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Purpose: To study the value of a single or repeated GnRH agonist stimulation test (GAST)
in predicting outcome in IVF compared to basal ovarian reserve tests.

Methods: A total of 57 women was included. In a cycle prior to the IVF treatment, on day
3, an antral follicle count (AFC) was performed and blood taken for basal FSH, inhibin B
and E, measurements, followed by a subcutaneous injection of 100 ug triptorelin for the
purpose of the GAST. Twenty-four hours later blood sampling was repeated. All the tests
were repeated in a subsequent cycle. From the GAST E; and inhibin B response were used
as test parameters. The outcome measures were poor ovarian response and ongoing preg-
nancy. Group comparisons were done using the Mann—Whitney or chi-square test. Univari-
ate and multivariate logistic regression was applied to assess which test revealed the highest
predictive accuracy as expressed in the area under receiver-operating characteristic curve
(ROCauc). Clinical value was compared by calculating classical test characteristics for the
best logistic models.

Results: All the basal and GAST variables were significantly different in the poor respon-
ders (n = 19) compared to normal responders (7 = 38). In the univariate analysis on cycle
1 tests the AFC was the best predictor for poor ovarian response, while in cycle 2 the E,
response in the GAST performed best (ROCauc of 0.91 for both). Multivariate analysis of
the basal variables led to the selection of AFC and inhibin B in cycle 1, yielding a ROCayc
of 0.96. Mean E, response was selected in a multivariate analysis of the repeated GAST vari-
ables (ROCayc 0.91). At a specificity level of ~0.90, several logistic models including GAST
variables appeared to have a sensitivity (~0.80), positive predictive value (~0.82) and false
positive rate (~0.18), comparable to a logistic model containing AFC and inhibin B. None of
the test variables showed a significant relation with ongoing pregnancy.

Conclusions: The GAST has a rather good ability to predict poor response in IVF. However,
comparing the predictive accuracy and clinical value of the GAST with a day 3 AFC and in-
hibin B, it appeared that neither a single nor a repeated GAST performed better. In addition,
the predictive ability towards ongoing pregnancy is poor. Therefore, the use of the GAST as
a predictor of outcome in IVF should not be advocated.
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INTRODUCTION

The current trend towards delayed childbearing has
decreased the reproductive potential of women at-
tempting to conceive. Ageing of the ovary seems to
play the key role in the age related decline in ovar-
ian reserve, which consists of depletion of the pri-
mordial follicle number, oocyte quality deterioration,
decrease in implantation rates, increased risk of em-
bryonic chromosomal abnormalities and subsequent
miscarriage (1). Evaluation of ovarian reserve has
become important as a screening test before enter-
ing arduous and expensive programmes of infertility
therapy.

Because chronological age is of limited value in
predicting individual IVF outcome, both in terms
of ovarian follicular response and pregnancy rates,
other markers of ovarian reserve have been stud-
ied. Basal FSH was the first widely used endocrine
marker of ovarian reserve (2). As a predictor of ovar-
ian response in IVF basal FSH generally demon-
strates a modest performance. With regard to the oc-
currence of pregnancy its predictive ability is rather
limited (3,4).

Several other endocrine ovarian reserve tests were
proposed in the past decade. Clomiphene citrate
challenge test (CCCT) (5-7), gonadotropin-releasing
hormone agonist stimulation tests (GAST) (8), ex-
ogenous follicle stimulating hormone ovarian reserve
test (EFORT) (9), basal inhibin B (10) and recently
anti-Miillerian hormone (AMH) (11,12) have all
been studied in order to assess their predictive value
towards response to gonadotropins and chances of
conception in IVF. Also from the field of quantitative
ultrasonography achievements in the development of
tests that assess ovarian reserve have been reported
on (13,14). Moreover, the use of the combination of
the basal ovarian reserve tests FSH, inhibin B and
antral follicle count (AFC) was identified as a strong
predictor of poor ovarian response in IVF (12,15).

