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Endometriosis
Google trends Worldwide: An important social issue 

Interest over time Interest by region
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10% of reproductive age women
(190 Million)

Chronic disease

Life-impacting severe symptoms
(Pain –infertility – others)

Endometriosis
A major public health concern

Economic burden



Questionning

TVUS TRUS MRI

Imaging

SUP OMA DIE

Endometriosis phenotypesEndometriosis 
diagnosis

AdOsis

Rethinking endometriosis diagnosis
Heterogenous disease

Chapron C, Marcellin L, Boorghese B,  Santulli P Nat Rev Endocrinol (2019)



ENDOMETRIOSISADENOMYOSIS

Enigmatic relationship
30-60% association 

Adenomyosis and endometriosis 

Chapron, Santulli et al., Hum Reprod (2017)



Abnormal uterotubal transport
Tubal occlusion

Anatomical distortion of the 
uterine cavity

Disturbed uterine peristalsis 

Uterus :
- Altered eutopic endometrium

- Inflammation 
- Oxidative stress

- Lack of adhesion molecules 

Associated 
endometriosis-Adenomyosis 

Endometrisois and Adenomyosis: infertility 
Mechanisms

Santulli et al RBMO  2025
de Ziegler D et al. Lancet 2010
 

Ovaries: 
Decreased ovarian response

Altered oocyte quality? 
Iron overload (proinflammatory factors) 

Pelvic cavity: 
Proliferation of macrophages

Phagocytic dysfunction
Release of proinflammatory factors

105 (43.2%) spontaneous pregnancy
76 (41.5%) with DIE

Leone Roberti Maggiore  et al., Hum Reprod (2014)



Endometriosis and infertility 
Mechanisms: donor sperm intrauterine insemination 

--- : control group
 : endometriosis  group

Characteristics Control group Endometriosis group

Total number of women 447 94

Total number of IUI 1240 257
submitted

Phenotype of endometriosisa

SUP 7 (7.4)
OMA 7 (7.4)
DIE 80 (85.1)



Endometriosis and adenomyosis related infertility: who 
matters the most ?

What are the available therapeutic options for infertility?

What conclusions can we draw ?

Fertility and endometriosis-adenomyosis 



Endometriosis and adenomyosis related infertility: who 
matters the most ?

What are the available therapeutic options for infertility?

What conclusions can we draw ?

Fertility and endometriosis-adenomyosis 



Endometriosis and infertility
Implantation

OMA ? 
DIE ? 

Adenomyosis ?
Previous surgery ?  

Endometriosis related 
altered ovarian function ? 

QUANTITY QUALITY 

VS



ART results according to Aneuploid: a PGS study 

Juneau et al.,  Fertil Steril  (2017)
Endometriosis: 1880 blastocysts from 305 patients
Controls: 23054 blastocysts from 3798     

Endometriosis and ovarian reserve
Quality : OSIS and Aneuploid



Little/No effect on oocyte quality !!

Kamath MS et al.,  HR Open (2022)

Endometriosis and ovarian reserve
Quality : OSIS and ART outcomes

UK: Human Fertilization and Embryology Authority (HFEA) 
From 1996 to 2016
758 donor oocyte recipients, where the recipients with endometriosis
12 856 autologous IVF cycles with endometriosis as the sole cause of infertility



Endometriosis and ovarian reserve
Follicular burnout

C L I N I C A L R E S E A R C H A R T I C L E

Endometriosis Triggers Excessive Activation of
Primordial Follicles via PI3K-PTEN-Akt-Foxo3 Pathway

Arisa Takeuchi,1 Kaori Koga,1 Erina Satake,1 Tomoko Makabe,1 Ayumi Taguchi,1

Mariko Miyashita,1 Masashi Takamura,1 Miyuki Harada,1 Tetsuya Hirata,1

Yasushi Hirota,1 Osamu Yoshino,2 Osamu Wada-Hiraike,1 Tomoyuki Fujii,1

and Yutaka Osuga1
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252-0374, Japan

ORCiD numbers: 0000-0002-5057-4120 (K. Koga).

