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BACKGROUND: Unexpectedly poor response leading to IVF cycle cancellation is a distressing treatment outcome.
We have prospectively assessed several markers of ovarian reserve in a high risk IVF population to determine
their utility in predicting IVF cycle cancellation. METHODS: Eighty-four women at high risk of cycle cancellation
due to raised FSH, previous poor response and/or age ³40 years attending for high-dose short protocol IVF treat-
ment had baseline measures of FSH, inhibin B, anti-Müllerian hormone (AMH), antral follicle count (AFC) and
ovarian volume. A GnRH agonist was then administered and, 24 h later, estradiol (E2) and inhibin B measures
were repeated. RESULTS: Fifty-seven per cent of patients in this study had a poor response to stimulation, and
15% were cancelled. Using multivariate logistic regression, we found that day 3 inhibin B levels were the best pre-
dictor of cycle cancellation with an area under the receiver operating curve (ROC AUC) = 0.78 (P = 0.017). When
only considering baseline variables, mean ovarian volume was the best predictor of cycle cancellation (ROC AUC =
0.78; P = 0.016). AMH concentrations were the best predictor of a poor response (P = 0.003), and AMH was also
predictive of cycle cancellation (P = 0.007) with very little inter-cycle variability. None of the parameters studied
were predictive of ongoing pregnancy. CONCLUSIONS: This group of at-risk patients had a high rate of poor
response to simulation and cancellation. Although several measures of ovarian reserve were able to predict cycle
cancellation, none were able to predict pregnancy. AMH was predictive of both cycle cancellation and poor
response with little inter-cycle variability.
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Introduction

The accurate determination of ovarian reserve continues to be
a challenge for reproductive physicians. In the context of IVF
treatment, ovarian reserve testing can be predictive of both
response to gonadotrophin stimulation and chances of
success with treatment (Pellicer et al., 1987; Jenkins et al.,
1991). The various available measures of ovarian reserve are
better at predicting response to gonadotrophin stimulation
than the chance of pregnancy (Creus et al., 2000; Hendriks et al.,
2005). Rather than concentrating on attempting to predict
pregnancy, it may be more helpful to use ovarian reserve test-
ing in the prediction of cycle cancellation and poor response
to stimulation. Avoiding gonadotrophin treatment for women
destined not to respond to stimulation would help to reduce
cancellation rates, treatment costs and emotional stress for
the patient. Pretreatment counselling for predicted poor
responders may ameliorate subsequent disappointment and
distress.

Age, whether or not combined with basal FSH measure-
ment, is only moderately successful as a predictor of response
to superovulation, especially in women <40 years of age
(Toner et al., 1991; Pearlstone et al., 1992; Scott et al., 1995).
In our study, we used three simple factors (age, basal FSH levels
and previous poor response) to identify a group of patients at
risk of cycle cancellation.

Inhibin B is a dimeric polypeptide produced by ovarian gran-
ulosa cells. Anti-Müllerian hormone (AMH) is a glycoprotein
hormone that, like inhibin B, is produced by granulosa cells in
the adult ovary (Vigier et al., 1984). When measured basally,
inhibin B and AMH concentrations can reflect the number of
follicles that will ultimately reach maturity (Seifer et al., 1997,
2002; Tinkanen et al., 1999; te Velde and Pearson, 2002;
Muttukrishna et al., 2004). Other studies have also found
that inhibin B and AMH concentrations decline before a rise
in basal FSH levels and thus are earlier markers of a reduc-
tion in ovarian reserve (Seifer et al., 1999; de Vet et al.,
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2002). AMH may be a better marker of ovarian responsive-
ness than inhibin B, as it may reflect the size of the larger
resting pool of pre-FSH-dependent follicles (Fanchin et al.,
2003; Muttukrishna et al., 2004). AMH appears to have less
inter-cycle variability than other markers of ovarian reserve
(Fanchin et al., 2005).

The ovarian response to GnRH agonist (GnRHa) adminis-
tration (the GAST test) is a dynamic test of ovarian reserve. A
2-fold rise or more in estradiol (E2) concentration in response
to GnRHa has been shown to be predictive of IVF success
(Padilla et al., 1990; Winslow et al., 1991; Ranieri et al., 1998).
The GAST test can also measure dynamic inhibin B response.
Measuring the rise in inhibin B after GnRHa administration was
found to be better than age and basal FSH in predicting IVF
response in a group of unselected patients (Ravhon et al., 2000).

