteworthy that the kinds of variables evaluated in our study
are reliably recorded in a clinical context in general and in
our Infertility Unit in particular. There was no missing data,
and incongruence never emerged during data collection and
analysis. Of note, the vast majority of studies evaluating the
impact of endometriosis on IVF outcome are retrospective
(Somigliana et al., 2006a). Secondly, the sample size is relatively
small. Even if 68 cases represent the larger available series of
women with bilateral operated endometriomas undergoing IVF,
it has to be recognized that the amplitude of the 95% CI of the
OR for pregnancy (0.12–0.92) and delivery (0.07–0.78) rates
are exceedingly large. Overall, even if this study provides statisti-
cally significant evidence that the chances of success are
decreased in these women, further larger series are required to
precisely determine the entity of this reduction.

To our knowledge, there are two previous studies focusing
on ovarian reserve in women operated on for bilateral endome-
triomas (Busacca et al., 2006; Esinler et al., 2006). Esinler

Table III. Characteristics of the IVF–ICSI cycles in patients operated for
bilateral endometriomas (cases) and controls.

Characteristics Cases
(n ¼ 68)

Controls
(n ¼ 136)

p

Cancelled cycle ,0.001
Hyper-response 1 (2%) 20 (15%)
Poor response 17 (28%) 8 (6%)

Dosage of rFSH/die 333+133 212+112 ,0.001
Duration of stimulation (day)a 11.5+2.3 11.8+2.4 0.58
Number of follicles 11–15 mma 3.2+2.8 4.6+3.3 0.009
Number of follicles.15 mma 5.2+2.8 6.5+2.7 0.006
Number of oocyte retrieveda 5.7+4.0 7.2+3.6 0.024
Number of oocyte useda,b 2.8+2.3 3.8+2.7 0.034
Number of embryos obtaineda,b 2.0+1.9 2.8+2.0 0.024
Number of transfers not
performeda

14 (28%) 16 (15%) 0.08

Number of embryos transferredc 2.0+0.6 2.2+0.7 0.20
Clinical pregnancy rate (PR)

Number of pregnancies 5 26
PR per starting cycle 7% 19% 0.037
PR per oocyte retrieval 10% 24% 0.051
PR per embryo transfer 14% 28% 0.11

Implantation rate 5 (7%) 33 (16%) 0.048
Delivery rate (DR)

Number of deliveries 3 23
DR per starting cycle 4% 17% 0.013
DR per oocyte retrieval 6% 21% 0.02
DR per embryo transfer 8% 25% 0.049

aData refer to patients undergoing oocyte retrieval.
bThe number of oocytes retrieved and oocytes used differ due to the new
Italian legislation that since March 2004 bans the use of more than three
oocytes.
cData refer to patients performing embryo transfer.

Table II. Baseline clinical characteristics of patients operated for bilateral
endometriomas (cases) and controls.

Characteristics Cases
(n ¼ 68)

Controls
(n ¼ 136)

P-value

Age (years) 34.1+3.8 34.2+3.7 0.93
BMI (kg/m2) 21.2+3.3 21.7+3.0 0.29
Previous pregnancies 13 (19%) 16 (12%) 0.20
Duration of infertility
(years)

3.1+2.0 3.6+2.0 0.15

Day 3 FSH (IU/ml) 11.6+6.5 7.6+4.2 ,0.001
Day 3 FSH!12 IU/ml 26 (38%) 15 (11%) ,0.001

