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❖Endometrium physiology and receptivity

❖Endometrium in stimulated cycles

❖Endometrial Thickness and pregnancy

❖FET protocols

❖Endometrial aging

❖ Take home message



5

The ENDOMETRIUM is a highly dynamic tissue that plays a crucial role in the establishment 

and maintenance of normal pregnancy

Ovarian ESTROGEN 

and PROGESTERONE 

regulates different 

phases of 

pregnancy by 

coordinating uterine 

cell specific effects.

The human endometrium is a hormone-responsive mucosa that lines 

the uterine cavity and undergoes cyclic proliferation and 

differentiation to support embryo implantation 
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The uterus is receptive to blastocyst implantation

during a spatio/temporally restricted window (WOI)

The uterus 

becomes 

receptive during 

the Mid Secretory 

Phase, which 

spans 7-10 days 

after ovulation

The Non Receptive Phase, 

comprises the rest of the 

secretory phase

Durung the Secretory Phase, the 

uterus is considered prereceptive

for the first 7 days following 

ovulation (day 0)
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The main causes of failure of IVF is failure 

embryo implantation 

➢ The quality of the embryo

➢ Endometrial receptivity

➢ The embryo/endometrial interface

2012
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Signaling network for uterine receptivity and implantation. 

A hybrid cartoon, based 

on mouse and human 

studies, portraying 

compartment- and cell-

type–specific expression 

of molecules and their 

potential functions 

necessary for uterine 

receptivity, implantation 

and decidualization. 
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• Pre-ovulatory phase → accentuated proliferative aspects and early 

secretory changes (Marchini et al., 1991).

• Peri-ovulatory phase → advanced endometrial maturation

• The day of oocyte retrieval → advancement of 2-4 (Ubaldi et al.,1997: 

Lass et al., 1998) 

• Day 2 following oocyte retrieval → discordant stromal maturation with 

precocious edema and vascular hypertrophy (Noci et al., 1997).

• Mid-luteal biopsies → glandular-stromal dyssynchrony with a glandular 

delay (Seif et al., 1992; Meyer et al., 1999; Basir et al., 2001).
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• An early and increased exposure to progesterone of the endometrium in stimulated cycles 

may explain both early secretory transformation (Fanchin et al., 1995) and subsequent mid-

luteal glandular maturation arrest (Ezra et al.,1994). 

• Elevated serum E2 concentrations in stimulated cycles have also been associated with 

more frequent glandular-stromal dyssynchrony (Basir et al., 2001).

• HCG injection to achieve final oocyte maturation is a further possible cause for disrupted 

endometrial luteal phase morphology (direct effect of hCG in terms of advanced 

endometrial maturation and acquisition of a luteal phase phenotype) (Tang and Gurpide, 

1993; Han et al., 1999; Fanchin et al., 2001). 

• Finally, it has been demonstrated that GnRH and its agonists have antiproliferative effects 

on the endometrium (Kim et al., 1999; Meresman et al., 2002).
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• In stimulated cycles, both glandular and stromal PR are found to be reduced in the peri-

ovulatory and luteal phase. 

• Data on endometrial estrogen receptors in stimulated cycles are less clear since both overall 

decrease and glandular ER increase has been described. 

• A decreased amount of both glandular and stromal ER and PR was seen throughout the 

luteal phase in stimulated cycles (Develioglu et al., 1999). 

• Lower glandular and stromal mid-luteal PR expression was found in supplemented than in 

non-supplemented cycles (Bourgain et al., 1994).
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EVERYTHING DEPENDS ON ESTRADIOL !!

High E2 levels during late follicular

phase of stimulated cycles will
induce progesterone resistance

more progesterone 
supplementation

Natural cycles or artificial cycles in

which estradiol levels are very
physiological

less progesterone supplementation
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➢ Transform the endometrium into the secretory phase

➢ Regulates the window of implantation (WOI)

➢ Increases endometrial vascularization

➢ Immuno-modulator

➢ Reduces uterine contractions at peri-implantation

Adapted from Jones-1996 by Fauser and Devroey - 2003
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➢ 6.0 IU/l in natural cycle                                 (Tavaniotou A and Devroey P, 2003)

➢ 1,5 IU/l – GnRHa trigger                                 (Humaidan P et al, 2005)

➢ 0.2 IU/l – HCG trigger                                     (Humaidan P et al, 2005)

(Hull M et al, Fert Steril 1982)











• 9 prospective and 21 retrospective studies 

• a total of 88,056 cycles

• outcomes: pregnancy rate, implantation rate, abortion rate, live births or ongoing pregnancies, 

and ectopic pregnancy rate

LOWER EMT WAS ASSOCIATED WITH LOWER INCIDENCE OF PREGNANCY RATE, IMPLANTATION RATE, 

AND LIVE BIRTH OR ONGOING PREGNANCY RATE IRRESPECTIVELY FOR WOMEN RECEIVED FRESH OR 

FROZEN CYCLES

Sonographic parameters such as endometrial thickness (EMT), endometrial pattern, endometrial volume, and 

endometrial and subendometrial blood flow are employed for the identification of endometrial receptivity (Fanchin, 

2001; Wang et al., 2010).