The exogenous FSH ovarian reserve test (EFORT) is an
alternative well-validated dynamic measure of ovarian reserve
(Fanchin et al., 1994). Attempts to incorporate inhibin B testing
into this EFORT model have also been studied and appear to be
more predictive of poor response than basal levels (Dzik et al.,
2000; Eldar-Geva et al., 2000; Yong et al., 2003). However, we
chose to use the GAST because recombinant FSH (rFSH) is a
more expensive alternative.

Measurement of the number of antral follicles by high-
resolution ultrasound scanning has been shown to be predictive
of ovarian response in a number of studies (Bancsi et al., 2002;
Hendriks et al., 2005). In a recent meta-analysis, an antral folli-
cle count (AFC) was a better predictor of ovarian reserve than
a basal FSH level (Hendriks et al., 2005). Similarly, ovarian
volume measurements have been used to estimate ovarian
reserve (Lass et al., 1997; Tomas et al., 1997). In women with
ovarian volumes <3 ml, the risk of cycle cancellation is
increased (Lass et al., 1997).

The optimum protocol for ovarian stimulation in women
likely to be poor responders to gonadotrophins is unclear. Sev-
eral approaches have been tried to improve ovarian response
and oocyte yield, but none has emerged as superior (Akman
et al., 2001; Weissman et al., 2003; Cheung et al., 2005). In the
present study, we tried to minimize variation in patient
response due to variation in stimulation protocol by using a
standardized regime for superovulation for all patients, with a
fixed dose of rFSH. Utilizing a short protocol allowed us to
study measures of ovarian reserve within the same cycle as
stimulation and IVF treatment occurred.

Materials and methods

Study population

Eighty-four women (age 26–44 years) undergoing IVF ± ICSI at the
Assisted Conception Unit, The Jessop Wing, Sheffield, UK, were
studied prospectively between March 2004 and June 2005. To be
included, patients had to meet one or more of the following crite-
ria: (i) have a previously raised early follicular phase FSH concen-
tration >10 IU/l, (ii) be >39 years of age and (iii) have had a
previous poor response to stimulation during an IVF cycle. A pre-
vious poor response was defined as the collection of four or less
oocytes or cycle cancellation. Women with only one ovary were
excluded from the study. Cycle cancellation was defined as the

failure to reach oocyte collection. Informed consent was obtained
from all women. This study was approved by the South Sheffield
Research Ethics Committee.

Twenty-three of the women also had measurements taken in a sub-
sequent cycle to compare the inter-cycle variability of the different
measures.

Study protocol

All patients had blood collected on day 2 of the menstrual cycle for
measurement of serum concentrations of E2, FSH, inhibin B and
AMH. Transvaginal ultrasound was performed at the same visit
using a 6-MHz probe (Toshiba, Sterling, UK). AFC and ovarian
volume measurements were performed. AFC was defined as the
total number of antral follicles sized 2–10 mm counted in both
ovaries. Ovarian volume was calculated using the formula for the
volume of an ellipsoid (π/6 × length × width × height). The mean
volume was then determined. Ovaries with cysts >15 mm present
were excluded from the analysis of ovarian volume. Buserelin ace-
tate (Aventis Pharma Ltd, West Malling, Kent, UK) 0.5 mg was
then administered s.c.

Twenty-four hours later (cycle day 3), a second blood sample was
collected to measure E2 and inhibin B. The rise in E2 concentration was
calculated by dividing day 3 E2 concentrations by day 2 E2 concentra-
tions to obtain a ratio, the GAST test (Winslow et al., 1991). The differ-
ence in E2 concentrations between days 3 and 2 (ΔE2) was calculated by
subtracting the day 2 from the day 3 level (Padilla et al., 1990).

Following the second venepuncture, buserelin (0.5 mg) was contin-
ued as a daily injection, and daily injections of rFSH 250 IU
(Puregon®; Organon, Cambridge, UK) were commenced in a short
GnRHa protocol. When three or more follicles ≥17 mm were
observed, hCG (Pregnyl; Organon, Cambridge, UK) 10 000 IU was
given s.c. and transvaginal oocyte recovery was performed ∼36 h
later. Embryo transfer was performed 2 or 3 days following oocyte
recovery. Luteal support was provided with progesterone pessaries
(Cyclogest, Alphapharma, Barnstaple, UK) 400 mg/day.