Context: The ovarian reserve is reduced in patients with endometriosis. We hypothesize that the
phosphatidylinositol 3-kinase (PI3K)-phosphatase and tensin homolog deleted on chromosome 10
(PTEN) Akt-Forkhead box O (Foxo3) pathway is involved in reducing the ovarian reserve.

Objective: To elucidate the signaling mechanism by which endometriosis decreases ovarian reserve.

Design: Studies were conducted by using amousemodel for endometriosis and human ovaries. The
endometriosis mouse model was established and ammonium trichloro (dioxoethylene-o,o0) tel-
lurate (AS101), an inhibitor of PI3K-PTEN-Akt pathway, was administered to experimental mice.
Human ovaries were collected during surgery from patients with endometrioma or from patients
with no ovarian pathology (control ovaries). The number of follicles and expression of Foxo3, PTEN,
phosphorylated mammalian target of rapamycin and phosphorylated Akt by oocytes in primordial
follicles in mouse and human ovaries were detected by immunohistochemical staining and
evaluated.

Results: In the endometriosis mouse model, the proportion of primordial follicles was diminished,
and the proportion of primary, secondary, antral, and growing follicles was increased in comparison
with controls. In both mouse and human ovaries, the PI3K-PTEN-Akt-Foxo3 pathway was activated
in samples from endometriosis. Administration of AS101 restored the proportion of primordial
follicles in endometriotic mice ovaries to control levels.

Conclusions: The current study describes the excessive activation of primordial follicles and the
role of the PI3K-PTEN-Akt-Foxo3 pathway in the reduction of ovarian reserve associated with
endometriosis. Our results suggest that a PI3K-PTEN-Akt inhibitor should be considered for further
investigation as promising medicines for the prevention of the ovarian reserve reduction in
patients with endometriosis. (J Clin Endocrinol Metab 104: 5547–5554, 2019)

Endometriosis causes infertility via various mecha-
nisms, such as tubal adhesion, reduction in ovarian

reserve, and implantation failure (1). Among these, re-
duction in ovarian reserve has been emphasized because
it worsens with age and cannot be restored with assisted

reproductive technology (1). Recently, a systematic re-
view and meta-analysis showed that ovarian reserve
evaluated with antimüllerian hormone (AMH) is reduced
in patients with ovarian endometriomas compared with
patients with other benign ovarian cysts and patients
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Abbreviations: AMH, antimüllerian hormone; AS101, ammonium trichloro (dioxoethylene-
o,o0) tellurate; Foxo3, ForkheadboxO3; pAkt, phosphorylatedAkt; PI3K, phosphatidylinositol 3-
kinase; pmTOR, phosphorylated mammalian target of rapamycin; PTEN, phosphatase and
tensin homolog deleted on chromosome 10.
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with healthy ovaries (2). A recent prospective longitu-
dinal study also demonstrated that serum AMH levels
underwent an accelerated progressive decline in women
with endometrioma in comparison with AMH levels in
healthy women (3). This decline is observed not only in
endometrioma but also in endometriosis without endo-
metrioma (4). Therefore, understanding the mechanism
by which endometriosis decreases ovarian reserve is
crucial for developing new strategies to prevent and treat
endometriosis-associated infertility.

The ovarian reserve consists of dormant primordial
follicles, which are maintained by a continuous repression
of follicle activation. Excessive activation of primordial
follicles causes premature exhaustion of primordial folli-
cles numbers, which results in diminished ovarian reserve,
and is commonly observed in patients of idiopathic or
chemotherapy-induced premature ovarian insufficiency
(5). In endometriosis, Kitajima et al. (6) previously showed
that the proportion of primordial follicles is low, whereas
growing follicles are high in women with ovarian endo-
metrioma, and they suggested that a similar mechanism
with premature ovarian insufficiency was likely to be
responsible for ovarian reserve decline in women with
endometriomas. However, the underlying mechanism
causing the reduction has not been clarified.

