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WhyWhy do do wewe use hCGuse hCG

60´s – LH was measured to time OPU
70´s – agonist triggering described

80´s – hCG binds and activates LH receptor
good for timing OPU
OHSS developed

00´s – interest renewed in the antagonists era

60´s – LH was measured to time OPU
70´s – agonist triggering described

80´s – hCG binds and activates LH receptor
good for timing OPU
OHSS developed

00´s – interest renewed in the antagonists era

Kessler, 1979

Nakano, 1973



Introduction

•• OHSS still remains a complication of ARTOHSS still remains a complication of ART

•• ‐‐ovarian stimulationovarian stimulation

•• ‐‐ HCG for triggeringHCG for triggering

Prevalence: 0.6 Prevalence: 0.6 –– 14% in IVF14% in IVF
Severe OHSS: 0.2Severe OHSS: 0.2--0.5%0.5%

Mozes, Lancet 1965
García Velasco & Pellicer, 2002



LH surge: LH surge: GnRHaGnRHa vsvs naturalnatural

Hoffer, 1983; Gonen, 1990; Itskovitz, 1991
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• Triggering final oocyte maturation with a 
bolus of GnRHa is possible under the 
antagonist protocol

• GnRHa triggering has shown to prevent OHSS 
but poor reproductive outcome was reported 
(LPD)

Itskovitz et al 1988; Lanzone et al 1989; Gonen et al 1990

Fauser et al 2002; Griesinger et al 2006

GnRHa triggeringGnRHa triggering



IntroductionGnRH agonist: poorer outcomeGnRH agonist: poorer outcome



MetaMeta--analysis analysis 
Pooled data

Reduced probability of clinical pregnancy

GnRH agonist: poorer outcomeGnRH agonist: poorer outcome

Griesinger et al 2006
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• All stimulated IVF/ICSI cycles have abnormal LP

vs 8.1% natural cycles

• Main reason is the inhibition of LH secretion due 
to supraphysiological steroid levels 
– multifollicular development

– long half life of hCG

• Shorter duration of LH secretion = luteolysis

Edwards, 1980; Fatemi, 2007

Tavaniotou, 2001; Fauser and Devroey, 2003

Luteal Luteal phasephase



How to rescue the luteal phaseHow to rescue the luteal phase



• Pilot study

• 20 egg donors

• 150 rFSH – antag day 5 

• 0.2 mg triptorelin to trigger

• >6 and <20 folls >14mm

•• a) E2 patches /3 days + P4 200/12ha) E2 patches /3 days + P4 200/12h

•• b) same + 500 IU triggering day +4, +7 and +10 b) same + 500 IU triggering day +4, +7 and +10 

Trying to understand the LPTrying to understand the LP

Garcia-Velasco et al. Fertil Steril 2010



GnRHa/hCG OPU +4 +7 +10

• US
• serum (FF)
• questionnaire
• duration LP

Trying to understand the LPTrying to understand the LP



(hCG)(hCG)
nn=10=10

(E2+P4)(E2+P4)
nn=10=10 p value

Age (Age (yy)) 28.2 26.2 0.264

BMI (kg/m2)BMI (kg/m2) 22.1 22.0 0.935

total FSH (IU)total FSH (IU) 1980 1965 0.912

# oocytes# oocytes 14.5 15.9 0.734

CharacteristicsCharacteristics



Duration LP (days) 15 11 p=0.003

(hCG)(hCG)
nn=10=10

(E2+P4)(E2+P4)
nn=10=10

Luteal phase durationLuteal phase duration



Low dose hCG

E2 + P

* *

Serum estradiolSerum estradiol

Garcia-Velasco et al. Fertil Steril 2010



Low dose hCG

E2 + P

* *

Serum ProgesteroneSerum Progesterone

Garcia-Velasco et al. Fertil Steril 2010



Low dose hCG

E2 + P

*
*

Serum LHSerum LH

Garcia-Velasco et al. Fertil Steril 2010



Low dose hCG

E2 + P

p = n.s

Serum VEGFSerum VEGF

Garcia-Velasco et al. Fertil Steril 2010



Low dose hCG

E2 + P

* * *

Ovarian volumeOvarian volume



ASCITESASCITES

All fluid pockets (median + 2 DS)All fluid pockets (median All fluid pockets (median ++ 2 DS)2 DS)

45º

•• Vaginal ultrasoundVaginal ultrasound

•• Lithotomy position (45Lithotomy position (45˚̊))

•• Vaginal probe 6.5 MHzVaginal probe 6.5 MHz

Same explorerSame explorer

Alvarez et al. J Clin Endocrinol Metab 2007

Free fluid (cm2)Free fluid (cm2)