Cycle cancellation was recommended if two or less subsidiary folli-
cles of ≥14 mm mean diameter were seen when the lead follicle
reached 18 mm mean diameter (i.e. total mature follicle count <4).
Some couples chose to proceed with oocyte collection and IVF
against medical advice. If a couple were advised to cancel the cycle,
an intrauterine insemination (IUI) was offered if appropriate (patent
tubes and adequate sperm concentration and motility). Cycle cancella-
tion was defined as those women who did not proceed with oocyte
collection. An ongoing pregnancy was defined as the presence of fetal
cardiac activity beyond 12 weeks’ gestation.

Hormonal assays

FSH and E2 concentrations were determined using an automated
multi-analysis system with chemiluminescence detection (Adiva
Centaur; Bayer, Newbury, UK). For FSH, functional sensitivity was
0.3 IU/l, and intra- and inter-assay variabilities were <3%. For E2,
functional sensitivity was 26 pmol/l, and intra- and inter-assay varia-
bilities were <11 and 7%, respectively. Inhibin B samples were assayed
in duplicate using a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Oxford Bio-Innovation Ltd, Oxford, UK) according to
the manufacturer’s protocol. The sensitivity of the assay was 15 pg/ml.
The intra- and inter-assay variabilities were <7%. AMH samples were
assayed in duplicate using a commercial ELISA kit (Immunotech,
Beckman Coulter UK Ltd, High Wycombe, Buckinghamshire, UK)
according to the manufacturer’s protocol. The sensitivity of the assay
was 0.24 ng/ml. The intra- and inter-assay variabilities were <5 and
8%, respectively.
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Statistical analysis

Two power calculations were performed to determine the sample size
required for both univariate and multivariate logistic regression mod-
els (with cycle cancellation as the binary response variable). The esti-
mated sample size required for univariate analyses to achieve 80%
power to detect an odds ratio of 0.40, assuming one normally distrib-
uted covariate in the model and a = 0.050 (two-sided), was 58. For a
model with more than one covariate (referred to as mulitvariate),
assuming the same parameters as the univariate model, 73 subjects
would be required to achieve 80% power.

Data were analysed with the Statistical Package for the Social
Sciences (SPSS Inc., Chicago, USA) and the Medcalc (Medcalc
Software, Mariakerke, Belgium) programs. The Student’s t-test was
used to compare mean baseline variables. The area under the
receiver operating characteristic curve (ROC AUC) was computed
to assess the predictive accuracy of the various tests, yielding
values from 0.5 (no predictive power) to 1.0 (perfect prediction).
Using the results of the ROC analysis, we defined an appropriate
threshold level for each test and determined the sensitivity and spe-
cificity of that threshold. The chi-square for that threshold against
several outcomes (cycle cancellation, poor response and pregnancy)
was then determined. The likelihood ratio (LR) was calculated for
that threshold.

Logistic regression analysis was applied to study the value of age
and study variables for the prediction of cycle cancellation. Multiple
logistic regression analysis with forward selection of parameters was
applied with P < 0.10 for entry.

The paired t-test was used to compare the inter-cycle variability of
the parameters. A P value <0.05 was considered significant.

Results

Baseline, treatment and outcome characteristics

Thirteen of the 84 patients (15%) had their cycle cancelled because
of a poor response. Sixty-eight patients had an embryo transfer
(81%). Forty-eight patients (57%) had a poor response defined as
the collection of four oocytes or less or cycle cancellation.

Baseline, treatment, cycle and study variable characteristics
are summarized in Table I. The patients who were cancelled did
not differ significantly in their age or in the duration, type or
cause of infertility compared with those that were not cancelled.
They did differ in their previously highest recorded FSH; women
who were cancelled had a higher mean FSH level previously
recorded (P = 0.001). Of note, mean FSH concentrations were
high in all groups, with the overall mean being 10 IU/l.

All patients received a similar duration and amount of rFSH.
There were no differences in the duration of stimulation or the
amount of rFSH used between those who were and were not
cancelled.

Cycle outcomes are summarized for the patients who had an
oocyte recovery in Table I. The mean number of oocytes

Table I. Baseline, treatment and outcome characteristics

NA, not applicable. 
Values are presented as mean ± SD or %.
aP values are for comparison between cancelled and not cancelled patients.
bPregnancy from IUI treatment.

