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Endometriose: Une maladie pour la vie

DE, deep endometriosis; OMA, ovarian endometrioma; SUP, superficial peritoneal endometriosis
Chapron C, Marcellin L, Boorghese B, Santulli P. Nat Rev Endocrinol 2019;15:666–82 

Endometriosis phenotype
SUP, OMA and DE

Inflamation
Angiogenesis
Neurogenesis
Fibrogenesis



Endometriose et infertilité

de Ziegler D, et al. Lancet 2010;376:730–38

Pathologie responsable d’une infertilité dans > 1/3 des cas (même en l’absence de lésions ovariennes)

- Risque d’altération de la fertilité aggravé par la chirurgie, notamment la résection de lésions ovariennes 
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Endometriome et chirurgie: 
Réserve ovarienne

Busacca M, et al. Am J Obstet Gynecol 2006;195:421–25 

126 women with bilateral cystectomy
Rate of postoperative ovarian failure:

2.4% (95%CI: 0.5–6.8%)
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EXCISION D'ENDOMETRIOMES BILATÉRAUX : Insuffisance ovarienne post-operatoire



Coccia ME, et al. Hum Reprod 2011;26:3000–7
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EXCISION D'ENDOMETRIOMES BILATÉRAUX : Insuffisance ovarienne post-operatorie



Endométriome et chirurgie

Vercellini P, et al. Am J Obstet Gynecol 2008;198:504.e1–5

ways users compared with never users
was 47% (95% CI, 37-57). This means
that regular postoperative use of an es-
trogen-progestin combination pre-

vented endometrioma recurrence in 1
out of 2 patients (95% CI, 0.2-7) 3 years
after surgery, with a relative risk reduc-
tion of 80%.

To determine whether duration of
OCP use had an effect on the study out-
come, we analyzed the 129 women ex-
posed to OCP discontinuously sepa-
rately. We compared the 62 subjects who
used the estrogen-progestin combina-
tion for 12 months or more with the 67
who used OCP for less than 12 months.
The baseline characteristics of women in
these 2 groups did not differ significantly
(data not shown). Median (interquartile
range) duration of OCP use in the 2
groups was 20 (15-34) and 6 (3-6)
months, respectively. The crude recur-
rence rate was 23% (14/62) in the former
group and 37% (25/67) in the latter. As
duration of follow-up was predictably
quite different in the 2 groups, analysis of
a simple contingency table was not ap-
propriate. The 36-month cumulative
proportion of subjects free from endo-
metrioma recurrence was 78% in the 12
months or more users compared with
51% in the less than 12 months users
(log-rank test, !2

1 ! 11.9; P " .001). Re-
currence-free survival analysis is shown
in Figure 2. Cox regression analysis con-
firmed that longer OCP use significantly
affected recurrence rate (P ! .001; ad-
justed IRR ! 0.29; 95% CI, 0.14-0.62).

FIGURE 1
Cumulative recurrence
of endometriomas
according to OC use
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Thirty-six-month endometrioma recurrence-free
survival analysis after conservative laparoscopic
surgery according to the treatment modality
adopted: (____) oral contraception for the entire
follow-up period (n ! 102); (- - -) expectant
management (n ! 46) (log-rank test, !2

1 !
36.2; P " .001). Vertical tick marks are cen-
sored observations.
Vercellini. Postoperative OC use and endometrioma. Am J
Obstet Gynecol 2008.

FIGURE 2
Cumulative recurrence
of endometriomas according
to duration of postoperative
OCP use
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Thirty-six--month endometrioma recurrence-
free survival analysis after conservative laparo-
scopic surgery according to duration of postop-
erative oral contraception use: (____) 12
months or more (n ! 62); (- - -) less than 12
months (n ! 67) (log-rank test, !2

1 ! 11.9; P
" .001). Vertical tick marks are censored ob-
servations.
Vercellini. Postoperative OC use and endometrioma. Am J
Obstet Gynecol 2008.

TABLE
Characteristics of 277 women who underwent conservative laparoscopic surgery for
ovarian endometriotic cysts according to postoperative oral contraception use

Always users (n ! 102) Ever users (n ! 129) Never users (n ! 46) P value
Age (y)a 30.6 # 5.8 30.2 # 5.5 33.0 # 5.8 .01
................................................................................................................................................................................................................................................................................................................................................................................

BMI (kg/m2)a 21.3 # 3.1 20.8 # 2.3 20.5 # 2.1 .14
................................................................................................................................................................................................................................................................................................................................................................................

Women with previous pregnanciesb 27 (26) 33 (26) 8 (17) .46
................................................................................................................................................................................................................................................................................................................................................................................

ASRM classificationb .06
.......................................................................................................................................................................................................................................................................................................................................................................

Stage III 79 (78) 82 (64) 30 (65)
.......................................................................................................................................................................................................................................................................................................................................................................

Stage IV 23 (22) 47 (36) 16 (35)
................................................................................................................................................................................................................................................................................................................................................................................

Lateralityb .08
.......................................................................................................................................................................................................................................................................................................................................................................

Monolateral 80 (78) 94 (73) 28 (61)
.......................................................................................................................................................................................................................................................................................................................................................................