Forkhead box O3 (Foxo3) is the most studied molecule
in the oocyte that regulates the activation of primordial
follicles. In Foxo3-null mice, all dormant follicles were
prematurely activated in the ovary at puberty (7). When
Foxo3 is constitutively active in mouse oocytes, the de-
velopment of oocytes and follicles was retarded and the
ovarian reserve was preserved (8, 9). These results imply
that a main function of Foxo3 is to maintain the dormant
state of primordial follicles in the ovary. As for the
regulation of Foxo3, phosphatidylinositol 3-kinase (PI3K) -
phosphatase and tensin homolog de-
leted on chromosome 10(PTEN)-Akt
signaling is the principal pathway (10,
11), and these findings encouraged us
to hypothesize that the PI3K-PTEN-
Akt-Foxo3 pathway is involved in
the reduction of ovarian reserve asso-
ciated with endometriosis. To test this
hypothesis, we conducted a study us-
ing a mouse endometriosis model and
ovarian samples from patients with
endometriosis.

Materials and Methods

Generation of the mouse model
All procedures involving experimental

animals were conducted in accordance with

protocols approved by the Animal Care and Use Committee of
the University of Tokyo. Five-week-old female BALB/c mice
were obtained from Japan SLC, Inc. The mice were fed on a
mouse diet and water and maintained on a light/dark cycle (12
hours/12 hours) under controlled living conditions.

The endometriosis model mice were induced according to
the method Takamura et al. reported (12) (Fig. 1). This model
was established based on the retrograde shed endometrium
theory. Uterine tissues taken from homologous donor mice
were chopped into small fragments and dispersed into the
peritoneal cavity in recipient mice (day 0) to mimic the men-
strual shedding of human endometrial tissue. Donor and re-
cipient mice received subcutaneous 100-mg/kg injections of
estradiol valerate (Cayman Chemical, Ann Arbor, MI) every
7 days commencing 14 days (day 214) before endometrium
dispersion (day 0). Fourteen days after dispersion (day 14) the
mice were euthanized, and the ovaries and endometriotic le-
sions (Fig. 2) were collected and weighed. The positive control
mice for follicle activation were prepared according to the
method given by Kalich-Philosoph et al. (13). Briefly, cyclo-
phosphamide (Tokyo Chemical Institute, Tokyo, Japan) at
75 mg/kg was given once on day 7 before euthanasia 7 days
later (day 14). The negative control mice received normal saline
solution instead of endometrial tissue or cyclophosphamide.
In a preliminary study, we have confirmed that the estradiol
injections used for the endometriosis model mice do not affect
the proportion of each stage of follicles; however, to exclude the
possible effect of estradiol, both cyclophosphamide-treated and
control mice received estradiol injections in the same manner
and time point as the endometriosis model mice. AS101 [am-
monium trichloro (dioxoethylene-o,o0) tellurate], a PI3K-PTEN-
Akt pathway modulator, was purchased from Sigma Aldrich (St.
Louis, MO) and injected intraperitoneally at a dose of 10 mg per
mouse [equivalent to intravenous treatment (3 mg/m2) admin-
istered to human in previous studies (13)] from day 27 every
second day until euthanasia (day 14).

Follicle counts in mouse ovaries
Ovaries fixed in paraformaldehyde were paraffin-embedded

and serially sectioned (20-mm sections). Follicle counts were

Figure 1. Preparation of control, endometriosis model and cyclophosphamide-treated mice
(positive control for primordial follicle activation). All mice received a subcutaneous injection
of 100 mg/kg estradiol valerate every week for 4 wk. For the endometriosis model mouse,
uterine tissues taken from homologous donor mice were chopped into small fragments.
These fragments, which mimic shed human endometrium in women, were dispersed into the
peritoneal cavity in recipient mice (day 0). After 14 d (day 14), mice were euthanized and
ovaries and endometriosis lesions were collected. The positive control mice (for primordial
follicle activation) were prepared by administering cyclophosphamide at 75 mg/kg once on
day 7. Negative control mice received normal saline solution instead of uterine fragments
or cyclophosphamide. AS101, a PI3K-PTEN-Akt pathway modulator, was injected
intraperitoneally at 10 mg per mouse every second day from 7 d before the dispssersion
of endometrial tissue (day 7) until euthanasia (day 14).

5548 Takeuchi et al Foxo3 and Ovarian Reserve Decline in Endometriosis J Clin Endocrinol Metab, November 2019, 104(11):5547–5554
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Altered ovarian reserve per se ? 