2020



• Retrospective cohort study.

• between Jan 2013 and Dec 2019

• 43,383 fresh and 53,377 frozen ET

• 33 Canadian clinics

• Main Outcome Measure(s): Clinical pregnancy, pregnancy loss, and live birth rates.

2022



In cycles with a fresh embryo

transfer, live birth rates

increase significantly until an

endometrial thickness of 10–12

mm, while in FET cycles live

birth rates plateau after 7–10

mm.

However, an endometrial

thickness <6 mm was

associated clearly with a

dramatic reduction in live birth

rates in fresh and frozen

embryo transfer cycles.



Live birth rate significantly increased from 15.6% (95% 

CI 6.4% to 29.4%) with an endometrial thickness of 5 

mm or less, to 33.1% (95% CI 31.6% to 34.5%) with an 

endometrial thickness of 10 mm.

• 25,767 IVF cycles

• UK between 2007 and 2016.

• LBR  per embryo transfer. 2018

the optimal endometrial thickness threshold of 10 mm or more 

maximized live births and minimized pregnancy losses







• retrospective study

• 562 patients at first (FET) cycles

• From March 2021 to August 2021

Transvaginal 3D ultrasound on the day of ET to

evaluate endometrial receptivity (endometrial

thickness, echogenicity, volume, movement and

blood flow.

2022



When the endometrial

receptivity score is greater

than or equal to 5, the clinical

pregnancy rate exceeds 60%

in the frozen-thawed embryo

transfer cycle.
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Segmentation of IVF treatment: 

is it the key for a “healthy” endometrium?

embryo transfer may be performed in a more physiologic uterine environment in a later cycle
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Segmentation of IVF treatment: 

is it the key for a “healthy” endometrium?
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LBR:

➢ No difference between NC and mNC

➢ No difference between NC and AC

➢ No difference between AC

➢ No difference between mNC and AC with or without pituitary suppression

➢ LBR ↑ in  AC with pituitary suppression than NC

33 studies ( 11 RCTs)

Natural Cycle ( NC) and modified Natural Cycle ( 

mNC; with hCG trigger) 

Artificial Cycle (AC) with or without pituitary 

suppression 
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2016
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2022

hypertensive disorders of pregnancy (4% vs. 3%, aOR 1.43; 95% CI, 1.14–1.80], 

preeclampsia (12.8% vs. 3.9%, aOR 3.55, 95% CI, 1.20–11.94) 

preeclampsia with severe features (9.6% vs. 0.8%, aOR 15.05, 95% CI 2.59–286.27)

placenta accreta (0.9% vs 0.1%, aOR 6.91; 95% CI, 2.87–16.66)

cesarean section (44.5% vs. 33.7%, aOR 1.69; 95% CI, 1.55–1.84)

postpartum hemorrhage (19.4% vs. 7.9%, aOR 2.63; 95% CI, 2.20–3.13) 

post term birth (8.9% vs. 5.8%, aOR 1.59; 95% CI, 1.27–2.01)

macrosomia (8.9% vs. 4.7%, aOR 1.62; 95% CI, 1.26–2.09)

low birth weight (4.5% vs. 2.8%, aOR 1.49, 95% CI 1.09–2.06)

preterm birth (7.9% vs. 4.6%, aOR 1.78, 95% CI 1.39–2.28)
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COMPROMISING THE PREGNANCY OUTCOME

2012
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Result(s)

125 patients (40.7%) were ERA receptive, and 182 (59.3%) were ERA nonreceptive. After adjusting for the number of the 

previously failed FETs, there was no difference in the proportion of receptive and nonreceptive ERA results. There were no 

statistically significant differences in live births in patients with ERA-receptive vs. ERA-nonreceptive results (48.8% and 

41.7%, respectively; adjusted odds ratio 1.17; 95% CI, 0.97–1.40). There were no statistically significant differences in live 

births in patients with or without ERA testing results before FET (44.6% and 51.3%, respectively; adjusted odds ratio 0.87; 95% 

CI, 0.73–1.04).

Conclusion(s)

Patients with an increasing number of previous failed euploid FET cycles are not at an increased risk of a displaced 

window of implantation. Patients categorized as receptive vs. nonreceptive and those without ERA testing results have 

comparable FET success rates.

