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From diagnosis...

• Symptomatology

• Incidence

• Etiology

• Diagnosis

• Treatment 



…to prognosis

•Timely intervention

•Avoid overtreatment

•Minimise risks•Minimise risks

•Maximise outcomes

•Cost-efficiency aspects

•Aid decision making for patient and doctor



The ideal balance between risks and benefits

Popovic-Todorovic B et al, Human Reprod 2003; 18:2275-2282



Live birth rate and oocyte yield
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1. Building and evaluating a Prediction Model

2. Using prediction models to guide

Can we know what we don’t know?

2. Using prediction models to guide
ovarian stimulation

3. Using prediction models to select patients for
mild stimulation



Phases of Prediction Model
development

Leushuis et al, HRU 2009

8/29 models 1/29 models



Discrimination: the ability to distinguish 
couples who will conceive from those who will not.

Most couples have some 
chance of conceiving, whereas 
even the most fertile couples 
never have a 100% chance of 
conception per cycle. 

Consequently, discrimination 
will always be imperfect and 
to use it as a test of a model’s 
performance is not 
appropriate.

Leushuis et al HR Update 2009



Calibration: the level of correspondence 
between the calculated

pregnancy chances and the observed proportion 
of pregnancies

Well-calibrated models 
are able to classify
individuals into 
clinically useful

prognostic strata on the prognostic strata on the 
basis of the calculated

probabilities of a 
pregnancy with and 
without treatment.

Leushuis et al HR Update 2009





1. Require validation in external population

2. ROC curves: limited importance

3. In clinical practice what is more important is:

Prediction Models: Summary

3. In clinical practice what is more important is:

•Calibration:  predicted versus observed pregnancy rates

•Clinically useful distribution of probabilities

•Ability to correctly identify appropriate form of management



Using Prediction Models 
to 

Guide Ovarian Stimulation



The CONSORT calculator  

Predictive factors in the model:

1. Basal FSH

Computer model developed to predict FSH starting 
dose in women <35 years undergoing ART 

Predicting Response to 
Individualise Dose: The CONSORT study

1. Basal FSH

2. Body mass index

3. Age

4. Antral follicle count

Olivennes F, et al. Reprod Biomed Online 2009; 18(2): 195–204

Prospective study adapting the dosage 
according to the model 



CONSORT stimulation results

75 IU

(n=48)

112.5 IU

(n=45)

150 IU

(n=34)

187.5 IU

(n=24)

225 IU

(n=10)

All

(n=161)

Total IU FSH 1102
(672)

1287
(447)

1632
(341)

2044
(276)

2573
(552)

1498
(648)

Days FSH 12.5
(4.4)

11.0
(2.9)

10.6
(1.8)

11.0
(1.4)

11.5
(2.4)

11.4
(3.1)

No. cycles cancelled (%) 12
(25.0)

4
(8.9)

4
(11.8)

2
(8.3)

2
(20.0)

24
(14.9)

Mean (SD) number of 
oocytes retrieved

8.3 (4.5)
9.6

(6.5)

12.1

(6.4)

12.7

(4.3)

8.3

(3.8)

10.3

(5.7)

Olivennes F, et al. Reprod Biomed Online 2009; 18(2): 195–204



Calculating an Individual FSH Dose:
The Copenhagen Model

Parameter FSH Starting Dose

Total number of follicles

Total ovarian volume

50-90 IU

50-90 IU

Popovic et al 2004

Total ovarian volume

Ovarian blood flow (Doppler)

Age

Smoking

50-90 IU

0-30  IU

0-20  IU

0-20  IU

Total starting dose





Mean numbers of oocytes in relation to the arbitrarily
designated starting rFSH dose categories

Popovic-Todorovic et al HR 2003



..but what about predicting PREGNANCY?



Basal FSH prediction of  outcome in 

antagonist cycles

Basal FSH

(Jurema FS, 2003) 



Accuracy of the three best ORTs

Accuracy of non-pregnancy prediction
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cut-off levels a 
few zero 
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   sROC curve AFC

   sROC curve AMH

   sROC curve FSH

may be identified

Hendriks DJ, et al. Fertil Steril 2005; 83(2): 291-301; 

Broekmans FJ, et al. Hum Reprod Update 2006; 12(6): 685–718; 

Broer SL, et al. Fertil Steril 2009; 91(3): 705–714 



Female age or Ovarian Reserve Test to
predict live birth rate?

The added 
effect of ORT effect of ORT 
to knowing 
age is 
marginal

Henne, Fertil Steril 2008;89:104–10



Using Prediction Models 
to 

Select Patients for Mild Stimulation



Verberg et al Hum Reprod 2007



Performance of the model

• Model predicts 33% of cancellations with 8% false positive rate.

•Results in similar cancellation rate to that observed in standard
GnRH antagonist protocol



Verberg et al
FS 2008



Multivariate analysis: 
predictors of pregnancy



Performance of Model

Low area under ROC but:

Using this model-

By transferring 2 embryos in By transferring 2 embryos in 
women with <20% chance of 

ongoing pregnancy:

Pregnancy rate 14%      26%

Multiple rate       0%        2% 





Smoking and Pregnancy rate after IVF
Waylen et al, HRU 2009



Conclusions 1

• Doctors are becoming  ‘Prognosticians’

• Tests may have poor discrimination but still be useful.

• Prediciting ovarian response easier than predicting pregnancy• Prediciting ovarian response easier than predicting pregnancy

• Prognostic factors indicate therapeutic opportunities

• The tests and models that serve us are imperfect but for can improve 
some outcomes.



Predictive tests:
Can  we know what we don’t know?

•There are known knowns. 

•These are things we know that we know. 

•There are known unknowns. •There are known unknowns. 

•That is to say, there are things that we know we don't know.

•But there are also unknown unknowns. 

•There are things we don't know we don't know.

(Rumsfeld et al, 2002) 


