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The role of LH and progesterone in the luteal phase

LH Progesterone

� Totally responsible for steroidogenic
activity of the corpus luteum (Casper 
and Yen, 1979)

� Upregulation of growth factors, 
VEGF-A, FGF2 (Sugino et al., 2004; 
Wang et al., 2002)

� Upregulation of cytokines involved in 
implantation (Licht et al., 2001)

� Stimulation of LH receptors in 
endometrium (Rao, 2001; Tesarik et al., 
2003)

� Induces secretory transformation of the 
endometrium in the luteal phase 
(Bourgain et al., 1990)

� Progesterone deficiency delays 
endometrial maturation (Dallenbach-
Hellweg, 1984)

� Removal of CL prior to 7 weeks of 
gestation leads to pregnancy loss 
(Csapo, 1972)

� Normal pregnancy was sustained when 
progesterone was given after removal of 
CL (Csapo, 1973)
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Abnormal Luteal Phase of Stimulated Cycles

“Ovarian stimulation regimens used in 
assisted reproduction cycles alter the luteal 
phase”

Kolibianakis et al 2003

Ovarian stimulation causes:

� inadequate development of the 
endometrium 

� asynchrony between the endometrium and 
the transferred embryo and 

� adverse effects on endometrial receptivity

Macklon & Fraser 2000

Devroey et al 2004



The luteal phase defect in IVF is present whether 
GnRH agonist or antagonist is used.

Friedlers et al 2006



The possible mechanism 
responsible may be:

� Continuation of pituitary down 
regulation effect

� Loss of granulosa cells during oocyte 
retrieval 

� Formation of multiple CL leading to 
inhibition of pulsatile LH release

The luteal phase defect in IVF is present whether 
GnRH agonist or antagonist is used.

Friedlers et al 2006

Duration of luteal phase is shortened 
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Progesterone

Progesterone alone enough for LPS:

� in the presence of estrogen, 

progesterone trasforms a proliferative 

into a secretory endometrium, increases 

the receptivity of the endometrium and 

acts to maintain the pregnancy.

Micronized
Oral/vaginal - 200-600 mg daily
Vaginal Gel (8%) - 90-180 mg daily 
Vaginal Pessary - 100-400 mg daily

Intramuscular (oil based) - 100-400 mg daily

Subcutaneous (aqueous preparation) - 25 mg daily 

Synthetic – Dydrogesterone - 10 mg BD or TDS

Progesterone vs. Placebo or No treatment

� Higher live birth / ongoing PR

� Higher clinical PR

OR 
1.77

95% CI: 
1.09-2.86

5 RCTs, 642 
women

very low quality 
evidence

OR 
1.89

95% CI: 
1.30-2.75

7 RCTs, 841 
women

low quality 
evidence

van der Linden et al, Cochrane Database Sist Rev. 
2015 Jul 7;(7):CD009154.



Progressive diffusion of progesterone from the cervix to 
the fundus of the uterus

Bulletti et al. Hum Reprod. 
1997;12:1073-9
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Facicioglu et al. Gynecol Endocrinol 2004;18(5):240-3

�Vaginal Progesterone is more patient-friendly.

OR 
13.7

95% CI: 8.7-
21.5

407 women

Yanushpolsky et al, Fertil Steril. 2010 Dec;94(7):2596-9.





• An inclusion complex between progesterone and HPBCD 
exists also in the solid state and that included progesterone 
exists as an amorphous phase inside the complex.

New self-injectable P4 (hydroxypropyl-β-
cyclodextrin/progesterone complex )

Spray dried HPBCD/P 
(SD) particles at 
different 
magnifications.

Zoppetti et al, J Pharm Sci 2007;96(7):1729-36.

Fini et al, Pharm Res 
2008;25(9):2030-40.



The bioavailability of a 
water-soluble injectable 
Progesterone administered 
SC is equivalent to the IM 
oil preparation, even 
though the absorption is 
definitely more rapid.

