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Endometriosis 2

• Endometriosis, defind by the presence of ectopic endometrial
implants, affects up to 50% of women with infertility .

• In the presence of endometriosis, a couple’s monthly
likelihood of conception decreases from 15–20% to 2–10%.

• A number of mechanisms are thought to contribute to impaired
fertility in the setting of endometriosis.



3



The impact of endometriosis on embryo

• Studies of embryo development in vitro show that embryos obtained from women with 

endometriosis are more likely to demonstrate aberrant and arrested growth. Similarly, 

studies of donor oocytes indicate that oocyte quality is impaired.

• Healthy women who receive donor oocytes from women with endometriosis have lower 

implantation and pregnancy rates than those who receive unaffected oocytes. Further, 

women with endometriosis who receive an egg from an unaffected donor have pregnancy 

rates equivalent to those of healthy recipients.
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Time-lapse microscopy 

The advent of time-lapse microscopy (TLM) in embryology has allowed for real-time
observation of embryonic development and the identification of transient morphologic
features.

The quantitative assessment of cell-cycle parameters in embryos derived from
endometriosis-affected oocytes may provide further insight into the impact of the
disease on embryo quality and development.

The EmbryoScope time-lapse microscopy system 

captured 200×images of each embryo in 5–7 diferent focal 

planes every 15 min for the duration of culture. 



The timing of cell cycle events 

• ICSI: t0

• development to two-cell, t2, t3, t4, t5, t7, t8, t9

• compaction (tSC) 

• morulation (tM)

• start of blastulation (tSB) 

• blastulation (tB) 

• expanded blastocyst (tEB) 

• hatching blastocyst (tHB)

6

Optimal timings:

•cc2 (>5 and≤11.9 h)

•s2 (≤1 h)

•t5 (45–57 h)

• cc3 (9.7–21 h)

• tSB (<96.2 h)

•tEB (≤116 h)

The cell cycle intervals cc2 (t3-t2), s2 (t4-t3), and cc3 (t5-t3) were also 

assessed. 
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• The development of embryos obtained from women with endometriosis is impaired.

• EE ( embryos from endomethriosis patients)  were slower than control embryos to 

complete nearly all developmental milestones evaluated, including the 2–8 cell 

stages(p<0.001), compaction (p=0.015), morulation (p<0.001), start of 

blastulation(p<0.001), blastulation, and expanded blastocyst(p<0.001).

• the rate of embryo wastage, defined as the proportion of embryos discarded due to 

arrest or poor quality, was slightly higher in the endometriosis compared to the control 

group (43.9% vs 40.2%, p=0.04).

Morphokinetic parameters 8



Morphokinetic parameters in embryos 9



• The only significant difference between embryos obtained from women with stages 1–2 

versus stages 3–4 endometriosis, was in the timing of tSB, which was longer in the stages 

3–4 cohort.

• The timing of blastulation was also delayed by approximately 2 h in the stages 3–4 group; 

however, this difference did not reach statistical significance. 

• Additionally, there were no differences in rates of embryo wastage or progression to 

morula, blastocyst, or expanded blastocyst between the stages 1–2 and 3–4 

endometriosis groups.

The impact of endometriosis stage on embryo 
morphokinetics 10



• Embryos obtained from women with endometriosis demonstrate delayed cell 

cycle parameters for both early and late developmental events. Additionally, EE 

were signifcantly less likely than controls to progress to the morula, blastocyst, 

and expanded blastocyst stages. 

• Whereas 66.2% of control embryos became blastocysts, only 59.9% of embryos 

in the endometriosis group blastulated.
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Interestingly, the negative impact of 
endometriosis on embryonic development 
appears to be independent of stage and 

occurred regardless of whether patients had 
minimal-to-mild or moderate-to-severe 

disease.
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• Impairments in embryo development may result from the infammatory milieu that 

characterizes endometriosis. It is well established that the peritoneal fluid of 

patients with endometriosis contains increased numbers of macrophages, 

prostaglandins, proteases, and cytokines, including IL-6, TNF-alpha, and VEGF. 

• Exposure to this pro-infammatory environment is thought to negatively affect 

oocyte and embryo quality, and may contribute to the impaired embryonic 

development seen in this study.

Continue…. 13



• Despite the notable differences in morphokinetic parameters, there were no signifcant

diferences in clinical pregnancy or live birth rates. 

• This suggests that once a good quality embryo is available to transfer, pregnancy 

rates are equivalent between women with and without endometriosis. 

• Consistent with the findings of other retrospective studies, a subgroup analysis 

indicates that frozen embryo transfer may result in improved pregnancy outcomes 

compared to fresh transfer in women with endometriosis; however, this finding 

requires confirmation in a larger, prospective dataset.
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• An important finding from this study was that cycles performed in women with 

endometriosis were 4 times more likely to fail to produce an embryo for 

transfer. This finding is likely attributable in part to the lower AMH levels and 

smaller number of oocytes retrieved among patients with endometriosis; 

however,

impaired oocyte quality, resulting in impaired embryo 

development, may also play a role.
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IVF clinical outcomes in patients with 

endometriosis

 Reduced ovarian response is also reported in endometriosis

 A higher burnout of early follicles in endometriotic ovaries was linked to 

premature follicle recruitment and higher rates of atresia (20.3% in 

endometriosis vs 6.3% without endometriosis), leading to a lower antral 

follicle count and level of serum anti-Mullerian hormone

 Ovarian endometrioma reduced the response to ovarian stimulation 

compared to the response of the contralateral normal ovary in the same 

patients



IVF clinical outcomes in patients with 

endometriosis

 Surgical treatment before ART in women with endometriosis could be a 

therapeutic option to improve IVF outcomes, as was reported in patients 

with peritoneal endometriosis (Salamun et al., 2018). However, surgery to 

remove ovarian endometrioma can affect oocyte reserve and quality, 

and subsequent IVF outcomes, suggesting that surgery before IVF cycle is 

not recommended (Donnez et al., 2018).