Variable Overall group 
(n = 84)

Cycle cancelled 
(n = 13)

Ooocyte collection 
(TVOPU) performed 
(n = 71)

Pa

Baseline
Age (years ± SD) 37.3 ± 3.9 37.5 ± 5.0 37.3 ± 3.8 0.90
Primary infertility [n (%)]  57 (68) 9 (69) 48 (68) 0.43
Cause of infertility [n (%)]

Unexplained  30 (36)  8 (61) 22 (31)
Male factor  32 (38)  4 (31) 28 (39)
Tubal  13 (15)  0 (0) 13 (10)
Endometriosis  9 (11)  1 (8) 8 (11) 0.17

Duration of infertility (years ± SD) 4.6 ± 3.7 4.3 ± 5.1 4.6 ± 3.4 0.74
Highest FSH level recorded (IU/l) (range) 10.0 ± 2.9 (4.5–17.4) 12.3 ± 2.5 (7.1–16.9) 9.6 ± 2.7 (4.5–17.4) 0.001

Treatment
Duration of stimulation (days ± SD) 9.3 ± 2.0 8.9 ± 2.5 9.4 ± 1.9 0.48
Total amount recombinant FSH 

[intrauterine insemination (IUI) ± SD]
2321 ± 496 2231 ± 633 2334 ± 471 0.48

Peak estradiol (E2) level (pmol/l ± SD) 5497 ± 3148 NA 5497 ± 3148
Outcome

Number of oocytes (± SD) 4.7 ± 2.0 NA 4.7 ± 2.0
Fertilization rate (%) 67 ± 25 NA 67 ± 25
Number of embryos transferred (± SD) 1.9 ± 0.4 NA 1.9 ± 0.4
Ongoing pregnancy rate (%)  9 (11) 1 (8)b 8 (11)

Study variables
Baseline FSH level (IU/l) (range) 8.3 ± 2.3 (2.6–14.2) 9.2 ± 2.2 (5.0–12.0) 8.1 ± 2.3 (2.6–14.2) 0.13
Baseline E2 level (pmol/l) 167 ± 62 145 ± 54 171 ± 62 0.18
E2 level day 3 (pmol/l) 405 ± 179 303 ± 96 424 ± 185 0.03
Inhibin B baseline (pg/ml) 58 ± 55 28 ± 43 64 ± 55 0.03
Inhibin day 3 (pg/ml) 116 ± 88 50 ± 58 129 ±87 0.002
Anti-Müllerian hormone (ng/ml) 1.6 ± 0.92 0.93 ± 0.6 1.72 ± 0.92 0.004
Antral follicle count 7.4 ± 3.5 5.2 ± 2.5 7.8 ± 3.5 0.02
Mean ovarian volume (ml) 8.0 ± 3.9 5.1 ± 2.5 8.4 ± 3.9 0.01
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collected was 4.7. The fertilization rate in this study (67%) was
equivalent to that of the clinic average for this period. Preg-
nancy rates were significantly lower than the clinic’s mean for
this period of 35% per cycle started.

Ovarian reserve tests

The mean levels of the different study variables between can-
celled cycles and those that are not cancelled are summarized
in Table I. The two groups varied significantly for most of the
factors studied. Only baseline FSH and E2 concentrations did
not differ between the two groups.

Table II summarizes ROC AUC, sensitivity, specificity, LRs
and statistical significance for the ovarian reserve markers
studied in relation to cycle cancellation. The variables that
were predictive of cycle cancellation included the day 3 E2 level,
inhibin B (both days 2 and 3 concentrations), AMH and mean
ovarian volume. Baseline FSH, ratio of E2 rise (GAST) and the
AFC were not predictive of cycle cancellation (Table II).

Univariate logistic regression analysis showed that several
variables were good predictors of cycle cancellation similar to
the ROC AUC LR analysis (Table II). Age, baseline FSH and
the ratio of E2 rise were not predictive of cycle cancellation.
Although the AFC was not predictive of cycle cancellation
using LR analysis, it was predictive in the univariate logistic
regression analysis. For the multivariate logistic regression
analysis using stepwise forward selection on all variables sum-
marized in Table III, the inhibin B level on day 3 was selected
in the first step, and no other variable contributed significantly
thereafter (P = 0.017).