Somigliana et al.
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in the two study groups. To our knowledge, IVF outcome in
women with bilateral endometriomas was previously investi-
gated in only one earlier study, by Reinblatt et al. (18). Those
authors also failed to document any reduction of the quality
of the embryos or of the chances of pregnancy in women
with bilateral endometriomas who underwent IVF. However,
in contrast to our findings, the number of retrieved oocytes
did not significantly differ. The most plausible explanation
for this inconsistency is a type II error. The small sample
size of the study by Reinblatt et al. (13 cases) clearly exposed
their results to this type of error. This hypothesis is also
supported by the observation of a trend toward a reduced
responsiveness in affected cases. Even if the difference did
not reach statistically significance (P¼ .07), the number of
retrieved metaphase II oocytes was actually lower in women
with bilateral endometriomas compared with control women
(9.5 " 1.7 vs. 13.2 " 1.0) (18). Apart from the significantly
larger number of selected women (39 vs. 13), our study had
a further strength compared with the earlier contribution.
We also reported data on follicular growth (a variable that
is not influenced by technical difficulties during oocyte
retrieval), and we excluded women who were previously
operated for ovarian endometriomas, protecting our results
from the confounding effects of previous surgery. This was
not an exclusion criteria in the study by Reinblatt et al. (18).

Almog et al. recently reported that in women with unop-
erated unilateral ovarian endometriomas, responsiveness to
ovarian hyperstimulation was similar in the affected and
contralateral intact gonads (12). An initial contribution of
our group using a similar study design conversely detected
a reduced responsiveness in the affected gonad (19). However,
this result was presumably due to a type I error, and the
difference was lost when we extended our analysis to a larger
number of cases (13). The lack of any detrimental impact of
the presence of ovarian endometriomas demonstrated in
womenwith monolateral disease is in contrast with the results
emerging from the present study. This inconsistency is
difficult to explain and deserves some comments. On one

hand, studies on women with monolateral disease should be
viewed as more informative because that study design allows
for a paired analysis and optimal control of interpatient
variability. On the other hand, it can be argued that women
undergoing IVF who are diagnosed with monolateral
unoperated endometriomas represent a very selected
population. The disease may be less severe in terms of both
pathologic findings and symptoms because the healthy ovary
may compensate for the diseased ovary. In particular, the
degree of inflammation and extension of pelvic adhesions
may be more limited. Conversely, women with bilateral
disease may be in a more advanced situation. Bilaterality of
ovarian endometriomas at ultrasound was shown to be a hall-
mark of advanced endometriosis (20). In line with this
hypothesis, almost one-half of the women in our cohort had
more than one cyst per ovary, whereas this was reported
only occasionally in the studies evaluating women with
monolateral disease (12, 13). Of interest here is that the
documentation of a reduced responsiveness in more
advanced forms of the disease independently from the
presence of the endometriomas would support an
independent role of adhesions or inflammation or
superficial implants on ovarian responsiveness. Though
plausible, this interpretation is speculative and requires
further confirmation. In this regard, it has to be emphasized
that the decision to select as control subjects women
without evidence of endometriosis is a potential limitation
of our study. One may argue that choosing women with
monolateral unoperated endometriomas or those with
bilateral operated endometriomas as control subjects would
have provided more informative data. On the other hand,
these choices would expose the results to other criticisms.
Data from women with monolateral disease are poorly
informative because oocytes and embryos could origin from
both the affected and the unaffected ovaries. Data from
women operated for bilateral endometriomas also are of
debatable interest because the ovarian reserve of those
women has already been shown to be severely damaged (6).
The observation that unoperated women perform better
would not have allowed us to draw meaningful conclusions
on the independent impact of ovarian endometriomas.
Moreover, the condition of operated women at the time of
surgery may differ from those entering an IVF program and
selected in this study. In general, endometriosis-related
symptoms are more severe and the dimension of the cysts is
larger. Of note, the dimension of the endometriomas of
women selected in our study was generally small. The mean
diameter of the cysts was 22–23 mm. This latter point is a fur-
ther matter of possible concern because we can not rule out
that larger cysts may be more detrimental to oocyte quality.
Reliable subgroup analyses according to the dimension of
the cysts could not be drawn in our study owing to the
relatively small sample size. In general, larger independent
series are required to draw definitive conclusions. Apart
from subgroup analyses on the dimension of the cysts, there
is the need for more robust data on the cumulative clinical
and delivery rates. Our sample size was insufficient to consis-
tently rule out type II errors for these outcomes, and the Italian
legislation banning a systematic policy of embryo freezing

TABLE 3

IVF–intracytoplasmic sperm injection cycle outcomes in patients
with bilateral endometriomas (case subjects) and in control
subjects.

