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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 j .
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/FET risk LOWER than fresh transfer\ /FET risk HIGHER than fresh transfer\

*  Low birth weight * Pregnancy-induced hypertension /
preeclampsia

* Very low birth weight

« Very preterm birth * Postpartum hemorrhage

* Small for gestational age * Large for gestational age
* Placenta previa

* Placental abruption

* Perinatal mortality
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Sha 2018, Fertil Steril; 31 studies
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Preeclampsia

Increased Preeclampsia Risk and Reduced Aortic
Compliance With In Vitro Fertilization Cycles in the
Absence of a Corpus Luteum

Frauke von Versen-Hoynck,* Amelia M. Schaub,* Yueh-Yun Chi, Kuei-Hsun Chiu, Jing Liu,
Melissa Lingis, R. Stan Williams, Alice Rhoton-Vlasak, Wilmer W. Nichols,
Raquel R. Fleischmann, Wendy Zhang, Virginia D. Winn, Mark S. Segal, Kirk P. Conrad,
Valerie L. Bakert

von Versen-Hoynck et al., Hypertension 2019
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% Maternal Vascular Health in Pregnancy and Postpartum

After Assisted Reproduction

Frauke von Versen-Hoynck, Sebastian Hiickl, Elif Seda Selamet Tierney, Kirk P. Conrad,
Valerie L. Baker, Virginia D. Winn

Preeclampsia

Increased Preeclampsia Risk and Reduced Aortic
Compliance With In Vitro Fertilization Cycles in the
Absence of a Corpus Luteum

Frauke von Versen-Hoynck,* Amelia M. Schaub,* Yueh-Yun Chi, Kuei-Hsun Chiu, Jing Liu,
Melissa Lingis, R. Stan Williams, Alice Rhoton-Vlasak, Wilmer W. Nichols,
Raquel R. Fleischmann, Wendy Zhang, Virginia D. Winn, Mark S. Segal, Kirk P. Conrad,
Valerie L. Bakert

Original Article

Absent or Excessive Corpus Luteum Number Is Associated
With Altered Maternal Vascular Health in Early Pregnancy

Frauke von Versen-Héynck, Purnima Narasimhan, Elif Seda Selamet Tierney, Nadine Martinez,
von Versen-Hoéynck et al., Hypertension 2019 & 2020 Kirk P. Conrad, Valerie L. Baker, virgi“ia D. Winn
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Journal of Assisted Reproduction and Genetics
https+//doi.org/10.1007/510815-021-02125-0
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v alerie

Should any use of artificial cycle
regimen for frozen-thawed embryo
transfer in women capable of
ovulation be abandoned: yes, but
what’s next for FET cycle practice
and research?

Frauke von Versen-Hoynck ® ' and Georg Griesinger © 2

Kirk P. Conrad, Valerie L. Baker, Virginia D. Winn

Preeclampsia

Rﬂctnartum

The future of frozen-thawed embryo transfer in

hormone replacement therapy cycles

Kristine Lassl®, Anne Laerke Spangmose®, Louise Laub Asserhef®,
Tine Vrist Dam® and Anja Pinborg™®
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Hypotheses:
The presence/absence of corpora lutea at conception impacts:
1. Preeclampsia risk

2. Maternal vascular adaptation in pregnancy
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Recruitment

6-8 wks Delivery

von Versen-Hoynck et al., Hypertension 2019 CL; corpus luteum, FET; Frozen embryo transfer, IUl; intrauterine insemination
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von Versen-Hoynck et al., Hypertension 2019 CL; corpus luteum, FET; Frozen embryo transfer, IUl; intrauterine insemination
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J < Confirmation of Findings Through Observational Studies

Hypertensive disease of Preeclampsia Gestational hypertension
pregnancy

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. 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
natural**
programmed vs. true 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
natural™*
programmed vs. 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
modified natural**
programmed vs. 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
stimulated™*
modified vs. true OR 0.73 (0.37; 1.44); N=1 OR 0.50 (0.23; 1.09); N=1 -
natural™**
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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Hypertensive disease of Preeclampsia Gestational hypertension

pregnancy

natural vs. programmed* OR 0.61 (0.50; 0.73); N=10 OR 0.47 (0.42; 0.53); N=4 OR0.72 (0.51; 1.02); N=3