It has been proposed that a dynamic evaluation of
an endocrine response may provide a better assess-
ment of ovarian reserve than basal hormone mea-
surement (9,16-22). The GAST evaluates the estra-
diol serum concentration change from cycle day 2
to day 3 after administration of a supraphysiologi-
cal dosage of a GnRH agonist, the latter causing a
massive, temporary increase in pituitary secretion of
FSH and LH. In response, the ovaries will increase
estradiol release. The test is dependent on the pitu-
itary production of gonadotropins and the response
of the ovary to the subsequent gonadotropin stimula-
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tion and is believed to represent the size of the FSH
sensitive cohort (8,21,23). So far, this dynamic test
has been described to have good predictive power
for IVF outcome (24). It is yet unclear whether it
can be of additional predictive value to the infor-
mation obtained from basal markers of ovarian re-
sponse. Moreover, the value of repeated testing with
the GAST has not been studied yet.

The aim of the present study was to investigate
the predictive accuracy and clinical value of a sin-
gle and repeated GAST for predicting ovarian re-
sponse and ongoing pregnancy in IVF. Furthermore,
we compared the performance of the GAST with the
clinical value of currently used basal ovarian reserve
markers.

MATERIALS AND METHODS

Patients

A total of 57 women underwent a GAST be-
fore controlled ovarian hyperstimulation for in vitro
fertilization (IVF) or intracytoplasmic sperm injec-
tion (ICSI). All participants fulfilled the following
criteria: 1)] regular menstrual cycles (25-35 days);
2) presence of both ovaries; 3) no evidence of en-
docrine disorders (normal thyroid stimulation hor-
mone, prolactin, testosterone and androstenedione);
4) age <46 years, and 5) written informed consent.
The Institutional Review Board approved this study.
Patients were classified according to the main cause
of infertility (tubal, male or unexplained). In the ma-
jority of patients conventional IVF was planned (n =
49), whereas the remaining patients were scheduled
for intracytoplasmic sperm injection (ICSI, n = 8).

Study Protocol

On day 3 of a spontaneous cycle within the
3 months preceding IVF treatment, patients under-
went a transvaginal ultrasound examination to assess
the number of antral follicles, measuring 2-5 mm, as
described previously (15). On the same day a venous
blood sample was obtained for the measurement of
FSH, estradiol (E;) and inhibin B. Serum and plasma
samples were centrifuged and stored at —20°C until
assayed.

A GAST was performed (21), using 0.1 mg of
triptorelin s.c. (Decapeptyl; Ferring, Hoofddorp, The
Netherlands). Blood samples were taken for mea-
surement of E; and inhibin B immediately before
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and 24 h after GnRH agonist administration. After
one wash-out cycle, a second GAST was performed.
The administered dose is assumed to provide maxi-
mal stimulation of the pituitary with mean peak lev-
els of 52 IU/L for LH and 25 IU/L for FSH at 4 h after
the injection and LH levels of 12.0 IU/L and FSH lev-
els of 10.3 TU/L after 24 h (25). In this study we report
on the baseline data (before stimulation) and on the
results after a single and repeated GAST (delta E;
and delta inhibin B).

Hormone Assays

E, and FSH were assessed in plasma with
the AxSYM immunoanalyser (Abbot Laboratories,
Abbot Park, IL). The E, assay is standardized to gas
chromatography/mass spectrometry. Between run
variation of E; assay at 300, 1105 and 2626 pmol/L
was 12.5%, 7.5% and 4.9% respectively (n = 29).
The standard of the FSH assay is calibrated against
the WHO Second International Reference Prepara-
tion for human FSH (78/549). For FSH the interas-
say variation was 6.0, 6.6, and 8.0% at levels of 5.0,
25, and 75 TU/L (n = 46). Serum inhibin B levels
were determined using an immunoenzymometric as-
say (Serotec, Oxford, UK) as described by Groome
et al. (26) Intra- and interassay coefficients of vari-
ation were <14.6 and <14.0% respectively. For the
purpose of the GAST all samples were analyzed in
the same run.

