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History of ovarian stimulation

• 1970 Clomifen

hMG

• 1980 GnRH-agonist / hMG

• 1990 recFSH / hMG

GnRH-antagonist / hMG or recFSH



Aim of ovarian stimulation for ART

simple: soft stimulation

safe: less ovarian hyperstimulation syndromes

comfortable: less multiples

successful: high pregnancy rates

cheap: most difficult point



Structure of GnRH and analogues
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Pro- and controversies

Point to discuss
• Follicle growth and estradiol levels
• Number of follicles
• Duration of treatment and drug exposure
• Oocyte pickup and embryo transfer
• Embryo quality
• Clinical outcome: implantation, pregnancy rate and 

live birth rate



Treatment regimen: Ganirelix vs. GnRH-a



Results of these studies
Ganirelix vs GnRH-ag

• shorter stimulation

• less rec. FSH

• lower E2 levels

• same number of good quality embryos



Ongoing pregnancy rate phase III trials
per started cycle



Does the probability of live birth after ovarian 
stimulation and IVF depend on the type of GnRH-

analogue used? 

A systematic review and meta-analysis

G Griesinger, J Collins, B Tarlatzis, 
P Devroey, K Diedrich, EM Kolibianakis



Citation Year Effect Lower Upper PValue

Albano 2000 ,829 ,444 1,547 ,556

European 2000 ,748 ,519 1,078 ,119

Olivennes 2000 ,799 ,336 1,901 ,612

North American 2001 ,777 ,470 1,284 ,324

Middle East 2001 ,973 ,604 1,568 ,910

Akman 2001 ,760 ,177 3,263 ,712

Hohmann 2003 ,929 ,398 2,169 ,865

Martinez 2003 1,569 ,307 8,011 ,587

Franco 2003 ,545 ,065 4,562 ,573

Hwang 2004 1,105 ,347 3,526 ,866

Sauer 2004 1,067 ,334 3,409 ,913

Xavier 2005 ,845 ,288 2,484 ,760

Loutradis 2005 ,704 ,271 1,827 ,469

Malmusi 2005 1,000 ,257 3,888 1,000

Marci 2005 10,358 ,533 201,451 ,062

Cheung 2005 1,550 ,242 9,940 ,642

Check 2005 1,818 ,518 6,382 ,347

Barmat 2005 ,651 ,262 1,621 ,356

Bahceci 2005 ,839 ,436 1,613 ,598

Badrawi 2005 ,803 ,320 2,015 ,640

Schmidt 2005 1,000 ,181 5,533 1,000

Lee 2005 ,696 ,229 2,114 ,522

Fixed Combined (22) ,859 ,722 1,021 ,085

0,1 0,2 0,5 1 2 5 10

Favor agonists Favor antagonists

Odds ratio:0.859

p=0.085

LIVE BIRTH

Rate difference

2.7%



1.1 less days with antagonists

p<0.001

Duration of FSH treatment
Review: GnRH Antagonists vs. GnRH agonists
Comparison: 05 Duration of stimulation                                                                                    
Outcome: 01 Duration of stimulation                                                                                    

Study  Antagonists  Agonists  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Year

Albano                 181     10.60(2.30)          77     11.40(1.80)       7.01    -0.80 [-1.32, -0.28]       2000
Olivennes              115      9.40(1.40)          36     10.70(1.70)       6.91    -1.30 [-1.91, -0.69]       2000
European               448      9.00(2.01)         224     10.00(2.35)       7.16    -1.00 [-1.36, -0.64]       2001
Middle East            215      9.00(1.46)         106     11.00(1.80)       7.13    -2.00 [-2.39, -1.61]       2001
Martinez                21      9.30(2.10)          23     10.40(2.60)       5.65    -1.10 [-2.49, 0.29]        2003
Hwang                   25      9.90(2.10)          24     10.80(2.20)       5.99    -0.90 [-2.11, 0.31]        2004
Sauer                   21      9.30(1.10)          23      9.70(1.70)       6.60    -0.40 [-1.24, 0.44]        2004
Badrawi                 47     10.32(1.38)          50     11.42(2.31)       6.73    -1.10 [-1.85, -0.35]       2005
Bahceci                 59     11.97(2.30)          70     13.92(1.40)       6.84    -1.95 [-2.62, -1.28]       2005
Barmat                  36      9.10(1.80)          41      9.00(1.28)       6.79     0.10 [-0.61, 0.81]        2005
Cheung                  19     10.50(2.70)          21     11.50(2.40)       5.29    -1.00 [-2.59, 0.59]        2005
Loutradis               58     10.80(1.80)          58     10.30(1.30)       6.96     0.50 [-0.07, 1.07]        2005
Marci                   29      9.80(0.80)          26     14.60(1.20)       6.99    -4.80 [-5.35, -4.25]       2005
Schmidt                 14     10.10(0.30)          12     10.10(0.60)       7.15     0.00 [-0.37, 0.37]        2005
Xavier                  53      9.50(1.70)          59     10.60(2.10)       6.79    -1.10 [-1.80, -0.40]       2005