Bilateral 22 (22) 35 (27) 18 (39)
................................................................................................................................................................................................................................................................................................................................................................................

Largest cyst diameter (cm)a 5.4 # 2.0 5.5 # 2.5 5.2 # 2.2 .72
................................................................................................................................................................................................................................................................................................................................................................................
a Values are means # SD.
b Figures are numbers with percentages in parentheses.
Vercellini. Postoperative OC use and endometrioma. Am J Obstet Gynecol 2008.
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FIGURE 2
Cumulative recurrence
of endometriomas according
to duration of postoperative
OCP use
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Postop OC use
Duration of 
postop OC use

No OC use
n=46

OC use
n=102

<12 months
n=67

≥12 months
n=67

Recurrent endometriotic cysts in 
74/277 subjects (27%) 

Postoperative OC use exposure
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Endométriome et réserve ovarienne 
Impact de l'endométriose ‘per se’ sur la réserve ovarienne ?

QUANTITY QUALITY 



Endométriome et réserve ovarienne 

NMR follicular fluid metabolomics

C, control (women with infertility caused by a tubal obstruction); DE, deep endometriosis; NMR, nuclear magnetic resonance; OMA, endometrioma
Pocate-Cheriet K, Santulli P, et al. Reprod Biomed Online 2020;41:1023–37

QUALITE : Existence d'une altération de la qualité de la réserve ovarienne dans l’endométriose? 
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Endométriome et réserve ovarienne

OMA, endometrioma
Santulli P, et al. Hum Reprod 2016;31:1765–75conceive. The general consensus is that OMA larger than 4 cm should be

surgically removed (Dunselman et al., 2014), both to reduce pain and to
improve spontaneous conception rates. However, two important ques-
tions should be answered before proceeding with surgery: first, is there a
relationship between OMA and infertility? and second, what are the risks
associated with OMA surgical procedures on subsequent fertility?

Firstly, the impact of OMA per se on ovarian reserve and fertility is con-
troversial. While it has been suggested that the presence of OMA per se is
associated with a reduction in ovarian reserve (Maneschi et al., 1993;
Uncu et al., 2013; Sanchez et al., 2014), this has been contradicted by nu-
merous findings. In a recent study conducted in 244 women with unilat-
eral OMA, ovulation was monitored during 6 cycles using transvaginal
ultrasonography and compared between the affected and healthy
ovary. Results showed that OMA does not negatively impact rate of
spontaneous ovulation in the affected ovary (Maggiore et al., 2015).
These results were affected neither by the laterality, number and size
of OMA nor with associated DIE diagnosed using transvaginal ultrason-
ography. During the 6-month study period, 105 patients spontaneously
conceived (43.0%; 95% CI: 36.7–49.5%) (Maggiore et al., 2015). These
results are in agreement with those from Streuli et al., who demon-
strated, in a large cohort of 726 patients (313 histologically proven endo-
metriosis and 412 controls), that endometriosis and OMA per se
(including cases with uni- or bilateral OMA) do not result in lower anti-
Müllerian hormone (AMH) levels (Streuli et al., 2012). Ferrero et al.
demonstrated that OMA recurrence per se did not have a significant
effect on ovarian reserve markers (Ferrero et al., 2015). Consistently,
results of our study suggest that OMA is not associated with an increased
risk of infertility, infertility rate being similar in both overall endometriotic
and OMA populations (35.3% (307/870) and 36.4% 150/412), respect-
ively). As regards women undergoing assisted reproductive technologies
(ART), it has been shown that, in cases of women with unilateral OMA,
ovarian responsiveness to hyperstimulation was the same between the
affected and intact ovary (Somigliana et al., 2015). In cases of unoperated
bilateral OMA, although the responsiveness to hyperstimulation was sig-
nificantly reduced, the quality of the oocytes retrieved and the chances of
pregnancy were not affected (Benaglia et al., 2013). No between-group
difference in in vitro fertilization (IVF) outcomes (clinical pregnancy rates
per cycle, peak serum estradiol levels, number of oocytes retrieved,
number of gonadotrophins ampoules required and number of
embryos available for transfer) was observed in patients who underwent,
or not, surgical treatment of OMA before IVF (Tsoumpou et al., 2009).
Similarly, removing OMA before IVF did not improve the chance of preg-
nancy (Garcia-Velasco et al., 2004). Finally, aftera surgical OMA excision,

IVF cycles outcomes were not affected by an OMA recurrence (Somigli-
ana et al., 2011).