Treatment Protocol

The IVF treatment has been described in detail
in a previous publication (27). The patients were
treated with the long downregulation protocol
consisting of leuprolide acetate (Lucrin; Abbott,
Hoofddorp, The Netherlands) s.c., starting in
the midluteal phase of the ovarian cycle. After
menstruation, a fixed daily dose of 150 IU follitropin
alpha (Gonal-F; Serono Benelux BV, The Hague,
The Netherlands) was administered. After 7 days
follicular growth was assessed by ultrasound and
E, measurement. If necessary the dose of rFSH
was adjusted. When at least three leading follicles
developed, human chorionic gonadotropin (hCG)
(Profasi; Serono Benelux BV) was given to induce
ovulation. Oocytes were retrieved transvaginally
36 h later. A maximum of two embryos was replaced
in women <38 years of age and three above that
age. The luteal phase was supported either by
hCG (Profasi; Serono Benelux BV) or micronized
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progesterone (Progestan; Nourypharma BV, Oss,
The Netherlands).

Outcome Measures

The main outcome measure of the study was poor
ovarian response. As described previously (15), poor
ovarian response was defined as fewer than four
oocytes at follicle puncture or as cancellation due to
impaired (fewer than three follicles) or absent follic-
ular growth in response to ovarian hyperstimulation.
We adopted this definition because, at a mean fer-
tilization rate of 50-60% in IVF, a minimum of four
oocytes is necessary to transfer at least two embryos,
which was the intended number to be transferred in
most women (15). The same definition was used in
many other studies (28,29) and seems to be the most
widely used definition of poor response. Moreover,
defining poor responders at a slightly higher or lower
cutoff yield comparable proportions of poor respon-
ders and will produce similar predictive values (30).
In this study, in the group of “normal” responders we
also included patients with cancelled cycles due to an
exaggerated response.

A secondary outcome measure was ongoing preg-
nancy, defined as a viable pregnancy assessed by ul-
trasound of at least 11 weeks gestation. Data from pa-
tients of whom the cycle was cancelled due to either
risk of ovarian hyperstimulation syndrome (OHSS)
or poor response (fewer than three follicles) to hor-
mone stimulation were not included in the pregnancy
analysis, because it cannot be excluded that such pa-
tients would have become pregnant if IVF were per-
formed. However, patients with complete absence of
follicle growth and E; <200 pmol/L were considered
to have a zero chance of pregnancy, and therefore
data of their cycles were included in the analysis of
pregnancy.

Methods of Analysis

Data were analyzed with the SPSS (Statistical
Package for Social Sciences) for Windows (SPSS Inc.,
Chicago, IL). To compare normal with poor respon-
ders the Mann—Whitney test or chi-square test was
performed whenever appropriate. Statistical signif-
icance was considered to be reached at p < 0.05.
The test variables for the single GAST used in this
study were delta E, (E; CD 4 minus E, CD 3) and
delta inhibin B (inhibin B CD 4 minus inhibin B
CD 3). For the repeated GAST the test variables
used were mean delta E; (mean delta E; cycle 1 and
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Table I. Patient Characteristics
Total (n =57)  Normal responders (n =38)  Poor responders (n =19)  p-Value

Age (years) 33.8 (22.3-44.0) 33.3 (26.4-44.0) 37.1(22.3-43.3) 0.07¢
Duration of infertility disorder (months) 30.0 (12.0-93.0) 30.5 (12.0-83.0) 30.0 (12.0-93.0) 0.77¢
Diagnosis of infertility

Tubal pathology (%) 10 (17.5) 5(13.2) 5(26.3)

Male factor (%) 30 (52.6) 25 (65.8) 5(26.3) 0.04°

Unexplained (%) 17 (29.8) 8(21.1) 9(47.4)

Note. Values are presented as median (range) or as number (percentage).