Higher risk for hypertensive disease and preeclampsia in programmed FET cycles

. 4

Results from RCTs awaited

natural™~

programmed vs. 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
modified natural**

programmed vs. 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
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modified vs. true OR 0.73 (0.37; 1.44); N=1 OR 0.50 (0.23; 1.09); N=1 -

natural**

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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Increased Preeclampsia Risk and Reduced Aortic
Compliance With In Vitro Fertilization Cycles in the
Absence of a Corpus Luteum

Early vs. late onset preeclampsia

Frauke von Versen-Hoynck,* Amelia M. Schaub,* Yueh-Yun Chi. Kuei-Hsun Chiu, Jing Liu,
Melissa Lingis, K. Stan Williams, Alice Rhoton-Vlasak, Wilmer W. Nichols,
Raquel E. Fleischmann, Wendy Zhang, Virginia D. Winn, Mark S. Segal, Kirk P. Conrad.}
Valerie L. Bakerf

ﬁe 3. Hypertensive Disorders of Pregnancy as a Function of CL Gategory for the Prospective Cohort Study of Obstetric Dulcorh

CL Category

Hypertensive Disorder of Pregnancy 0 CL (n=94) 1CL (n=290) @ >1CL(n=153) FreshIVF(n=146)  PValue
Gestational hypertension 3(3.2) 8 (2.8) 3(2.0) 0 0.14
Preeclampsia 12(12.8) 14 (4.8) 9(5.9) 7(4.7) 0.06

[ SPE 9(9.6) 4(1.4) 6 (3.9) 4(2.7) 0.004 |

| Early-onset preeclampsia 0 1(0.3) 1(0.7) 1(0.7) 1

HELLP syndrome 0 0 0 2(1.4) 0.06
Chronic hypertension with 1(1.1) 5(1.7) 0 1(0.7) 0.41
superimposed preeclampsia
champsia 0 0 0 0 /

von Versen-Hoynck et al., Hypertension 2019
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Journal of Assisted Reproduction and Genetics
https://doi.org/10.1007/510815-023-02785-0

ASSISTED REPRODUCTION TECHNOLOGIES o‘)

Check for
updates

Is artificial endometrial preparation more associated with early-onset
or late-onset preeclampsia after frozen embryo transfer?

Yue Niu'%*?. Lu Suo'?? . Dingying Zhao'** . Yuhuan Wang'?? - Ruolan Miao'%? . Jialin Zou'?? . Xinwei Han'%3.

Zi-Jiang Chen"?3 . Yan Li"%*? . Daimin Wei'*?

/Table 2 Obstetric and perinatal outcomes by the different protocols

~

FreET group N=11178  FET-NC group N=8691 FET-AC group N=4260  P-value
Obstetric outcomes
Preeclampsia®® 06/11178 (0.9%) 74/8691(0.9%) 03/4260 (2.2%) <0.001
Early-onset preeclampsia 26/11178 (0.2%) 20/8691 (0.2%) 17/4260 (0.4%) 0.151
[ Late-onset preeclampsia® 70/11178 (0.6%) 54/8691(0.6%) 76/4260 (1.8%) <0.001 ]
Preeclampsia with preterm delivery”* 82/11178 (0.7%) 61/8691 (0.7%) 67/4260 (1.6%) <0.001
Preeclampsia without preterm delivery b 14/11178 (0.1%) 13/8691 (0.1%) 26/4260 (0.6%) <0.001
Gestational hypertension®* 262/11178 (2.3%) 202/8691 (2.3%) 217/4260 (5.1%) <0.001
Preterm delivery®® 640/11178 (5.7%) 485/8691 (5.6%) 316/4260 (7.4%) <0.001
K Post-term delivery®< 24 /11178 (0.2%) 17/8691 (0.2%) 21/4260 (0.5%) {].003/

Niu, JARG 2023
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Reproductive Scences
2019, Vol 26() 412-419
& The Author(z) 2018
Article reue guidelines:

Effect of Mode of Conception on Maternal

Serum Relaxin, Creatinine, and Sodium D% 101 79337131 177672
- " - . jourmals b comihomealro
Concentrations in an Infertile Population ©SAGE