Secondly, numerous data have demonstrated that laparoscopic strip-
ping of OMA damages the ovarian reserve (Benaglia et al., 2010; Raffi
et al., 2012; Somigliana et al., 2012) due to inadvertent removal of
healthy tissue in addition to the OMA wall (Hachisuga and Kawarabaya-
shi, 2002; Muzii et al., 2002, 2005, 2007). This has also been confirmed by
Streuli et al., who showed that, for endometriotic patients, AMH levels
were decreased only in women with previous OMA surgery, independ-
ently of the presence of current OMA (Streuli et al., 2012). The negative
impact of OMA surgery on the ovarian reserve is correlated to: (i)
patient’s age (Alborzi et al., 2014); (ii) OMA size (Roman et al., 2010;
Coccia et al., 2011; Tang et al., 2013); (iii) bilateral OMA (Busacca
et al., 2006; Esinler et al., 2006; Coccia et al., 2011); (iv) inexperienced
surgeon (Yu et al., 2010; Muzii et al., 2011); and (v) repetitive surgery
for OMA recurrence (Ferrero et al., 2015; Muzii et al., 2015). Regarding
patients undergoing ART, IVF outcome was significantly impaired in
women previously operated for bilateral OMA (Esinler et al., 2006;
Somigliana et al., 2008). Finally live birth rate after IVF was lower in
women with a diminished ovarian reserve (DOR) diagnosed after a pre-
vious OMA surgery compared with women with idiopathic DOR
(Roustan et al., 2015).

All together these observations tend to indicate that OMA-related in-
fertility, and especially the deleterious effects on ovarian reserve, may be
more related to surgical treatment of OMA rather than to OMA per se.
These are important considerations to be taken into account for the
management of OMA in the setting of infertility given that: (i) there is a
high risk of OMA recurrence after laparoscopic excision (Busacca
et al., 1999; Koga et al., 2006; Guo, 2009); (ii) reproductive performance
are significantly lower after repetitive versus primary surgery for both
women seeking conception and infertile women (Vercellini et al.,
2009); (iii) repetitive surgery for endometriosis recurrence does not
increased the chance of pregnancy compared with ART (Pagidas et al.,
1996; Cheewadhanaraks et al., 2004); (iv) endometriosis surgery
before IVF does not increase the fertility results (Demirol et al., 2006);
(v) risks of conservative management of OMA (OMA infection, follicular
fluid contamination with endometrioma, pregnancy complications risk,
and cancer development later in life) does not support the systematic ne-
cessity of surgery before ART, specifically in women with small OMA
(Somigliana et al., 2015); and (vi) delaying attempts to conceive after
surgery for endometriosis is associated with a lower pregnancy rate
and a higher risk of recurrence (Somigliana et al., 2010). On the basis
of all these findings, the decision to remove or not an OMA in the
setting of infertility must be carefully considered.

From our point of view, laparoscopic intraperitoneal cystectomy,
which is considered as the gold standard for OMA treatment
(Chapron et al., 2002; Hart et al., 2005; Kennedy et al., 2005), should
not be automatically performed. OMA management should be indivi-
dualized and should be made on a case-by-case basis, taking into
account the following parameters: patient’s desire; ovarian reserve
(AMH levels and antral follicule count); uni- or bilateral OMA; patient’s
age; existence and duration of infertility; immediate or delayed desire
for pregnancy; associated infertility factors (tubal, sperm,. . .); associated
DIE and/or adenomyosis; previous surgery for endometriosis, and spe-
cifically previous OMA surgery; existence and intensity of associated
pelvic pain. Especially, in the case of unilateral OMA in patients
without history of infertility desiring to conceive, surgery is not required

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

Table II Factors associated with presentation for
infertility—multiple logistic regression model.

Variable OR (95% CI) P

Age .32 yearsa 1.9 (1.4–2.5) ,0.001

Gravidity .0 0.7 (0.6–0.9) ,0.001

Peritoneal superficial endometriosis 3.1 (1.9–4.9) ,0.001

Previous history of surgery for endometriosis 1.9 (1.3–2.2) ,0.001

CI, confidence interval; OR, odds ratio; ASRM: American Society for Reproductive
Medicine classification.
aBinary variable .32 versus ≤32 years.

6 Santulli et al.
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N=2208
Analyzed, n=870

QUALITE: OME non associé au tableau d'infertilité 

Factors associated with presentation for infertility: multiple 
logistic regression model

ORIGINAL ARTICLE Infertility

Endometriosis-related infertility:ovarian endometrioma per se is notassociated with presentation forinfertility
P. Santulli1,2,3, M.C. Lamau1, L. Marcellin1,3, V. Gayet1, P. Marzouk1,
B. Borghese1,2, Marie-Christine Lafay Pillet1, and C. Chapron1,2,*
1Service de Chirurgie Gynécologie Obstétrique II et Médecine de la Reproduction, Université Paris Descartes, Sorbonne Paris Cité, Faculté de

Médecine, Assistance Publique – Hôpitaux de Paris (AP-HP), Hôpital Universitaire Paris Centre (HUPC), Centre Hospitalier Universitaire (CHU)

Cochin, Paris, France 2Equipe Génomique, Epigénétique et Physiopathologie de la Reproduction, Département Développement, Reproduction,

Cancer, Inserm U1016, Université Paris Descartes, Sorbonne Paris Cité, Faculté de Médecine, AP-HP, HUPC, CHU Cochin, Paris, France 3Equipe

Stress Oxydant, Prolifération Cellulaire et Inflammation, Département Développement, Reproduction, Cancer, Inserm U1016, Université Paris