New self-injectable P4 (hydroxypropyl-β-
cyclodextrin/progesterone complex )

Sator et al, Gynecol Endocrinol 2013;29(3):205-8.



New self-injectable P4 (hydroxypropyl-β-
cyclodextrin/progesterone complex )

No difference in the endometrial biopsies having been shown between the two 
doses tested, we suggest opting for the lowest dose (25 mg/d—the physiologic 
amount produced by the ovary in the mid luteal phase).

De Ziegler et al, Fertil Steril 2013;100(3):860-6.



New self-injectable P4 (hydroxypropyl-β-
cyclodextrin/progesterone complex )

Lockwood et al, Fertil Steril 2014;101(1):112-119.



Updated survey on the use of progesterone for luteal phase support in stimulated IVF 
cycles. July 31, 2012

72%



Liu et al, Reprod Biol Endocrinol 2012;10:107.





Estrogen as an adjuvant to LPS

Midluteal decline of serum E2 has an impact 
on endometrial receptivity and is deleterious 
to successful conception?

� In a group of normal- and high-response patients 
treated with a similar long protocol and supplemented 
with vaginal micronized P, neither the significant 
decline of midluteal E2 nor the absolute serum 
concentration of E2 correlated with implantation failure 
and therefore were not detrimental to IVF-ET outcome.

� E2 level seems to play a critical role in predicting clinical 
pregnancy: a markedly higher luteal E2 level in 
pregnant and a declining trend in non pregnant women.

Estradiol valerate
Oral/vaginal - 2-6 mg daily

Micronized estradiol
Oral/vaginal - 2-6 mg daily

Transdermal estradiol
Patches, 2 per week - 0,05-0,1 mg daily

Preparations avalaible

Friedler et al, Fertil Steril 2005;83(1):54-60.

Ganesh et al, Fertil Steril 2009;91(4):1018-22.



The currently available evidence suggests that the addition of estrogen to 
progesterone for luteal phase support does not increase the probability of 
pregnancy in IVF.

P vs P&E - Meta-analyses

Kolibianakis et al, Hum Reprod 2008;23(6):1346-54.

Jee et al, Fertil Steril 2010;93(2):428-36.

van der Linden et al, Cochrane Database Sist Rev. 2015 Jul 7;(7):CD009154.

A forest plot demonstrates no 
benefit of estrogen supplement 

during luteal phase of IVF cycles 
using GnRH agonist or antagonist 
in terms of clinical pregnancy rate 

(PR) per patient.



hCG

hCG addition to LPS. Background:

� hCG both bind to and activate the LH/ hCG receptor:

� induction of final follicular maturation and maintenance of the CL for early LPS.

� The half-life of hCG is significantly longer (days) than that of endogenous LH 

(hours) (Hoff et al., 1983; Weissman et al., 1996) and thus, a bolus of hCG leads 

to a prolonged luteotropic effect which in combination with the formation of 

multiple corpora lutea (CL) may lead to the development of ovarian 

hyperstimulation syndrome (OHSS) (Haning et al., 1985).

� Modified luteal phase support after GnRHa trigger, using a bolus of hCG to 

compensate for the LH activity deficiency during the early luteal phase seen 

after GnRHa trigger and, thus, dissociating the ovulation trigger from the luteal 

support.

Humaidan et al, Hum Reprod 2013;28(9):2511-21.



hCG: an old innovation?

Progesterone vs. Progesterone + hCG
Caligara 2007
Fujimoto 2002
Geber 2007
Ludwig 2001
Macrolin 1993
Ugur 2001
Wong 1990

Progesterone vs. hCG
Albert 1991
Artini 1995
Golan 1993
Humaidan 2006
Kupferminc 1990
Lam 2008
Loh 1996
Ludwig 2001
Martinez
Ugur 2001
Vimpeli 2001

van der Linden et al, Cochrane Database Sist Rev. 2015 Jul 7;(7):CD009154.



