
Filippo Maria Ubaldi, MD, PhD

Scientific Director GeneraLife

Centers for Reproductive Medicine 

Endometrial preparation for 

delayed embryo transfer.

Synchronization with: GnRH, 

Progestins etc. 

Facts and Opinions



Conflict of interest disclaimer

2

❖ Honoraria or consultation fees: 

Cook, IBSA, Gedeon Richter, Merck, Organon, Ferring

❖ Stakeholder of GENERA HEALTH CARE



Agenda

1. Introduction

2. Endometrium in spontaneous and stimulated cycles

3. Endometrial preparation in frozen ET cycles 

4. Obstetric and neonatal outcomes

5. Conclusions

3
•.



The “Black Box” of implantation
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Implantation rates of 

euploid blastocyst 

remain around 50%

?
Black box of 

implantation

More knowledge is needed about 

the different factors that can 

influence the efficiency of IVF 

Implantation failure is a 

consequence of 

impaired embryo 

development potential 

or impaired endometrial 

selectivity/receptivity



Endometrial selectivity/receptivity
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Macklon and Brosens, Biology of Reproduction, 2014 

Endometrium as a biosensor of embryo quality:

❖ Selectivity: recognize and reject embryos with

reduced development potential;

❖ Receptivity: provide an optimal environment for

the embryo to implant.

➢ To be reproductively successful, the maternal

endometrium must be receptive as well as selective,
meaning acquiring the ability to mount a secretory

response that is tailored to an individual embryo.

➢ The purpose of a tailored maternal response is either

to support further development of high-quality

embryos or to trigger early disposal of an unwanted

conceptus.
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Physiology of the Endometrium and Regulation of 

Menstruation
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Critchley HOD et al, Physiol Rev, 2020 

❖ P4 induces differentiation of both epithelial

and stromal cells (decidualization) and

changes in the vasculature, in the extra-

cellular matrix and leucocyte content of

the tissue. 

Salamonsen et al 2009

❖ Following ovulation, the endometrium

undergoes secretory transformation driven

by P4 in the presence of E2 achieving a state

of receptivity lasting 3-5 days.

Navot & Bergh 1991

❖ The physiological functions of the uterine endometrium are preparation for implantation

maintenance of pregnancy if implantation occurs, and menstruation in the absence of

pregnancy



Dynamics of Human Implantation
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Ochoa-Bernal, M.A. et al, Int. J. Mol. Sci, 2020

During the window of implantation, the endometrium expresses several genes that 

enable the process of implantation to occur

Implantation could be divided into 

different phases: apposition, adhesion 

/attachment, invasion/penetration 

and immune regulation

Once implantation is initiated and the 

embryo breaches the luminal epithe-

lium, the stromal cells surrounding the 

embryo transform into decidualized 

cells



Controlled Ovarian Stimulation (COS) alters Endometrial 

Gene Expression Profiles
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Supraphysiological E2 levels from ovarian stimulation 

had a marked impact on endometrial transcriptome 

profiles and may result in a shift of the WOI

Supraphysiological concentrations of E2 and P can

dramatically impact the timing of endometrial

development and the achievement of receptivity

Fauser and Devroey, Trends Endocrinol Metab, 2003

Noci et al, Eur J Obstet Gynecol Reprod Biol, 1997; Bourgain 
et al, Fertil Steril, 2002

Modifications of endometrial receptor dynamics: 

- glandular and stromal PGRs expression is reduced in 

the periovulatory, and luteal phases compared with 

natural cycles

- E2 receptors expression data are conflicting: overall

decrease and glandular upregulation have been

described



Higher follicular phase serum P4 alters  endometrial 

receptivity
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Conclusions: 

DNA hypermethylation and low expression of adhesion mole-

cules on endometrium were associated with high P during 

implantation window, which may contribute to the under-

lying epigenetic mechanism in the failure of IVF treatment

N = 40

high P group (HP) 
(P≥1.5 ng/mL, 20 patients)

normal P group (NP)
(P<1.5 ng/mL, 20 patients) 

Endometrial biopsy 

7 days after hCG

administration

140 genes significantly dysregulated related to cell

adhesion,developmental processes, the immune 

system and others, which are all required for normal

endometrial function development.