Descartes, Sorbonne Paris Cité, Faculté de Médecine, AP-HP, HUPC, CHU Cochin, Paris, France*Correspondence address. Service de Chirurgie Gynécologie Obstétrique II et Médecine de la Reproduction, Bâtiment Port Royal, CHU Cochin,

53 avenue de l’Observatoire, 75679 Paris 14, France. Tel: +33-1-58-41-36-69; Fax: +33-1-58-41-36-68; E-mail: charles.chapron@cch.aphp.fr
Submitted on November 2, 2015; resubmitted on February 24, 2016; accepted on March 23, 2016study question: Is there an association between the endometriosis phenotype and presentation with infertility?

summaryanswer: In a population of operated patients with histologically proven endometriosis, ovarian endometrioma (OMA) per se is

not associated with an increased risk of presentation with infertility, while previous surgery for endometriosis was identified as a risk factor for

infertility.
what is known already: The increased prevalence of endometriosis among subfertile women indicates that endometriosis impairs

reproduction for reasons that are not completely understood.study design, size, duration: This wasan observational, cross-sectional study using data prospectively collected in all non-pregnant

patients aged between 18 and 42 years, who were surgically explored for benign gynaecological conditions at our institution between January 2004

and March 2013. For each patient, a standardized questionnaire was completed during a face-to-face interview conducted by the surgeon during

the month preceding surgery.
participants/materials, setting, methods: Surgery was performed in 2208 patients, of which 2066 signed their informed

consent. Of the 1059 women with a visual diagnosis of endometriosis, 870 had histologically proven endometriosis and complete treatment

for their endometriotic lesions, including 307 who presented with infertility. Univariate analysis and multiple logistic regression analysis were

performed to determine factors associated with infertility.main results and the role of chance: The following variables were identified as risk factors for endometriosis-related

infertility: age .32 years (odds ratio [OR] ¼ 1.9; 95% confidence interval [CI]: 1.4–2.4), previous surgery for endometriosis (OR ¼ 1.9; 95%

CI: 1.3–2.2), as well as peritoneal superficial endometriosis (OR ¼ 3.1; 95% CI: 1.9–4.9); Conversely, previous pregnancy was associated

with a lower rate of infertility (OR ¼ 0.7; 95% CI: 0.6–0.9 and OR ¼ 0.6; 95% CI: 0.4–0.9, respectively). OMA is not selected as a significant

risk factor for infertility.
limitations, reason for caution: The selection of our study population was based on a surgical diagnosis. We cannot exclude

that infertile women with OMA associated with a diminished ovarian reserve, as assessed during their infertility work-up, were referred less

frequently to surgery and might therefore be underrepresented. In addition we cannot exclude that our group of infertile women present

associated other causes of infertility.wider implications of the findings: Identification of risk and preventive factors of endometriosis-related infertility can help

improve clinical and surgical management of endometriosis in the setting of infertility.
& The Author 2016. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
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Endométriose et réserve ovarienne

N=244
– 183 (75%) DE

Follow-up 6 months
1,199 cycles of 
spontaneous ovulation 

DE, deep endometriosis; OMA, endometrioma
Leone Roberti Maggiore U, et al. Hum Reprod 2015;30:299–307

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.
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Endométriose et réserve ovarienne 

ART, assisted reproductive technology; PGS, preimplantation genetic screening 
Juneau C, et al. Fertil Steril 2017;108:284–88

QUALITY: Endométriose n’est pas responsable d’aneuploidie

! Endometriosis patients: 
1,880 blastocysts from 305 patients

! Controls (general IVF population): 
23,054 blastocysts from 3,798 patients
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! Endometriosis patients: 
54 FET in 39 patients

! Male factor controls (MF): 
355 FET in 253 patients

! Non infertile controls (PGT-M): 
50 FET in 36 patients

FET, frozen embryo transfer; MF, male factor; PGT-M, preimplantation genetic testing for monogenic disorders
Bishop LA, et al. Fertil Steril 2021;115:416–22

Retrospective
Euploid FET 
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N=726

AMH, anti-Müllerian hormone; DE, deep endometriosis; OMA, ovarian endometrioma; SUP, superficial peritoneal endometriosis
Streuli I, et al. Hum Reprod 2012;27:3294–303
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AMH, anti-Müllerian hormone; CI, confidence interval; OMA, endometrioma; OR, odds ratio
Bourdon M…, Santulli P, Chapron C. PLoS One 2018;13:e0202399

Logistic regression analysis of the risk factors for poor response to hyperstimulation
(≤ 3 oocytes retrieved or cycle cancelled) 

Univariate logistic regression analysis Multiple logistic regression analysisa

OMA status OR 95% CI P-value OR 95% CI P-value

Presence of OMA and no previous 
surgery for OMA

versus no OMA 

1.3 0.8–2.0 0.211 1.5 0.9–2.2 0.147

Presence of OMA with previous 
history of surgery for OMA 

versus no OMA

2.4 1.3–4.6 0.004 2.1 1.1–4.0 0.033

aVariables included in multiple logistic regression analysis: age, AMH, dose of gonadotrophin

QUANTITE: La réponse à la stimulation est réduite chez les femmes avec antécédents de chirurgie 