Low dose hCG

E2 + P

* *

Free fluid (cm2)Free fluid (cm2)



OHSS Prevention:  GnRHaIntroductionGnRH agonist triggering
OHSS prevention

GnRH agonist triggering
OHSS prevention



hCGhCG

Early OHSSEarly OHSS

Ovarian responseOvarian response

3–9 
days
33––9 9 
daysdays

Late OHSSLate OHSS

PregnancyPregnancy

10–17 
days

1010––17 17 
daysdays

Lyons et al. 1994; Mathur et al. 2000

IntroductionOHSS preventionOHSS prevention

✗✗



PathophysiologyPathophysiology

hCGhCG

Granulosa 
cells

LH/hCG 
receptors
LH/hCG 

receptors

Endothelial cells

LH/hCG 
receptors
LH/hCG 

receptors

Monocytes

LH/hCG 
receptors
LH/hCG 

receptors

Gordon. 1996; Li 1995; Cohen 1996; Standaert et al., 1992; Toth 1994



InterventionsInterventions OHSS incidenceOHSS incidence Luteal support Luteal support 
in recipientsin recipients

NNºº eggs, embryo eggs, embryo 
qualityquality

PR and IRPR and IR
Acevedo Acevedo 

et al et al 
20062006

Antagonist 
1)GnRHa
2) hCG

0/30

5/30 (17%)

Oral E2 and 
natural P4 
(600mg9 NS

Melo et alMelo et al
20072007

Antagonist
1)GnRHa
2)HCG

0/35

6/35 (17%)

Oral E2 and 
natural P4 NS

Bodri et Bodri et 
alal

20082008

Antagonist
1)aGnRHa
2)HCG

0/1046

13/1031 (1.26%)

Oral E2 and 
natural P4 NS

Shapiro Shapiro 
et alet al
20072007

Antagonist
1)GnRHa
2)HCG

0/36

1/42 (2.3%)

E2 oral and P4 
im

NS

Donor studiesDonor studies

IntroductionGnRH agonist triggering
OHSS prevention

GnRH agonist triggering
OHSS prevention



Alvarez A et al (ESHRE 2009)

GnRHaGnRHa hCGhCG
nn 760 84

ageage 25.6 26.4

BMIBMI 22.2 22.1

cancelledcancelled 8.2 8.5

days of stimdays of stim 10.06 10.1

FSH doseFSH dose 1747 1726

# oocytes# oocytes 13.8 12.5

LP durationLP duration 5.25.2 8.58.5

general condgeneral cond 12.812.8 38.938.9

NO OHSS !!NO OHSS !!NO OHSS !!

GnRH agonist prevents OHSSGnRH agonist prevents OHSS



OHSS Physiopathology

VASCULAR

PERMEABILITY

??

Fluid to 3rd spaceFluid to 3rd space

HYDROTORAXHYDROTORAX

Introduction

ASCITISASCITIS

hCGhCG



hCGhCG

VEGF
VEGF-R2
VEGF

VEGF-R2

Endothelium
Granulosa

SU-5416
VEGFVEGF--R2R2

OVARIAN
VASCULAR

PERMEABILITY

OVARIAN
VASCULAR

PERMEABILITY

Gómez et al. Endocrinology 2002; 143:4339–4348
Gómez et al. Biol Reprod 2003; 68:2164–2171



-Vasoactive properties (Motro, Senger)

-It is elevated in women with OHSS (Abramou 1997., 
Revel 1996)
-mRNA is elevated after HCG administration (Neulen 
1995, Loret de Mola 1996)
-HCG induce the expression of VEGF and VEGF-
R2 in OHSS (Wang, 2002, Gómez R 2002)

VEGF

hCG OHSS Physiopathology

VEGF:VEGF:
The key vascular mediator in OHSSThe key vascular mediator in OHSS
It is released after HCG administration It is released after HCG administration 

Reis et al, Human Reprod Update, 2008



•• sVEsVE‐‐CadherinCadherin

VASCULARVASCULAR

PERMEABILITYPERMEABILITY

- sVE-cadherin is expressed in 
endothelial cells 

- Serum levels are higher in 
patients with OHSS 

- sVE-cadherin concentration 
decreased with clinical 
improvement

Villasante et al Hum Reprod 2007; JCEM 2007

Other mediatorsOther mediators

OHSS Physiopathology



Angiopoietins Angiopoietins 11 & & 22

Growth factor family influencing endothelial cell regulationGrowth factor family influencing endothelial cell regulation