Dynamic testing (GAST) may not be practical in many clin-
ical situations. Baseline tests of ovarian reserve are easier to
obtain in a routine clinical situation. Hence, we also performed
logistic regression modelling excluding the day 3 (stimulated)
parameters. Using multivariate logistic regression and applying
stepwise forward selection on all variables summarized in
Table III, we selected mean ovarian volume in the first step,
and no other variable contributed significantly thereafter (P =
0.016) (Table III). Thus, mean ovarian volume was the most
significant baseline predictor of cycle cancellation.

Table IV depicts the various ovarian reserve markers studied as
predictors of a poor response to simulation. The threshold used to

assess each factor was the same as that determined by the ROC
curve for cycle cancellation. Inhibin B (days 2 and 3 concentra-
tions) and AMH were both predictive of cycle cancellation and a
poor response to stimulation. ROC analysis was also performed to
determine the discriminatory threshold for a poor response for
inhibin B and AMH (rather than using the level determined for
cycle cancellation). Those thresholds are summarized in Table IV.

Although the ratio of E2 rise (GAST) and the AFC were not
predictive of cycle cancellation, they were predictive of a poor
response. Just as baseline FSH concentrations were not predic-
tive of cycle cancellation, neither were they predictive of a
poor response.

Univariate logistic regression analysis showed that several
variables were predictive of poor response (Table V). Age and
baseline FSH levels were again not well correlated with

Table II. Receiver operating characteristic curve analysis of study variables for the prediction of IVF cycle cancellation expressed as sensitivity, specificity and 
likelihood ratios (LRs)

GAST, test of ovarian response to GnRH agonist (GnRHa) administration.

Variable Area under the receiver 
operating characteristic 
curve

Threshold Sensitivity Specificity LR [95% confidence 
interval (95% CI)]

P

Baseline FSH level (IU/l) 0.64 ≥10 46 79 2.2 (1.0–4.6) 0.06
GAST estradiol (E2) level day 3 (pmol/l) 0.70 ≤355 77 59 1.9 (1.3–2.9) 0.04

Ratio E2 rise days 2–3 0.60 ≤2.0 38 66 1.1 (0.5–2.4) 0.65
ΔE2 days 2–3 (pmol/l) 0.69 ≤195 77 59 1.9 (1.3–2.9) 0.04

Inhibin B baseline (pg/ml) 0.67 ≤30 77 69 2.5 (1.6–3.9) 0.002
Day 3 (pg/ml) 0.78 ≤60 69 79 3.3 (1.8–6.0) 0.001
Sum (pg/ml) 0.77 ≤65 62 80 3.1 (1.6–6.1) 0.002

Anti-Müllerian hormone (ng/ml) 0.78 ≤1.25 85 63 2.3 (1.6–3.4) 0.001
Antral follicle count 0.74 ≤5 46 80 2.3 (1.0–4.9) 0.06
Mean ovarian volume (ml) 0.78 ≤5.3 80 75 3.3 (1.9–5.5) 0.001

Table III. Logistic regression analysis for the prediction of IVF cycle 
cancellation expressed as odds ratios for age and study variables

GAST, test of ovarian response to GnRH agonist (GnRHa) administration; 
NA, not applicable.

Variable Area under 
the receiver 
operating 
characteristic 
curve

Odds ratio 
[95%
confidence 
interval 
(95% CI)]

P

Univariate analysis
Age 0.54 NA NA
Baseline FSH level (IU/l) 0.64 NA NA
GAST estradiol (E2) level 
day 3 (pmol/l)

0.70 1.0 (0.9–1.0) 0.03

Ratio E2 rise days 2–3 0.60 NA NA
ΔE2 days 2–3 (pmol/l) 0.69 0.99 (0.99–1.0) 0.04

Inhibin B baseline (pg/ml) 0.67 0.98 (0.97–1.0) 0.04
Day 3 (pg/ml) 0.78 0.98 (0.97–0.99) 0.01
Sum (pg/ml) 0.77 0.99 (0.98–1.0) 0.01

Anti-Müllerian hormone 
(ng/ml)

0.78 0.16 (0.04–0.61) 0.01

Antral follicle count 0.74 0.76 (0.61–0.95) 0.02
Mean ovarian volume (ml) 0.78 0.71 (0.53–0.94) 0.02

Multivariate analysis
Inhibin B day 3 (pmol/l) 0.98 (0.96–0.99) 0.017

Multivariate analysis baseline 
variables only

Mean ovarian volume (ml) 0.71 (0.53–0.94) 0.016
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response to rFSH stimulation. Neither was mean ovarian volume
predictive of a poor response. Using multivariate logistic regres-
sion and applying stepwise forward selection on all variables sum-
marized in Table V, we selected AMH in the first step, and no
other variable contributed significantly thereafter (P = 0.003).