Endométriose et infertilité : AMP
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Endométriose et infertilité : AMP

DE, deep endometriosis
Maignien C, Santulli P, et al. Fertil Steril 2021;115:692–701

N=101 bowel DE infertile women

(88% associated adenomyosis )

(73% associated OMA)

Previous surgery

Without previous surgery

Antécédent de chirurgie de l’endométriose 

26.1

34.6
39.1 41.3

53.5
63.4 64.4



Préservation de la fertilité dans l’endométriose

Endometriosis
‘per se’

Surgery for endometriosis

• Decrease ovarian reserve
• Decrease ovarian responsiveness
• POI risk

Infertility Fertility
Preservation

RATIONALE



Préservation de la fertilité 
dans un contexte d’endométriose

Impact de l’endométriose sur la reserve ovarienne

Etat des lieux

Risques

Pour qui ?



Préservation de la fertilité et endométriose

• N=2, severe endometriosis
• Left oophorectomy for recurrent endometriosis

• Ovarian cortex reimplanted in the heterolateral
orthotopic site

• Biopsies of the grafted tissue taken 3 months after reimplantation
• Viable primordial follicles found
• Presence of a neovascular capillary network demonstrated

Donnez J, et al. Fertil Steril 2005;84:1018

OVARIAN CORTEX

Orthotopic transplantation of fresh ovarian cortex:
a report of two cases
Jacques Donnez, M.D., Ph.D., Jean Squifflet, M.D., Marie-Madeleine Dolmans, M.D.,

Belen Martinez-Madrid, V.M.D., Ph.D., Pascale Jadoul, M.D.,
and Anne Van Langendonckt, B.S., Ph.D.Department of Gynecology, Université Catholique de Louvain, Cliniques Universitaires Saint-Luc, Brussels, Belgium

Objective: To report two cases of orthotopic transplantation of fresh ovarian tissue.

Setting: Academic hospital.Patient(s): Two patients with severe endometriosis, who underwent left oophorectomy for recurrent endometriosis.

Intervention(s): Ovarian cortex was reimplanted in the heterolateral orthotopic site.

Result(s): Biopsies of the grafted tissue were taken 3 months after reimplantation. Viable primordial follicles

were found. The presence of a neovascular capillary network was demonstrated.

Conclusion(s): Reimplantation of fresh ovarian cortex allows the survival of primordial follicles and may

represent an alternative method for the preservation of ovarian cortex when oophorectomy is mandatory. (Fertil

Steril! 2005;84:1018.e1–3. ©2005 by American Society for Reproductive Medicine.)

Key Words: Ovarian cortex, ovary transplantation, orthotopic

This is a report of the first two cases of orthotopic transplan-
tation of fresh ovarian tissue. To our knowledge, this is the
first histological evaluation of the survival of primordial
follicles after orthotopic reimplantation of fresh human ovar-
ian tissue. The study was approved by the Ethics Committee
of the Catholic University of Louvain.

CASE REPORT
Patient A
A 25-year-old regularly menstruating woman was diagnosed
with recurrent left ovarian endometriomas of 9 cm in size.
She had previously undergone two laparatomies for left
ovarian endometrioma resection in another department.At laparoscopy, the left part of the pelvis was found to be

frozen. Severe and dense adhesions with the sigmoid colon
and periureteral fibrosis were observed. After lysis of the
sigmoid colon, the ureter was freed of periureteral fibrotic
tissue. After careful dissection of the ovary, left ovarian
vascularization appeared to be compromised and a left oo-
phorectomy was decided upon.

Before removal of the left ovary, two strips of 3–4 by 12 mm
of ovarian cortex were taken from residual healthy ovarian
tissue. A window was created beneath the right ovarian hilus
close to the ovarian blood vessels, as we previously described
(1). The two strips of fresh ovarian cortex were placed in the

window and covered with Interceed (Ethicon, Johnson and
Johnson, Neuchâtel, Switzerland).

The remaining ovarian tissue was cryopreserved after
sending a small piece (2 by 3 mm) for histological analysis.The patient was treated by GnRH agonist for 3 months

and subsequently underwent a second-look laparoscopy for
evaluation of residual endometriotic disease. Institutional Re-
view Board and patient consent were obtained to evaluate the
grafts. In the grafted area, macroscopically viable-looking ovar-
ian tissue of !1 cm in size was visible with a small follicular
structure of 2–3 mm on the surface. A large biopsy was taken.The patient failed to conceive spontaneously and under-

went three IVF attempts. She became pregnant on the third
attempt.

Patient B
A 27-year-old woman was diagnosed with recurrent large en-
dometriomas and rectovaginal nodules. She had previously
undergone a laparoscopy in another department, which in-
volved ovarian cystectomy for an endometrioma of 4 cm in size
and excision of deep rectovaginal nodules. Four months later,
she consulted us for a problem of persistent pelvic pain and
dyspareunia. Clinical examination and vaginal echography re-
vealed a left endometrioma of 8 cm in size and a rectovaginal
nodule of 3–4 cm in size with left lateral extension. Additional
examinations (intravenous pyelography and barium enema)
confirmed ureteral substenosis with pyelic dilatation and
rectosigmoid perivisceritis. After discussion with the patient, it
was decided that the ovarian cortex would be reimplanted if
conservative surgery on the left side proved impossible.Because of previous surgery and dense adhesions provok-

ing a frozen pelvis on the left side, but with normal right

Received April 26, 2005; revised and accepted June 27, 2005.
Supported by a grant from the Fonds National de la Recherche Scienti-
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La réimplantation de cortex ovarien permet la survie des follicules primordiaux et peut représenter une 
méthode alternative pour la PF lorsque l'ovariectomie est obligatoire.