Total (95% CI)   1341                         850 100.00    -1.13 [-1.83, -0.44]
Test for heterogeneity: Chi² = 281.57, df = 14 (P < 0.00001), I² = 95.0%
Test for overall effect: Z = 3.19 (P = 0.001)

 -10  -5  0  5  10

 Favor antagonists  Favor agonists



3.0 ampoules less with GnRH antagonists

p<0.07

FSH requirement



COCs retrieved

1.2 COCs more with GnRH agonists

p<0.001 

Review: GnRH Antagonists vs. GnRH agonists
Comparison: 02 COCs                                                                                                       
Outcome: 01 COCs retrieved                                                                                             

Study  Antagonists  Agonists  WMD (random)  Weight  WMD (random)
or sub-category N Mean (SD) N Mean (SD)  95% CI  %  95% CI  Year

Albano                 166      8.00(4.90)          72     10.60(6.60)       5.97    -2.60 [-4.30, -0.90]       2000
Olivennes              113      9.20(5.10)          36     12.60(7.40)       3.79    -3.40 [-5.99, -0.81]       2000
Akman                   20      4.50(1.63)          20      5.50(2.98)       6.63    -1.00 [-2.49, 0.49]        2001
European               463      8.70(5.60)         238      9.70(6.20)       8.53    -1.00 [-1.94, -0.06]       2001
Middle East            226      7.90(5.10)         111      9.60(6.80)       6.83    -1.70 [-3.13, -0.27]       2001
Franco                  14     10.50(6.50)           6     10.10(4.60)       1.38     0.40 [-4.61, 5.41]        2003
Martinez                23      3.70(1.90)          21      5.60(4.30)       5.13    -1.90 [-3.90, 0.10]        2003
Hwang                   25     16.30(6.40)          27     17.60(5.90)       2.65    -1.30 [-4.65, 2.05]        2004
Badrawi                 47      9.68(5.28)          50     12.60(6.15)       4.44    -2.92 [-5.20, -0.64]       2005
Bahceci                 59     19.33(9.00)          70     21.60(11.00)      2.54    -2.27 [-5.72, 1.18]        2005
Barmat                  36     12.50(3.28)          41     15.00(4.50)       5.83    -2.50 [-4.25, -0.75]       2005
Check                   24      9.60(7.70)          30     17.60(10.10)      1.51    -8.00 [-12.75, -3.25]      2005
Cheung                  19      5.89(3.02)          21      5.62(4.17)       4.52     0.27 [-1.97, 2.51]        2005
Loutradis               58      8.10(2.40)          58      8.70(3.00)       8.35    -0.60 [-1.59, 0.39]        2005
Malmusi                 18      2.50(1.20)          24      3.50(1.40)       9.03    -1.00 [-1.79, -0.21]       2005
Marci                   29      5.60(1.60)          26      4.30(2.20)       8.22     1.30 [0.27, 2.33]         2005
Schmidt                 14      8.90(0.90)          12      9.00(1.20)       8.90    -0.10 [-0.93, 0.73]        2005
Xavier                  53     10.10(4.60)          59     10.60(5.00)       5.73    -0.50 [-2.28, 1.28]        2005