Progesterone vs. hCG
Progesterone vs. Progesterone + hCG

� Live birth / ongoing PR

�Clinical PR

�Miscarriage

�Multiple pregnancy

van der Linden et al, Cochrane Database Sist Rev. 2015 Jul 7;(7):CD009154.

OHSS:

� Progesterone was associated with 
lower rates of OHSS rates than hCG
with or without progesterone (OR 
0.46, 95% CI 0.30 to 0.71, 5 RCTs, 1293 
women).



Progesterone vs. hCG
Progesterone vs. Progesterone + hCG

�The average levels of hCG range between 
40 and 80 IU/l during the entire length of 
the luteal phase.

�This is around ten times higher than the 
LH concentration observed during the 
natural menstrual cycle (i.e. 4–10 IU/l).

� It is therefore not surprising that the 
incidence of OHSS was increased.

Andersen et al, J Assist Reprod Genet 2016;33(10):1311-1318.



hCG: new ways

Andersen et al, J Assist Reprod Genet 2016;33(10):1311-1318.

The ultimate goal may be to 
develop a long-acting hCG

variant in connection with the 
GnRHa trigger that can 

provide a constant low level 
of hCG in the physiological 
range throughout the luteal 

phase, potentially providing a 
new alternative LPS.



LPS: new ways

The basic principle of this new concept 
– ‘luteal coasting’– is to closely monitor 
the individual luteolytic process after 

GnRHa trigger in terms, and to 
intervene with an HCG rescue bolus 

when the process is firmly underway, 
but well before total and irreversible 

luteolysis has occurred.

� Daily monitoring of serum progesterone 
concentrations.

� 1500 HCG rescue bolus once progesterone 
concentrations drop below 30 nmol/l.



GnRH agonist

OVARY

� GnRHa would restore significant serum LH levels which would 
be of proven benefit since, beyond maintaining progesterone and 
E2 levels, this would stimulate other peptides secreted by the 
corpus luteum, such as relaxin (Loumaye et al., 1984).

ENDOMETRIUM

� A direct beneficial effect of LH on the endometrium which 
include stimulation of angiogenic and growth factors, as well as 
cytokines involved in implantation (Licht et al., 2001; Stewart, 
2001; Rao et al., 2002; Tesarik et al., 200).

� Both GnRH and GnRHR are expressed in vivo by the human 
endometrium throughout the menstrual cycle, with an increase 
during the luteal phase (Raga et al., 1998).

Preparations avalaible

Leuprolide

Triptorelin

Nafarelin
Pirard et al, Hum Reprod 2006;21(7):1894-900.

Maggi et al, Hum Reprod Update 2015;22(3).

Buserelin

GnRHa addition to LPS. Background:



GnRH agonist

ENDOMETRIUM

� Locally expressed GnRH peptides may regulate the proteolytic
degradation of the extracellular matrix of the endometrial stroma
and the motility of decidual endometrial stromal cells, which are 
crucial processes for trophoblast invasion of the maternal 
endometrium and for embryo implantation (Wu et al., 2009; Yu et 
al., 2011).

EMBRYO

� GnRH and GnRHR are expressed at the mRNA level in vitro in 
cultured mouse embryos during the preimplantation
development period (morula to hatching blastocyst stages). 

� Immunoreactive GnRH in the cytotrophoblast of prehatched
blastocyst and in the placental cytotrophoblast (Raga et al., 1999).

Preparations avalaible

Leuprolide

Triptorelin

Pirard et al, Hum Reprod 2006;21(7):1894-900.

Maggi et al, Hum Reprod Update 2015;22(3).
Nafarelin

Buserelin

GnRHa addition to LPS. Background:



2006

� 4 mg of E2 valerate + 400 mg of vaginal micronized progesterone daily.
� injection of 250 µg of human recombinant HCG on the day of embryo transfer.
..randomization..
� a single dose of GnRH agonist 6 days after ICSI.