Pregnancy and cycle outcomes

LRs were calculated for the prediction of pregnancy using the
same thresholds for each variable that were determined to pre-
dict cycle cancellation. None of the markers of ovarian reserve
were able to predict pregnancy (P > 0.05). This suggests that
these markers measure oocyte quantity rather than directly
identifying deterioration in oocyte quality.

Thirteen of the 84 patients (15%) had their cycle cancelled
because of a poor response. Of these, 11 patients were suitable
and opted for IUI treatment. One of these patients achieved an
ongoing pregnancy (9%) (Table I). Sixty-eight patients had an
embryo transfer (81%). The ongoing pregnancy rate per cycle
started was 11% (9/84).

Any patient who had three or less mature follicles (>14 mm)
with a lead follicle at 18 mm was advised that proceeding with

oocyte recovery would entail a risk of there being no embryo
for transfer. Sixteen patients opted to proceed with oocyte
retrieval in this situation, and 13 of 16 (81%) had an embryo
for transfer and 6 of 16 (37.5%) conceived. However, 3 of 16
(19%) did not have an embryo for transfer after proceeding in
this situation. The small numbers involved render it difficult to
make any recommendations regarding optimizing management
in this group.

Inter-cycle variability

Twenty-three patients had measures taken in a subsequent
cycle to compare inter-cycle variation in the endocrine and
ultrasound parameters measured in this study. All of the
second cycles took place within 1 year of the original cycle.
The only parameter that showed significant variation between
cycles was the baseline inhibin B level (Table VI).

Discussion

In this study, we identified a group of patients at high risk of a
poor response and cycle cancellation, according to their age,
early follicular phase FSH concentration and a history of poor
response to superovulation. Fifty-seven per cent of patients
went on to have a poor response to stimulation, and 15% of
stimulation cycles were cancelled. Only eight patients (10%)
had eight or more oocytes collected, which is our clinic’s overall
mean.

Several of the markers studied were helpful in predicting
the likelihood of cycle cancellation. Low serum inhibin B

Table IV. Receiver operating characteristic (ROC) curve analysis of study variables for the prediction of poor response using the same threshold as determined by 
the ROC area under the curve (AUC) for cycle cancellation

GAST, test of ovarian response to GnRH agonist (GnRHa) administration.

Variable Threshold Sensitivity Specificity Likelihood ratio 
(LR) [95% confidence 
interval (95% CI)]

P New threshold

Baseline FSH level (IU/l) ≥10 69 17 1.9 (0.8–4.4) 0.13
GAST estradiol (E2) level day 3 (pmol/l) ≤355 55 66 1.6 (1.0–2.7) 0.17

Ratio E2 rise days 2–3 ≤2.0 49 83 2.9 (1.3–6.3) 0.01
ΔE2 days 2–3 (pmol/l) ≤195 55 66 1.6 (1.0–2.7) 0.17

Inhibin B baseline (pg/ml) ≤30 50 78 2.3 (1.1–4.4) 0.009 60
Day 3 (pg/ml) ≤60 42 90 4.2 (1.4–13.0) 0.004 87
Sum (pg/ml) ≤65 39 90 3.9 (1.2–12.0) 0.01 133

Anti-Müllerian hormone (ng/ml) ≤1.25 58 75 2.3 (1.3–4.4) 0.002 1.48
Antral follicle count ≤5 34 89 3.1 (1.1–8.4) 0.04
Mean ovarian volume (ml) ≤5.3 41 79 2.0 (0.9–4.3) 0.06

Table V. Logistic regression analysis for the prediction of IVF poor response, 
expressed as odds ratios

GAST, test of ovarian response to GnRH agonist (GnRHa) administration; 
NA, not applicable.