¢ Mann—Whitney test.

b Chi-square test are performed to compare normal and poor responders.

cycle 2) and mean delta inhibin B (mean delta inhibin
B cycle 1 and cycle 2). Results are presented as me-
dian and range unless otherwise indicated. Univari-
ate and multivariate logistic regression with the main
outcome-measure poor response and secondary out-
come measure ongoing pregnancy were performed.
Multivariate logistic regression analysis was applied
with p < 0.10 for entry. For each single variable used
in the univariate analysis as well as for the multivari-
ate models, the ability to discriminate between pa-
tients with a poor response and patients with a nor-
mal response was assessed by calculating the area
under the receiver operating characteristic curves
(ROCauc). Values can range from 0.5 (no predictive
power) to 1 (perfect prediction). The clinical value
of the logistic models was analyzed and compared
in terms of sensitivity, specificity, positive and neg-
ative predictive values, false positive and false nega-
tive rates.

To identify differences in the predictive capacity
of the tests under study within age specific groups,
the ROCjyc was calculated and compared for the
various tests and combination of tests in those aged

under 35 and aged 35 years and over. This division
was based on recent HFEA data, as published in the
NICE report (31).

RESULTS

All 57 patients who underwent the GAST were
eligible for analysis. Tables I and II present pa-
tient and ovarian reserve test characteristics of the
complete group and of normal and poor responders
separately. The 19 poor responders were somewhat
older and were more often treated for the indica-
tion unexplained infertility. All basal (FSH, inhibin
B and AFC) and GAST variables were statistically
different from those in the 38 normal responders. In
Table III outcome of treatment is depicted for nor-
mal and poor responders. There was an expected
difference in the cancellation rate and number of
oocytes retrieved. In one patient in the normal re-
sponse group the ovum retrieval was cancelled be-
cause of the risk of OHSS. No ovum retrieval took
place in 8 poor responders because of insufficient

Table II. Ovarian Reserve Test Variables

Normal responders (n = 38) Poor responders (n =19) p-Value®

Variables Total (n = 57)
Basal
FSH cd3 (IU/L) 7.1 (3.6-58.9)
Inhibin B cd3 (pg/mL) 103 (0-304)
AFC cd3 (n) 8(0-22)
E, cd3 (pmol/L) 173 (50-1796)
Single GAST

Cycle 1 Delta E; (pmol/L)

Cycle 2 Delta E; (pmol/L)

Cycle 1 Delta inhibin B (pg/mL)

Cycle 2 Delta inhibin B (pg/mL)
Repeated GAST

Mean delta E; (pmol/L) (2 cycles)

Mean delta inhibin B (pg/mL) (2 cycles)

217 (—706-914)
261 (—369-809)
71 (~59-409)
56 (—54-433)

264 (—311-851)
66.5 (—29-421)

6.4 (3.6-17.1) 9.5 (5.4-58.9) <0.001
114 (36-304) 57 (0-155) <0.001
11 (3-22) 3(0-12) <0.001
173 (56-387) 186 (50-1796) 0.866
269.5 (75-914) 135 (~706-493) <0.001
370.5 (21-809) 93 (—369-297) <0.001
102 (—59-409) 20 (—12-160) 0.002
88.5 (—6-433) 6 (—54-133) <0.001
302.3 (55-851) 116.5 (—311-343) <0.001
98.5 (—29-421) 17.5 (~7-145) <0.001

Note. Values are presented as median (range). AFC: antral follicle count.
4 Mann—Whitney test is performed to compare normal and poor responders.
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Table III. Outcome Variables

Total (n =57) Normal responders (n =38)  Poor responders (n =19)  p-value
Cancellation rate (%) 9 (15.8) 1(2.6) 8(42.1) <0.0014
Number of oocytes (1 = 48)° 7 (1-25) 9 (4-25) 2 (1-3) NA
Implantation rate per embryo (%) 28.4(23/81) 30.9 (21/68) 15.4 (2/13) 0.26¢
Ongoing pregnancy rate/cycle (% )° 22.6 (12/53) 27.0 (10/37) 12.5 (2/16) 0.25¢

Note. Values are presented as median (range). NA is not applicable.