Frauke von Versen-Hoynck, MD, Ms "2, Nairi K. Strauch, MS',
Jing Liu, PhD?, Yueh-Yun Chi, PhD*, Maureen Keller-Woods, PhD?,
Kirk P. Conrad, MD**%, and Valerie L. Baker, MD'

AMERICAN JOURNAL OF PHYSIOLOGY

[0
Am J Physiol Regul integr Comp Physiol 321: RA54-R468, 2021. ;mmgi ";’I‘ REGULATORY, INTEGRATIVE AND
First published August 4, 2021; dol:10.1152/ajpregu. 00174.2020 society COMPARATIVE PHYSIOLOGY

RESEARCH ARTICLE

Hormones, Reproduction and Development

Relationships between reproductive hormones and maternal pregnancy
physiology in women conceiving with or without in vitro fertilization

Kirk P. Conrad,"2* Shedy Taher,™ Yueh-Yun Chi,3? Yingjie Qiu,* Mingyue Li,* Melissa Lingis,5
R. Stan Williams,2 Alice Rhoton-Vlasak,2 (" Maureen Keller-Wood,® and Mark S. Segal®?

Am J Physiol Regul Integr Comp Physiol 318: R1091-R1102, 2020.
First published April 29, 2020; doi:10.1152/ajpregu.00015.2020.

RESEARCH ARTICLE | Hormones, Reproduction and Development

Maternal endothelial function, circulating endothelial cells, and endothelial
progenitor cells in pregnancies conceived with or without in vitro fertilization

Kirk P. Conrad,">** Melissa Lingis,** Larysa Sautina,® Shiyu Li,* Yueh-Yun Chi,® Yingjie Qiu,*
Mingyue Li,° R. Stan Williams,? Alice Rhoton-Vlasak,?> and Mark S. Segal*®

wiegel et al Reprod &0l Endocrinol  (2021) 18:164
hitps://dolorg 10,1 186/512958-021-00843-2

Reproductive Biology
and Endocrinology

RESEARCH Open Access

Corpus luteum number and the maternal e
renin-angiotensin-aldosterone system

as determinants of utero-placental (vascular)
development: the Rotterdam Periconceptional
Cohort

Rosalieke E Wiegel', Maud ). H. Karsten', Igna F. Refinders’, Lenie van Rossem’, Sten P Willemnsen'~,
Annemarie G. M. G J. Mulders’, Anton H. 1. Koning’, Eric A. P Steegers’, A.H. Jan Danser*! and
Régine P M. Steegers-Theunissen' ™

Hypertension leA

American
Heart
Association.

Volume 74, lssue 3, September 2019; Pages 705-715
hitps:fdoi.org/10.1161/HYPERTENSIONAHA.119.13015

PREGNANCY

Maternal Cardiovascular Dysregulation During Early
Pregnancy After In Vitro Fertilization Cycles in the
Absence of a Corpus Luteum

RBEMO

ARTICLE

First-trimester maternal renin-angiotensin- ==
aldosterone system activation and fetal

growth and birthweight: the Rotterdam
Periconceptional Cohort

BIOGRAPHY

Rosalieks Wiegel s a PhD candidate of the Periconception Epidemiclogy Group as part

= of the Department of Obstetrics and Gynecology at the Erasmus University Medical
r Center in Rotterdam_ the Metherlands. Her ressarch focuses mainly on the role of the

' periconceptional renin—angiotensin—aldosterone system in early pregnancy adaptation,

fetal growth and pregnancy outcomes.

Rosalieke E. Wiegel, Damiat foulad Fares’, Sten P. Willemsen'”, Eric
AP Steegers’, AH. Jan Danser™® Régine PM. Steegers Theunissan'**

N

The Journal of Chnical Endocrinalogy & Matabalism, 2020, Vol 105, No. 11, 1-13 -‘
doi:10.1210/clinem/dgaasaz2 e

ENDOCHINE

Clinical Research Article SOCETY

Clinical Research Article

Determinants of Maternal Renin-Angiotensin-
Aldosterone-System Activation in Early
Pregnancy: Insights From 2 Cohorts

Rosalieke E. Wiegel,' A.H. Jan Danser,2 Régine PM. Steegers-Theunissen,’
Joop S.E. Laven,' Sten P Willemsen,'?Valerie L. Baker,* Eric A.P Steegers,’
and Frauke von Versen-Héynck®
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Recruitment