Total (95% CI)   1407                         922 100.00    -1.19 [-1.82, -0.56]
Test for heterogeneity: Chi² = 48.11, df = 17 (P < 0.0001), I² = 64.7%
Test for overall effect: Z = 3.70 (P = 0.0002)
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Citation Year Rate1 Rate2 PValue Effect Lower Upper

Albano 2000 ,00 ,01 ,20 ,16 ,01 3,91

Badrawi 2005 ,04 ,04 1,00 1,00 ,15 6,82

Bahceci 2005 ,04 ,07 ,49 ,62 ,15 2,49

European 2000 ,01 ,02 ,07 ,33 ,10 1,17

Lee 2005 ,07 ,10 ,72 ,73 ,13 4,04

Middle East 2001 ,02 ,05 ,07 ,34 ,10 1,17

North American 2001 ,01 ,02 ,76 ,76 ,13 4,46

Olivennes 2000 ,02 ,05 ,25 ,34 ,05 2,35

RandomCombined (8) ,01 ,47 ,27 ,84

0,01 0,1 1 10 100

Favor agonists Favor antagonists

RR : 0.47

~ 2 times less  risk to be admitted due to OHSS with GnRH antagonists

Hospital admission due to OHSS



Summary I
• Advantages of GnRH-antagonists

- simple stimulation
- fixed initiation of GnRH-antagonist on day 6
- no LH supplementation
- no increase of gonadotrophin dose at GnRH-

antagonist initiation
- ovulation induction for ART by dominant follicle of 

≥ 17mm
- luteal phase supplementation is mandatory



Summary II
• Advantages of GnRH-antagonists

- fits into the normal cycle
(„the patients like it“)

- less side effects in comparison to the long protocol:
1. Ø cysts
2. Ø hormonal withdrawl
3. less OHSS

- no significant difference in the probability 
of live birth between GnRH-agonists and 
antagonists



Important points for ovarian stimulation 
with gonadotrophins + GnRH-antag.

• low progesterone at the beginning of stimulation

• LH level on day 8 should be low (< 1.0 IU/l)

• Endometrial advancement < 3 days

• Early hCG administration (> 3 follicles > 17mm)_ _

_



New protocols in ovarian stimulation
with GnRH-antagonists

• individualization of the stimulation

• „soft protocols“

• oral contraceptives



Oral contraceptives data

Shapiro, Fertil. Steril. 2003

without OCs

(n = 86)

with OCs

(n = 136)

41.4%41.7%pregnancy per ET

33.7%33.1%pregnancy per attempt

21.2%18.7%implantation rate

- no difference in ovarian response and outcome
- timing and scheduling easier



The soft stimulation protocols

II. Simple



Comparison rec FSH vs urinary gonadotrophins

Al-Inany et al., Hum Reprod 2003







1 2 3 4 5 6 7 8 9

FSH Activity

Stimulation days

threshold

Induced multiple follicle growth by 
long-acting recFSH and daily recFSH



150 mcg

Start cycle day 1-3  
single dose FSH-CTP

* HCG  3 follicles  17 mm

IVF

or

ICSI

Luteal Phase

Support

Treatment day 8 continue Puregon

150 mcg

Start cycle day 2-3  
single dose FSH-CTP

* HCG  3 follicles  17 mm

IVF

or

ICSI

Luteal Phase

Support

150 IU 

Treatment day 8 continue Puregon

Start GnRH-antagonist 
day 5 or 6



The future of ovarian stimulation

121110987654321

cycle day

FSH CTP  s.c. GnRH-Antagonist p.o.



The future of ovarian stimulation

121110987654321

cycle day

Depot FSH s.c. GnRH-Antagonist p.o.

Oral LH Mimetic



The future of ovarian stimulation

121110987654321

cycle day

Oral FSH mimetic GnRH-Antagonist p.o.

Oral LH Mimetic



Ovarian stimulation in 2025

New drugs & 
modified protocols

FSH-CTP

Orally active non 
peptid FSH and LH

Orally active GnRH-
antagonists

Aromatase Inhibitors

In vitro maturation

without

ovarian stimulation

Oocyte/ovarian
tissue banking for all 

women

In-vitro 
folliculogenesis

In-vitro Maturation


