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Abstract
Purpose In oocyte in-vitro maturation (IVM) treatments, the
chances to achieve a pregnancy are critically dependent on the
retrieval of a suitable number of oocytes. In this study, we
assessed the ability of circulating levels of anti-mullerian
hormone (AMH) to identify normo-ovulatory women suitable
for IVM treatment on the basis of the number of retrieved
oocytes.
Method Serum AMH was quantified in normo-ovulatory
women younger than 39 years undergoing IVM treatment.
After immature oocyte retrieval and IVM, maximum 3
mature oocytes were used for treatment and all resulting
embryos were transferred, as established by law. From 177
cycles, 991 oocytes were recovered. Following IVM, 484
mature oocytes were obtained (50.1%).
Results The overall pregnancy rate per embryo transfer was
16.6% (25/151) and the implantation rate was 10.9% (30/
278). Linear regression and receiver operating characteristic
(ROC) analyses were applied to identify independent varia-

bles and quantify a cut-off AMHvalue able to identify patients
suitable for IVM treatment. An AMH value of 1.28 ng/ml was
identified as a threshold for the prediction of the retrieval of at
least 5 oocytes, with a sensitivity of 93.4% and a specificity of
33.8%. Positive and negative predictive values were 67.6%
and 75.0%, respectively.
Conclusions AMH can be adopted to identify women
candidate for an IVM treatment fromwhom a suitable number
of oocytes may be retrieved. This is of crucial significance
during a non-stimulated cycle, in order to prevent an
insufficient oocyte collection and rescue the treatment by
implementing a conventional controlled ovarian stimulation.
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hormone . Female age . Pregnancy rate

Introduction

Advanced maternal age affects natural fecundity and com-
promises oocyte number and quality in in-vitro fertilization
(IVF) treatments [1, 2]. In fact, aging of ovarian function is
recognized as the worst prognosis element in assisted
reproduction technology (ART) [3]. However, a large
inter-individual variability of the incidence of this factor
can be observed at any age [4, 5], as suggested by the fact
that impaired ovarian reserve may concern also young
women undergoing ovarian stimulation [6, 7].

Because age alone is not always sufficient to predict
accurately ovarian response to gonadotrophin stimulation,
there is a need for a more comprehensive and informative
evaluation of women requiring ART, in order to gain
information on ovarian function and determine an appropriate
treatment. Serum follicle stimulation hormone (FSH) concen-
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tration [8, 9], ovarian volume determined by ultrasound [10],
antral follicle count (AFC) [11, 12], and clomiphene citrate
challenge test have been proposed as indicators to estimate
ovarian functional reserve. Conflicting results on the effective-
ness of these methods have been reported [13]. Anti-Müllerian
hormone (AMH) has attracted considerable attention as a
marker of ovarian function. AMH is an ovarian glycoprotein
produced by granulosa cells of primary, pre-antral and early
antral follicles [14] but not larger or atretic follicles [14, 15].
AMH action is believed to be critical for the regulation of
follicular growth [16–18]. The circulating levels of this factor
have been suggested to depend on the number and activity of
growing ovarian follicles [19], decreasing throughout life and
becoming not detectable after menopause [20, 21]. Hence,
AMH has been proposed as an indicator of ovarian reserve
[22–24]. It also appears that the age-associated variation in
AMH production offers an opportunity for an earlier
prediction of perimenopause change in ovarian function, in
comparison to FSH and inhibin-B [19]. Furthermore, AMH
measurements have been found valuable for the investigation
of ovarian dysfunction [21]. Several studies have tested the
ability of AMH to support the clinical management and
predict the outcome of ART treatment [21, 23–29].

In the last few years, several questions have been raised
on disadvantages and benefits of different approaches to
ovarian hyperstimulation [30]. Alternative reproductive
strategies have been proposed to reduce risks and costs of
in-vitro technology or merely simplify the clinical procedure.
In-vitro maturation (IVM) of oocytes has been adopted in
some centres to avoid ovarian stimulation in women at high
risk of ovarian hyperstimulation syndrome (OHSS), such as
polycystic ovary (PCO) or polycystic ovary syndrome
(PCOS) patients [31–38]. In other cases, IVM has been also
suggested to represent an alternative for the treatment of
women with normal ovarian physiology, but suffering from
tubal pathologies or with an infertile partner [39–41]. In
view of the crucial importance to define an appropriate
clinical treatment for each category of patients, we performed
a study in order to assess the potential of different factors, in
particular AMH, to identify normally ovulating women
suitable for an IVM procedure on the basis of the number
of retrieved oocytes. In fact, it has been suggested that the
chances to achieve a pregnancy in IVM cycles is positively
associated to the recovery of at least five oocytes [39–41].