Preservation de la fertilité et endométriose

1997–2008:  59 ovarian tissue cryopreservation " 3 ovarian transplantation 

Oktay K, et al. Fertil Steril 2010;93:762–68.

Ovarian 
transplan-

tation cases

Indications 
for ovarian 

cryopreserv-ation

Date of 
freezing

Date of 
transplan-

tation

Duration 
of banking
(months)

Age at 
time of 
freezing

Age at 
time of 

transplan-
tation

Transplanta-tion 
site

Outcome Duration of 
endocrine 
function 
(months)

Case 1 Endometriosis July 1998 February 
1999

6 28 29 Orthotopic
(left pelvic 

peritoneum)

Endocrine 
function, 
ovulation

9

Case 2 Breast cancer 
(chemotherapy)

May 1997 February 2003 6 30 36 Heterotopic
(beneath skin of 

abdomen)

Embryo 
development

62*

Case 3 Hodgkin’s 
lymphoma

March 2002 August 
2004

2 29 31 Heterotopic
(beneath skin of 

abdomen)

Spontaneous 
pregnancy and live 

birth after 
transplantation

42*

OVARIAN CORTEX

*Continuing ovarian function at time of report



Préservation de la fertilité et endométriose
Cumulative probability of live birth for endometriosis patients according to the number of oocytes used

CI, confidence interval; CLBR, cumulative live birth rate; EFP, elective fertility preservation (control); LBR, live birth rate
Cobo A, et al. Reprod Biomed Online 2021;42:725–32

Using 22 oocytes 
Endometriosis CLBR: 

89.5% (95%CI 80.0–99.1%) 
EFP CLBR: 

59.9% (95%CI 51.4–68.6%) 
(log-rank [Mantel–Cox] P < 0.00001) 

485 women with endometriosis and 
fertility preservation
IVI - from January 2007 to July 2018

Ovarian stimulation " Oocyte vitrification
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Cumulative probability of live birth for endometriosis patients according to the number of oocytes used

Using ~20 oocytes 
£35 y CLBR: 

95.4% (95%CI 87.2–103.6%)  
>35 y CLBR: 

79.6% (95%CI 58.1–101.1%) 
(log-rank [Mantel–Cox] P < 0.002) 

CI, confidence interval; CLBR, cumulative live birth rate; LBR, live birth rate
Cobo A, et al. Reprod Biomed Online 2021;42:725–32
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Ovarian stimulation: IMPACT DE L’AGE

£35 years
>35 years

485 women with endometriosis and 
fertility preservation
IVI - from January 2007 to July 2018

Préservation de la fertilité et endométriose



Outcomes ≤ 35 years of age > 35 years of age
No surgery Surgery No surgery Surgery

Number of patients 120 140 133 92

Mean age (y) 32.6 ± 2.4a 31.0 ± 2.7b 38.6 ± 2.1c 37.9 ± 1.6d

Number of OS cycles 1.6 ± 1.0a 1.9 ± 1.1a 1.8 ± 1.2b,c 1.7 ± 1.0c

Number of MII oocytes/cycle 8.6 ± 6.9a 5.1 ± 4.8b 4.7 ± 4.4b,c 4.4 ± 4.1c

Number of MII oocytes/patient 12.5 ± 9.8a 9.1 ± 5.3b 8.5 ± 5.0b,c 7.4 ± 4.8c

Clinical pregnancy rate (%) 55.0a 44.4a 47.9a,b 36.7b

Ongoing pregnancy rate (%) 48.6a 34.6b 35.2b,c 25.5c

CLBR/patient (%) 87 (72.5)b 74 (52.8)b 37 (27.8)c 27 (29.3)c

• The mean storage time was 1.7 ± 0.4 years
• Return rate 485/1044 patients (46.5%)
• Global CLBR 225/485 (46.4%) 

Different superscripts on the same line indicate statistical differences (P<0.05). CLBR, cumulative live birth rate; MII, metaphase II; OS, ovarian stimulation
Cobo A, et al. Fertil Steril 2020;113:836–44

485 women with endometriosis and fertility preservation
IVI - from January 2007 to July 2018

161/260
62%

64/225
28%

Ovarian stimulation: IMPACT DE LA CHIRURGIE

Préservation de la fertilité et endométriose



AFC, antral follicle count; AMH, anti-Müllerian hormone; DE, deep endometriosis; FP, fertility preservation; MII, metaphase II; OMA, endometrioma
Santulli, Bourdon, Chapron, et al. RBMO (2021)

