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Abstract
Purpose To determine if IVM of oocytes from unstimulated
cycle is a treatment option for patients who did not deliver
after standard IVF-ET.
Method Twenty three women with PCO, thirteen of them
with normal cycles and all <35 years old, who failed IVF
served as their own control. During the control IVF cycle
patients were stimulated with 1730.7±639.5 IU recombinant
FSH, a long Buserelin acetate protocol was used and embryo
transfer was performed on day 2 or 3 after ICSI. After failed
IVF immature oocytes were aspirated transvaginally from
antral follicles during spontaneous menstrual cycle. Embryo
transfer was performed 2 or 3 days later.
Result 11.4±4.8 mature oocytes and 6.7±3.2 embryos were
produced with IVF, which served as the control, compared
to 9.7±4.5 mature oocytes and 6.2±3.2 embryos with IVM.
There was one clinical pregnancy in the IVF group which
did not result in a live birth where as five singleton and one
pair of twins with healthy live births and one miscarriage in
the IVM group.
Conclusion IVM does not involve ovarian stimulation with
possible financial and health consequences. İt may be an
useful treatment after unsuccessful IVF.
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Unsuccessful IVF attempt

Introductıon

Women undergoing IVF treatment who had an unsuccessful
result to gonadotropin stimulation present a challenge for
reproductive physicians. Several studies have explored
reasons for dropout, including poor prognosis, financial or
physiologic burden. Emotional distress and poor prognosis
of outcome have been identified in a new study as the main
reasons for dropping out of IVF [1]. Different strategies for
managing subsequent treatment cycles have been reported,
and these include: changing the ovarian stimulation
protocol, natural cycle IVF or oocyte donation. None of
these management strategies, however, are entirely satis-
factory. In vitro maturation (IVM) of immature oocytes
aspirated from unstimulated ovaries is a relatively new
assisted reproductive technology, which has shown prom-
ising results in women with polycystic ovaries [2–4].
Although the classical indication for IVM is PCOS/PCO,
it is used also for other indications today: poor responders,
fertility preservation of cancer patients, normal responders
with history of poor oocyte/embryo quality, as well as for
oocyte donation. Cryopreservation of immature oocytes or
ovarian tissue and embryos, coupled with IVM, is a
potential way to preserve fertiliy [5, 6].

We reported a series of 25 cycles in 20 women with
PCOS undergoing IVM treatment [3]. An average of 10.3
immature oocytes was retrieved, with a clinical pregnancy
rate of 40% per cycle commenced. In an another
prospective observational study we investigated the differ-
ences in immature oocyte maturation, fertilization, and
pregnancy rates among women with unstimulated normal
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ovaries, polycystic ovaries and PCOS [7].The number of
immature oocytes retrieved is proportional to the number
of antral follicles present [8]. Consequently, fewer oocytes
are retrieved from normal as compared with polycystic
ovaries.

Although the number of oocytes and embryos produced
in an IVM cycle may be low, we hypothesized that offering
IVM treatment to women, who did not deliver after
standard IVF-ET, could be attractive for some couples
because it may result in live birth. If so, IVM treatment
could offer an alternative to a further stimulated cycle in
some women who have an unsuccessful result after an IVF
cycle. This study therefore compared the outcome for
women who did not deliver after standard IVF-ETin one
cycle, and who, in their next cycle, underwent IVM
treatment.

Materials and methods

Patients

After obtaining IRB approval, we recruited for the study 23
women who did not deliver after standard IVF-ET with a
long Buserelin acetate protocol. A failed IVF attempt was
defined as a cycle which did not reach pregnancy with live
birth. Live birth was defined as a living child. All 23
women are Caucasion with PCO/PCOS, a mean FSH of 7.3
and a mean BMI of 24. Thirteen reported normal cycles,
8 had oligomenorrhea and 2 were amenorrhoic. Their antral
follicle count (AFC) was > 20 on their baseline ultrasound
scan. An ovary was classified as polycystic when on
transvaginal ultrasound performed during the early follicular
phase≥ 10 small (2–8mm) cysts were found arranged around
the periphery or scattered through an enlarged echogenic
stroma [9]. Four of the couples were recruited to the IVF
program because of male factor infertility and four women
were smokers. Nine teen women did not deliver after three
cycles of controlled ovarian hyperstimulation with rec-FSH
together with intrauterine insemination and at least one IVF
attempt. The mean age of twenty three women was 30.8±
3.2. Each patient gave informed written consent before
undergoing each treatment. All IVM cycles were performed
between March 2007 and December 2009.

