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EMBRYONIC IMPLANTATION

MOLECULAR DIALOGUE

-

Health embryo at 

blastocyst stage

Endometrial Receptivity

To improve the receptivity

in the endometria under stimulated cycles

To know the bases of Infertility of endometrial origin

To select the best 

embryo/s



Embryonic Evaluation

Morphology
Morphokinetics

PGT
NI-PGT

Metabolomics

REACHING THE TOP<70%



INTRODUCTION TO THE HUMAN ENDOMETRIUM 



ESTRADIOL

PROGESTERONE

When the proliferation of the epithelial cells of the endometrial glands of the inner surface of the
lumen cavity is stimulated by estrogen, the progesterone produced by granulosa cells induces gland
glycogen accumulation.

Consequently, the epithelial cells become pluri-stratified and stromal cells become decidual (i.e.,
larger and round-shaped), and they acquire the ability to produce proteins.

At this stage, the microvascular supply in the functional endometrium changes considerably, both
morphologically and functionally, to enable embryo implantation.

Progesterone is the main actor in all these phases

ESTRADIOL

PROGESTERONE



Scott et al., Fertil Steril. 1991

Csapo et al., Am J Obstet Gynecol. 1972

Csapo et al., Am J Obstet Gynecol. 1973
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LUTEECTOMIA



THE RECEPTIVE ENDOMETRIUM

Endometrial Receptivity

Clinical Interest

Cells

Molecules

Tissue
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Window of Implantation: WOI

PF
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Bergh P, Navot D. 

Fertil Steril 1992; 58: 537-42

CLINIC IMPLANTION WINDOW
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LH+0



Why to support with P? 

- To prepare the endometrium for embryo implantation

- To maintain pregnancy

- Uterine relaxation (miscarriage?)

- Embryo immunetolerance



Progesterone vs placebo/no treatment (eight RCTs, 875 women)

Evidence suggests a higher rate of live birth or ongoing pregnancy in the progesterone group (OR 1.77, 95% CI 1.09 to 2.86, 

five RCTs, 642 women, I2 = 35%, very low-quality evidence).

JUSTIFICACION 

SUPLEMENTACION

While the efficacy of progesterone in fresh embryo transfer (ET) is now well
established, the optimal LPS in frozen embryo transfer (FET) has yet to be
established, particularly in terms of indication to treatment, route of
administration, and treatment duration.
Bulleti et al., 2022



Progesterone in the luteal phase

It doesn’t exist a consensus in the minimal P concentration 
to define the right luteal function1

P concentration can vary widely in different scenarios:  
Normal or abnormal cycles2

Fertile and infertile women3

P secretion is pulsatile4

It can vary from 2 to 40 ng/mL in a short period of time

1. The Practice Committee of the American Society for Reproductive 

Medicine. Fertil Steril. 2008;90(Suppl 3):S150-S153.

2. Shepard MK, Senturila YD. Fertil Steril. 1977;28(5):541-548.

.
3. Dodson KS, et al. Br J Obstet Gynaecol. 1975;82:615-624.
4. Filicori M et al. J Clin Invest. 1984;73(6):1638-1647. 



PROGESTERONE

C₂₁H₃₀O₂

George W. Corner and Allen M. Willard, 1929 



Progesterone

Oral Vaginal

Progesterone for LP

IM

Others:

- transdermic

- sublingual

- rectal

- nasal



18

Oral Progesterona

1. Khan N, et al. Fertil Steril. 2009;91(6):2445-2450.

2. van der Linden M, et al. Cochrane Database Syst Rev. 2012;(10):CD009154.