Recruitment

11-14 wks 35-37 wks

—

Delivery 6-12 wks postpartum

6-8 wks Delivery 6-8 wks
Spontaneous Ovulation
—  conceptions — . - _
(n=143) induction (n=21)
Ovulation
|| NaturalcyclelUl || | induction + IUI
(n=20)
(n=123)
|| Stimulated FET
(n=9)

von Versen-Hoynck et al., Hypertension 2019

CL; corpus luteum, FET; Frozen embryo transfer, IUl; intrauterine insemination
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programmed cycle FET

Gy Hormone (n=17)
! 13.0
Relaxin (pg/ml) (12.0 - 15.5)
. 2416
Estradiol (pg/ml) (1665.5 to 3126.5)
no corpus luteum >4

(29.7 to 42.4)

natural cycle FET
(n=12)

489.7

(251.5 to 864.2) <0.0001
2571.5

(2200.3 to 2938) 0.45
35.62 oe

(26.9 to 35.6)

/ Progesterone (ng/ml)

o
4 1 N

Lack of relaxin
and other
corpus luteum
products

- /

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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Study results

Hormone

programmed cycle FET

(n=17)
13.0
(12.0 - 15.5)

2416
(1665.5 to 3126.5)

34.1
(29.7 to 42.4)

natural cycle FET

(n=12)
489.7
(251.5 to 864.2)

2571.5
(2200.3 to 2938)

35.62
(26.9 to 35.6)

p-value
<0.0001
0.45

0.76

. /

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;

Relaxin —
* peptide hormone

Kdisulfide bonds

* insulin-like structure
* two chains connected via

N O

Fertilization and Implantation |

Connective Tissue Remodeling [

Blood Vessel Growth [

AN

Uterine Relaxation |

Cervical Ripening |

Roles of Relaxin in Female Reproduction \

Aids embryo implantation and placental growth

Loosens ligaments and remodels tissues

Supports placental and fetal development

Reduces uterine contractions in early pregnancy

Softens and dilates the cervix for childbirth

/

von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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/ Ovary \ Hormone (n=17) (n=12)
. 13.0 489.7
Relaxin (pg/ml) (12.0 - 15.5) (251.5 to 864.2) <0.0001
: 2416 2571.5
SRR, (1665.5 to 3126.5) (2200.3 to 2938) 0.45
no corpus luteum 34.1 35.62
) At ) (29.7 to 42.4) (26.9 to 35.6) 0.76
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Lack of relaxin 81 o 0 % S | - | 5 o :
4 oth E _ :° 1 v i S A U B
and other 2 8 - 2o ® - 3
corpus luteum 2 _ -. o 3 % * %

d o 4 - g i -
products - ? ol -
E . ¥ m 1 1 E 1 >1 m 1 >

Corpus uteum number Corpus uteum number
5 weeks 9 weeks 11 weeks 5 weeks 9 weeks 11 weeks

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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/ ( )Vary \ per ipheral VaSOd”atiO“ \l’ ’ ‘[ ]
bIO /]\
arterial Stillness /I\ ;

/ Endothelial function\ / Arterial stiffness \

15

—. JE

no corpus luteum p=0.03

10
K j 25 e

Study results

-15

- . S
c M~ .
a N\ £ = .
E 20 ® . .
- 1 5
Lack of relaxin s 27
and other £ S
corpus luteum g 15 Zgo
2

products

k / 1.0 o5
programmed natural programmed natural

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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Ovary peripheral vasodilation |,

Study results

arterial stiffness T

e )
Q) corpus Iuteum/— pulse wave velocity P

cardiac output { ]

pulse wave transit time |, / Pulse wave veIocity\ /Pulse wave transit tirrb

7.0
/ \ —&— Without CL n=26 -=- Without CL n=26
— e OneCL n=23 100 ® OneCL n=23

—A— Multiple CL n=22 —A— Multiple CL n=22

\ / as “Mean +-1.965E Mean +/-1.96SE

+ %

Lack of relaxin
and other
corpus luteum

products gl Y

45
57 10 14 23 32 57 10 14 23 32
k / BP | | . G PP BP ) . | ) T PP
69 69

Y 4 v
12 16 25 35 12 16 25 35

Gestational age /

@
3

6.0

885

cfPWV (m/2)

cfPWTT (ms)