 Patients who undergo surgery have a lower antral follicle count compared 

to those who have no surgery, suggesting that surgery on endometrioma 

has a detrimental impact on ovarian reserve (Hamdan et al., 2015).

 Fertility preservation techniques before surgery may be a good solution to 

improve IVF outcomes in these patients.



Reduced oocyte quality

 A study evaluating oocytes that underwent IVM from women with and 

without endometriosis, demonstrated that a significantly lower number of 

immature oocytes subjected to IVM reached metaphase II (MII) in the 

endometriosis group compared to controls (Goud et al., 2014). 
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Reactive Oxygen Species (ROS)
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Meiotic Spindle Disruption and 

Extracellular Matrix Remodeling
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Molecular mechanisms involved

in endometriosis-associated

infertility



Impaired steroid metabolism and

biosynthesis

 steroid metabolism and biosynthesis functions were enriched, which leads to 
an increased steroidogenic environment in oocytes from women with ovarian 
endometriosis

 an upregulation of steroid-related genes, such as apolipoprotein E (APOE) 
(Ferrero et al., 2019), that are involved in endometrial attachment, adhesion, 
and invasion

 increased steroidogenic environment in human oocytes in endometriosis, 
which might directly affect the oocyte microenvironment and IVF outcomes

 Enzymes involved in estradiol formation, such as aromatase, sulfatase and 17b-
hydroxysteroid dehydrogenases (17b-HSD), and enzymes involved in 
progesterone inactivation (Aldo-keto reductase family 1 member C1 and C3: 
AKR1C1and AKR1C3) were significantly upregulated in ovarian endometrioma 
compared to controls, suggesting increased steroidogenesis in endometriosis



Impaired steroid metabolism and

biosynthesis

 17b-HSDs synthesizing 17b-estradiol versus 17b-HSDs inactivating 17b-estradiol 
was up to 3-fold higher in ectopic compared to eutopic endometrium 
indicating an increased synthesis of 17b-estradiol in endometrioma and 
impaired estrogen metabolism. 

 In addition, aromatase expression and estradiol production were higher in 
endometriosis implants than in normal endometrium in women with this 
condition, providing ectopic endometrium with an excessive proliferative 
stimulus such that it is able to implant and grow on peritoneal surfaces

 Furthermore, aromatase mRNA expression and enzyme activity were increased 
in endometriosis, and these increased levels contributed to elevated estradiol 
and prostaglandin E2 (PGE2) production

 PGE2 stimulates estrogen synthesis by ectopic endometrial stromal cells, and 
elevated PGE2 could dysregulate the production of estrogen and lead to 
endometriosis development.



Impaired steroid metabolism and

biosynthesis

 Upregulation of estrogen impairs 

follicular steroidogenesis, with oocyte 

deficiency and lower fertilization 

rates along with high aromatase 

expression levels, which can all 

negatively impact IVF outcomes



1.Increased response 

to oxidative stress

2. Cell cycle 

dysregulation

3. Damage in an 

inflammatory 

environment and 

impaired angiogenesis



How Endometriosis 

Affects Oocyte Quality

and Implantation

30



 Original

 2015
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Materials and methods

 41 women

 minimal or mild endometriosis [stage I and stage II endometriosis 

according to (R-AFS)]

 Evaluation of mature oocytes (MII) by Transmission Electron Microscopy 

(TEM)

 Mitochondrial DNA copy, number determination by quantitative real-time 

PCR
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Discussion

 they suggest that minimal or mild endometriosis is specifically linked to the 

occurrence of impaired mitochondrial structure and reduced mtDNA

copy numbers because of disorders of cytoplasmic maturation

 TEM has not previously been used for investigating the association 

between oocyte quality and minimal or mild endometriosis. The oocytes 

from the patients with minimal or mild endometriosis showed increased 

abnormal mitochondria and reduced mitochondria mass, which 

suggested that the oocyte quality was decreased in oocytes from women 

with minimal or mild endometriosis
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 Review

 2021

 ELSEVIER
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Endometriosis-associated

infertility is multifactorial:

 Mechanical

 Inflammatory

 Cell signaling

 Epigenetic

 Environmental factors

 Adverse effects on:

 The gametes

 Fallopian tubes

 Endometrium

 Implantation

 Fecundability
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Effects on the embryo

 Studies indicate that the embryos derived from oocytes retrieved from 

women with endometriosis have:

 fewer blastomeres

 higher rates of arrest and abnormal development compared to embryos 

of women with no endometriosis

 Altered immunology in peritoneal fluid and endometrial free radicals pose 

further negative effects on embryo viability
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Take home message 

 endometriosis has adversely affect each aspect of:

 the normal reproductive physiology

 ovarian reserve

 oocyte quality

 follicle development

 oocyte release and pick up

 sperm motility

 Fertilization

 dysfunctional immunological/inflammatory environment of the peritoneal 
cavity

 altered endometrial receptivity

 myometrial contractions

 embryo

 implantation
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