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Chapter 8

In the introduction (chapter 1) of this thesis static and dynamic ovarian function tests 
are reviewed, which supposedly can predict ovarian reserve leading to a prognosis of the 
reproductive potential of a woman. Ovarian reserve is currently defi ned as the number and 
quality of the follicles left at any moment in the ovary. 

The aim of the studies described in this thesis was to fi nd an answer to the following 
questions: 

a. Which ovarian reserve test or a certain combination can predict the cohort size of small 
 antral follicles in the early follicular phase. 

b.  Which ovarian reserve test or combination of ovarian reserve tests gives the best 
 prognostic information on the probability of poor and hyper ovarian response in an IVF 
 population.

c.  Which ovarian reserve test or combination of ovarian reserve tests gives the best 
 prognostic information on the probability of pregnancy in an IVF population.

We approached this questions in two ways.

1. A prospective study was conducted that compared in an integral way all currently 
 available static ovarian reserve tests: early follicular phase blood values of follicle 
 stimulating hormone (FSH), oestradiol (E2), inhibin B and anti-mullerian hormone 
 (AMH), the dynamic ovarian reserve tests: the exogenous FSH ovarian reserve test 
 (EFORT),  the Clomiphene Citrate Challenge Test (CCCT), the ultrasound tests: antral 
 follicle count (AFC), basal ovarian volume (BOV) and the intercycle variability of  test 
 results with regard to the prediction of the ovarian response after ovarian hyperstimulation 
 in an IVF treatment. The results of this study are reported in chapters 2, 3, 4, 5 and 6.

2. A systematic review of the literature was provided including an a priori protocolised 
 information retrieval on all currently available and applied tests, namely early follicular 
 phase blood values of  follicle stimulating hormone (FSH), oestradiol, inhibin B and 
 anti-mullerian hormone (AMH), the antral follicle count (AFC), the ovarian volume 
 and the ovarian blood fl ow  and furthermore the clomiphene citrate challenge test 
 (CCCT), the exogenous FSH ovarian reserve test (EFORT) and the gonadotropin 
 releasing hormone agonist stimulation test (GAST)  as measures to determine ovarian 
 reserve and their capability to predict ovarian response and chance of pregnancy. This 
 systematic review is reported in chapter 7. 

Chapter 2 presents the comparison between the endocrine tests, Clomiphene citrate Challenge 
Test (CCCT), Exogenous FSH Ovarian Reserve Test (EFORT) and basal FSH, basal E2,  
basal Inhibin B as an integral part of all CCCT’s and EFORT’s, with respect to their ability to 
estimate the stimulable cohort of follicles in the ovaries (ovarian reserve) and analysis which 
test or combination of tests would give the best prediction of  ovarian reserve. One hundred 
and ten regularly menstruating patients, aged 18-39 years, participated in this prospective 



205

Chapter 8

study, randomized, by a computer designed 4-blocks system study into two groups. Fifty 
six patients underwent a CCCT, and 54 patients underwent an EFORT. In all patients, the 
test was followed by an IVF treatment. The result of ovarian hyperstimulation during IVF 
treatment, expressed by the total number of follicles, was used as gold standard. 
We showed that the best prediction of ovarian reserve  was seen, when E2-increment and 
Inhibin B-increment were used simultaneously in a stepforward multiple regression prediction 
model. The CCCT could not be used in a prediction model.This fi ndings indicates that the 
EFORT is the endocrine test which gives the best prediction of ovarian reserve in a linear 
way.

