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Assessment Statement: 

This session underscores how the absence of a corpus luteum in frozen embryo transfer (FET) cycles 

affects hormonal pathways and pregnancy outcomes, highlighting corpus luteum hormone‘s role in 

maternal adaptation and the need for clinical strategies to optimize reproductive health.

Expected Learning Outcomes:

1. Recognize the role of the corpus luteum in reproductive physiology

2. Demonstrate knowledge about the hormonal differences between FET cycle protocols

3. Review recent evidence linking the absence of the corpus luteum in FET cycles to increased risks of 

complications such as preeclampsia

4. Examine the influence of the corpus luteum on maternal adaptation to pregnancy
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Differences in pregnancy outcomes of Frozen (FET) and Fresh Embryo Transfer

Sha 2018, Fertil Steril; 31 studies

FET risk LOWER than fresh transfer

• Low birth weight
• Very low birth weight 
• Very preterm birth
• Small for gestational age
• Placenta previa
• Placental abruption
• Perinatal mortality

FET risk HIGHER than fresh transfer

• Pregnancy-induced hypertension / 
preeclampsia

• Postpartum hemorrhage
• Large for gestational age



von Versen-Höynck et al., Hypertension 2019



von Versen-Höynck et al., Hypertension 2019 & 2020



*PubMed: Stand 7.1.2023

*PubMed: Stand 7.1.2023



Corpus luteum

www.flickr.com, Ed Uthman
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Corpus luteum number

Frozen embryo transfer cycle Frozen embryo transfer cycle

% preeclampsia
% preeclampsia % severe preeclampsia

% severe preeclampsia

AOR (95% CI) P-value

15.1 (12.6 – 286.3) 0.01

AOR (95% CI) P-value

3.5 (1.2- 11.9) 0.03



Hypertensive disease of 
pregnancy

Preeclampsia Gestational hypertension

natural vs. programmed* OR 0.61 (0.50; 0.73); N=10 OR 0.47 (0.42; 0.53); N=4 OR 0.72 (0.51; 1.02); N=3

programmed vs. 
natural**

OR 1.90 (1.64; 2.20); N=12 OR 2.11 (1.87; 2.39); N=7 OR 1.45 (1.03;2.07); N=4

programmed vs. true 
natural**

OR 1.96 (1.53; 2.51); N=4 OR 1.98 (1.56; 2.53); N=2 OR 1.05 (0.75; 1.46); N=2

programmed vs. 
modified natural**

OR 2.19 (1.36; 3.52); N=2 OR 2.91 (1.67; 5.08); N=2 OR 4.16 (0.79; 22.01); N=1

programmed vs. 
stimulated**

OR 1.60 (1.43; 1.78); N=5 OR 1.34 (0.60; 2.96); N=2 OR 1.05 (0.75; 1.46); N=2

modified vs. true 
natural**

OR 0.73 (0.37; 1.44); N=1 OR 0.50 (0.23; 1.09); N=1 -

stimulated vs. natural** OR 1.31 (1.00;1.71); N=4 OR 2.24 (1.48-3.33); N=1 OR 1.32 (0.99;1.77); N=2

*Moreno-Sepulveda,  RBMO 2021, **Busnelli, Hum Reprod 2022
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Confirmation of Findings Through Observational Studies

Higher risk for hypertensive disease and preeclampsia in programmed FET cycles 

Results from RCTs awaited



Early vs. late onset preeclampsia

von Versen-Höynck et al., Hypertension 2019



Early vs. late onset preeclampsia

Niu, JARG 2023



Assisted Reproduction Adverse obstetrical outcomes; 
e.g. preeclampsia

Fresh embryo transfer Frozen embryo transfer ↑ ↑

Research question





Assisted Reproduction Adverse obstetrical outcomes; 
e.g. preeclampsia

Fresh embryo transfer Frozen embryo transfer ↑ ↑

Hypotheses:
The presence/absence of corpora lutea at conception impacts:

1. Preeclampsia risk
2. Maternal vascular adaptation in pregnancy

Research question



Study design

Delivery

Recruitment

6-8 wks

Singleton live birth 
(n=683)

