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SUCCESS in IVF ? 





 It is generally considered that age 
is the primary driver of treatment 
success in IVF programmes 

By postponement of childbearing, a 
growing number of couples attempting 
pregnancy will experience reduced 
fecundability 

 

Strict embryo transfer policy 

 

Woman age and fertility 



Woman age and fertility 



success rates after ART 

(2006 report - US Center for Disease Control and Prevention) 

Woman age and fertility 



Ferraretti, HR 2011 

Woman age and fertility 



How many is better ? 

Oocyte yield plays a 

critical role in 

predicting IVF 

success 





 The causes of drop-out 
are summarize:  

 the principal reason for 
dropping-out was the 
physical or psychological 
burden of treatment 
(28%).  

 In 14% of drop-out 
patients, the primary 
reason for stopping 
treatment was a poor 
prognosis identified by a 
physician (actively 
censored) 40% of couples abandon IVF after a single 

cycle  



COH – IVF 

:Multifollicular ovulation induction 



Poor response 
Suboptimal laboratory performance 
Cancelled cycles 

Excessive response 
Supraphysiologic E2 
OHSS 
Economic burden 

“Optimum” response 

Gonadotrophin dosage 

Oocyte number 

 It is evident that patients have different ovarian responses to the same ovarian stimulation 

 The ability to predict this variation in ovarian response is very useful in making ovarian 
stimulation  

 Safe  

 Effective  



Ovarian response 

prediction ? 
 For patients predicted to have a poor ovarian 

response: 

 clinicians may decide to counsel patients not to proceed 
with treatment or  

 alter their treatment protocol or  

 even to suggest egg donation at an early stage in their 
management 

 For patients anticipated to have an excessive 
ovarian response: 

 clinicians can provide guidance on the potential risks 
associated with treatment  

 in addition to increased monitoring during treatment, and  

 can recommend alterations in treatment schedules 
accordingly 



Accurate prediction of ovarian 

response 

 enable clinicians to give women more accurate 

information about the expected outcome of IVF 

treatment 

 enable individualization of the therapeutic strategy 

The main aim of treatment individualization in 

IVF is  
 to maximize the success 

 to minimize the risk of OHSS 

 to minimize cycle cancellation 

Treatment individualization: 

iCOS 



Ovarian response prediction 

? 

 Choice is likely to be empirical 

 Age 

 BMI 

 Previous cycle response 

 

 Ovarian reserve tests 

 USG: AFC 

 Biochemical: FSH, AMH 

 



 Our current understanding of female reproductive function is that 
the ovary contains a limited number of primordial follicles and that 
their depletion marks the menopause.  

 The remaining primordial follicle pool is referred to as the ovarian 
reserve.  

 Throughout life, until their numbers are exhausted, primordial 
follicles leave the primordial follicle pool to enter the growing pool, 
with the vast majority intended to undergo atresia.  



Ovarian reserve: Non-growing 

follicles  

menopause having around 35,000 NGFs and late menopause

women having over 2.5 million NGFsper ovary at birth.

We describe the percentage of the NGF population remaining

for a given age for women whose ovarian reserve isestablished and

declines in line with our model (Figure 5). We estimate that for

95% of women by the age of 30 yearsonly 12% of their maximum

pre-birth NGF population is present and by the age of 40 years

only 3% remains. The hypothesis that early (respectively late)

menopause is related to low (respectively high) peak population at

18ï22weeks post conception is illustrated in Figure 6.

Rates of NGF Recruitment towards Maturation
To investigate the number of NGFs recruited towards

maturation and ovulation or apoptosis each month we have

solved our model to show (Figure 7a) that the maximum

recruitment of 880 NGFs per month occurs at 14 years 2 months

for the average age at menopause woman. While the maximum

rate of recruitment varies hugely, from around 100 NGFs per

month (Figure 7b) to over 7,500 NGFs per month (Figure 7c) for

women with an early or late menopause respectively, the rate of

NGF recruitment increases to a plateau at just over 14 years and

then decreases for women in general irrespective of how many

NGFs were established by birth.