• Easy administration1

• Lower rate of multiple 
pregnancy2
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• Efficacy questioned 1

• Low bioavailability and hig variability1

• High metabolites rate  (lower 
endometrial impact) 1

• Delayed endometrial development1

• Erratic absorption

• High incidence of secondary effects
such as sedation1

http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan+et+al.+Fertil+Steril+2008;+91+(6):+2445%E2%80%932450+(Pubmed)
http://www.ncbi.nlm.nih.gov/pubmed/21975790


IM Progesterone

1. Khan N, et al. Fertil Steril. 2009;91(6):2445-2450.

2. Miles RA, et al. Fertil Steril. 1994;62(3):485-490

• Effective

• One dose per day

• Phisiological levels in 
serum (high)

• Painful

• Absesses (sometimes)

• Alergic reaction due to the oil 
(sometimes)

• It is not possible autoadministration

• Anxiety 

• Acute eosinophilic pneumonia after IVF

• High levels of P4 are not always an 
indication of endometrial effects
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan+et+al.+Fertil+Steril+2008;+91+(6):+2445%E2%80%932450+(Pubmed)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miles+RA,+Paulson+RJ,+Lobo+RA,+Press+MF,+Dahmoush+L,+Sauer+MV.+Pharmacokinetics+and+endometrial+tissue+levels+of+progesterone+after+administration+by+intramuscular+and+vaginal+routes:+a+comparative+study.+Fertil+Steril.+1994;62(3):485-490


Vaginal Progesterone

1. Khan N, et al. Fertil Steril. 2009;91(6):2445-2450.

2. Bulletti C, et al. Hum Reprod. 1997;12(5):1073-1079.

3. Hubayter ZR, et al.  Fertil Steril. 2008;89(4):749-758.

• High availability

• Rapid absorption

• No hepatic pass

• Effective

• Autoadministration

• High levels for 48h

• Less advers effects

• Capsules (pearls) 

• Multiple doses per day

• Residue

• Infections and irritation

• Gel

• Aplication could be disgusting

• Vaginal acumulation and irritation
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan+et+al.+Fertil+Steril+2008;+91+(6):+2445%E2%80%932450+(Pubmed)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bulletti+C,+De+ZD,+Flamigni+C,+et+al.+Targeted+drug+delivery+in+gynaecology:+the+first+uterine+pass+effect.+Hum+Reprod.+1997;12(5):1073-1079.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hubayter+ZR,+Muasher+SJ.+Luteal+supplementation+in+in+vitro+fertilization:+more+questions+than+answers.+Fertil+Steril.+2008;89(4):749-758.


PRIMER PASO UTERINO



1. Progesterone diffusion

“Phenomenon of first uterine pass”

Bulletti et al., Hum Reprod 1997

2. Good correlation between serum and 

endometrial P levels

Cicinelli et al., Obstet Gynecol 2000

VAGINAL Progesterone



Oral versus intramuscular progesterone for in vitro 

fertilization: a prospective randomized study.

Frederick L et al. Fertil Steril. 1999.

Oral progesterone and IM progesterone result in comparable levels of

circulating progesterone.

However, oral progesterone results in a reduced implantation rate per embryo



• In conclusion, for FET or donor oocyte cycles, we propose that the use

of progesterone in oil injections may reduce uterine contractility and

endometrial wave activity better than vaginal progesterone suppositories.

• Intramuscular progesterone may be beneficial for luteal support, at least

until blastocyst attachment or implantation has occurred, when a switch

back to vaginal progesterone could be considered.





VIA DE ADMINISTRACION



CICLO SUSTITUIDO



OLEIC SOLUTION MICRONIZED

PRESENTACIONES



Receptive endometrium features

Morphological markers

Biochemical markers

Gene expression pattern



- Li TC, Dockery P, Rogers AW, Cooke ID (1989) How precise is histologic dating of

Endometrium using the standard dating criteria. Fertil Steril 51:759-63.

- Balasch J, Fabregues F, Creus M, Vanrell JA. (1992) The usefulness of endometrial biopsy

for luteal phase evaluation in infertility Hum Reprod 7:973-7.

- American Society for Reproductive Medicine (2000) A practice committee report:

optimal evaluation of the infertile female ASRM, 2000:1-6.

- Murray MJ, Meyer WR, Zaino RJ, Lessey BA, et al., (2004) A critical analysis of the

accuracy, reproducibility, and clinical utility of histology endometrial dating in fertile

women. Fertil Steril 81:1333-43.