-

. . Gestational age
von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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Study results

peripheral vasodilation {,

arterial stiffness T

/

. /

\l

pulse wave velocity T

pulse wave transit time {,

\

)

creatinine

sodium

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020

% ‘ blood pressure T

% ‘ cardiac output

‘ [renal adaptation \l,]

-

A

p<0.001

o8 8] 10

Creatinine (mg(dL)

04

Relaxin absent

Na* (mg/dL)

Amiaa ’ )
K Relaxin absent

Creatinine

Hare jramall}

140

130

Relaxin present

Sodium

az

2@

1CO2 dmmeld)

-
&

Relaxin presery
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/
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\l

pulse wave velocity T

pulse wave transit time {,

\

)

creatinine

sodium

von Versen-Hoynck et al. Hypertension 2019 & 2020; Conrad et al. Hypertension 2020;
von Versen-Hoynck et al. Reprod Sciences 2019; Wiegel et al. J Clin Endocrinol Metab 2020
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‘ blood pressure T —

% ‘ cardiac output ¢

q ‘ renal adaptation {\ —~

Impaired cardiovascular and renal adaptation as a precursor for preeclampsia

/ Impaired \
adaptation

NG

Preeclampsia
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Programmed FET cycle

~

/ Natural FET cycle \

!

Large for gestational age infants

k [ Odds ratio: 0.88 (0.83; 0.94) }

B

Study or Subgroup

Odds Ratio \
IV, Random, 95% CI

Asserhoj 2021

Ernstad 2019

Hu 2021

Jing 2019

Li 2021

Wang 2020 (Frontiers in Medicine)
Zaat 2021

Zong 2020

KR

[ Total (95% C1)

G.Ii

0.2 0.5 | 2 5
Favours Programmed FET Favours Natural FET

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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Natural FET cycle

Large for gestational age infants

Macrosomia

[ Odds ratio: 0.81 (0.71; 0.93) }

~

\_
o

/
N

.

Odds Ratio
Study or Subgroup M-H, Random, 95% CI
Asserhoj 2021 =
Ernstad 2019 -
Hu 2021 —_—
Jing 2019 ——
Li 2021 —
Makhijani 2020
von Versen-Hoynck 2019 ¢
Wang 2020 (Frontiers in Medicine) -
Zaat 2021
Zong 2020 ——
[ Totalos% C) * |
0.2

0.5
Favours Programmed FET Favours Natural FET

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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Caesarean section

~

\ [ Odds ratio: 1.62 (1.53; 1.71) } /

-

N

Natural FET cycle

Large for gestational age infants
Macrosomia

~

/

~

KI’BBI for overall effect: Z=16.10 (P < 0.00001)

Higherrisk in NC-FET Higher riskin PC-FET

0Odds Ratio 0Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Saito 2017 04947 00388 16.0%  1.64(1.52,1.77] 2017 -
Ernstad 2019 03293 00708 98%  1.39(1.21,160) 2019 -
Jing 2019 05116 01023 61%  1.67(1.36,2.04] 2019 T
Saito 2019 05247 0.0441 148%  1.69[1.55,1.84] 2019 -
Zong 2020 05247 00441 148%  1.69(1.55 1.84) 2020 -
Asserhgj 2020 04187 01423 37%  1.52[1.15,2.01] 2020 ——
Makhijani 2020 03646 0166 28%  1.44[1.04,1.99] 2020 —
Pan 2020 07417 02878 10%  210[1.19,369) 2020
Wang 2020a 06116 00448 147%  1.84(1.69,201] 2020 -
Hu 2021 04187 00605 11.5%  1.52(1.351.71] 2021 —-
Li 2021 0.2151 01306 4.2%  1.24(0.96,1.60] 2021 1
Zaat 2021 0.3945 04936 04%  1.48(0.56,3.90] 2021
Total (95% CI) 100.0%  1.62[1.53,1.71] ¢

01 02 0.5 5 10

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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Programmed FET cycle Natural FET cycle

I Caesarean section Large for gestational age infants
Postpartum hemorrhage 1 Macrosomia

Odds ratio: 2.53 (2.19; 2.93)