Discussion

In this study we have identified the first model of human

ovarian reserve from conception to menopause that best fits the

combined histological evidence. This model allows us to estimate

the number of NGFs present in the ovary at any given age,

suggests that 81% of thevariance in NGF populations isdueto age

alone, and shows that the rate of NGF recruitment increases from

birth to age 14 years then declines with age until menopause.

Further analysis demonstrated that 95% of the NGF population

variation is due to age alone for ages up to 25 years. The

remaining 5% isdue to factors other than age e.g. smoking, BMI,

parity and stress. We can speculate that as chronological age

increases, factors other than age become more important in

determining the rate at which NGFs are lost through apoptosis.

We have made two major assumptions in our study. Firstly, that

the results of the eight histological studies that have estimated the

total number of NGFs per human ovary are comparable. The

definition of a NGF is identical in six of the studies and similar in

the remaining two studies. The counting techniques all used a

variation of the technique first described by Block [8]. Our

assumption is in line with that of Faddy and Gosden who also

assumed histological studies to be comparable when deriving a

model for ovarian reserve from birth that also took average age at

menopause into account [2]. The differences between their 1996

study and our study are that we have used more histological dataï

including for the first time prenatal dataïandthat we use known

ranges of age at menopause as a check on the validity of our

model, rather than a contributing factor. In the eight reported

studies, the majority of younger samples were from autopsy and

many of the older subjects had undergone surgical oophorectomy.

It is possible that this difference in the source of the ovarian

samples influences our finding that factors other than age become

more important in older women. Other studies, and previously

reported models, of ovarian reserve have not made a distinction in

the reported source of the material; in particular the Hansen et al.

Figure 4. Illustrat ive examples. This figure gives illustrative examples of NGF populations predicted by our model. At ages 20 weeks, birth, 13
years, 25 years and 35 years the average NGFpopulation isgiven, together with the respective 95%prediction intervals. The predicted average age at
menopause (49.6 years) is also shown, together with the 95% prediction interval.
doi:10.1371/journal.pone.0008772.g004

Human Ovarian Reserve
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Basal FSH 

 has to be done in the early follicular phase 

 requires concomitant E2 determination 

 it requires a functioning hypothalamicï

pituitaryïgonadal system 

 an elevated FSH is a sufficiently specific 

marker of low response to ovarian stimulation 

 it does not detect high ovarian reserve, a 

known risk factor for ovarian hyperstimulation  



Search for a better marker 



Timing of granulosa cell secretion of AMH, inhibin B, 

and E
2 

during folliculogenesis 



Timing of granulosa cell secretion of AMH, inhibin B, 

and E
2 

during folliculogenesis 



Anti-M¿llerian hormone  

 AMH is a glycoprotein 
within the transforming 
growth factor-[beta] 
family.  

 It was first described in 
1947 by Jost as a 
gonadal factor 
produced by Sertoli 
cells in the male 
embryo causing 
regression of the 
M¿llerian ducts.  

 Expression of AMH in 
the ovary was first 
reported by Hutson 30 
years ago 



Anti-M¿llerian hormone  

 Over the last 10 
years, after the 
development of 
commercially 
available assays, 
there has been a 
rapidly growing 
interest in the 
clinical utility of AMH 
measurements in 
female reproductive 
function.  

 



AMH attenuates this promotion 





AMH and follicular recruitment 

profile across the human 

reproductive lifespan 



Primordial pool 

Primary follicles 

Pre-antral follicles 

Circulating AMH 

? 

6-10 mm 

2-5 mm 

0,1-2 mm 

Antral 

Follicle 

Count 











AMH: 0.7ï1.3 ng/ml may be considered 

acceptable for the prediction of poor 

response in IVF 
 

AFC cut-off <5ï7 may be 

considered acceptable for the 

prediction of poor response in 

IVF 



AMH: 3.52 and 3.9 ng/ml 

acceptable cut-off values for the 

prediction of hyper response in IVF 
 

AFC value of >16, with a 

sensitivity of 89% and a 

specificity of 92%, for the 

prediction of high response 



Since there is no evidence of superiority of one approach over another in the treatment of poor 

responders, the protocol associated with reduced discomfort and treatment burden should be 

preferred. In hyper-responder patients, one of the most important objectives of medical 

counselling is to prevent OHSS. Hence the first line protocol would be based on administration 

of low doses of FSH in a GnRH-antagonist-based scheme 

Ovarian reserve testing before the first IVF cycle would permit to 

categorize patients as expected poor-, normal ïor hyper-

responders 



Comparison of characteristics of the 

most widely used markers of ovarian 

reserve 

 Serum AMH and AFC both seem to be the most reliable predictors of ovarian 
ageing 

 they are equivalent in terms of their accuracy in predicting ovarian response  

 but none of the currently employed tests of ovarian reserve can reliably 
predict pregnancy success 