Elevated P levels on the day of hCG admini-

stration can induce significant alterations in the 

gene expression profile of the endometrium



Controlled ovarian hyperstimulation COH and the window of 

implantation
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❖ In normoresponders, the anticipation

would be modest, allowing normal

implantation of the cleavage-stage 

embryos, interfering with the implantation

of the blastocysts

❖ In cycles with hyper-response an early rise 

of P and in those responding more to 

COH, the anticipation may be more 

marked and the detrimental effects

would become evident also at cleavage 

stage. Of note, ovarian hyper-response

and early P rise commonly coexist

The WOI is advanced during COH, but the magnitude of anticipation may vary

(From: Viganò P. et al., 2020)

Fatemi, H.M. et al, Curr Opin Obstet Gynecol, 2015

(From: Viganò P. et al., 2020)



COH affects vaginal and endometrial  microbiota in IVF 

cycles

1
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Conclusions:

“COS and P supplementation significantly 

change the composition of vaginal and 

endometrial microbiota. The greater instability 

could affect both endometrial receptivity 

and placentation. If these findings are 

confirmed, they may provide a further reason 

to encourage the freeze-all strategy”.

Carosso, J Assist Reprod Genet, 2020

10 most abundant bacteria in vaginal and endometrial microbiota pre-COH and post-COH

N = 15

pre-COH Vaginal and 
endometrial microbiota 
analysis

post-COH Vaginal and 
endometrial microbiota 
analysis

• Vaginal swabs and 

endometrial biopsies

• NGS analysis
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A functional embryo, a receptive endometrium and a synchrony between the

embryo and the endometrium are the three pre-requisites for successful implantation

Wan-Tinn Teh et al, JARG, 2016

Stimulated
cycle

• Cycles stimulated with GN and 

ovulation induced with hCG

Natural 
cycle

• Spontaneous LH surge (NC FET)

• hCG administ. (modified-NC FET)

Artificial
cycle

• Exogenous E2 and P

(HR FET) with or without

GnRH-a co-treatment

The development of embryo and endometrium should 

be synchronized 
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Cycles stimulated with gonadotropins and ovulation 

induced with hCG
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Programmed cycles (HR) vs stimulated cycles (with 

FSH, letrozole or clomiphene citrate)
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Glujovsky et al., Cochrane Library, 2020

Intervention: Stimulated cycle

Comparison:  Programmed cycle

MR:

Very low-quality evidence

No differences

CPR:

Low-quality evidence

Improved CLR

LBR:

Very low-quality evidence

No differences
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Natural or Modified Natural Cycle and HR for 

endometrial preparation in FRET cycles

Modified from Mumusoglu et al., FENDO, 2021

• Stimulated cycles for Fresh ET

• HRT with GnRH-a suppression
• HRT without GnRH-a suppression

• Modified-NC with LP support
• Modified-NC without LP support

• t-NC with LP support 
• t-NC without LP support
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True-NC for endometrial preparation in FRET cycles

Pregnancy rates are closely dependent

on timely identification of ovulation and 

calculation of endometrial receptivity

(Harper, Baillieres Clin Obstet Gynaecol, 1992; 

Tabibzadeh, Mol Hum Reprod, 1998) 

LH monitoring in either blood or urine

Problems associated with detection of spontaneous

LH surge:

a. Variation in time of its occurence between cycles

and between patients Park et al, Fertil Steril, 2007

b. At least daily determination, better twice a day 

Miller and Soules, Obstet Gynecol, 1996

c. Large variation in thresholds of LH in urine kits and risk 

of up to 30% of false negative testing

Guermandi et al, Obstet Gynecol, 2001; O‘Connor, Hum Reprod, 2006

d. Risk of unexpected ovulation and difficulty in planning

thawing and transfer with cycle cancellation
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Modified Natural Cycle for endometrial preparation in 

FRET cycles

Modified NC and NC-FET: is the luteal phase supplementation needed?   