Chapter 3 reports the results of a comparison between the Clomiphene Citrate Challenge Test 
(CCCT) versus the Exogenous Follicle stimulation hormone Ovarian Reserve Test (EFORT) 
as single test for identifi cation of poor and hyper responders to in vitro fertilization (IVF). We 
defi ned a ‘poor’ ovarian response as less than 6 oocytes after ovarian hyperstimulation in an 
IVF treatment and a ‘hyper’ response as more than  20 oocytes after such an IVF treatment. 
We showed that the best predictor for poor response is the CCCT. Multiple logistic regression 
analysis did not produce a better model in terms of improving the prediction of poor response. 
For hyper response, univariate logistic regression showed that the best predictor is the inhibin 
B-increment in the EFORT, but with a low maximal accuray of 0.78. Again, multiple logistic 
regression analysis did not produce a better model in terms of predicting hyper response. 
It  means that the CCCT is superior for identifi cation of poor responders and the EFORT 
(Inhibin B-increment) is superior for prediction of hyper response at cost of a high rate of 
false positives and neither of the two tests seem adequate to act alone for identifi cation of 
both poor and hyper responders.

Chapter 4 describes the intercycle variability (ICV) of bFSH, CCCT and EFORT and 
secondarily the assessing of the infl uence of the variability of these ovarian reserve tests. 
Eighty fi ve regularly menstruating patients, aged 18-39 years, participated in this prospective 
study, randomized, by a computer designed 4-blocks system into two groups. Fourthy three 
patients underwent a CCCT, and 42 patients underwent an EFORT. The bFSH level was 
determined as an integral part of all CCCT’s and EFORT’s. 
Each test was performed 1-4 times in subsequent cycles, one test per cycle. During the fi rst 
3 cycles patients were treated with intra uterine inseminations (IUI). Follicle number and 
oocyte yield during IVF hyperstimulation in the 4th cycle were taken as measure for ovarian 
reserve.
We found that the intercycle variability of the Inhibin-B increment and the estradiol increment 
in the EFORT  is stable in consecutive cycles, which indicates that this reproducible test is a 
more reliable tool for determination of ovarian reserve than bFSH and CCCT and that women 
with limited ovarian reserve show a strong intercycle variability of bFSH and FSH response 
to clomiphene. 

Chapter 5 reports the role for the measurement of the basal ovarian volume (BOV) and 
antral follicle count (AFC) by transvaginal ultrasound for the prediction of ovarian reserve 
in comparison with the currently used endocrine ovarian reserve tests. The best prediction 
of ovarian reserve was seen in a multiple regression prediction model that included, AFC, 
Inhibin B-increment in the EFORT and BOV simultaneously. 
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Univariate logistic regression showed that the best predictors for poor response were the 
CCCT (ROC-AUC = 0.87), the bFSH (ROC-AUC = 0.83) and the AFC (ROC-AUC = 0.83). 
Multiple logistic regression analysis did not produce a better model in terms of improving the 
prediction of poor response. For hyper response, univariate logistic regression showed that 
the best predictors were AFC (ROC-AUC = 0.92) and the inhibin B-increment in the EFORT 
(ROC-AUC = 0.92), but AFC had better test characteristics, namely a sensitivity of 82 % and 
a specifi city 89 %. Multiple logistic regression analysis did not produce a better model in 
terms of predicting hyper response.
In conclusion AFC performs well as a test for ovarian response being superior or at least 
similar to complex expensive and time consuming endocrine tests. 

In Chapter 6 we prospectively assessed the signifi cance of serum basal Anti-Müllerian 
hormone (bAMH) as a novel test for ovarian reserve in an IVF population of 110 patients 
and compared its predictive performance with most of the established ovarian reserve tests. 
The outcome measures were the ovarian response after ovarian hyperstimulation in an IVF 
treatment expressed as the total number of stimulated follicles, retrieved oocytes and ongoing 
pregnancies.
We showed that the predictive value of AMH for poor response is comparable with that of 
AFC, but unfortunately not for the prediction of hyper responders. Included into the stepwise 
forward multiple regression model bAMH did not have additive value to a combination of 
the Inhibin B-increment in the EFORT and BOV, which led to the most optimal prediction 
model with regard to ovarian response. The prediction of the occurrence of pregnancy, is very 
limited for all tests. 
But there are potential advantages of using bAMH over AFC or the CCCT, because AMH 
can be measured throughout the cycle in contrast to the other parameters, which can ony be 
determined in the early follicular phase. This study supported this phenomenon, because we 
did not see a change in the level of AMH after an acute endogenous rise in FSH (CCCT) and 
an acute exogenous rise in FSH (EFORT). 
In conclusion AMH is comparable with other commonly used ovarian reserve test, but is 
probably most applicable in general practice, because it can be measured throughout the 
cycle, an advantage for both patients and clinicians. The great advantage of AFC over any 
other test is its potential usefulness for its ability to concomitantly predict low and high 
responders. 