¢ Mann—Whitney test is performed to compare normal and poor responders.

b Data for oocyte retrieval cycles (normal responders n = 37 and poor responders n = 11).

¢ Data for oocyte retrieval cycles or cycle cancellation due to complete absence of follicular response (normal responders n = 37

and poor responders n = 16).

follicle growth (0-2 follicles). The differences in im-
plantation and ongoing pregnancy rates were obvi-
ous though not statistically different.

Univariate logistic regression analysis on cycle 1
data for the prediction of poor response revealed a
good result for the basal variable AFC (Table 1V).
Predictive accuracy for FSH and inhibin B was some-
what lower (ROCayc 0.91 vs. 0.81 and 0.83, re-
spectively). Age appeared to have no predictive ca-
pacity in the prediction of poor response. For both
GAST variables delta E, and delta inhibin B the lo-
gistic regression analysis revealed a moderate accu-
racy for the prediction of poor response (ROCauc
0.83 and 0.75). When the performance of the vari-
ous predictors in cycle 2 is analyzed the basal tests
seem to perform on a somewhat lower level, while
the accuracy for the GAST variables becomes bet-
ter. The ROCuyc for the repeated GAST variables
mean delta E; and mean delta inhibin B (Table IV)
was 0.91 and 0.81, respectively, indicating a moderate
to good discriminating potential for predicting poor
ovarian response.

When applying multivariate logistic regression
analysis with stepwise forward selection on all the
basal variables as presented in Table V, in both cy-
cles AFC was selected in the first step followed by
basal inhibin B in step two. As expected, the per-
formance of this logistic model appeared somewhat
better in cycle 1 (ROCauc 0.96 vs. 0.89, respec-
tively), indicating a high discriminative potential to-
wards poor response. Stepwise forward selection on
the cycle 1 GAST variables resulted only in the selec-
tion of delta E; (ROCayc 0.83), while delta inhibin B
added independent information in cycle 2, yielding a
ROCuc for this model of 0.94. When applying step-
wise forward selection on the two repeated GAST
variables, only mean delta-E; was selected (ROCayc
0.91).

In the two different age groups (i.e. <35 years (n =
30) and >35 years (n = 27)) the ROCayc (95%CI)
for a single GAST for the prediction of poor ovarian
response was 0.76 (0.55-0.97) and 0.86 (0.73-1.00),
respectively. The ROCauyc (95%CI) for repeated
GAST was 0.85 (0.68-1.00) and 0.93 (0.82-1.00) in

Table I'V. Univariate Logistic Regression for Prediction of Poor Response Following Ovarian Hyperstimulation

for IVF (Basal and GAST)
Cycle 1 Cycle 2
Variables ROCauc (95% CI)  p-Values ROCayc (95% CI)  p-Values

Basal

Age (per year) 0.65 (0.49-0.81) 0.098 0.65 (0.49-0.81) 0.098

FSH cd3 (per TU/L) 0.83 (0.72-0.94) 0.004 0.66 (0.49-0.83) 0.050

Inhibin B cd3 (per pg/mL) 0.81 (0.68-0.94) 0.001 0.78 (0.65-0.92) 0.002

AFC cd3 (per follicle) 0.91 (0.83-0.99) <0.001 0.86 (0.75-0.97)  <0.001

E; cd3 (per pmol/L) 0.51 (0.34-0.68) 0.282 0.57 (0.39-0.74) 0.065
Single GAST

Delta E; (per pmol/L) 0.83 (0.71-0.94) 0.002 0.91 (0.84-0.99) 0.001

Delta inhibin B (per pg/mL) 0.75 (0.62-0.88) 0.011 0.87 (0.76-0.97) 0.001

Cycle 142

Repeated GAST

Mean delta E; (per pmol/L) 0.91 (0.82-0.99) 0.001

Mean delta inhibin B (per pg/mL) 0.81 (0.70-0.93) 0.003

Journal of Assisted Reproduction and Genetics, Vol. 22, No. 2, February 2005



70

Hendriks et al.