2011
NO STOP GnRHa



2011
NO STOP GnRHa





Extension of GnRH agonist through the luteal phase





GnRHa Trigger

Current evidence seems to support the fact that the luteal phase in 
IVF/ICSI cycles in which final oocyte maturation was triggered 
with GnRHa can be rescued

� by either exogenous LH activity

(Humaidan et al. 2006, 2009)

� or endogenous LH activity

(Pirard et al., 2006)

resulting in a reproductive outcome comparable to that of hCG
triggered final oocyte maturation.

Current evidence seems to support the fact that the luteal phase in 
IVF/ICSI cycles in which final oocyte maturation was triggered 
with GnRHa can be rescued

� by either exogenous LH activity

(Humaidan et al. 2006, 2009)

� or endogenous LH activity

(Pirard et al., 2006)

resulting in a reproductive outcome comparable to that of hCG
triggered final oocyte maturation.



GnRH agonist as sole luteal support

2005

2006

2015

Group A 
(buserelin
3x/day) n = 35

Group B (micronized
progesterone 3x/day) 
n = 18

P

IR 11 (22%) 4 (15.4%) NS

PR/ET 11 (31.4%) 4 (22.2%) NS

CPR/ET 9 (25.7%) 3 (16.7%) NS



GnRH agonist as sole luteal support

�Repeated intranasal GnRH-a 
for luteal phase support is 
associated with a higher live 
birth rate compared with 
standard P supplementations.

2017





Overall <35 aa 35-39 aa >39 aa

IR 14.2% vs 11.9% 19.4% vs 16.3% 13.2% vs 11.7% 5.2% vs 4.0%

CPR 30.1% vs 28.5% 38.4% vs 36.1% 30.4% vs 28.1% 10.5% vs 9.3%

OPR 26.9% vs 24.4% 34.8% vs 30.5% 26.1% vs 25.0% 10.5% vs 9.3%



Unpublished data

age AH AHT ATT

Retrieved oocytes
(Mean + SD)

< 35 8.7+4.5 9.2+5.3 9.3+4.2 NS

> 35 7.8+4.1 7.6+4.3 7.3+2.9 NS

Inseminated oocytes
(Mean + SD)

< 35 5.2+2.1 5.3+2.4 4.2+1.4 NS

> 35 5.7+2.9 5.9+2.6 6.1+2.4 NS

Embryos obtained
(Mean + SD)

< 35 3.9+1.8 3.9+1.6 3.1+0.9 NS

> 35 4.1+2.2 4.0+2.0 4.2+2.1 NS

Transferred embryos
(Mean + SD)

< 35 1.7+0.6 1.7+0.6 1.5+0.7 NS

> 35 2.2+0.6 2.2+0.7 2.3+0.7 NS

� AH = Antagonist cycles with HCG as a 
trigger

� AHT= Antagonist cycles with HCG as a 
trigger and luteal triptorelin

� ATT= Antagonist cycles with triptorelin
as a trigger and luteal triptorelin

No significant differences between groups 

Laboratoy data



Unpublished data

Cumulative data BP PR DR IR AR

No 
Triptorelin

< 35
87/279 (31,2%) 72/279 (25,8%) 66/279 (23,6%) 17,52% 24,1%

Triptorelin < 35
168/507 (33,1%) 153/507 (30,1%)* 143/507 (28,2%)* 23,45%* 14,8%

No 
Triptorelin

> 35
71/241 (29,4%) 61/241 (25,3%) 54/241 (22,4%) 14,12% 23,9%

Triptorelin > 35
104/317 (32,8%) 93/317 (29,3%)* 87/317 (27,4%)* 19,78%* 16,3%

No 
Triptorelin

Total
patients 158/520 (30,3%) 133/520 (25,6%) 120/520 (23,1%) 15,6% 24,05%

Triptorelin Total
patients 272/824 (33%) 246/824 (29,8%)** 230/824 (27,9%)** 22,15%** 15,4%

* P< 0,05 compared to the corresponding group with no luteal triptorelin
** p < 0,01 compared to the corresponding group with no luteal triptorelin
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