Materials and methods

Patient selection

This study was conducted from January to December 2008 at
Biogenesi, Centre of Reproductive Medicine - Istituti Clinici
Zucchi -, Monza, Italy, in women with an indication for IVM

treatment. It was approved by the local Institutional Review
Board (IRB). The inclusion criteria were: age <39 years,
regular menstrual cycles (25–34 days), morphologically and
endocrinologically normal ovaries, body mass index ≤32.
PCOS, PCO, and women with other ovarian and endocrinol-
ogy abnormalities were excluded. PCOS women were
considered those with chronic anovulation or other clinical
evidence of hyperandrogenic ovaries. PCO women were
identified on the basis of more than 15 follicles in one plane
showing the features of multicystic ovaries at ultrasound scan
without other symptoms of polycystic syndrome.

A written informed consent was obtained from all
participating couples.

In vitro maturation

On day 3 of a spontaneous menstrual cycle, women
underwent a baseline transvaginal ultrasound assessment to
determine ovarian morphology, AFC, and endometrial
thickness. Meanwhile, a venous blood test was also
performed to measure the basal concentration of FSH, 17-β
estradiol, and blood AMH levels.

Women with an FSH ≤10 mIU/ml, 17-β estradiol level
≤200 pg/ml, an AFC ≥5 were admitted, whereas those
with ovarian cysts ≥12 mm were excluded.

Women were scheduled for oocyte pick up (OPU) when
endometrium thickness was ≥5 mm and the leading follicle
diameter was between 9 and 12 mm.

Oocytes were collected and matured in vitro following the
procedure previously described [40]. In particular, oocyte
aspiration was performed by single lumen needle (code
4551- E2, Gauge 017, 35 cm in length; Gynetics, Belgium)
connected to a vacuum pump (pressure 80–100 mmHg; Craft
Pump-Rocket UK). During the oocyte collection all women
received sedation with Propofol (Astra-Zeneca, Italy). Oocyte
recoveries were carried out by only two clinicians, whose
equivalence in oocyte collection ability had been previously
validated in our IVM program. Follicular aspirates, contain-
ing cumulus–oocyte complexes (COC) were collected in a
single bottle (tissue culture flask, 50 ml, Becton-Dickinson,
USA) containing 15 ml pre-warmed Flushing Medium with
heparin (Medicult, Jyllinge, Denmark). After collection, the
follicular aspirates were filtered through a 70 μm cell strainer
(Becton-Dickinson, USA) and washed twice with Flushing
Medium containing heparin. Then, COC were searched
under a stereomicroscope and washed once in flushing
medium (Medicult, Jyllinge, Denmark). COC were examined
and classified. Oocytes with signs of mechanical damage or
atresia were discarded. Immature oocytes were placed in a
single well Petri dish (Becton-Dickinson, USA) containing
0.5 ml pre-equilibrated Lag Medium (vial 1 of IVM system
medium, Medicult, Jyllinge, Denmark) and incubated at
37°C and 5% CO2 in a humidified atmosphere for 3 h.
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Oocytes were transferred to a four-well culture dish with
0.5 ml IVM medium (vial 2 of IVM system medium,
Medicult, Jyllinge, Denmark) supplemented with 0.075 IU/
ml recombinant FSH (Serono, Italy) and 0.1 IU/ml HCG
(Serono, Italy). Culture of immature oocytes was pro-
longed for 26 h. Following this period the COC were
treated with 80 IU/ml hyaluronidase solution (Sage Media,
USA) or cumulase (Medicult, Jyllinge, Denmark) to
remove cumulus cells. Semen samples were prepared using
discontinuous gradients (47.5% and 90%) of Sil-Select
(Ferti-Pro, Belgium). In compliance with the Italian Law
regulating assisted reproduction during the period of study,
a maximum of three selected oocytes were inseminated by
intracytoplasmic sperm injection (ICSI) to achieve fertil-
ization. In all cases, ICSI was adopted to minimise the
chances of fertilization failure. Fertilization was assessed
16–18 h after injection and confirmed by the presence of
two pronuclei and two polar bodies. All the resulting pre-
zygotes were individually cultured in 4-well Petri dishes
containing 0.5 ml of IVF medium or ISM1 (Medicult,
Jyllinge, Denmark). Embryos were cultured for 2 or 3 days;
Embryo quality was evaluated daily by observing the
relative proportion of anucleated cellular fragments and the
number of blastomeres. As established by law, all resulting
embryos were transferred.