Characteristics
Case

(n [ 39)
Control
(n [ 78) P value

No. of clinical pregnancies 12 26
PR per started cycle 31% 33% .84
PR per oocyte retrievala 33% 35% 1.00
PR per embryo transferb 39% 37% 1.00

No. of embryos implanted 14 32
Implantation ratec 22% 23% 1.00

No. of deliveries 9 23
DR per started cycle 23% 29% .52
DR per oocyte retrievala 25% 31% .66
DR per embryo transferb 29% 33% .82

Note: DR ¼ delivery rate; PR ¼ pregnancy rate.
a Data refer to patients performing oocyte retrieval (36 case and 75 control subjects).
b Data refer to patients performing embryo transfer (31 case and 70 control subjects).
c Data refer to transferred embryos (64 case and 138 control subjects).
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Indications for IVF in this latter group were as follows: male
factor (n¼ 31), tubal factor (n¼ 7), anovulatory (n¼ 10), and
unexplained (n ¼ 40).

The baseline characteristics of the two study groups are
presented in Table 1. No statistically significant difference
was observed. The characteristics of the IVF-ICSI cycles are
summarized in Tables 2 and 3. Regimens of ovarian stimula-
tion and doses of gonadotropins used did not differ.
Conversely, the number of developing follicles and the
number of oocytes retrieved was significantly lower in
women with bilateral endometriomas. However, this did not
lead to significant differences in terms of embryos obtained
and chances of pregnancy. The rates (IQR) of oocytes retrieved

per total number of developing follicle in case and control
subjects were 77% (57%–88%) and 71% (63%–79%),
respectively (P¼ .30). The fertilization rates (IQR) were 67%
(56%–100%) and 70% (57%–100%), respectively (P¼ .98).
The rates (IQR) of top-quality embryos per oocyte used were
33% (25%–50%) and 33% (20%–43%), respectively (P¼ .61).
The proportions of women having high-quality embryos
(types 1 and 2) available for freezing were seven (18%) and
eight (10%), respectively (P¼ .25). Eight twin pregnancies
were observed (two among case and six among control
subjects). The implantation rate also did not differ between
the study groups (Table 3). Inadvertent puncture of the
endometriomas did not occur in any case, and no pelvic in-
flammatory disease following oocyte retrieval was observed.

DISCUSSION
Responsiveness to ovarian hyperstimulation is reduced in
women with bilateral unoperated endometriomas. The
number of developing follicles and the number of oocytes
retrieved are significantly lower in affected women compared
with age-matched control women. On the other hand, the
rates of oocytes retrieved per developing follicle were similar,
supporting the conclusion that oocyte retrieval is not
hampered by the presence of the ovarian endometriomas.
Moreover, the quality of the retrieved oocytes was not
influenced by the proximity of these cysts. The fertilization
rate, the rate of top-quality embryos per oocyte used, the
implantation rate, and the chances of pregnancy were similar

TABLE 1

Baseline characteristics of women with bilateral unoperated
endometriomas (case subjects) and control subjects.

Characteristic Case (n [ 39) Control (n [ 78) P value

Age (y) 36.4 " 3.2 36.5 " 3.1 .87
BMI (kg/m2) 21.7 " 2.5 22.5 " 3.9 .25
Previous pregnancies 5 (13%) 16 (20%) .44
Duration of infertility (y) 3.0 " 1.5 2.5 " 1.8 .15
Day 3 serum FSH (IU/mL) 7.1 " 2.0 7.0 " 2.9 .89
Serum AMH (ng/mL)a 2.8 " 1.3 3.0 " 1.8 .60
AFC 11 " 1 12 " 8 .14
Note: AFC ¼ antral follicle count; AMH ¼ antim€ullerian hormone; BMI ¼ body mass index.
a These data were available for 24 case and 45 control subjects.
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TABLE 2

Characteristics of the IVF–intracytoplasmic sperm injection cycles in women with bilateral endometriomas (case subjects) and in control
subjects.