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI

Emstad 2019 0967 00911 665% 263[2.20,3.14] 2019 E =

Lin 2019 1.2967 0.7374 1.0% 3.66(0.86,15.52] 2019

WWang 2020a 1.0784 03642 42% 294[1.44,6.000 2020

Asserhej 2020 08065 0.1468 256% 2.24[1.68,2.99] 2020 p——
Makhijani 2020 0.7031 07227 11% 2.02[0.49,8.33] 2020

Zaat 2021 0.8786 05739 1.7% 2.41[0.78,7.41) 2021

|Total (95% CI) 100.0% 2.53[2.19,2.93] <

LT =199, Ul=0(F=U33),T=U% '0.1 0'2 0'5 é é 10

Testfor overall effect: Z=12.51 (P < 0.00001) Higher risk in NC-FET Higher risk in PC-FET

Rosalik et al. Human Reprod 2021; Zaat et al. Human Reprod Update 2023; Yang et al. BMIC Pregnancy and Childbirth 2020
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Programmed FET cycle Natural FET cycle
I Caesarean section Large for gestational age infants
Postpartum hemorrhage Macrosomia

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

|

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

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



an 19
‘ 3
% @

"PACIFIC WAVES - EXPLORING SCIENTIFIC FRONTIERS INAN EVOLVING SOCIETY

R

Additional outcomes and impact of findings

Programmed FET cycle

I Caesarean section

Postpartum hemorrhage 1

Natural FET cycle

Large for gestational age infants

Macrosomia

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

ﬂi 000

40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
0

36.599

33.195
28.147 ey - 3570%
26.646 : - 31.8% ’

~ B -
23.8% 23.4%
8.305 10.568
6.353 G579 =

12.803

2017 2018 2019 2020 2021

39.474

- 3971%

15.445

2022

I durchgefihrte und plausible Zyklen Auftau durchgefihrte und plausible Zyklen Auftau mit Owulationsauslosung mit recHCG oder LHCG
Special evaluation of the German IVF Registry (D.I.R.), November 2024

42.658 50, 0%

B 0| 45,08
40,0%

35, 0%
30,0%

18.925 25,00
20,0%
15,0%
10,0%
5,0%
0,0%

/

21% increase
in ovulatory

FET cycles in

Germany

2023

Anteilin% /

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

(2018-2023)
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Follicular growth hcG+1 | hcG+2 | hcG+3 | hcG+4 | hcG+5 | hcG+6 | hcG+7 | hCG+8

plus P

14

plus P

Endometrium = 7mm, follicle > 14 mm,
progesterone < 1,5 ng/ml

micronised vaginal progesterone 400 mg BID till 11th week gestation
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Start Monitoring
(Endometrium) day 8

—

Endometrium = 7mm, follicle = 14 mm,
progesterone < 1,5 ng/ml

micronised vaginal progesterone 400 mg BID till 11th week gestation

Table 2. Comparison of pregnancy outcomes after frozen embryo transfer considering each subgroup with confounder adjustment.

AC (n=2226) NPP (n= 349) NC (n = 3216) P-value

hCG-positive pregnancy 1343 (60.4%) 0.96 219 (62.8%) 1.01 1978 (61.6%) Reference 0.56
(0.93-0.99) (0.96-1.07)

Clinical pregnancy 1122 (50.5%) 0.94 199 (57.0%) 1.01 1748 (54.4%) Reference <0.017
(0.91-0.96) (0.95-1.07)

Miscarriage 466/1335 (34.9%) 1.11 43/218 (19.7%) 0.98 491/1962 <0.01%1
(1.07-1.15) (0.92-1.04) (25.0%) Reference

Live birth 848/2206 (38.4%) 0.91 168/342 (49.1%) 1.02 1437/3182 <0.01* T
(0.88-0.94) (0.96-1.09) (45.2%) Reference

Pairwise P < 0.05 for the following comparisons:

*  ACversus NPP.

f ACversus NC.
PGT-A, preimplantation genetic testing for aneupoidies, AC, artificial cycle; NPP, natural proliferative phase; NC, natural cycle. Confounder-adjustment was
performed using multivariable GEE regression analysis, adjusting for the potentially relevant confounding variables: female age at oocyte retrieval, oocyte source
(autologous without PGT-A versus autologous with PGT-A versus donated), number of oocytes retrieved/donated, embryo developmental stage (Day 5 versus Day
6), number of embryos transferred, quality of best embryo transferred (A versus B versus C) and year of treatment. Confounder-adjusted data are presented with
odds-ratios (95% CIs), in which results with P < 0.05 from the reference group are highlighted in bold.
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Start Monitoring
(Endometrium) day 8

—

Endometrium > 7mm, follicle 2 14 mm, O('(\Q

- C
progesterone < 1,5 ng/ml \\\! S-M
WP o

ed /«n@vaginal progesterone 400 mg BID till 11th week gestation

nsidering each subgroup with confounder adjustment.