0 CL 
(n=94)

Programmed cycle 
FET (n=94)

1 CL
(n=290)

Spontaneous 
conceptions 

(n=143)

Natural cycle IUI 
(n=20)

Natural cycle FET
 (n=127)

2-3 CL
(n=153)

Ovulation 
induction (n=21)

Ovulation 
induction + IUI 

(n=123)

Stimulated FET 
(n=9) 

> 3 CL
(n=146, 𝜇𝜇= 11 CL)

Participants
(n=878)

von Versen-Höynck et al., Hypertension 2019

Blood pressure & 
endothelial 

function

Corpus luteum 
hormones

Endothelial 
progenitor cells

Delivery

Recruitment

6-8 wks 11-14 wks 35-37 wks 6-12 wks postpartum

1 2 3

CL; corpus luteum, FET; Frozen embryo transfer, IUI; intrauterine insemination



Study results

no corpus luteum

Ovary

Lack of relaxin 
and other 

corpus luteum 
products

Hormone programmed cycle FET  
(n=17)

natural  cycle FET
(n=12) p-value

Relaxin (pg/ml) 13.0
(12.0 - 15.5)

489.7
(251.5 to 864.2) <0.0001

Estradiol (pg/ml) 2416
(1665.5 to 3126.5)

2571.5
(2200.3 to 2938) 0.45

Progesterone (ng/ml) 34.1
(29.7 to 42.4)

35.62
(26.9 to 35.6) 0.76

von Versen-Höynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Höynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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Relaxin – 
• peptide hormone
• insulin-like structure
• two chains connected via 

disulfide bonds
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Impaired cardiovascular and renal adaptation as a precursor for preeclampsia
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Additional outcomes

Rosalik et al. Human Reprod 2021; Zaat et al. Human Reprod Update 2023; Yang et al. BMC Pregnancy and Childbirth 2020
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Large for gestational age infants

Odds ratio: 0.88 (0.83; 0.94)
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Additional adverse outcomes and impact of findings

Rosalik et al. Human Reprod 2021; Zaat et al. Human Reprod Update 2023; Yang et al. BMC Pregnancy and Childbirth 2020
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Large for gestational age infants
Macrosomia

Programmed FET cycle

Caesarean section
Postpartum hemorrhage

Odds ratio: 2.53 (2.19; 2.93)



Additional adverse outcomes and impact of findings

Rosalik et al. Human Reprod 2021; Zaat et al. Human Reprod Update 2023; Yang et al. BMC Pregnancy and Childbirth 2020

Natural FET cycle

Large for gestational age infants
Macrosomia

Preterm birth (< 37 weeks)*
Very preterm birth (< 32 weeks)**

Programmed FET cycle

Caesarean section
Postpartum hemorrhage

Odds ratio: 0.80 (0.75; 0.85) - 21 studies*
Odds ratio: 0.66 (0.53; 0.84) - 11 studies**



Additional outcomes and impact of findings

Rosalik et al. Human Reprod 2021; Zaat et al. Human Reprod Update 2023; Yang et al. BMC Pregnancy and Childbirth 2020

Natural FET cycle

Large for gestational age infants
Macrosomia

Preterm birth (< 37 weeks)
Very preterm birth (< 32 weeks)

Programmed FET cycle

Caesarean section
Postpartum hemorrhage

23.8%

z44.4%

Special evaluation of the German IVF Registry (D.I.R.), November 2024

23.4%

21% increase 
in ovulatory 
FET cycles in 
Germany
(2018-2023) 
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Frozen embryo transfer - The dilemma of choice

HRT/ 
programmed/ 
artificial cycle

(modified) natural
cycle

ovulation induction/ 
stimulated cycle

AnovulatoryOvulatory

Cancellation 
rate

Clinical 
efficacy

Cost

Safety

Effort

Predictability



Ovulatory cycles – Is there a more flexible approach?