Both bind the same receptor (Both bind the same receptor (TieTie--2)2)

Factores angiogénicos implicados en el 
SHO: Angiopoietinas

Molskness et al. Fertil Steril 2006; Fraser H Reprod Biol Endocrinol 2006
Tesis María Cerrillo



VEGF

VEGFR-2

Ang-2

Ang-1

Tie-2

Caderina-VE

Tie-2

VEGFR-2

Endothelial 
cell Endothelial 

cell

Rho

mDia

Ang-1

Src

Ang-2

Mecanismo molecular: interrelación VEGF, Ang-2,VE-
Caderina y aumento permeabilidad vascular en el SHO

Fluid leakage

Thomas et al, 2009, Hellmut et al 
2009



Objective

To investigate 
VEGF
sVE-cadherin
angiopoietin 2

modulation by hCG vs GnRHa in oocyte donors 
undergoing COH with antagonist protocols

ObjectivesObjectives



Material and MethodsDesignDesign

A.A.Pilot studyPilot study

-- 39 donors39 donors
-- long agonist hCG long agonist hCG vsvs antagonist antagonist GnRHaGnRHa

B.B.Prospective, cohort studyProspective, cohort study

-- 64 donors64 donors
-- antagonist hCG antagonist hCG vsvs antagonist antagonist GnRHaGnRHa



Cerrillo M et al. Fertil Steril, 2008

- Prospective, proof-of-concept trial in egg donors 

- Long + hCG vs antagonist-GnRHa

-- No differences in # oocytes, IR or PRNo differences in # oocytes, IR or PR

-- Shorter luteal phase  and less subjective symptoms in donors thShorter luteal phase  and less subjective symptoms in donors that at 
received GnRHareceived GnRHa



hCG hCG 
n:26n:26

aGnRHaGnRH
n:30n:30 P valueP value

AgeAge 25.4 ±4 23.8 ± 3.9 (0.22)

BMI (kg/m2)BMI (kg/m2) 21.5±2.9 22.04±2.34 (0.52)

Days stimulationDays stimulation 8.5±1.2 8.9±1.2 (0.29)

rFSH dose (IU)rFSH dose (IU) 1307±235 1377±234 (0.35)

Estradiol (pg/mL)Estradiol (pg/mL) 2537±1032 2213±979 (0.17)

ProgesteroneProgesterone 0.78±0.5 0.82±0.33 (0.78)

# eggs # eggs 14±4.6 17±8 (0.12)

luteal phase (d)luteal phase (d) 10.2±1.1 5.2±1.65 <0.001

SymptomsSymptoms 42% (8) 0 <0.005

Mod/Mod/sevsev OHSS (%)OHSS (%) 0 0 NS

ResultsIntroduction

Cerrillo et al. Fertil Steril 2010

OHSS Prevention
Antagonist Protocol
OHSS Prevention
Antagonist Protocol



IntroductionVascular Mediators RegulationVascular Mediators Regulation

hCGhCG
n=26n=26

GnRHaGnRHa
n=30n=30

P valueP value

VE Cadherin
Serum (ng/mL)

0.32 ±0.13 0.34 ±0.10 NS

VE Cadherin
FF

0.34 ±0.15 0.36 ±0.12 NS

Angiopoietin 2
Serum (pg/mL) 263 ± 85 460 ± 291 NS

Angiopoietin 2
FF 3341 ± 897 4713 ± 696 NS

VEGF
Serum (pg/mL)

708 ± 332 594 ± 259 NS

VEGF
FF

5094 ± 1280 3762 ± 1118 <0.001



Real-time PCR

GnRHa                 hCG

P<0.05

IntroductionVEGF mRNA expressionVEGF mRNA expression

Cerrillo et al. Fertil Steril 2010



Real-time PCR

GnRHa                 hCG

P = NS

Real-time PCRIntroductionAngiopoietin‐2 mRNA expressionAngiopoietin‐2 mRNA expression

Cerrillo et al. Fertil Steril 2010



ConclusionsConclusions

• We have demonstrated a differential impact of 
steroids and low dose hCG on corpus luteum 
function

• Also, ovarian size, free‐fluid and patient 
comfort are significantly different

• Triggering final oocyte maturation with GnRH 
agonists differentially regulates vascular 
mediators



• VEGF, rather VE‐Cadherin and Angiopoietin 2, 
is significantly increased after HCG 
administration, contributing to increased 
vascular permeability

• The differential regulation of vascular proteins, 
such as VEGF, may explain the hypothetical 
benefits of protocols that avoid HCG to reduce 
OHSS incidence

ConclusionsConclusions
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