Meta-analysis :
- 39 studies 
- 968 non-operated 

OMA 
- 1874 controls

AMH 

OMA+ OMA-

Muzii L et al. Fertil Steril. 2018AMH: Anti-Müllerian hormone; OMA: Ovarian endometrioma

Endometriosis and ovarian reserve
Oocyte quantity : AMH levels 



Meta-analysis :
- 8 observational studies
- 428 intact OMA 
- 544 controls

Number of oocytes

Number of mature oocytes

OMA + Controls
Alshehre. Arch Gynecol Obstet. 2021OMA: Ovarian endometrioma

The studies were not adjusted for dose of Gn and 
ovarian reserve 

Endometriosis and ovarian reserve
Oocyte quantity : ovarian response to stimulation 



Younis YS  et al., HRU (2019)

Endometriosis and infertility: surgery
Endometrioma and ovarian reserve

0
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20
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Before Surgery Unilateral Cystectomy Bilateral Cystectomy

12 months post Operative AMH decrease

39% decrease

57% decrease

Metaanalysis
12 studies



Santulli P, et al. HR Open 2023

Fertility preservation and BGC
Endometriosis

BGC, Benign gynaecological condition

BEFORE THE SURGERY 



Endometriosis and infertility
Implantation

OMA ? 
DIE ? 

Adenomyosis ?
Previous surgery ?  

Endometriosis related 
altered ovarian function ? 

QUANTITY QUALITY 

VS



Casalechi. Reprod Biomed Online. 2023

Retrospective matched 
case-control study: 
- FET cycles
- 101 OSIS patients
- 101 controls

Cumulative live birth rates based on the number of FET
in women with and without OSIS

OSIS
Controls

Matched on:
- Age
- Number and quality 
of blastocysts

p = 0.67

OSIS: Endometriosis; FET: Frozen embryo transfer 

Endometriosis and infertility: ART
Uterine receptivity: a matched study



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

N=359 endometriosis infertile women
(720 cycles - 500 transfers)

Maignien, Santulli, et al., AJOG (2017)

Endometriosis and infertility: ART
Uterine environnement:  ART results according to phenotype



VAS, visual analogue scale
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Dysmenorrhoea Dyspareunia Non-cyclic chronic
pelvic pain

Gastrointestinal
symptoms

Lower urinary
tract symptoms
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France, 2014 to 2021

354 endometriosis-
affected women

711 ART cycles

Maignien C, et al. Hum Reprod (2024)

Endometriosis and infertility: ART
Uterine environnement:  ART results according to pain symptoms



Adenomyosis and infertility : 
ART  

Bourdon, et al Hum Reprod  (2022) 

202 patients with endometriosis 
IVF
Adenomyosis vs no adenomyosis



Endometriosis and adenomyosis related infertility: who 
matters the most ?

What are the available therapeutic options for infertility?

What conclusions can we draw ?

Fertility and endometriosis-adenomyosis 



ART, assisted reproductive technology 

Surgery Hormones ART

Endometriosis and fertility
Therapeutic options



ART, assisted reproductive technology 

Surgery Hormones ART

Endometriosis and fertility
Therapeutic options



VAS, visual analogue scale; SEM, standard error of the mean
Strowitzki T, et al, Eur J Obstet Gynecol Reprod Biol 2010;151:193-198 

Petraglia F, et al. Arch Gynecol Obstet 2012;285(1):167-173

Endometriosis and hormonal treatments
Longer is the medical treatment higher is the pain relief

Relugolix CT (RYEQO) Dienogest (DNG) 

≈ 70% reduction from Baseline
SEM, standard error of the mean; VAS, visual analogue scale
Strowitzki T, et al. Eur J Obstet Gynecol Reprod Biol. 2010;151:193−198; 
Petraglia F, et al. Arch Gynecol Obstet. 2012;285(1):167−173
Giudice LC, et al. Lancet 2022;399:2267–79  
Becker CM et al, Hum Reprod. 2024 Jan 18:dead263. doi: 10.1093/humrep/dead263