Table V. Multivariate Logistic Regression for Prediction of Poor Response Following Ovarian Hyperstimulation
for IVF (Basal, Single GAST, and Repeated GAST)

Cycle 1 Cycle 2
Variables ROCauc (95% CI)  p-Values ROCauyc (95% CI)  p-Values
Basal
Step 1: AFC cd3 (per follicle) and 0.91 (0.83-0.99) 0.002 0.86 (0.75-0.97) 0.002
Step 2: inhibin B cd3 (per ng/mL) 0.96 (0.90-1.02) 0.006 0.89 (0.79-1.00) 0.056
Single GAST
Step 1: Delta E; (per pmol/L) and 0.83 (0.71-0.94) 0.002 0.91 (0.84-0.99) 0.004
Step 2: Delta inhibin B (per pg/mL) Not selected 0.94 (0.87-1.00) 0.051
Cycle 142
Repeated GAST
Step 1: Mean delta E; (per pmol/L) 0.91 (0.82-0.99) <0.001
Note. p < 0.10 for entry.
the two age groups, respectively. The predictive ca- DISCUSSION

pacity for the basal model (AFC + Inhibin B) was
better than that for a single or repeated GAST in
both age groups, as shown by a ROCayc (95%CI)
of 0.91 (0.75-1.00) and 1.00 (1.00-1.00), respectively.

To compare the clinical performances of the model
of basal markers with the single and repeated GAST
models created by multivariate analysis, we calcu-
lated the classical test characteristics for the predic-
tion of poor response at a cut-off probability of 0.50
for poor response (Table VI). In spite of the ob-
served differences in the ROCayc among the mod-
els shown in the table, the clinical value of the
AFC/inhibin B model in either cycle is not surpassed
by models in which a single or repeated GAST is in-
cluded. The models containing delta E, from a sin-
gle or repeated GAST will not improve the sensitiv-
ity or positive predictive value at a specificity level
of ~90%, while the false positive rate remains in ap-
proximately the same range.

In the analysis of the prediction of ongoing preg-
nancy after IVF, 53 patients could be included. None
of the basal or GAST variables showed any statisti-
cally significant relationship with ongoing pregnancy
(data not shown).

In the present study the E, response in the GAST
showed a rather good predictive accuracy towards
the occurrence of poor response in IVF patients. Un-
fortunately, some variation was observed between
the two test cycles. This makes it not easy to draw
conclusions for the true value of a single test. The
observed fluctuation can only be attributed to chance
variation, as there is no obvious biological explana-
tion. In view of the interposition of a washout cy-
cle and the unlikeliness that the status of the ovary
changed substantially due to the first test or in the
2 months time course since the first test, it therefore
is likely to assume that the true predictive value lies
somewhere in between the values observed in the
separate test cycles. Given this assumption the mean
E, response from repeatedly performed GASTs will
slightly improve the predictive accuracy of a single
GAST. Based on the clinical value characteristics the
repeated GAST will yield a modest increase in the
sensitivity and positive predictive value at a given
specificity level in comparison to the single GAST.
Yet, to obtain this advantage the whole population
needs to be tested twice. This implies that repeated

Table VI. Clinical Value of the Prediction of Poor Response for Various Logistic Test Models, at Cut-Off Level of the Probability

of Poor Response of >0.50
Model Abnormal tests (%)? Sens Spec PPV NPV FP FN Correct predictions (%) ROCayuc
Basal model cycle 1 (AFC + inhibin B) 19 (33%) 084 092 084 092 3 3 51 (89%) 0.96
Basal model cycle 2 (AFC + inhibin B) 17 (30%) 074 092 082 088 3 5 49 (86%) 0.89
Cycle 1 GAST (delta E;) 14 (25%) 053 089 071 079 4 9 44 (77%) 0.83
Cycle 2 GAST (delta Ey) 18 (32%) 079 092 083 090 3 4 50 (88%) 0.91
Repeated GAST (mean delta Ej) 19 (33%) 079 089 0.79 0.89 4 4 49 (86%) 0.91