(modified) natural
cycle

ovulation induction/ 
stimulated cycle

Ovulatory

New Kids on the 
Block

EffortPredictability

Natural 
proliferative 
phase (NPP)

Programmed 
ovulatory (PO)

Ovulatory

Mendes Godinho et al, Hum Reprod 2024; Eggersmann, Hum Reprod 2024, ESHRE oral presentation
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Modified natural Follicular growth hCG hCG+1 hCG+3 hCG+4 hCG+8hCG+2 hCG+5 hCG+6 hCG+7

Fresh ET Ovarian stimulation 3 5 6hCG

Follicular growth„True“ natural LH↑ LH+2 LH+3 LH+7LH+1 LH+4 LH+5 LH+6

day 2/3

OP

plus P P
Day 2

P
Day 3

P
Day 7

P
Day 1

P
Day 4

P
Day 6

P
Day 5

plus P P
Day 2

P
Day 3

P
Day 7

P
Day 1

P
Day 4

P
Day 6

P
Day 5

Natural prolifer-
ative phase*

Endometrium ≥ 7mm, follicle ≥ 14 mm, 
progesterone ≤ 1,5 ng/ml

P
Day 2

P
Day 3

P
Day 7

P
Day 1

P
Day 4

P
Day 6

P
Day 5

micronised vaginal progesterone 400 mg BID till 11th week gestation

Modified after Mumusoglu Front Endocrinol 2021; Mackens, Hum Reprod 2017, 
*Mendes Godhino et al, Hum Reprod 2024; **Eggersmann, Hum Reprod 2024, ESHRE oral presentation
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Day 2
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Day 3
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Day 7
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Day 1
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Day 4
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Day 6
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Day 5
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Programmed
ovulatory**

Endometrium ≥ 6mm, follicle ≥ 16 mm, estradiol
≥ 180 pg/ml

Dyd
Day 2

Dyd
Day 3

Dyd
Day 7

Dyd
Day 1

Dyd
Day 4

Dyd
Day 6

Dyd
Day 5

Dydrogesterone 10 mg/die till 7/8 week gestation
Modified after Mumusoglu Front Endocrinol 2021; Mackens, Hum Reprod 2017, 
*Mendes Godhino et al, Hum Reprod 2024; **Eggersmann, Hum Reprod 2024, ESHRE oral presentation



Ovulatory cycles – Is there a more flexible approach?

Start Monitoring 
(Endometrium) day 10-12

Programmed
ovulatory**

Endometrium ≥ 6mm, follicle ≥ 16 mm, estradiol
≥ 180 pg/ml

Dyd
Day 2

Dyd
Day 3

Dyd
Day 7

Dyd
Day 1

Dyd
Day 4

Dyd
Day 6

Dyd
Day 5

Dydrogesterone 10 mg/die till 7/8 week gestation

ET

94.4% progesterone > 1.5 ng/ml 
on day of ET 

• Assessment of corpus luteum 
activity possible

**Eggersmann, Hum Reprod 2024, ESHRE oral presentation



Frozen embryo transfer - The dilemma of choice

HRT/ 
programmed/ 
artificial cycle

AnovulatoryOvulatory

Cancellation 
rate

Clinical 
efficacy

Cost

Safety

Effort

Predictability

(modified) natural cycle
Ovulation induction/ stimulated

cycle
Natural proliferative 

phase (NPP)
Programmed ovulatory 

(PO)
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Research perspectives and open questions in FET
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Research perspectives and open questions in FET

Volcano plots

Luteal phase Basal plate

2) Exploration of decidual 
gene expression

1) Identification of 
corpus luteum products

Heatmap of LFQ intensities

Conception groups and time points

Pr
ot

ei
n

3) Investigation of 
intercellular communication

Artificial FET cycles:
• Impact of dose, route and timing of estradiol and 

progesterone in artificial FET cycles
• Should aspirin be given to prevent hypertensive 

disease?

Ovulatory cycles:  
• Who benefits from hCG trigger?
• Is luteal phase support necessary in ovulatory cycles? For how

long?
• What could personalized luteal phase support look like?