ART, assisted reproductive technology 

Surgery Hormones ART

Endometriosis and fertility
Therapeutic options

?
HAS  BEEN 



Surgery - Surgery +

Exclusion of 
studies with high 

risk of bias

Meta-analysis:
- 19 studies
- Infertile OSIS 
- 1st line ART vs 

ART after surgery

ART live birth rates 
Surgery before ART vs 1st line ART 

OSIS: Endometriosis

Endometriosis and infertility: Optimized ART
Surgery as pretreatment

Bourdon, Maignien, et al., Reprod Sci (2024)



Benaglia, et al., ESHRE (2025)

Population IVF 
(n/N, %)

Surgery 
(n/N, %)

p 

Randomized
N=55

15/28 (54%) 7/27 (26%) 0,0364

PPT`
N=75

33/50 (66%) 7/25 (28%) 0,0019

Total
N=130

48/78 (62%) 14/52 (27%) 0,0001

Endometriosis and infertility:
Surgery vs ART : RCT

LBR 



Tian et al. J Gynecol Obstet Hum Reprod (2023)

Meta-analysis:
- 7 RCTs
- Ultra-long vs long 

GnRHa protocols
- Outcome: clinical 

pregnancy rate

ART outcomes 
Live birth rates

Clinical pregnancy rates

Ultra-long Long protocol
RCTs: Randomised Controlled Trials; GnRHa: Gonadotropin-releasing hormone agonist; 
M-H: Mantel-Haenszel test 

Endometriosis and infertility: Optimized ART
Long-term pituitary down-regulation pretreatment: Impact on efficacy



Evolution of pelvic pain during ART 
women with OSIS versus controls

0

10

20

30

Baseline Synchronisation Stimulation Post-retrieval

Endometriosis (n=102)
Disease-free (n=104)

***

***
***

OC use 

Santulli P et al. Fertil Steril. (2016)

Prospective controlled 
cohort study: 
- 102 OSIS patients
- 104 controls 
- VAS-score + quality 

of life assessment

V
A
S
 S

co
re

OSIS: Endometriosis; VAS: Visual analogue scale; OC: Oral contraceptive

Endometriosis and infertility: Optimized ART
Pituitary down-regulation pretreatment: pain management



ART procedure 
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Observational cohort: 
- 57 GnRHa triggering
- 70 hCG triggering

VAS-scale evolution during ART
GnRHa vs hCG triggering
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Bourdon M, et al. Reprod Sci.  (2017)
GnRHa: Gonadotropin-releasing hormone agonist; hCG: Human chorionic gonadotropin; 
VAS: Visual analogue scale; GI: Gastrointestinal; LU: Lower urinary tract 
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Endometriosis and infertility: Optimized ART
GnRH agonist triggering : Pain management 



Systematic review:
- 1 RCT + 7 observational studies
- 2761 ART cycles 

Method of 
calculating LBR

GnRH agonist GnRH 
antagonist

p-
value

Zhao et al., 
229 patients

LBR / ET cycle 24.6% 19.5% NS

Drakopoulos et al., 
386 patients

LBR / patient Stage I/II : 
42.8%

Stage III/IV : 
27.3%

Stage I/II : 
26.7%

Stage III/IV : 
23.8%

NS

Kolanska et al.,
218 patients

Cumulative LBR 21% 14% NS

ART live birth rates
Long agonist vs antagonist protocols

Kuan et al. Ther Adv Endocrinol Metab. (2023)
RCT: Randomised Controlled Trial; GnRH: Gonadotropin-releasing hormone; 
LBR: Live birth rate; ET: Embryo transfer; NS: Non-significant 

Endometriosis and infertility: Optimized ART
Protocols: GnRH agonist vs antagonis



Large EndometriOMAs  
Oocyte yield 

OMA
IVF-ICSI
N=326

Bourdon – Santulli et al RBMO   (2022)
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The CPR resulted from fourteen studies [24–30, 35–37, 
39–42] including 7511 women (1217 affected by adenomy-
osis and 6294 without) showed a significantly lower CPR 
in women with adenomyosis (OR 0.66, 95% CI 0.48–0.90, 
p < 0.01) (Fig.  2). Women with adenomyosis have an 
increased risk of miscarriage compared to those without 
adenomyosis (OR 2.11, 95% CI 1.33–3.33, p < 0.01) (Fig. 3).