Variable Odds ratio [95% 
confidence interval 
(95% CI)]

P

Univariate
Age (years) NA NA
Baseline FSH (IU/l) NA NA
GAST estradiol (E2) level day 3 (pmol/l) 1.00 (0.99–1.00) 0.006

Ratio E2 rise days 2–3 0.47 (0.26–0.83) 0.009
ΔE2 days 2–3 (pmol/l) 1.00 (0.99–1.00) 0.003

Inhibin B baseline (pg/ml) 0.99 (0.98–1.00) 0.007
Day 3 (pg/ml) 0.99 (0.98–1.00) 0.001
Sum (pg/ml) 0.99 (0.99–1.00) 0.003

Anti-Müllerian hormone (AMH) (ng/ml) 0.35 (0.19– 0.64) 0.001
Antral follicle count 0.74 (0.62–0.88) 0.001
Mean ovarian volume (ml) NA NA

Multivariate
AMH (ng/ml) 0.36 (0.18–0.70) 0.003

Table VI. Inter-cycle variability of predictors

Variable Cycle 1 
(mean ± SD)

Cycle 2 
(mean ± SD)

P

Baseline estradiol level (E2) (pmol/l) 182 ± 87 145 ± 61 0.06
E2 level day 3 (pmol/l) 430 ± 61 370 ± 203 0.11
Baseline FSH level (IU/l) 8.9 ± 3.5 9.6 ± 4.0 0.24
Inhibin B baseline (pg/ml) 67 ± 56 42 ± 45 0.04
Inhibin B day 3 (pg/ml) 173 ± 139 112 ± 83 0.08
Anti-Müllerian hormone (ng/ml) 1.36 ± 0.78 1.38 ± 0.91 0.84
Antral follicle count 7.5 ± 3.4 6.6 ± 2.5 0.43
Mean ovarian volume (ml) 4.9 ± 2.3 4.6 ± 2.4 0.64
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concentrations on day 3 increased the likelihood of cycle
cancellation 3-fold. Basal inhibin B concentrations would be
simpler and less costly to use as a measure of ovarian reserve
than stimulated day 3 concentrations. However, we observed
significant inter-cycle variability in inhibin B concentration,
reducing the utility of basal inhibin B measurement alone as a
reliable predictor of ovarian reserve in this group of patients.
Inhibin B is secreted by the developing cohort of early antral
and antral follicles, the size of which varies from month to
month, and thus, the amount of inhibin B being made by the
granulosa cells varies. FSH concentrations also vary significantly
between cycles (Scott et al., 1990), reflecting the relationship
between circulating concentrations of inhibin B and FSH.

AMH reflects the larger resting follicular pool better than
inhibin B and therefore varies less between cycles (Fanchin
et al., 2005). There is also little variation in AMH concentra-
tion during the menstrual cycle, meaning that AMH measure-
ment could be undertaken at any time convenient for the
patient and physician (Cook et al., 2000). In our study, AMH
was a good predictor of both cycle cancellation and a poor
response to stimulation. In logistic regression analysis, AMH
was the best overall predictor of a poor response to stimulation,
with consistency between cycles.

AFC has recently received attention as a predictor of poor
response in IVF cycles (Hendriks et al., 2005). In our study,
AFC was confirmed as a good predictor of a poor response.
However, rather surprisingly, it was not a good predictor of
cycle cancellation when using ROC modelling, although AFC
was predictive of cycle cancellation in the univariate analysis.
It is possible that with a larger sample size, AFC would have
been confirmed as predictive of cycle cancellation as the
P value almost reached significance in the ROC model.

Ovarian volume was the best baseline predictor of cycle can-
cellation in logistic regression modelling when day 3 parame-
ters were excluded. There was a trend towards ovarian volume
measurement being able to predict a poor response, but this
trend did not reach statistical significance. Ovarian volume did
not vary significantly between cycles in this group of patients.
However, there is a group of patients for whom ovarian vol-
ume measurements are impractical (e.g. those with ovarian
cysts), and in our study, 9 of 84 (11%) patients were unable to
have an ovarian volume measurement taken.

Dynamic testing (GAST) can be carried out at the start of a
short protocol stimulation cycle. Following GAST, day 3 inhibin
concentrations were predictive of cycle cancellation and poor
response, as discussed above. As dynamic testing is expensive
and time consuming, we suggest that these tests should not be
routinely incorporated into the assessment of ovarian reserve. If
dynamic testing was excluded from analysis, the best predictor
of cycle cancellation was mean ovarian volume. AMH was the
best predictor of a poor response in all models.

Although age and FSH levels were not significant predictors
of cycle cancellation in the logistic regression model, this find-
ing should be treated with caution. Age and previous FSH lev-
els were enrolment criteria for the study and hence are not
independent variables. The fact that this group did respond
poorly confirms that they were reasonable criterion for study
entry and have utility.