HCG triggering of ovulation to overcome LH monitoring:

a.  no LH monitoring

b.  2-3  ultrasound  evaluations of the dominant follicle

c.  HCG administered when follicle is 17-18 mm

d.  final oocyte maturation and ovulation will take place 36-38 h later
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True-NC and M-NC-FET: luteal phase supplementation?   

No luteal support (RCT)



True-NC and M-FET: luteal phase supplementation?
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Luteal support (RCT)



True-NC and M-NC-FET: luteal phase supplementation?   
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“Based on the conflicting results of the previously mentioned studies we

conclude that currently there is too little evidence supporting a positive

effect of luteal phase support in patients undergoing t-NC-FET. 

In modified NC, luteal phase support is strongly suggested”



Endometrial synchronization for Embryo Transfer   
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Endometrial synchronization for Embryo Transfer   
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HR-FET with or without GnRH vs t-NC or M-NC FET

Pros

- cycles easier to plan making it popular among many doctors

Is anyone of these approaches superior to the other

?

Cons

- medication needed less “physiological”
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Programmed cycles (HR) versus natural cycles 

Intervention: Natural cycle

Comparison:  Programmed cycle

Glujovsky et al., Cochrane Library, 2020

MR:

Very low-quality evidence

No differences

CPR:

Very low-quality evidence

No differences

LBR:

Very low-quality evidence

No differences

6 RCT 
830 NC cycles

860 HR cycles



NC and M-NC cycles vs HR cycle. Systematic review 

and network meta-analysis – Live birth rate
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Hormonal Replacement vs Modified-NC for endometrial 

preparation in frozen euploid blastocyst transfers: 

retrospective study - GeneraLife

Petriglia et al., Human Reprod, 2021

HR FRET cycles: 1211

M-NC FRET cycles: 673

LBR per euploid blastocyst

Single Embryo Transfer: 

No statistically significant

difference
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GnRH agonist compared to control for women undergoing 

ET with frozen or fresh embryos derived from donor oocytes

MR:

Low-quality evidence

No differences

CPR:

Fresh and frozen-thawed ET

Low-quality evidence

No differences

LBR:

Low-quality evidence

Improved LBR

Glujovsky et al., Cochrane Library, 2020

Intervention: GnRH agonist pretreatment cycle

Comparison:  Control (without GnRH-a pretreatment)



HR FRET cycles: GnRH agonists versus GnRH antagonists
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Intervention: GnRH agonist pretreatment cycle

Comparison:  GnRH antagonist control cycle

Glujovsky et al., Cochrane Library, 2020

Multiple pregnancy rate:

Low-quality evidence

No differences

MR:

Low-quality evidence

No differences

CPR:

Moderate-quality evidence

Improved LBR
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Effects of GnRH agonist pretreatment on FRET outcomes 

in HR cycles: a meta-analysis

Forest plot of implantation rate Forest plot of clinical pregnancy rate

Li et al, Archives of Gynecology and Obstetrics, 2022
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❖ GnRHa pretreatment in FRET can 

improve implantation, clinical 

pregnancy, and live birth rates, 

especially in patients with repeated 

implantation failure. 

❖ GnRHa pretreatment seems to 

improve FRET outcomes, though with 

a higher preterm birth rate.

Effects of GnRH agonist pretreatment on FRET outcomes 

in HR cycles

Li et al, Archives of Gynecology and Obstetrics, 2022

Forest plot of Live Birth rate



Li et al, Archives of Gynecology and Obstetrics, 2022

Forest plot of CPR,MR and LBR
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Effects of HR with and without GnRH-a pretreatment on FRET 

outcomes in patients with adenomyosis and endometriosis

GnRHa treatment before HRT was not 

associated with the altered CPR, MR or LBR 

in patients with endometriosis and 

adenomyosis

1. The degree of endometriosis and 

adenomyosis was not clearly reported 

in these studies

2. For severe adenomyosis, one injection 

of GnRH-a is probably not sufficient

Tremellen K, Russell P, J Obstet Gynaecol, 2011

The inactivation of adenomyosis by an 

ultralong pituitary downregulation regime 

promptly resulted in successful pregnancy  

1 single dose of GnRH-a
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Forest plot of CPR, MR and LBR