The meta-analysis conducted on four studies reported in 
women with adenomyosis a decreased OPR compared with 
normal control (OR 0.43, 95% CI 0.21–0.88, p = 0.02) (Sup-
plemental Fig. 2).

The meta-analysis conducted on five studies which 
reported the number of oocytes retrieved [26, 27, 29, 35, 
42] demonstrated, using the random-effects model, that 
adenomyosis is not a statistically significant factor influenc-
ing the number of COCs (p = 0.95) (Supplemental Fig. 3). 
The effects of GnRHa pretreatment before IVF (versus no 

treatment) in women with adenomyosis were evaluated in 
three studies [32–34]. One study compared pretreatment 
with GnRHa alone before frozen embryo transfer (FET) 
[32], one compared GnRHa versus no treatment before fresh 
embryo transfer [34], while another study compared the use 
of GnRHa in both FET and fresh embryo transfer versus 
no treatment [33]. In our meta-analysis including a total 
of 763 women (362 with adenomyosis and 401 without), 
the pretreatment with GnRHa alone has not been benefi-
cial on the clinical pregnancy rate (p = 0.55) (Fig. 4a). The 
meta-analysis conducted on two studies [33, 34] using the 
random-effects model showed no statistically significant dif-
ference among the populations on the risk of miscarriage 
rate (p = 0.08) (Fig. 4b). Two studies examined the effect 
of combined treatment with excisional surgery and GnRHa 
versus GnRHa treatment alone [21, 31].

Fig. 2  Clinical pregnancy rate in women without and with adenomyosis

Fig. 3  Miscarriage rate in women without and with adenomyosis

Reproductive Sciences 

1 3

over 50% [43–45]. When heterogeneity is described by an I2 
above 30%, the models were reported with both “fixed” and 
“random.” The difference between the two models consists 
of excluding or including the heterogeneity in the calculation 
of the overall estimate: the one with fixed effects excluded 
any heterogeneity, while the random-effects model included 
it; therefore, the overall estimate thus obtained will have 
wider confidence intervals. In the case of low heterogene-
ity, both models have similar results presenting the results 
only with random effects. The meta-analysis has analyzed 
only the studies reporting for every single variable, numera-
tors, and denominators (in case of dichotomous variables) 
and mean and standard deviation (in case of continuous 
variables).

Results

After the review of 420, we included 22 studies (Supple-
mental Fig. 1). Seven were prospective cohort studies [23, 
27, 29, 35, 38–40], and fifteen were retrospective cohort 
studies [19, 21, 24–26, 28, 30–34, 36, 37, 41, 42]. Sixteen 
studies evaluated the clinical outcomes of IVF in patients 
with adenomyosis compared to women without adenomyo-
sis [23–30, 35–42], and six studies evaluated the effect of 
surgical and medical therapy in restoring fertility in women 
with adenomyosis [19, 21, 31–34]. To evaluate the effects 
of different treatments of adenomyosis in infertile women, 
we decided to include all the studies present in the litera-
ture. Two studies analyzed the natural conception outcome 
considering the cumulative pregnancy rate three years after 
pretreatment with GnRHa combined with surgical excision 
versus GnRHa alone [21, 31], three studies evaluated the 
previous treatment of GnRHa compared to no intervention 
[32–34], and one study analyzed the use of intrauterine 
levonorgestrel before IVF/ICSI [19]. We included results 
about natural conception after treatment to obtain complete 

information about the evidence present in the literature con-
cerning fertility and adenomyosis.

The principal characteristics of the included studies are 
listed in Table 1. Although all studies included infertile 
patients with adenomyosis, four studies included highly spe-
cific populations, such as patients with colorectal endome-
triosis [23], women undergoing exclusively oocyte donation 
cycles [28], infertile women with surgically proven endome-
triosis [25], and women who successfully conceived after 
genetically screened frozen embryo transfer [24]. Table 2 
reports the fertility outcomes and IVF outcomes in women 
with adenomyosis after surgical and/or medical treatment.

