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The Reproductive Paradox

• Young women have a life expectancy of 90-100 years

• Young women can expect to live up to 60 years or 2 
generations after end of their reproductive age ~18 - 42 years

• Only 10 years (30-40) to achieve: 
Partner, children, career, 
housing, economy…..

(A Nyboe Andersen)



Fertility declines with age – ovarian watch

Broekmans et al, Trends in 
Endocrin Metabolism, 2007



Low ovarian reserve



Ovary with a small volume and 
few antral follicles

Total-AFC = 4  
AMH < 3.0 pmol/l

Ovary with a large volumen and 
many antral follicles 

Total-AFC = 45
AMH = 58 pmol/l

Ovarian reserve
AMH and antral follicle count (AFC)



Fertility prognosis



ESHRE consensus on definition of 'poor response' 
to ovarian stimulation

Bologna criteria (Hum Reprod 2011)

Two of the following three features: 

• Advanced maternal age (> 40 years)

• Previous POR 
(< 3 eggs with a conventional stimulation protocol)

• Abnormal ovarian reserve test 
(AFC < 5-7 follicles or AMH < 0.5 – 1.1 ng/mL~ 6.28 pmol/L 
(Elecsys assay)



Targeted ovarian response
BALANCE: Obtain enough oocytes to ensure a sufficient number of blastocysts, 

but
avoid too many oocytes as this increases the risks (mainly OHSS)
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Ten follicles for all – can we achieve this? 
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Oligo – follicular
AFC 5

Normo –follicular
AFC 20

Multi-follicular
AFC 40

AMH = 5 AMH = 20  AMH = 40

Aim 100% 50% 25%



AMH as biomarker for dosing in
controlled ovarian stimulation dosing

• AMH is secreted by granulosa cells of antral follicles – the 
primary target for FSH

• AMH in serum reflects the sum of the granulosa cell mass 
from ”recruitable” follicles ranging from around 3-10 mm

• AMH represents the same as AFC, but may clinically be more 
predictive: hypo- and hyperresponse



IVF protocols



AMH dosing model used for COS in 1st cycles
Fertility Clinic, Rigshospitalet + Hvidovre Hospital, Copenhagen

• AMH1 < 12 (152) Long acting rFSH (Corifollitropin) 
+ antagonist

• AMH 12-28 (15-35) rFSH 150 iu/day + antagonist

• AMH  > 28 (>35) HP-hMG 112½ iu/day
(A Nyboe Andersen)

1AMH Elecsys, Roche. 
2Beckman-Coulter GEN I assay



Strategies for 
controlled ovarian stimulation

•Conventional stimulation High efficiency – High risk 

•Mild stimulation Low risk – Low efficiency 

•”Appropriate” (individual) stimulation High efficiency – Low risk 

How to achieve ”appropriate” (patient-tailored) stimulation

1) Individual FSH starting dose (and protocol)

2)Segmentation of patients using a fixed dose and protocol  to a certain group 
of patients



Profile of long acting FSH and daily rFSH



Aspirated oocytes after Corifollitropin

Corifollitropin
alfa

150 µg
(n=756)

rFSH
200 IU/d
(n=750)

Estimated 
Difference,

ANOVA (95% 
CI)

Mean (SD) 
number 
of oocytes 
retrieved 13.7 (8.2) 12.5 (6.7) 1.2* (0.5-1.9)

*P=0.001.
Predefined equivalence range: -3 to +5 oocytes.
Devroey et al. Hum Reprod. 2009;24:3063.

Engage trial, body 
weight > 60 kg

Quality of oocytes, by percentage of MII oocytes, was comparable between 
treatments
Note: Suspected high-responders (AFC >20) were excluded.



Aspirated oocytes after Corifollitropin

Corifollitropin 
alfa

100 µg
(n=268)

rFSH
150 IU/d
(n=128)

Estimated 
Difference,

ANOVA (95% 
CI)

Mean (SD) number 
of 
oocytes retrieved 13.3 (7.3) 10.6 (5.9) 2.5† (1.2-3.9)

Ensure trial

Bodyweight < 60 kg

Quality of oocytes, by percentage of MII oocytes, was comparable between 
treatments
Note: Suspected high-responders (AFC >20) were excluded.
Mannaerts B et al. RBM Online. 2009 
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11 – 14 oocytes
in ”standard” 
patients

Distribution of oocytes in long-acting rFSH cycles
in women with AMH < 12 pmol/l

5 oocytes

Modified from the data Nielsen AP et al, 2016



Is long-acting FSH in patients with 
AMH <12 pmol/l OHSS free?