Many open questions, such as:



Outcomes:
• fewer pregnancy complications in ovulatory FET 

cycles, e.g. preeclampsia

Physiology:
• programmed FET cycles lack the corpus 

luteum's secretion of vasoactive substances, 
such as relaxin  these are critical for vascular 
adaptation during pregnancy

Summary

 target pregnancy in an ovulatory FET  
cycle

• (modified) natural, ovulation (stimulated) 
induction

• new (ovulatory) protocols: 
• less monitoring and easier planning
• clinical outcomes and safety must now be

further investigated

Perspectives: 
• personalized luteal phase support
• development of supplementation strategies for anovulatory women in programmed cycles

(e.g. corpus luteum products)



We are not there yet!



Q&A



A. Natural FET cycles rely on the body's endogenous hormone production, primarily 
estradiol and progesterone, while programmed cycles use exogenous hormones to 
mimic the natural cycle.
B. Programmed FET cycles completely suppress endogenous hormone production and 
rely solely on exogenous estradiol and progesterone to prepare the endometrium.
C. Natural FET cycles require exogenous hormone supplementation to initiate 
ovulation, whereas programmed cycles do not involve hormone administration.
D. Programmed FET cycles involve higher doses of gonadotropins compared to natural 
cycles to stimulate follicular development.

Which of the following best describes the hormonal differences between 
natural and programmed frozen embryo transfer (FET) cycle protocols?

Question 1



A. Natural FET cycles rely on the body's endogenous hormone production, primarily 
estradiol and progesterone, while programmed cycles use exogenous hormones to 
mimic the natural cycle.
B. Programmed FET cycles completely suppress endogenous hormone production and 
rely solely on exogenous estradiol and progesterone to prepare the endometrium.
C. Natural FET cycles require exogenous hormone supplementation to initiate 
ovulation, whereas programmed cycles do not involve hormone administration.
D. Programmed FET cycles involve higher doses of gonadotropins compared to natural 
cycles to stimulate follicular development.

Correct Answer: A

Which of the following best describes the hormonal differences between 
natural and programmed frozen embryo transfer (FET) cycle protocols?

Question 1



A. Increased risk of preterm birth in natural FET cycles.
B. Higher incidence of preeclampsia in programmed FET cycles.
C. Increased likelihood of fetal growth restriction in programmed FET 
cycles.
D. Elevated risk of placental abruption in natural FET cycles.

Which of the following adverse obstetrical outcomes has been reported 
to differ significantly between programmed and natural frozen embryo 
transfer (FET) protocols?

Question 2



A. Increased risk of preterm birth in natural FET cycles.
B. Higher incidence of preeclampsia in programmed FET cycles.
C. Increased likelihood of fetal growth restriction in programmed FET 
cycles.
D. Elevated risk of placental abruption in natural FET cycles.

Correct Answer: B

Which of the following adverse obstetrical outcomes has been reported 
to differ significantly between programmed and natural frozen embryo 
transfer (FET) protocols?

Question 2



A. The absence of the corpus luteum leads to reduced progesterone levels, 
which impairs endometrial receptivity and early placentation.
B. Programmed FET cycles lack the corpus luteum's secretion of vasoactive 
substances, such as relaxin, which are critical for vascular adaptation 
during pregnancy.
C. Without a corpus luteum, estrogen levels are excessively high in 
programmed FET cycles, leading to abnormal placental development.
D. Natural FET cycles with a corpus luteum demonstrate a significantly 
higher rate of placental insufficiency compared to programmed cycles.

What recent evidence links the absence of the corpus luteum in 
programmed frozen embryo transfer (FET) cycles to an increased risk of 
complications such as preeclampsia?

Question 3



A. The absence of the corpus luteum leads to reduced progesterone levels, 
which impairs endometrial receptivity and early placentation.
B. Programmed FET cycles lack the corpus luteum's secretion of vasoactive 
substances, such as relaxin, which are critical for vascular adaptation during 
pregnancy.
C. Without a corpus luteum, estrogen levels are excessively high in programmed 
FET cycles, leading to abnormal placental development.
D. Natural FET cycles with a corpus luteum demonstrate a significantly higher 
rate of placental insufficiency compared to programmed cycles.

Correct Answer: B

What recent evidence links the absence of the corpus luteum in 
programmed frozen embryo transfer (FET) cycles to an increased risk of 
complications such as preeclampsia?

Question 3
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