The studies considered in the meta-analysis reported 
different definitions of clinical pregnancy, and this could 
represent a relevant source of bias. Some studies identified 
clinical pregnancy as the presence of intrauterine gestational 
sac and/or fetal cardiac activity regardless of the gestational 
age [27, 34, 38, 40], and some others evaluated the popu-
lation before 6 weeks [23, 26, 29, 30, 33, 35, 39, 42]. Six 
studies reported this outcome between 6 and 8 weeks [19, 
24, 32, 36, 37, 41], and only one defined clinical pregnancy 
at 12 weeks [25]. Solely, three studies did not provide a 
clear definition of clinical pregnancy [21, 28, 31]. The stud-
ies evaluating the OPR agree on the definition (pregnancy 
after 12 weeks of gestation) [19, 29, 30, 32, 36]. Most of 
the studies reported LBR, overall [23, 39] or separately for 
each cohort [21, 24, 26, 27, 30, 31, 34–37, 40, 42], while 
eight studies aimed to evaluate only CPR or OPR but did not 
follow up the populations till the term of pregnancy without 
reports on the live births [19, 25, 28, 29, 32, 33, 38, 41].

A total of 7738 patients were included in the meta-anal-
ysis, consisting of 1277 women and 6461 without adeno-
myosis. The meta-analysis conducted on nine studies that 
reported a comparison in terms of LBR [24, 26, 27, 30, 
35–37, 40, 42], using the random-effects model, has shown 
adenomyosis as a statistically significant factor in reducing 
the LBR (OR 0.59, 95% CI 0.37–0.92, p = 0.02) (Fig. 1).

Fig. 1  Live birth rate in women without and with adenomyosis

MRI

Méta-analysis
LBR

Adenomyosis and infertility : IVF - ICSI 

Cozzolino et al, Reprod Sci  (2022)

Miscarriages



Adenomyosis and infertility : 
How ART  

- When should we transfer : fresh or differed ?

- With or without down regulation ? 



ART and differed embryo transfer : 
Adenomyosis
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***

Bourdon M, et al. Fertil Steril  2023



Author Journal Inclusion Studies Patients Iplantation CP Miscarriage LBR

Cozzolino M Reprod 
Sci
2022

--> 
11/2020

3 ≈ ≈ ≈ ≈ Pretreatment with the use of 
long-term GnRHa could not be 
beneficial

Latif S EJOG 
2024

--> 
03/2023

8 
(all from china)

2422 women with 
adenomyosis

↑ ↑ ≈ ≈ Higher CPR after preTTT
(Fresh and frozen mixed)

Ge L BMJ 
Open 
2024

--> 
10/2023

23 4872 cycles with 
adenomyosis

6289
cycles without 
adenomyosis

↑ ↑ ≈ ↑ Higher LBR in FET with preTTT/ 
Fresh 

LBR in FET with preTTT 
adenomyosis = controls

Effectiveness of prolonged downregulation with gonadotrophin-releasing hormone analogue (GnRHa) 
in women with adenomyosis undergoing IVF/ICSI

Adenomyosis and ART : 
GnRHa downregulation



Donnez J et al. Fertil Steril 2023

Adenomyosis and uterine volume : 
Oral antagonists

≈ 40% 
reduction 

volume



Zhang  W. et al., Reprod Sci (2023) 

Adenomyosis and ART : 
Uterine Volume 

Us based Retro : 1155 patients 
Fresh and subsequent Frozen :  1876 transfers 
China 

Weeks of gestation
<4 4-6 6-8 8-10 >10

Weeks of gestation
<4 4-6 6-8 8-10 >10



Zondervan KT et al. Nejm 2020 Giudice LC. Nejm 2010

Endometriosis / Adenomyosis and infertility 
Progesterone resistance



In endometriosis women, the progesterone level the 
day of transfer, does not differ with unaffected 
patients, in case of achieving a LB after HRT-FET. 560/1784 women with a LBR 

(31%)

N=560 N=179N=381 N=460 N=100 

Bourdon, et al. Human Reprod 2024

HRT - FET
Progesterone levels and endometriosis



Endometriosis and adenomyosis related infertility: who 
matters the most ?