Characteristic Case (n [ 39) Control (n [ 78) P value

Protocol of ovarian stimulation .81
Long protocol 15 (38%) 32 (41%)
Protocol with GnRH antagonists 19 (49%) 39 (50%)
Other 5 (13%) 7 (9%)

Canceled cycle .67
Hyperresponse 1 (3%) 1 (1%)
Poor response 2 (5%) 2 (3%)

Total amount of FSH used (IU)a 2,605 " 885 2,365 " 1,206 .24
Duration of stimulation (d)a 11.5 " 2.9 11.0 " 1.8 .32
Total no. of follicles >10 mma 9.6 " 3.3 14.1 " 6.8 < .001
No. of follicles >15 mma 6.2 " 2.6 9.6 " 4.8 < .001
No. of oocytes retrieveda 7.1 " 3.2 9.8 " 5.5 .001
No. of suitable oocytesa,e 5.1 " 2.5 6.9 " 4.2 .004
No. of subjects not retrieving suitable oocytesa,e 2 (6%) 3 (4%) .66
No. of oocytes usedb,c 4.8 " 2.3 6.5 " 3.9 .008
No. of embryos obtainedc 2.6 " 1.4 3.1 " 1.5 .074
No. of high-quality embryos (types 1 and 2)c 1.9 " 0.9 2.2 " 1.5 .15
No. of embryo transfers not performedc 3 (9%) 2 (3%) .32
Day of embryo transfer (since oocyte retrieval)d .45

Day 2 9 (29%) 15 (21%)
Day 3 22 (71%) 55 (79%)

No. of embryos transferredd 2.1 " 0.6 2.0 " 0.5 .40
a Data refer to patients performing oocyte retrieval (36 case and 75 control subjects).
b The number of oocytes retrieved and oocytes used differ because of Italian legislation that from March 2004 to April 2009 banned the use of more than three oocytes.
c Data refer to subjects retrieving at least one suitable oocyte (34 case and 72 control subjects).
d Data refer to patients performing embryo transfer (31 case and 70 control subjects).
e ‘‘Suitable oocytes’’ include metaphase II oocytes and type 1 cumulus-oocyte complex according to the European Society for Human Reproduction and Embryology Istanbul Consensus
Conference, 2011.
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Conclusions 

FEELING Study 

!  Major differences in perception of endometriosis between countries with 
different cultural, ethnic and socioeconomic backgrounds. 

!  Important variations in pain reporting and management as well as impact on 
daily activities across countries 

!  OMA: Surgeries done previously were mostly performed on ovarian 
endometrioma !!! 

!  Relationship between OMA and infertility needs to be investigated !!! 

…   further analyses on-going 
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Dysmenorrhea: by country 
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OMA: Fertility and Surgery 

FEELING Study 

Infertility          Surgeries 

All Previous surgeries Surgeries for OMA 

Overall patients 
(n=288) 27.1% 15.7% 91.1% 

China 
(n=156) 22.4% 15.5% 91.7% 

Russia 
(n=88) 36.4% 17.0% 93.3% 

France 
(n=44) 25.0% 13.6% 83.3% 



Endometriosis and IVF 
Results according the endometriosis’ phenotype (n=359) 

Santulli P - Chapron C et al.,  (Submitted, 2015) 

  DIE OMA SUP p value 
Patients 212 98 49   

No. of cycles 425 200 95   

No. of ET 282/425 (66.4) 141/200 (70.5) 77/95 (81.1) 0.018 

Clinical pregnancy rate per 
cycle 

98/425 (23.1) 55/200 (27.5) 29/95 (30.5) 0.22 

Clinical pregnancy rate per ET 98/282 (34.8) 55/141 (39) 29/77 (37.7) 0.67 

Implantation rate 111/513 (21.6) 62/265 (23.4) 35/140 (25.0) 0.66 

Abortion rate 30/98 (30.6) 22/55 (40.0) 16/29 (55.2) 0.049 


