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Ovarian stimulation and endometrial 
receptivity: the body of evidence

Implantation is rate 
limiting step in IVF
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Live birth rate and oocyte yield
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Van der Gaast et al, RBM Online, 2006

(Macklon et al,
Hum Reprod Update, 2002)
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Natural cycle, 
day of ovulation

Stimulated cycle, day of OPU
Secretory features present:
Subnuclear vacuoles 
displacing nucleus

Devroey, et al. TEM. 2004;15:84.

When advanced >3 days

NO IMPLANTATION
Kolibianakis, et al.
Fertil Steril, 2002.

Ovarian stimulation damages 
the endometrium

25 natural cycles

25 stimulated cycles

Biopsies on day
1
3
5
7

after LH rise/hCG

J Clin Endocrinol Metab. 93:4500-4510, 2008.
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Non-invasive
Simple

Does not disrupt implantation

Fertility and Sterility 2013

Ovarian stimulation on intra-uterine cytokine profile

Multivariable analysis in 203 patients showed significant 
relations between the number of oocytes retrieved and 
secretion concentrations of IL-12, Dkk-1 (positive) and 

VEGF, IL-15 (negative). 

Boomsma, et al. Fertil Steril. 2010.
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Estrogen is a critical determinant that specifies t he 
duration of the window of uterine receptivity 
for implantation
Wen-ge Ma*, Haengseok Song †, Sanjoy K. Das, Bibhash C. Paria, and Sudhansu K. Dey ‡

IVF and the Endometrium

A scheme depicting modulation of 
the window of receptivity in the 
P4-primed uterus in response to 
changing estrogen levels. This 
scheme shows that estrogen at low 
threshold level extends the 
window of uterine receptivity for 
implantation, but higher levels 
rapidly close this window, 
transforming the uterus into a 
refractory state.
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Impact of high E2 on P action

• Premature reduction in PR receptors
(Hadi, et al. Hum Reprod. 2004.)

• Reduced PR and ER expression
(Devroey, et al. TEM. 2004.)

• Supraphysiological E2 may increase sensitivity to P action, 
and thus secretory advancement.

(Jacobs, et al. JCEM. 1987.)

• Accentuated proliferative and early secretory changes 
before hCG, in absence of rise in Progesterone.

(Marchini, et al. Fertil Steril. 1994)

Macklon, et al. Endocrine Reviews. 2006.

What about clomiphene?

12
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Clomiphene reduces Integrin  β3 
and disrupts PR downregulation

Palomino, et al. Fertil Steril. 2005;83:587.

PR expression

Control

CC treated

p=0.012

What about impact of high 
Progesterone levels?
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Relationship between serum P levels 
on the day of  hCG  and ongoing 
pregnancy rate

• A retrospective, observational, single-centre cohort study 

• Multivariate regression analysis showed that daily FSH 
dose, number of oocytes and estradiol values on the 
day of hCG administration were positively associated with 
progesterone levels (P < 0.0001 for all). 

Bosch E. Hum Reprod. 2010;25:2092–2100.

Progesterone levels Pregnancy rate

< or = 1.5 ng/ml 31%

>1.5 ng/ml 19%

P <0.001

When progesterone exceeded the threshold of 1.5 ng/ml, lower delivery rates:

P rise >1.5 ng/ml in 24% of the antagonist group and 23% agonist group

“9 out of 10 patients failed to achieve a clinical pregnancy
whenever progesterone levels exceeded the threshold of 1.5 ng/ml”

190 patients

Agonist group 9.5 versus  31.8% P= 0.03 

Antagonist 14.3 versus 34.3% P= 0.07
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Advancement of gene expression

Reproductive BioMedicine Online (2011) 22, 263-271.