All women received oral 17-β estradiol supplementation
(6 mg/day of 17-β estradiol (Novo-Nordisk, Bagsværd, Den-
mark), starting on the day of oocyte retrieval. Luteal support
was provided by intravaginal progesterone supplementation
(Prometrium, Rottapharm, Monza, Italy) 600 mg/day starting
1 day later. Embryo transfer was carried out using a Gynetics
soft catheter (Semtrac 5–2000 SET- Gynetics Belgium). All
embryo transfers were performed 48–72 h after ICSI.
Pregnancy was tested 12–13 days following embryo transfer
by quantitative definition of serum β- human chorionic
gonadotropin (β-hCG). In case of positive test, oestrogen and
progesterone supplementations were continued until the 12th
week of gestation. Clinical pregnancies were defined by the
presence of a gestational sac with fetal heart beat at trans-
vaginal ultrasound examination 2 weeks after β-hCG testing.

AMH measurement

Quantitative measurement of AMH in serum was performed
by an enzymatic two-site immunoassay (MIS/AMH Enzyme-
Linked Immunosorbent (ELISA) kit ® DSL-10-14400Active,
Diagnostic System Laboratories, Inc./Beckman-Coulter) fol-
lowing the manufacturer’s instructions.

Standards, controls and samples were assayed manually
in duplicates using an automatic microplate washer and
reader by two operators in three different runs. The intra-
and inter-assay coefficients of variation (CV%) were <6.4%
and <9.8% respectively. Results were expressed in ng/ml.

Statistical analysis

Mean, standard deviation and range were used to describe
results for continuous variables while absolute and percentage
frequencies were used for dichotomous variables. The
comparison between groups was analyzed by the t-Student
test and Fisher exact test. We analysed with univariate linear
regression analysis the association between number of oocytes
and age, basal FSH, estradiol level, AFC and AMH. The same
parameters were included in a multivariate regression model
to identify independent variables able to predict the number of
oocytes retrieved. Finally, as we verified that in pregnant
cycles the number of oocyte collected was 7.2±3.3, we
assumed as an outcome a collection of at least 5 oocytes and
ROC analysis was used to quantify cut-off AMH values able
to predict this outcome. Stata software 9.0 (Stata Corporation,
1999, Texas U.S.A.) was used for performing the statistical
analysis. A level of p<0.05 was adopted for significance.

Results

One hundred seventy-seven women, selected for an IVM
procedure according to the criteria described above, were
included in the study. Their mean age, BMI, day 3 FSH, 17-
β estradiol, AMH, and AFC are described in Table 1.

A total of 991 oocytes were recovered (Table 2), with a
mean of 5.6 oocytes per cycle (± SD 3.2, range 0–15). In
2.3% (4/177) of cycles no oocytes were retrieved. Immature
oocytes were cultured for 30 h, excluding 25 of them
(2.5%) which degenerated. Following in vitro maturation,
484 metaphase II (MII) oocytes were obtained,
corresponding to a maturation rate of 50.1%.

Mature oocytes were microinjected achieving a fertiliza-
tion rate of 72.6% and obtaining 276 embryos. After assisted
hatching, all embryos were transferred in 151 ultrasound-
assisted embryo transfers, with an average number of 1.6
(± SD 1.0, range 1–3) embryos replaced per transfer.

Twenty-eight β-hCG positive tests were reported, 25 of
which developed into clinical pregnancies involving 30
gestational sacs with fetal heart beat.