- Coutifaris C, Myers ER, et al., (2004) Histological dating of timed endometrial biopsy tissue

is not related to fertility status. Fertil Steril 82:456-61.

PITFALLS OF HISTOLOGICAL DATING FOR 

ENDOMETRIAL EVALUATION



Randomized Studies

Interobserver and cycle to cycle (60%) variations

Murray et al., 2004 Fertil. & Steril. 81:1333-1343

Endometrial dating is not related to the fertility status

Coutifaris et al., 2004 Fertil. & Steril. 82:1264-1272

Histological dating is not the definitive method for
the diagnosis of luteal phase deficiency or to guide

clinical management in infertility

PITFALLS OF HISTOLOGICAL DATING FOR 

ENDOMETRIAL EVALUATION



Endometrium

Cancer

Stimulated cycles 

Obese

Contraception

Adenomyosis

Myomas

Implantation failure 

Endometriosis

Gene Expression Analysis in…

Total: >7,000 (2022)

1,019

28

4,821

335

3567

122

107

Endometritis

32



FIRST GLOBAL STUDY



IMPLANTATION FAILURE



ENDOMETRIAL DISORDERS: 126 GENE MODEL

2010



ENDOMETRIAL RECEPTIVITY TESTS 2011



ENDOMETRIAL RECEPTIVITY TESTS 2018



2013

2014

2015

2017

2018

2018

IT LOOKS LIKE THAT ENDOMETRIAL GENE EXPRESSION PROFILE CHANGES 

UNDER DIFFERENT PHYSIOLOGICAL AND PATHOLOGICAL SITUATIONS



2020



2021



2021

Shady Grove Fertility Center



2022



ALL THE ROADS LEAD ROME… 



2021





ALL THE ROADS LEAD ROME… but, perhaps, there

are some roads better than others, or simply is not

the road but is the way to face the road

PERSONALIZED MEDICINE

PERSONALIZED TREATMENTS



PHARMACOGENOMICS



OTHER DRUGS





Tournaye et al., 2017 A Phase III randomized controlled trial comparing the efficacy, safety and
tolerability of oral dydrogesterone versus micronized vaginal progesterone for luteal support in in vitro
fertilization. Hum Reprod 32:1019-1027.

Dihidrogesteronne has been used with patients with similar 
efficacy than natural progesterone

Oral administration avoid adverse effects on the Central
Nervous System

More clinical studies are needed
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“Pre-receptive”

Aprox 31.96 ng/g

“Receptive”

aprox 140.93 ng/g

“Post-receptive”

aprox 316.87 ng/g

àNarrow ”Window of Implantation”ß

(WOI Clinical Ave. = only 24 hrs.) (32 hrs. max.)

Conclusion:

Endometrial Gene Expression is P4 Concentration Dependent, 

too little or too much P4 is detrimental to implantation. 

Conventional uterine preparation methods establish a very short WOI and cannot sustain proper

bioavailability

ER Test Clinical Results, Endometrial Biopsy Analysis

Mean Concentration (ngP4/g) Linear with Time, using conventional (PV) progesterone 

administration

Our Study: preliminary results
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Take-home messages

✓ The efficacy of progesterone in fresh embryo transfer (ET) is now well established

✓ It doesn’t exist a consensus in the minimal P concentration to define the right
luteal function for FET and OD

✓ There are not evidences that IM progesterone produces better clinical outcomes
than vaginal P, but the last one is more friendly for patients

✓ It is necessary more clinical trials to define the best treatment in terms of doses
and timing including rescue strategies

✓New types of progesterone and new method of application are being developed

Progesterone supplementation of luteal phase in ART cycles:

classical versus innovative routes of administration



THANK YOU

jose.horcajadas@gmail.com

https://www.facebook.com/ScientificSeminars/
https://twitter.com/ScientificSemi1
https://www.linkedin.com/company/scientific-seminars/?viewAsMember=true
https://scientificseminars.com/en/
mailto:jose.horcajadas@gmail.com
http://www.upo.es/portal/impe/web/portada
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