Chapter 7 presents the fi rst comprehensive systematic literature review, including an a priori 
protocolized information retrieval on all currently available and applied tests, namely early-
follicular-phase blood values of FSH, estradiol, inhibin B and anti-Müllerian hormone (AMH), 
the antral follicle count (AFC), the ovarian volume (OVVOL) and the ovarian blood fl ow, 
and furthermore the Clomiphene Citrate Challenge Test (CCCT), the exogenous FSH ORT 
(EFORT) and the gonadotrophin agonist stimulation test (GAST), all as measures to predict 

ovarian response and chance of pregnancy. We provided, where possible, an integrated receiver 
operating characteristic (ROC) analysis and curve of all individual evaluated published papers 

of each test, as well as a formal judgement upon the clinical value. Our analysis shows that 
the ORTs known to date have only modest-to-poor predictive properties and are therefore far 
from suitable for relevant clinical use. Accuracy of testing for the occurrence of poor ovarian 
response to hyperstimulation appears to be modest. Whether the a priori identifi cation of 
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actual poor responders in the fi rst IVF cycle has any prognostic value for their chances of 
conception in the course of a series of IVF cycles remains to be established. The accuracy of 
predicting the occurrence of pregnancy is very limited. If a high threshold is used, to prevent 
couples from wrongly being refused IVF, a very small minority of IVF-indicated cases ( 3%) 
are identifi ed as having unfavourable prospects in an IVF treatment cycle. Although mostly 
inexpensive and not very demanding, the use of any ORT for outcome prediction cannot be 
supported. As poor ovarian response will provide some information on OR status, especially 
if the stimulation is maximal, entering the fi rst cycle of IVF without any prior testing seems 
to be the preferable strategy. 

In Chapter 8 the fi ndings of the studies described in this thesis are discussed and the three 
research questions are answered The ideal ovarian reserve test for physicians should identify a 
substantial percentage of IVF indicated cases, who have a practically zero chance of becoming 
pregnant in an IVF programme. From the prospective study (chapter 2-6) in this thesis and 
the systematic reviews (chapter7) presented in this thesis it can be concluded that the ovarian 
reserve tests known to date have only minimal predictive properties and are therefore far from 
suitable for relevant clinical use, especially for the prediction of the occurrence of pregnancy. 
This implies that the use of the test as a method to deny treatment to assumed ovarian aged 
women should be declined. Accuracy of testing for the occurrence of poor ovarian response 
to hyperstimulation appeared to be clearly better than that for pregnancy. For the prediction 
of the cohort size of small antral follicles in the early follicular phase in a quantitative way, 
we could built a nice model with 3 ovarian reserve tests, but this is less usable in clinical 
practice. Accurate poor response prediction may be essential to identify poor responders in 
the fi rst IVF cycle that suffer from severely diminished ovarian reserve. These cases, will 
show a very much reduced chance of pregnancy in subsequent cycles and continuation of 
treatment should be denied. Therefore entering the fi rst cycle of IVF without any prior testing 
seems to be the preferable strategy. It should be remembered that the purpose of any ovarian 
reserve test is the identifi cation of women with poor ovarian reserve for her age. This implies 
that chronological age always is the fi rst step in ovarian reserve assessment. 