What are the available therapeutic options for infertility?

What conclusions can we draw ?

Fertility and endometriosis-adenomyosis 



de Ziegler D et al. Lancet 2010

Ovaries: 
• Decreased ovarian response
• Altered oocyte quality? 
• Iron overload (proinflammatory factors) 

Uterus: 
• Increased synthesis of prostaglandin & 

altered receptivity 
• Production of estrogens in situ and resistance 

to progestogen

Pelvic cavity: 
• Proliferation of macrophages
• Phagocytic dysfunction
• Release of proinflammatory factors

Endometriosis and infertility 
Take Home Message

Endometriosis is not synonymous of infertility 



Endometriosis and implantation
Main messages

No major impact on the quality of the ovarian reserve 

No major impact of endometriosis phenotype on ART outcomes

Altered quantity of the ovarian reserve ( surgery +++) 

Adenomyosis decreases (+/-) the chances of LBR



Chapron C, Marcellin L, Boorghese B,  Santulli P Nat Rev Endocrinol (2019)

Endometriosis : Primum non nocere
Evolution toward medical treatments



Take Home Message
Modern treatment strategy

Infertility 
/ desire to 

become pregnant 

Without 
associated  pain 

With 
associated pain 

FIRST LINE ART

FIRST LINE ART

SURGERY

Hormonal 
treatment

According to surgical risks 
- Complications 
- Ovarian reserve 
- Adenomyosis 
Fertility Preservation ? 

Santulli P et al. unpublished.



Take Home Message
Modern treatment strategy

Infertility 
/ desire to 

become pregnant 

Without 
associated  pain 

With 
associated pain 

FIRST LINE ART

FIRST LINE ART

SURGERY

Hormonal 
treatment

According to surgical risks 
- Complications 
- Ovarian reserve 
- Adenomyosis 
Fertility Preservation ? 

Santulli P et al. unpublished.

Best indication for surgery
in cases of endometriosis related infertility is 

persistent pelvic pain 
after hormonal medical treatement



Adenomyosis and infertility : 
Algorithm

Symptoms +
(pain – bleeding)

Medical 
treatment 

Standard ART cycles 
ART Cycle with

Fertility 
preservation Freeze all with GnRHa 3-6 months 

Implantation Failures 
Recurrent Miscarriages  

INFERTILITY 

Symptoms -
(pain – bleeding)

Conservative 
Surgery 

Improvement 

After surgery  

Imaging work-up - PHENOTYPE
(even in young women )
New treatment needed Santulli et al RBMO  2025 



Gynecology, Surgical unit: C Chapron, L Marcellin, B Borghese, L Campin, 
A Gaudet Chardonnet, P Marzouk, G Parpex, G Darlet, F Llouquet, A 
Bourret, G Pierre, F Decuypere, 

Gynecology, Medical unit: G Plu-Bureau, L Maitrot Mantelet, S Perol

Gynecology, Reproductive ART and Infertility unit : P Santulli, M Bourdon,  
C  Maignien, L Melka, M sorel, J Cormier,  L Fouque Gadol,  A Gracia, F 
Kefelian , C Richaud, S koutchinsky, V Gayet, S Douard, A Fubini, A Bititi, J 
Gonnot, C Cervantes, E Laviron, A Houliat, E Serve, E Batti, A Quimerch

Psychological team : V Antoine , M Reynaud, N Grundler

Intestinal surgery: M Leconte, B Dousset

Radiology: C Bordonne, L Maitrot Mantelet, AE Millischer

Laboratory: Genetics :D Vaiman, S Barbaux

Laboratory: Imunulogy: F Batteux, S Chouzenoux, L Doridot, M Jeljeli

Laboratory: Reproductive biology: C Patrat, JP Wolf, K Pocate, V Lange, P 
Fauque, C Chalas, A Chargui, J Firmin, L Ferreux, V Douineaud

Statistical unit: F Goffinet, PY Ancel
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Professor and Head,  Reproductive ART and Infertility unit,

C Patrat, 
Professor and Chair, Reproductive biology

L Marcellin, 
Professor and Chair, Gynecology Obstetrics II and Reproductive Medicine