Table 1 Characteristics of 177 patients selected for IVM and included
in the study

Variable Mean±St. Dev. Range

Age 33.3±2.89 22.9–37.9

BMI 21.9±2.98 16.2–30.9

FSH 5.9±1.76 1–10

17−β oestradiol 40.51±15.47 10–85

AFC 9.14±3.39 5–21

AMH 3.32±2.34 0.07–13.5
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The clinical pregnancy rates were 14.1% per oocyte
retrieval and 16.6% per embryo transfer. An implantation
rate of 10.9% and a miscarriage rate of 20.0% (5/25) were
reported.

Univariate linear regression analysis (Table 3) showed
that the number of oocytes recovered negatively correlated
with age, basal FSH and 17-β estradiol. On the contrary
oocyte number was positively associated with AFC and
AMH. We found a significant positive correlation between
AMH and AFC (p<0.0001), a negative significant correla-
tion between AMH and FSH (p<0.0001) and AMH and 17-
β estradiol (p=0.008) while no correlation was found
between AMH and age.

A multiple linear regression analysis, examining AMH,
FSH, 17-β estradiol, AFC and age (Table 3) was also
performed in order to evaluate the independent predictive
value of each factor with reference to the number of
oocytes harvested. The analysis showed a significant
positive correlation only for AMH (p<0.0001) whilst other
markers did not predict independently the number of
oocytes recovered. Linear regression analyses were carried

out also by using a stricter inclusion criterion of AFC ≥8.
Under this condition, the univariate test revealed that the
number of retrieved oocytes was positively correlated with
AFC (p=0.044) and above all AMH (p<0.0001), whereas
AMH was the only factor positively associated (p=0.004)
with the number of collected oocytes in the multivariate
analysis.

No correlation between either AMH or AFC and clinical
pregnancy rate was observed. In pregnant cycles the
number of oocyte collected (7.2±3.3 oocytes) was signif-
icantly higher (p=0.003) in comparison to non-pregnant
cycles (5.3±3.1 oocytes). A ROC curve was calculated,
considering as a criterion of analysis the retrieval of at least
5 immature oocytes (Figure 1). In fact, this factor has been
suggested to be positively associated to a higher chance to
achieve a pregnancy in IVM cycles [39–41]. On this basis,
a threshold AMH value of 1.28 ng/ml as an indicator of
sufficient yield of retrieved oocytes was identified (Table 4).
Using this threshold, the sensitivity, namely the ability to
predict the retrieval of ≥5 oocytes, reached 93.4% while
the specificity, or the ability to predict the recovery of less

Table 2 Laboratory and clinical outcome of 177 IVM cycles included in the study. An AMH threshold value of AMH>1.28 g/ml identified
cycles in which a higher number of oocytes were collected

Total AMH ≤ 1.28 g/ml AMH>1.28 g/ml $t-Student test
(n=177) (n=32) (n=145) *Fisher exact test

Collected oocytes 991 96 895

Mean no. of collected oocytes 5.6±3.2 3.2±2.0 6.2±3.1 P<0.0001$

Mature oocytes after 30 h (%) 484/966 (50.1%) 56/91 (61.5%) 428/875 (48.9%) P=0.014*

Mean no. of mature oocytes after 30 h 2.7±1.9 1.8±1.5 3.0±1.9 P=0.0005$

Fertilized oocytes (%) 276/380 (72.6%) 31/49 (63.3%) 245/331 (74.0%) P=0.082*

Total transferred embryos 276 31 245

Beta-hCG positive tests 28 2 26

Total clinical pregnancies 25 2 23

Miscarriages 5 (20.0%) 0 5

Clinical pregnancies/OPU (%) 25/177 (14.1%) 2/32 (6.3%) 23/145 (15.9%) P=0.125*

Clinical pregnancies/transfer (%) 25/151 (16.6%) 2/21 (9.5%) 23/130 (17.7%) P=0.281*

Single pregnancies 20/25 (80.0%) 1/2 (50.0%) 19/23 (82.6%)

Twin pregnancies 5/25 (20.0%) 1/2 (50.0%) 4/23 (17.4%)