,\Sca(( «\QS \ NPP (n=349) NC (n=3216) P-value
8%) 1. .6%) Reference :
(\ o 219 (62.8%) 1.01 1978 (61.6%) Ref 0.56
(0.96-1.07)
2 : 199 (57.0%) 1.01 1748 (54.4%) Reference <0.01t
(0.91-0.96) (0.95-1.07)
6/1335 (34.9%) 1.11 43/218 (19.7%) 0.98 491/1962 <0.01%1
(1.07-1.15) (0.92-1.04) (25.0%) Reference
848/2206 (38.4%) 0.91 168/342 (49.1%) 1.02 1437/3182 <0.01* T
(0.88-0.94) (0.96-1.09) (45.2%) Reference

< 0.05 for the following comparisons:

AC versus NPP.

f ACversus NC.

PGT-A, preimplantation genetic testing for aneupoidies, AC, artificial cycle; NPP, natural proliferative phase; NC, natural cycle. Confounder-adjustment was
performed using multivariable GEE regression analysis, adjusting for the potentially relevant confounding variables: female age at oocyte retrieval, oocyte source
(autologous without PGT-A versus autologous with PGT-A versus donated), number of oocytes retrieved/donated, embryo developmental stage (Day 5 versus Day
6), number of embryos transferred, quality of best embryo transferred (A versus B versus C) and year of treatment. Confounder-adjusted data are presented with
odds-ratios (95% CIs), in which results with P < 0.05 from the reference group are highlighted in bold.
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Follicular growth hcG+1 | hcG+2 | hcG+3 | hcG+4 | hcG+5 | hcG+6 | hcG+7 | hCG+8

plus P

14

plus P

Endometrium = 7mm, follicle 2 14 mm,
progesterone < 1,5 ng/ml

micronised vaginal progesterone 400 mg BID till 11th week gestation

Endometrium = 6mm, follicle > 16 mm, estradiol
> 180 pg/ml

Dydrogesterone 10 mg/die till 7/8 week gestation




Start Monitoring
(Endometrium) day 10-12

500 +
400
5 300
c
8
200 4 on day of ET
100 +
0 (I
>1.5 ;'bgfrnl =15 ;'I;lfn'll

**Eggersmann, Hum Reprod 2024, ESHRE oral presentation

94.4% progesterone > 1.5 ng/ml

ET

Dyd Dyd Dyd Dyd Dyd Dyd Dyd
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Dydrogesterone 10 mg/die till 7/8 week gestation

Assessment of corpus luteum
activity possible
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Artificial FET cycles: Ovulatory cycles:
* Impact of dose, route and timing of estradiol and * Who benefits from hCG trigger?

progesterone in artificial FET cycles e Is |luteal phase support necessary in ovulatory cycles? For how
* Should aspirin be given to prevent hypertensive long?

disease? * What could personalized luteal phase support look like?
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Outcomes:

» fewer pregnancy complications in ovulatory FET
cycles, e.g. preeclampsia

Physiology:

e programmed FET cycles lack the corpus
luteum's secretion of vasoactive substances,
such as relaxin = these are critical for vascular
adaptation during pregnancy

Perspectives:
* personalized luteal phase support

—> target pregnancy in an ovulatory FET
cycle

(modified) natural, ovulation (stimulated)
induction

new (ovulatory) protocols:
e |ess monitoring and easier planning
* clinical outcomes and safety must now be
further investigated

* development of supplementation strategies for anovulatory women in programmed cycles

(e.g. corpus luteum products)
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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.
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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
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Which of the following adverse obstetrical outcomes has been reported

to differ significantly between programmed and natural frozen embryo
transfer (FET) protocols?

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

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
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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.
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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?

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
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