As predictors of cycle cancellation, only inhibin B concen-
tration on day 3 and the mean ovarian volume had LRs >3. As
predictors of a poor response, only day 3 inhibin B concentra-
tion and the AFC had an LR >3. Therefore, although several
factors were statistically significant determinants of cycle can-
cellation and/or a poor response, the clinical utility of each test
in isolation would be insufficient for them to be recommended
in routine IVF practice. However, measurements may be useful
in patients with a high pre-test probability of poor response
and/or cycle cancellation due to reduced ovarian reserve.

The original sample size and power calculations were predi-
cated on an odds ratio of 0.40 being achieved in the univariate
logistic regression analyses. When we performed post hoc power
calculations, only the regression models including AMH and
GAST E2 rise (the latter in the prediction of poor response only)
were adequately powered (99 and 92%, respectively). Hence,
some of the inconsistent results between the ROC AUC analyses
and logistic regressions may have been due to an inadequate
sample size. In other words, some variables that were significant
predictors on ROC AUC analysis were not in the logistic regres-
sion, and this may have been due to the problems with power. A
larger sample size is required to achieve adequate power for
most of the logistic regression analyses presented in this article.

A test or combination of tests of ovarian reserve that could
be done on one visit would be optimal for both the clinician and
the patient. A one-stop clinic for basic assessment of causes of
subfertilty, at which a blood test and a baseline ultrasound plus
a hysterosalpingogram (or other tubal patency assessment) are
carried out, has been proposed (Magos et al., 2005). The blood
test could incorporate measuring FSH, inhibin B and AMH
levels. The pelvic ultrasound assessment could incorporate an
AFC and/or ovarian volume measurement. A younger woman
with a reduced ovarian reserve may then choose to pursue treat-
ment sooner, and her doctor may opt for a higher dose of stimu-
lation and/or a different stimulation protocol. Whether this
information should be used to discourage women from entering
IVF treatment is debatable, because ovarian reserve testing is
better at predicting a reduced response to stimulation than the
possibility of pregnancy (Bukman and Heineman, 2001;
Abdalla and Thum, 2004). Most women will wish to pursue
motherhood using their own genetic material, and advising
them otherwise on the basis of ovarian reserve testing alone is
inadvisable (Esposito et al., 2002; Abdalla and Thum, 2004).
However, this information can be used as a basis for discussion
of the likelihood of a poor response to stimulation and possible
reduced chance of success with IVF.

Cancellation rates would have been higher, had we been
stricter about who could proceed with oocyte collection. We
took an autonomous approach to patient care and allowed
women to proceed with an oocyte collection even if their
response did not meet our criteria for HCG administration.
Although ∼20% of these patients did not have an embryo for
transfer, 80% of them did. The patients from this group who
did have an embryo transferred achieved pregnancy rates per
embryo transfer (38%) equivalent to the clinic’s normal rate.
Even those patients who were cancelled and converted to IUI
had a chance of pregnancy. Of 84 poor prognosis patients, we
were able to offer treatment (IUI or IVF) to 82.
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Several of the variables we studied were helpful in predicting
cycle cancellation and/or a poor response to stimulation. Yet,
the goal of attempting to predict cycle cancellation must be
questioned, as from our study, we would not have been able to
predict cycle cancellation or pregnancy with enough accuracy
to stop any of our patients from pursuing treatment. Although
pregnancy rates were low, they would have been considered
acceptable at many clinics only 10–15 years ago. As long as
patients are aware that their chances of success are reduced, it
seems reasonable to offer them the chance of pregnancy. Those
who do not conceive may then be able to contemplate moving
to treatment with donor oocytes, adoption or stopping attempts
to become parents with greater equanimity, having experienced
a cycle of stimulation with poor response.

This group of patients was already known to be at high risk
of having a reduced ovarian reserve and therefore a reduced
response to stimulation. The cancellation rate, low oocyte yield
and pregnancy rate confirmed that. None of the other tests
added enough information to be a valuable addition, with all
LRs <5. More research needs to be done on ovarian reserve
testing in women without infertility. Almost all the evaluation
of these tests has so far concentrated on the IVF subpopulation
(Bukman and Heineman, 2001). Ovarian reserve testing in
these women may help with treatment decisions and counsel-
ling about prognosis but should not be used to stop access to
treatment. Ovarian reserve testing earlier in the infertility
workup or for reproductive lifespan information may prove to
be far more helpful than in the population already accessing
treatment.
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