In 599 ELONVA cycles in patients with AMH <15 pmol/l……

None of 599 had cancellation of the cycle, freeze all or GnRH agonist 
triggering to prevent OHSS

None of 599 needed any intervention (like ascites puncture, IV fluids or 
hospital admission) due to early or late OHSS



Why Long-acting rFSH to patients 
with AMH < 12 pmol/l 

”Maximum stimulation”

• Maximum recruitment allowing all ”growing follicles” to mature

• Risk of OHSS is extremely low in poor prognosis patients

• High FSH levels from day 1 and fast recruitment 
– probably good for avoiding asyncrony



Different treatment approaches

• Long acting rFSH (corifollitropin)
• Conventional FSH treatment

• Short vs. Long protocol in mature women
• Oocyte donation
• Fertility preservation





Malchau S et al., Hum Reprod in press



Copenhagen longitudinal ART (COLA) cohort

COLA-study conclusions

• 71% had a livebirth within 5 years
• 80% in women aged < 35 years
• 26% in women aged > 40 years

• 57% conceived after treatment and 
14% conceived spontaneously

• 34% conceived with IUI within 2 years



NEWS 2016
Fertility treatment 'works for most'
By James Gallagher Health editor, BBC News website, 5 July 2016

SUNDHED 27. AUG. 2016 KL. 10.35

Fertilitetsbehandling virker for de fleste

Medical News 5 July 2016

Most women undergoing fertility 
treatment will give birth within five years
Danish study showed 71% were successful within timeframe but chances 
of success were strongly linked to age, said researchers

HEALTH 4 July 2016

Three in four women WILL give birth within 
5 years of fertility treatment, study finds



Future	Perspectives

How	can	dormant	follicles	be	recruited?



Autotransplantation	of	fragmented	ovarian	cortical	tissue	in	
infertile	patients	with	premature	ovarian	oocyte	depletion
– a	study	to	promote	follicular	activation	and	subsequent	

fertility
Stine	Aagaard	Lunding,	MD,	phD	student

Kirsten	Tryde	Macklon,	Anette	Tønnes	Pedersen,	Claus	Yding	Andersen,	
Stine	Gry	Kristensen,	Janni	Vikkelsø	Jeppesen	and	

Anders	Nyboe	Andersen

The	Fertility	Clinic,	Rigshospitalet	Copenhagen
The	Laboratory	of	Reproduction	Biology,	Rigshospitalet	Copenhagen



• Is	it	possible	through	disruption	of	normal	ovarian	
structure	to	enhance	growth	of	small	follicles?

• Does	follicular	growth	appear	in	the	ectopic	tissue	or	
in	the	cortex	from	where	the	biopsies	where	taken?

• Could	this	benefit	pregnancy	prognosis?	
(ART/natural	conception)

Aim



Follicular	recruitment

Stefania	Latini	2008

Puberty:
3-500.000

Lifetime	ovulations:
Approx.	500



Folliculogenesis

Hsueh et al. 2015 



Can we predict the reproductive life-span?

Broer, et al., JCEM 2011 

Low age specific 
AMH is associated 
with a shift towards 
earlier menopause.

High age specific 
AMH is associated 
with a shift 
towards late 
menopause.

• Inter-individual variation in the onset of menopause

• AMH and total AFC as indicators of ovarian reserve



Avoiding this scenario in the future?



Fertility Assessment and Counselling

We have to assess the use of FAC critically and 
base it on evidence



Final remarks

• Fertility treatment in women >45 yrs of age is illegal in DK
• Long acting rFSH can be used for ovarian stimulation in 

mature women (patient friendly and low risks)
• Mature women can be high responders thus use AMH/AFC for 

dose decision making
• Only 1 in 4 women >40 yrs of age achieve live birth after ART  
• Oocyte donation can be the only solution
• Activation of dormant follicles may be used in the future
• Fertility counselling to avoid the scenario of fertility 

preservation in the future



Thanks for your attention 