Note. Sens: sensitivity, Spec: specificity, PPV: positive predictive value, NPV: negative predictive value, FP: false positives, FN: false nega-

tives, ROC: area under the receiver operating curve.
4 Number (percentage) of patients with an abnormal test result.
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testing for clinical purposes is far from useful and
confirms the conclusions published by Bancsi ef al. on
the value of repeatedly carrying out a measurement
of basal FSH or an antral follicle count (32,33).

We also compared the performance of the GAST
with basal ovarian reserve markers in the prediction
of ovarian response. Most previous studies have only
looked at various basal or dynamic ovarian reserve
tests separately. When comparing the predictive ac-
curacy of single basal tests with the GAST in a single
cycle it appeared that the E, response in the GAST
did not consistently improve the area under the ROC
curve, especially if the antral follicle count is consid-
ered. Again, the variation in the performance of the
basal tests between the two test cycles forces us to
assume a real predictive accuracy somewhere in the
middle of the two separate test results. Using com-
binations of basal tests, especially the antral follicle
count and basal inhibin B, a level of accuracy is ob-
tained that cannot be surpassed by measuring the E,
response in a GAST, even if this latter test is per-
formed twice. Moreover, the clinical value in terms
of sensitivity and specificity will not clearly change
by the use of the GAST. As yet, it can be concluded
that the accuracy and clinical value of the GAST in
the prediction of outcome in IVF does not reach a
level of supremacy in comparison to basal tests that
justifies the increased burden put upon the patient by
subjecting them to a GAST.

There are only few studies that compared the
GAST with basal ovarian reserve tests (20-22,34,35).
Ranieri et al. compared the relative accuracy of the
GAST with basal FSH and basal E; to predict ovar-
ian response. They concluded that simultaneous eval-
uation of the basal level of FSH and the pattern of the
E; response in the GAST can be used as a marker
of diminished ovarian reserve and as a sensitive pre-
dictor of response to ovarian stimulation in patients
undergoing IVF treatment. From the ROC analy-
sis it can however be questioned whether the addi-
tional value of basal FSH is relevant in view of the
good performance of the E; response in the GAST
(21). Galtier-Dereure et al. (20) compared stimulated
FSH in the GAST with basal FSH concentrations to
predict ovarian response. They concluded that this
buserelin test is strongly predictive of stimulation
outcome, but is not more informative than the usual
screening with basal FSH. Ravhon et al. (22) stud-
ied the value of basal and dynamic tests of inhibin B
and estradiol in predicting ovarian response to stim-
ulation. They showed that dynamic measurements
of inhibin B and estradiol following a single admin-
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istration of buserelin acetate correlated better with
ovarian response to stimulation than basal FSH, in-
hibin B and age. Giilekli et al. (34) compared the
accuracy of basal FSH, clomiphene stimulated FSH
and the estradiol response in the GAST for predict-
ing the number of small antral follicles within the
ovaries as assessed by histology, in women who un-
derwent oophorectomy. They concluded that none
of the tests accurately reflected ovarian reserve. Fi-
nally, in the study of Ozkaya et al. the CCCT, GAST,
basal FSH and ovarian volume were compared in a
randomized fashion. This study, however, was done
in an ovulation induction population treated with
low dose recombinant FSH, with endpoint number
of mature (>14 mm) follicles and number of recom-
binant FSH ampoules required for successful ovula-
tion induction. Although the authors concluded that
the ultrasound variable provided the best prediction
of the two endpoints, this study seems not compara-
ble to those carried out in IVF patients, where ovar-
ian response is expressed as the number of follicles or
oocytes, observed or obtained, after maximal ovarian
stimulation with exogenous FSH (35).