Prediction of ovarian response 

 Therefore, other factors might influence the 
choice of test: 

 Advantages of AMH include  

 intracycle stability and  

 the fact that concentrations can be determined 
from blood obtained during routine IVF testing  

 In contrast, AFC needs to be determined early 
in the follicular phase of the cycle by a skilled 
ultrasound operator and the measurement 
requires standardization 



AFC 



The AMH test 

 

Variability throughout the menstrual 

cycle  

Assay availability and variability 



The AMH variability throughout the 

menstrual cycle  



AMH: menstrual cycle variability 

 AMH levels in 

the follicular 

phase appear to 

be 20-30% 

greater than in 

the luteal phase 

Hadlow et al, Fertil Steril 99:1791, 2013 





AMH Assays 
 

Diagnostic Systems 

Limited (DSL) 

ABD  

 

 

Immunotech Limited  

(IOT) 

France 

 

ÅThe European and US assays were developed with different antibodies and reported out very different results, 
using different units.  
ÅThat problem has now been resolved by the manufacture of both ELISAs by the same company and the 
development of a new assay that combines the best features of both . Thus, currently there is only one assay 

BECKMAN COULTER GEN II 

43 



Novel approach for AMH measurement 

(ELISA) 
Beckman Coulter AMH Generation II (AMH Gen II) 

 still a manual system (not automated) 

 employs the DSL antibody 

 calibrated to the IOT standard  

 values (in ng/mL) comparable to the IOT assay 
and correlated to the DSL assay (values > 40%) 

 sensitivity (limit of quantitation) = 0.16 ng/mL 

 hormone stability 

 whole blood 

 at room temperature: increments up to 31% after 4 days 

 at 4ÁC: lesser increments  

 serum & plasma 

 stable at room temperature and at 4ÁC up to 5 days 



AMH dictated COH protocols 



Is there a low AMH cut off value to 

refuse IVF treatment ? 

 However, AMH measurements are not suitable 

for denying access to IVF treatment, as 

women with very low, even undetectable 

levels, still have a chance of pregnancy. 





Individualized Gn-dosing 

algorithms 

 Popovic-Todorovic et al-2003 

 RCT; Standart patients 

 150 IU vs calculated Dose; Agonist 

 AFC, Ovarian v; Doppler score; Famele age; Smoking 
habit 

 Olivennes et al-2009 

 CONSORT; Prospective uncontrolled 

 Calculated Dose; Agonist 

 Basal FSH; BMI; Female age and AFC 

 La Marca et al-2012, 2013 

 OPTIMIST -Enrolling 







CONCLUSION 

 Accurate prediction of ovarian reserve has 

several advantages and can help to improve 

female reproductive health 

 Age 

 Counting antral follicles is ñoperator 

dependentò  

 Relative cycle stability and operator 

independency make AMH a very appealing 

marker of ovarian reserve 

 



CONCLUSION 

 AMH is the most useful serum method of  

 determining ovarian reserve  

 pretreatment counseling 

 selecting choice of infertility treatment 

 avoidance od ovarian hyperstimulation 

 No marker is perfect, and AMH is no 

exception 

Antim¿llerian hormone is certainly a good 

predictor of egg supply, but it may not predict egg 

quality 

 Automated methodology should become available 

 Establishment of an international standard  



CONCLUSION 

 For the first time in female reproductive biology, it 
is possible to measure the submerged part of the 
iceberg of follicle growth, i.e. the intrinsic, so-
called óacyclicô ovarian activity 

 Further research is needed to establish whether 
individualized treatment protocols based on basal 
AMH serum concentrations will result in improved 
clinical outcomes by  

 reducing poor response rates 

 lowering the incidence of OHSS 

 increasing live birth rates 



Thanks for your 

patience … 