Differential gene expression between 
groups of progesterone concentration

(A = ≤0.9 ng/ml; B = 1–1.5 ng/ml;  C = >1.5 ng/ml)

Patient’s 
progesterone 
concentration 

(ng/ml)
Clinical 
outcome

Histological 
datinga

Group A (progesterone ≤0.9 ng/ml)

0.68 Pregnant +2 days

0.69 Not pregnant +2 days

0.9 Pregnant +2 days

Group B (progesterone 1–1.5 ng/ml)

1.2 Not pregnant +2 days

1.1 Not pregnant +2 days

1.44 Pregnant +3 days

1.1 Pregnant +3 days

1.05 Not pregnant +2 days

1.3 Not pregnant +4 days

Group C (progesterone>1.5 ng/ml)

1.61 Not pregnant +4 days

1.8 Not pregnant +4 days

1.54 Not pregnant +2 days

1.93 Not pregnant Late proliferative

1.7 Biochemical pregnancy +3 days

a(Advanced) endometrial maturation as compared with the chronological cycle day.

• Endometrial samples collected 7 days after the hCG injection
• Endometria compared with the control endometria, regardless of the GnRH 

analogue employed

*Of the 25 gene targets previously proposed as markers for endometrial receptivity

12 oocyte donors

Progesterone level
(On day of hCG)

# 
donors

# genes 
significantly 
dysregulated

# gene targets* 
over-regulated

>1.5 ng/ml (study group) 6 140 13

<1.5 ng/ml (control group) 6
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Beyond Implantation

The endometrium and the baby

• Perinatal outcome of singleton siblings born after 
Assisted Reproductive Technology and 
spontaneous conception 

Danish National Sibling-Cohort study

AIM: Separate the effects of the maternal 
characteristics and the effects of infertility

Henningsen AA, Pinborg A, Lidegaard Ø, Vestergaard C, Forman JL, Andersen AN
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Birthweight (g), adjusted*
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*maternal age, parity, year of birth, sex

n=5982
(64 g ↑)
p<0.02

n=1774
(62 g ↓)
p<0.07

Cryo: Birthweight (g), adj.*

*maternal age, parity, year of birth, sex

n=550
(286 g ↑)
p<0.004

n=166
(26 g ↓)
p<0.82

IVF procedure or Ovarian Stimulation? 
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Freeze all frees all! 

• Doctor free to stimulate ovaries without disrupting 
endometrium

• Women free of OHSS risk

• Embryos free to implant in more physiological 
environment

• Babies free of impact of ovarian stimulation on 
development

24

‘E-FREEZE’  

UK  Multicentre RCT

•Elective freeze all versus
fresh transfer  n=918

•Powered for livebirth rate

•Costs, health outcomes etc

•Starts December 2015
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What can we do to ameliorate the 
impact of ovarian stimulation on 

the endometrium?

25

1. Simon, et al. Hum Reprod.1995;10:2432.
2. Simon, et al. Fertil Steril.1998;70:234.

Does reducing E2 exposure 
improve implantation rates?

1. Significant decreases in implantation and pregnancy rates 
when E2 levels >2500 pg/ml on day of hCG1

2. Stepdown protocol improves outcomes in high responders2
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Does milder stimulation reduce 
estradiol and progesterone levels at 
the end of the follicular phase? 

Blockeel C, et al. JCEM. 2011;96:1122-1128.

Follicular characteristics and cycle outcome measures

Blockeel C, et al. JCEM. 2011;96:1122-1128.

CD2 group
(n = 33)

CD 5 group
(n = 39) P 

Total dose of recFSH (IU) 1364 ± 226 1177 ± 295 <0.01

recFSH duration (days) 9.1 ± 1.5 7.8 ± 2.0 <0.01

Duration follicular phase (days) 10.1 ± 1.5 11.9 ± 2.0 <0.01
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Blockeel C, et al. JCEM.
2011;96:1122-1128.

Is there a role for adjuvant 
medication to reduce 

supraphysiological E and P action?
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Aromatase inhibitors?

• Reduce E2 levels at end of follicular phase.

• Used in IVF to reduce E 2 exposure for Breast Cancer 
patients.

• Published data available in poor responders and cancer 
patients.

• No evidence of increased risk fetal anomalies 
(Tulandi, et al.)

• ‘RIOT’ study commenced in Copenhagen

Progesterone Antagonists?



17

Conclusions

• Despite embryo selection, implantation rates after IVF are 
lower than after spontaneous conceptions

• Ovarian stimulation disrupts the endometrium and intra-
uterine environment

• Clomiphene, supraphysiological estradiol and 
progesterone all  implicated

• Freeze all strategies await assessment

• Endocrine modulation strategies being explored.
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