No previous surgery for 
endometriosis N=93

Previous surgery for 
endometriosis N=53 p-value

Age (years) 30.8 ± 4.7 32.8 ± 3.2 0.02 mw

BMI (kg/m2) 22.2 ± 3.7 22.9 ± 3.8 0.18 mw

Patient’s ovarian reserve: AFC 13.1 ± 8.1 11.2 ± 6.5 0.09 mw

AMH 2.2 ± 1.7 1.6 ± 1.8 <0.01 mw

Endometriosis phenotype during FP: OMA 13/93 (14.0) 4/36 (11.1)
DE 80/93 (86.0) 32/36 (88.9)

DE with associated OMA 64/80 (80.0) 25/32 (78.1) 0.89k

OMA superior to 5 cm  28/77 (36.4) 1/29 (3.4) < 0.01k

Mean endometriomas size (cm) 9.3 ± 17.0 2.9 ± 1.7 <0.01mw

Total number of cycles 155 103
Mean number of cycles per women 1.7 ± 0.7 2.0 ± 1.07 0.18 mw

Mean number of oocytes retrieved per cycle 9.0 ± 6.4 6.7 ± 4.9 0.001 mw

Mean number of MII oocytes per cycle 7.0 ± 4.6 5.2 ± 4.3 0.001 mw

Total mean number of oocytes retrieved per women 14.8 ± 8.1 11.6 ± 8.0 0.024 mw

Total mean number of MII oocytes per women 11.7 ± 6.4 9.4 ± 6.8 0.035 mw

NOTRE EXPERIENCE 146 women with endometriosis and fertility preservation 
258 cycles - Cochin-Port Royal  - from April 2015 to January 2019

Preservation de la fertilité et endométriose



AMH, anti-Müllerian hormone; DE, deep endometriosis; OMA, ovarian endometrioma; SUP, superficial peritoneal endometriosis
Streuli I, et al. Hum Reprod 2012;27:3294–303

QUANTITE

0

2

4

6

8

OMA DE

No prior OMA surgery
Prior OMA surgery

AMH

AM
H 

le
ve

ls
(n

g/
m

L) * *

Previous OMA surgery
OR= 3.0 (1.40-6.41); p=0.01

N=726

Endométriose et réserve ovarienne 



AFC, antral follicle count; AMH, anti-Müllerian hormone; CI, confidence interval; DE, deep endometriosis; OMA, endometrioma
Santulli, Bourdon, Chapron, et al. RBMO (2021)

*Parameters included in the multivariable analysis: 
● Woman’s age
● Ovarian reserve parameters (AMH, AFC)
● Endometriosis phenotype at fertility preservation (absence, isolated OMA or DE ± OMA)
● Total number of OS cycles performed during the study period
● History of surgery for endometriosis (± OMA) 

Parameters* Estimate 95% CI P-value

AMH level 1.91 1.19 to 2.65 <0.001

Total number of cycles performed 2.79 1.31 to 4.27 <0.001

Previous surgery for endometriosis (± OMA) -2.86 -5.47 to -0.25 0.032

NOTRE EXPERIENCE: Dépendant du nombre de cycles de SOC  

146 women with endometriosis and fertility preservation
258 cycles - Cochin-Port Royal - from April 2015 to January 2019

Préservation de la fertilité et endométriose
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Douleurs pendant la SOC 
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OC, oral contraceptive; VAS, visual analogue scale
Santulli P, Bourdon M , et al. Fertil Steril 2016;105:978–87.e4
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*Chronic pelvic pain
GI, gastrointestinal; GnRHa, gonadotrophin-releasing hormone agonist; hCG, human chorionic gonadotrophin; VAS, visual analogue scale
Bourdon M, et al. Reprod Sci 2017;24:1325–33

Increasing pain between post retrieval and synchronization

hCG triggering (n=70) GnRHa triggering (n=57) P value

58 (82.86) 36 (63.15) 0.012 k
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ART in global population Oocyte retrieval Post procedure 
infection

Bennett SJ et al. J Assist Reprod Genet (1993) 2 670 18 (0.67%)
Dicker D et al. Fertil Steril (1993) 3 656 9 (0.24%)
Moini A et al. J Assist Reprod Genet (2005) 5 958 10 (0,16%)

TOTAL 12 284 37 (0.30%)
ART in endometrioma women Oocyte retrieval Post procedure 

infection
Tsai YC et al. J Assist Reprod Genet (2005) 108 2 (1.9%)
Benaglia L et al. Fertil Steril (2008) 214 0 (0.0%)
Villette et al. Fertil Steril (2016) 513 2 (0.38%)
TOTAL 835 4 (0.48%)

INFECTION PELVIENNE APRÈS LE PRÉLÈVEMENT D'OVOCYTES

Preservation de la fertilité et endométriose



Difficultés d’accès aux ovaires/follicules
Endométriomes volumineux

Benaglia, Reprod BioMed Online, 2018

Cohorte prospective de
patientes en FIV:
- 56 avec OME (10-45 mm)
- 227 témoins

• Transfixion of the OMA :14% (n=8), 95% CI = 7 to 25%
• Accidental contamination of follicular fluid : 16% (n=9), 95% CI = 8 to 27% 