Li et al, Archives of Gynecology and Obstetrics, 2022

In this study, GnRH-a pretreatment was not asso-

ciated with the significant changes in CPR, MR, 

or LBR in PCOS

One of the factors resulting in infertility in PCOS is 

endometrial dysfunction. A possible mechanism 

explaining the benefits of GnRH-a pretreatment 

for PCOS is suppression of LH levels, E2 levels, 

hyper-androgenic levels, and GnRH–HCG axis 

function with inhibition of endometrial inflamma-

tion and enhanced expression of endometrial 

adhesion molecules 

Effects of HR with and without GnRH-a pretreatment 

on FRET outcomes in patients with PCOS
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Salemi et al, RBMO, 2021

❖ Group A (n = 93) had pituitary 

suppression before steroid 

hormone administration

❖ Group B (n = 95) commenced 

steroid supplementation 

without prior pituitary 

desensitization.

Endometrial preparation for 

FET with and without ovarian 

suppression by GnRH agonist 

provides similar results

Effects of HR with and without GnRH-a pretreatment 

on FRET outcomes in patients with PCOS: a RCT
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True-NC vs HR cycle. Systematic review and meta-

analysis – obstetric and neonatal outcomes

True-NC associated with reduced risks of:

❖ Pregnancy Induced Hypertension

❖ Post-Partum Haemorrhage

❖ Very Pre-Term Birth

❖ Large for Gestational Age 



Modified-NC vs HR cycle. Systematic review and 

meta-analysis – obstetric and neonatal outcomes

M-NC associated with reduced risks of:

❖ Pregnancy Induced Hypertension

❖ Gestational Diabetes Mellitus

❖ Placenta Previa

❖ Large for Gestational Age 
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HR cycles associated with Higher risk:

❖ Hypertensive Disorders in Pregnancy 

❖ Preeclampsia

❖ Postpartum hemorrhage

❖ Cesarean section

❖ Very PTB  

True-NC and M-NC vs HR cycle. Danish Register-based 

cohort study: obstetric and neonatal outcomes
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Obstetric and neonatal complications for singleton 

births based on endometrial preparation protocols

CONCLUSION: The risk of hypertensive

disorders of pregnancy, placenta accreta, 

cesarean delivery, preterm delivery, and 

low birthweight was higher in HR cycles than

in NC, whereas the risk of congenital

anomalies was similar between both cycles. 

Further follow-up is needed to investigate 

these risks and to explore alternative 

endometrial preparation methods

Ovulation cycles (OV): 51.700 cycles - 30.998 singleton pregnancies

HR cycles: 5.318 cycles - 2.488 singleton pregnancies



Pregnancy outcomes after frozen-thawed embryo

transfer in the absence of corpus luteum
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0 Abnormal

placentation

❖ reduced vasoactive products: relaxin and vascular endothelial

growth factor levels (important in initial placentation) 

❖ reduced angiogenic and nonangiogenic circulatory endothelial

progenitor cells

❖ Increased mean arterial pressure during pregnancy

Absence of 

Corpus luteum

Cause

Waschkies et al., Front Med, 2021; Singh et al, FS 2020

The absence of the corpus luteum is partly responsible 

for the increased risk of hypertensive disorders

https://pubmed.ncbi.nlm.nih.gov/?term=Waschkies+F&cauthor_id=34568385
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Conclusions

Future prospective RCTs should not only address pregnancy rates but also consider

convenience and cost efficiency and safety for the patients and the offsprings

It is not possible, based on the current published literature, to recommend one

endometrial preparation method in FET over another with or without any

pretreatment with regard to pregnancy rates

Hormonal replacement endometrial preparation protocols induces an increased

risk of Gestational hypertension, Preeclampsia, Placenta accreta, Postpartum

haemorrhage, VLBW and SGA



Thank you for your attention
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