Implantations (%) 30/276 (10.9%) 3/31 (9.7%) 27/245 (11.0%) P=0.557*

Univariate linear regression analysis Multivariate linear regression model

Coef. 95% IC p-value Coef. 95% IC p-value

Age -0.17 -0.33–-0.01 0.038 -0.11 -0.28–0.06 0.196

FSH -0.36 -0.63–-0.10 0.008 -0.06 -0.34–0.22 0.690

17−β oestradiol -0.03 -0.07–-0.00 0.044 -0.01 -0.04–0.02 0.602

AFC 0.36 0.23–0.49 < 0.0001 0.13 -0.02–0.28 0.092

AMH 0.66 0.48–0.84 < 0.0001 0.54 0.30–0.77 < 0.0001

Table 3 Univariate and multi-
ple linear regression analyses
examining the relative and in-
dependent correlations of AMH,
FSH, 17-β estradiol, AFC and
age with respect to the number
of oocytes harvested
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than 5 immature oocytes, was 33.8%. This corresponded to
a negative predictive value (NPV) of 75.0% and a positive
predictive value (PPV) of 67.6%. On the basis of this
prediction, 24 out of 32 cycles with AMH ≤1.28 ng/ml
should have been cancelled before oocyte collection. The
comparison between the outcomes of the AMH <1.28 ng/
ml and AMH >1.28 ng/ml groups are reported in Table 2.
Pregnancy rates per OPU and transfer and implantation
rates were higher in the AMH >1.28 ng/ml group but these
differences were not statistically significant.

Discussion

The chances to achieve a full term healthy pregnancy in
women requiring ART treatment are closely related to their
ability to produce an adequate number of good quality
oocytes [13]. The number of antral follicles that may be
observed during the initial phase of the ovarian cycle seems
to represent a good indicator of the endowment of
primordial follicles forming the ovarian functional reserve.
Hence, the significance to assess the ovarian functional

reserve is to determine the woman’s ovarian potential and,
on this basis, select the more appropriate treatment.
However, the ovarian response observed during an ovarian
stimulation with gonadotrophins may reveal an otherwise
unrecognized incompetent ovarian function. Women with a
reduced response to gonadotrophin stimulation, referred to
as poor responders, are detected only during ultrasound
monitoring [42]. It is arduous to estimate the percentage of
women, still in their thirties, who fall within the definition
of poor responders. In our experience up to 20% of women
undergoing ART present with some problems associated to
oocyte number and quality (unpublished data).

During an IVF procedure involving gonadotrophin
stimulation, an impaired ovarian response may be recog-
nized before oocyte collection. Vice versa, in unstimulated
natural cycles, poor ovarian response may be not discern-
ible until egg recovery. Therefore, the determination of
ovarian potential becomes more crucial in IVF procedures
not requiring ovarian stimulation, such as IVM.

It has been reported by various authors [31, 32, 40, 43,
44] that in IVM cycles the number of the available oocytes
is well correlated with the outcome of the procedure. For
that reason, women with polycystic ovaries, who have
several antral follicles by definition, are the best candidates
for an IVM treatment [31–38].

Likewise, in normally ovulating women the single most
important factor that may affect the IVM outcome is the
number of available oocytes which, if inadequately small,
can deny the possibility to select embryos from a larger
cohort [45, 46].

In the present study, the number of retrieved oocytes was
significantly higher in pregnant women, suggesting that the
prediction of this parameter should be considered an
essential criterion for patient selection. In one of our
previous studies [40] we focused on the criteria for an
appropriate selection of patients with morphological and
functional normal ovaries to treat by an IVM approach. We
proposed strict criteria based on age, BMI, FSH and
estradiol blood concentrations, and AFC. We suggested
that only those cases which meet specific requirements
should be eventually selected for an IVM procedure,
although such recommendations sometimes fail to identify
women with poor functional ovaries. That study showed
that FSH and 17-β estradiol levels are negatively correlated
to the number of oocytes retrieved, in agreement with the
results of other authors [31, 40, 43].

The number of antral follicles in early follicular phase
was reported to be one of the most important predictors of
ovarian response in women treated with stimulated IVF
cycles [47]. In IVM cycles, AFC is also significantly
associated to the number of retrieved oocytes and pregnancy
rate [32, 43, 44]. In the present study, AFC was confirmed
to be highly associated to the number of retrieved oocytes.
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Fig. 1 ROC curve representing the relationship between the retrieval
of ≥5 oocytes and AMH, corresponding to reference and classifica-
tion variables, respectively

Table 4 ROC analysis results

AMH ≤1.28 ng/ml

% No.