# Pas d’impact de la taille de l’OME

Bourdon, in press, 2021

1er cycle de FIV/ICSI dans
une cohorte prospective de
182 patientes avec OMEs +/-
DIE associée:
- Comparaison des résultats
selon la taille des OMEs

OMA < 2 cm

n = 32

2 £ OMA < 4 cm

n = 70

4 £ OMA < 6 cm

n = 37

6 £ OMA < 8 cm

n = 27

p-value

Total dose of

gonadotrophin (IU)

2,279 ± 740 2,543 ± 928 2,546 ± 639 2,510 ± 938 2,677 ± 1052 0.432 kw

Duration of stimulation 

(day)

9.8 ± 1.7 9.6 ± 1.5 10 ± 1.7 9.7 ± 2.1 9.4 ± 1.1 0.706 kw

Estradiol level on 

triggering day (pg/mL)

1,513 ± 985 1,706 ±1005 1,570 ± 794 1,450 ± 865 1,917 ± 1246 0.476 kw

Mean number of oocytes 

retrieved 

8.4 ± 5.7 7.3 ± 5.4 6.6 ± 3.9 8.6 ± 5.8 7.1 ± 3.6 0.635 kw

Mean number of mature 

oocytes obtained 

7.3 ± 5.1 6.4 ± 5.2 6.1 ± 4.0 8.1 ± 6.0 6.4 ± 3.9 0.674 kw

Mean number of zygotes 

obtained

6.2 ± 4.1 5.5 ± 4.5 5.3 ± 3.6 6.7 ± 5.6 5.6 ± 3.5 0.867 kw

cCPR per cycle 11/32 (34.4) 25/70 (35.7) 11/37 (29.7) 12/27 (44.4) 7/16 (43.8) 0.798 k

Miscarriage rate per cycle 3 (9.4) 4 (5.7) 0 (0) 3 (11.1) 3 (18.8) 0.126 k

cOPR per cycle 10 (31.3) 25 (35.7) 11 (29.7) 10 (37) 5 (31.3) 0.957 k

cLBR per cycle 8/32 (25) 23/70 (32.9) 11/37 (29.7) 9/27 (33.3) 4/16 (25) 0.913 k

Les volumineux endometriomes



#Que faire en pratique ?

• Drainage d’OME par voie transvaginale écho-guidée avant la ponction

• à discuter pour les OME volumineux (> 7-8 cm)

Guo, Contemp Clin Trials, 2012 

Pre-ART intervention:                  GnRH-a + OMA aspiration   vs.     GnRH-a Etude rétrospective sur
236 patientes avec
OME en FIV:
- GnRHa (3 mois)

puis FIV
- GnRHa (3 mois) +

drainages itératifs
puis FIV

11 cm 

Difficultés d’accès aux ovaires/follicules
Endométriomes volumineux
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FP, fertility preservation; OR, ovarian reserve
Somigliana E, et al. Hum Reprod 2015;30:1280–86

Conditions
Quality of the FP 

program (no./ 
quality of eggs)

Negative effects of 
new surgery on OR

Likelihood that the 
frozen eggs will be 

used

Overall validity of 
the FP programme

Bilateral endometriomas ++ Relevant High ++

Previous monolateral excision of endometriomas, 
contralateral recurrence + Relevant Very high ++

Previous surgery for bilateral endometriomas, no 
endometriomas recurrence + None High +

Previous surgery for bilateral endometriomas, 
monolateral recurrence +/- Relevant Very high +

Previous surgery for bilateral endometriomas, 
bilateral recurrences

+/- Relevant Very high +

Previous monolateral excision of endometriomas, 
ipsilateral recurrence ++ Modest High +

Unilateral endometriomas +++ Modest Low +

Deep peritoneal endometriosis without 
endometriomas +++ None Low +

VALIDITE DE LA STRATEGIE DE PF 

Preservation de la fertilité et endométriose



ESHRE guideline

Preservation de la fertilité et endométriose



Courbiere B, et al. J Clin Med 2021;10:38

FRENCH guideline
Preservation de la fertilité et endométriose



Fertility preservation in endometriosis 

Santulli, Bourdon, Chapron et al., RBMO 2021

LONG- AND SHORT-TERM STRATEGY



Fertility preservation in endometriosis

• L’endométriose, et notamment la chirurgie de lésion(s) ovarienne(s) peuvent être 
responsable d’infertilité 

• La vitrification ovocytaire est la meilleure option de FP pour endométriose 
• La PF doit être réalisée tant que possible avant une chirurgie pour endométriose
• La PF doit être proposée et réalisée tant que possible avant 35 ans en cas:  

• D’endométriomes bilatéraux 
• Récurrence
• RO altérée 
• Endométriose profonde 

• Le nombre d’ovocytes vitrifiés est proportionnel au chance de naissance 
$ Cumul ovocytaire 

TAKE-HOME MESSAGES



Streuli I, et al. Eur J Obstet Gynecol Reprod Biol 2018;229:172-178

Preservation de la fertilité et endométriose



Gynecology

Surgical Unit: C Chapron, B Borghese, L Marcellin, P Santulli,  
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