• Retrospective cohort study

• Patients with (307)and without (2284) ERA before 

euploid single FET

• primary outcome: LB; 

• secondary outcomes biochemical and CPR

August 2022



• single-center retrospective cohort 
study, 

• 53 good prognosis patients (0–2 
previous frozen embryo transfers) , 41 
FET

• endometrial biopsy for both the ERA 
test and histological assessment before 
blastocyst transfer

2022



• meta-analysis.

• 8 studies  on 2,784 patients 

• ( 831 ERA and 1,953 without ERA)2022
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2021

The message to the patients should be that failures occur more often than not, and if no special 

obstacle to pregnancy exists, when stimulation, embryo culture and endometrial width appear to 

be normal, there is no need to resort to unproven costly add-ons, and, if patients agree, they need 

to persevere with their similar trials for five or more cycles, which will leave only a small fraction of 

patients in need other, albeit unproven, solutions.
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Effect of age on endometrial receptivity

➢ Embryo implantation rates declines in a linear fashion through the

age.

➢ Abnormal receptivity in aging subjects may be due to decreased

levels of P receptors promoted by the low levels of E2 receptors

(Meldrum 1993).

➢ No conclusive evidence of age related histological changes in the

endometrium (Sauer 1993).

➢ No difference in implantation, pregnancy, miscarriage or live birth

rates between younger and older patients receiving oocytes from

the same donors (Abdalla 1997).
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There were significant differences in the pregnancy and implantation rates according to the age of the 
recipients.   These data seem to demonstrate a lesser likelihood of pregnancy and implantation in older 

recipients because of increasing uterine age.

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjJvqHf3djkAhUFDuwKHXRhC7YQjRx6BAgBEAQ&url=http://prima-med.org/prima-section-1/&psig=AOvVaw2-fdGC4fDTwlf58HmU7YPR&ust=1568839770347693
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This study seems to suggest that there are differences in pregnancy and implantation rates in 

recipients of different ages because of uterine receptivity. Fertility therefore does not depend merely

on oocyte age and quality but also on uterine age.  

1996
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Parameters of oocyte donation cycles in the four age groups studied

J Clin Endocrinol Metab, 2005
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The aging of uterus after HRT allows implantation as well as in young women, and is able to carry
pregnancy to term apparently without any problems. 

N of pregnancies

Singletons

Twins 

Triplets

N of abortions

Abortion rate (%)

N of deliveries

N of ongoing pregnancies

Complications

Gestational diabetes

Moderate pre-eclampsia

Severe pre-eclampsia

18

16

1

1

1 

5,5

12

5

7

2

2

3

Outcome of pregnancies

Patients

Mean age

Cycles

Transfers

Embryos-Oocytes transferred

Pregnancies

Abortions

Gestational sacs

Pregnancy rate per transfer (%)

Abortion rate (%)

Implantation rate (%)

34

53 (50-62)

61

55

116

18

1

21

32,7

5,5

18

50

30 (22-35)

51

44

139

17

1

23

38,6

5,8

16,5

Recipients Donors

NS

Retrospective study

34 pts;  61 cycles of oocyte donation 

55 transfer

Single-center study

Recipients’ age (yr): 50 to 62 yrs
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2016

The human endometrium not only regenerates each month as part of the menstrual cycle, but also following

parturition, almost complete resection and in postmenopausal women taking estrogen-based hormone replacement

therapy (Gargett et al., 2012).
The atrophic endometrium of postmenopausal women regenerates to a thickness similar to premenopausal

endometrium by the administration of estradiol valerate for 8 weeks (Ettinger et al., 1997; Ulrich et al., 2014c)
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Repeated endometrial biopsy may 

activate endometrial 
stem/progenitor

cells to regenerate a thick 

endometrium suitable for 

implantation.

(..) transplant of autologous CD9+, 

CD44+ and CD90+ bone marrow 

cells comprising fibroblasts and 

MSCs was administered into the 

uterine cavity of a patient
with Asherman’s syndrome. 

2013



4
8



4
9

2011First use in 4 patients with 
dramatic improvement in 

ET
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❑ Embryo implantation is a major rate-limiting step in the success of ART. A variety of factors can

impact embryo implantation including endometrial differentiation, embryo quality and the method

of embryo transfer.

❑ A thin endometrium is associated with implantation failure.

❑ Results of several clinical studies concerning oocytes donation have shown that there is a decline in

conception rate with increasing recipient age.

❑ In the last decade, the role of bone marrow-derived and endogenous stem/progenitor cells in

endometrial proliferative disorders, including endometriosis, adenomyosis, thin dysfunctional

endometrium and Asherman’s syndrome, has been established.



THANK YOU

https://www.facebook.com/ScientificSeminars/
https://twitter.com/ScientificSemi1
https://www.linkedin.com/company/scientific-seminars/?viewAsMember=true
https://scientificseminars.com/en/
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