Sensitivity (True positive) 93.4 98/106

Specificity (True negative) 33.8 24/71

Correctly Classified 69.4 122/177

Positive Predictive Value (PPV) 67.6 98/145

Negative Predictive Value (NPV) 75.0 24/32
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The same conclusions were reported in one of our previous
investigations in which, by statistical regression analysis, we
showed that AFC is the best independent predictive factor
for the number of the oocytes harvested and pregnancy rate
[40].

In the present analysis, AFC, FSH, and 17-β estradiol
showed a linear significant correlation with AMH concen-
tration. In addition, the multiple linear regression analysis,
carried out to assess the independent prognostic value of
each of these parameters for the prediction of the number of
retrieved oocytes, confirmed exclusively AMH as a highly
predictive factor. Conversely, AMH did not show a
correlation with age, a fact that may be explained by the
limited age range and sample size of the study.

A recent and comprehensive meta-analysis [48] was
conducted in order to evaluate the efficacy of AMH levels
and AFC to predict IVF outcome. With regard to the ability
to identify poor responder women, the analysis demonstrated
the AMH is at least as efficient as AFC to predict a high
ovarian response [49, 50]. Various reports suggest a
correlation between low AMH levels and poor ovarian
response [28, 50–52]. Recently, on the basis of a large
prospective cohort study, Nelson et al. [53] have proposed to
use the AMH value as a reliable tool to design individualized
IVF approaches and maximize the clinical outcome.

In our study, relevant to an IVM programme in natural
cycles, the AMH measurement was instrumental for the
recognition of women with reduced ovarian function. A
ROC curve was elaborated to determine an AMH cut-off
value able to select women suitable for an IVM treatment.
One of the major criticisms to IVM, especially if applied to
regularly cycling women, is the low clinical outcome
caused mainly from a small number of retrieved oocytes.
Therefore, the identification of cycles able to produce
numerous oocytes would reduce the efficiency gap between
IVM and conventional IVF.

Our overall experience in IVM suggests that the chances
to achieve a pregnancy are critically dependent on the
recovery of at least five immature oocytes. Hence, five
immature oocytes were considered as a criterion for the
generation of the ROC curve.

An interesting study [54] involving standard IVF cycles
reported an AMH lower value of 1.26 ng/ml by which 88%
of poor responders (women with less than 5 oocytes
retrieved after gonadotrophin stimulation) were identified.
In such a case, the AMH cut off was proposed to be
functional for the modulation of appropriate doses of
gonadotrophins in a stimulated cycle. In our study, a
similar cut off was intended as a guidance to decide the
appropriateness of IVM as a treatment. In particular, in an
IVM scenario our study suggests how the application of a
threshold AMH value of 1.28 ng/ml decreases the number
of recruited cycles in which less than five oocytes are

retrieved. These cycles could benefit from a standard
ovarian stimulation approach in order to achieve a higher
number of retrieved oocytes. Adopting the 1.28 ng/ml cut-
off, 24 out of 32 cycles (NPV 75%) could have been
appropriately cancelled before oocyte collection, leading to
a good identification of true negative cases. Overall, the
accuracy (i.e. correctly classified) of the ELISA method
applied in the study would have been 69.5%.

Some authors have reported a positive correlation
between high AMH levels and oocyte and embryo quality
[55, 56]. Other authors [22, 53, 57, 58] found a correlation
between AMH levels and pregnancy rate. We were unable
to confirm an association between AMH and pregnancy
rate, probably as a consequence of the limited size of our
study. We did not consider the achievement of a pregnancy
as a major endpoint because in that respect other factors
may play an important role and therefore their possible
influence should be analyzed separately. However, we
hypothesize that, by increasing the number of cycles, it
might be possible to establish the ability of AMH to predict
a pregnancy event also because in IVM cycles the clinical
outcome is not influenced by gonadotrophin administration.

In line with several other authors, in conclusion we
suggest that AMH can contribute to determine an appro-
priate approach for each patient. In stimulated IVF cycles,
measurement of circulating AMH during the course of
treatment may be utilized as a criterion to predict ovarian
response and adjust down regulation and dose of gonado-
trophins [51, 54]. In IVM, it can be used to select patients
with appropriate characteristics. Vice versa, the identifica-
tion of women whose traits are less suitable for IVM can
offer an opportunity to re-design the treatment and convert
it into standard ovarian stimulation, thereby preventing an
insufficient oocyte collection.
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