To our knowledge the comparison of the GAST
with AFC in the present study, is the first report in
a patient group to indicate that the number of antral
follicles assessed by transvaginal ultrasound delivers
the same information as provided by an endocrino-
logical challenge of this cohort. In volunteer groups
a high correlation between the AFC and the estra-
diol response to exogenous GnRH agonist has been
reported (36).

Opvarian reserve tests are most commonly used as
a screening test for the presence of diminished ovar-
ian reserve. For IVF patients this implies that the test
is used for prediction of the occurrence of poor re-
sponse in a standard stimulation regime. Such a test
should be simple, safe, cheap and not too demanding
for the patient. We consider stimulation tests gener-
ally to be unfit for this purpose. Also repeating of
the test may cause delay of initiation of treatment.
The combination of basal tests provides the possi-
bility to screen larger number of IVF patients with
an adequate performance in the prediction of poor
responders in the subsequent stimulation. Especially
the combination of antral follicle count, basal inhibin
B and basal FSH has been found to be highly predic-
tive of ovarian response in IVF treatment (12,15).

From the results in this study it can be concluded
that the inhibin B response in the GAST will not
consistently add relevant information to the E, re-
sponse, which can be considered as the classical test
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property. This finding seems true for both the sin-
gle and repeated test variables. There are only two
other studies that looked at inhibin B in the GAST
(22,36). Scheffer et al. (36) found that in normal fer-
tile women both the inhibin B and the E, responses
to a single GnRH-agonist administration are most
strongly correlated with the number of antral folli-
cles. As the antral follicle count itself showed the
best association with chronological age in this specific
group of women it was concluded that the GAST is
not expected to add explicit information to the antral
follicle count. The data in the present study confirm
this suggestion. Ravhon et al. (22) also showed that
the responses of estradiol and inhibin B have simi-
lar predictive properties for ovarian response to go-
nadotropins in IVF patients.

Analysis of GAST in age specific subgroups has
not been carried out in the literature known to date.
As has been shown in the application of the CCCT
in IVF cases, test value may increase if applied in
specific subgroups (37,38). In the present study it was
shown that overall predictive accuracy may increase
in older patients. Logistic regression did not iden-
tify age as an independent predictor of poor ovar-
ian response in addition to the basal markers or
the GAST. Taken together with the limited number
of cases this should caution against drawing distinct
conclusions. Moreover, it was shown that the GAST
either carried out once or repeated will not im-
prove the value of basal testing within an age specific
subgroup.

Like in other studies, application of the GAST
(our data), AFC (15) inhibin B (10) and FSH (3,4)
as a predictor of ongoing pregnancy appears to have
very limited value. In the present study no dif-
ferences in pregnancy and implantation rates were
found between normal and poor responders, but this
could be due to the small sample of patients stud-
ied. Ovarian reserve tests generally represent the
quantitative aspect of ovarian reserve, whereas preg-
nancy is much related on the oocyte quality and
will also depend on other, mostly ill-known, factors.
Nevertheless, the ability to predict poor response
may be a valuable tool for patient counseling, since
poor responders have a clearly lower probability of
pregnancy, especially if this poor response is repeat-
edly observed after exposure to high dosages of ex-
ogenous FSH (5,39,40). Therefore, the prediction of
poor response may lead to adaptation of the stimu-
lation dose in the first cycle to ensure that if a poor
response is observed this can really be attributed to
diminished ovarian reserve in stead of underdosing.

Hendriks et al.

In the former case continuation of IVF treatment
should be discouraged strongly.

In conclusion, in this study it was shown that the
clinical value of the GAST for ovarian response pre-
diction in IVF is slightly improved by repeated test-
ing. However, when comparing both the single and
repeated GAST with basal ovarian reserve tests like
the antral follicle count it appears not justified to pro-
mote the GAST as a tool for the prediction of poor
ovarian response in IVF.
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