In-vitro maturation cycle

The IVM protocol used in our center has been reported
previously [2]. Patients underwent a baseline ultrasound
scan on day 2 or 3 of menstrual bleeding to measure the
number and the sizes of antral follicles, the endometrial
thickness, and to exclude the presence of any ovarian cysts.
Transvaginal ultrasound scans were repeated on day 8 to

exclude the development of a dominant follicle. The size of
all follicles on ultrasound scan had to be < 10 mm on
diameter and the endometrial thickness ≥ 6 mm on day of
hCG. All patients received 10 000 IU hCG (Pregnyl;
Organon, Turkey) s.c. 38 h before oocyte retrieval. We
reported the IVM aspiration technique previously [10].
Transvaginal ultrasound-guided oocyte collection was
performed using a specially designed 19 G single-lumen
aspiration needle (K-OPS-7035-RWH-ET, Cook, Australia)
with reduced aspiration pressure of 7.5 kPa. Aspiration of
small follicles was performed under general anesthesia.
Oocytes were collected in culture tubes containing warm
Quinn’s Advantage medium with HEPE S with 2 IU/ml
heparin. Immature oocytes were collected in a culture dish
containing 2,0–2,5 ml oocyte washing medium (SAGE
IVM media–ART-1600-A, Medek, Turkey).These oocytes
were incubated in a culture dish containing 1 ml oocyte
maturation medium (SAGE IVM media –ART-1600-B,
Medek, Turkey), 75 IU/ml FSH+LH (Menegon; Fehring,
Turkey) at 37º C in an atmosphere of 5% CO2 and 95% air
with high humidity. Following culturing, the maturity of the
oocytes was determined under the microscope at 12 h
intervals for up to 48 h. Mature oocytes, determined by the
presence of a first polar body extrusion, were denuded of
cumulus cells and fertilized by intracytoplasmic sperm
injection (ICSI) using the husband’s sperm. Following
ICSI, each oocyte was transferred into a 20 μl droplet of
Embryo Maintenance Medium (SAGE IVM media −3
ART-1600-C, Medek, Turkey) in a tissue culture dish under
mineral oil. Fertilization was assessed 18 h after ICSI by
examining the oocytes for the appearance of two distinct
pronuclei and two polar bodies. Oocytes with two pronuclei
were further cultured in Embryo Maintenance Medium.
Embryos were transferred on day 2 or 3 after ICSI. We
reported the endometrial preparation protocol used
previously [11]. Briefly, patients received oral 17 ß
estradiol (Estrofem; Novo Nordisk, Turkey), 6–10 mg
daily, starting on the day of oocyte retrieval; the dose
depending on the endometrial thickness on that day. Luteal
support was provided by 200 mg of intravaginal progesterone
(Progestan, Koçak, Turkey) t.i.d., from the day of ICSI. A
pregnancy test was considered positive when a serum hCG
taken 14 days after embryo transfer had a concentration of
greater than 25 IU/L. (Our labratory defines a serum hCG
positive if greater than 25 IU/L). Clinical pregnancy was
defined as an intrauterine gestation with a fetal heartbeat
seen by transvaginal ultrasound scan 3 weeks after positive
serum hCG.

Comparison of IVF and IVM cycles

The outcome varies in the number of mature oocytes,
embryos produced and pregnancies achieved.
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Statistical analysis

The statistical significance of the differences between the
means of the groups was determined using non parametric
McNemar Test and Wilcoxon Signed Ranks Test. A p value
of < 0.05 was considered statistically significant.

Results

Twenty three women who did not deliver after standard
IVF-ET underwent IVM treatment. All 23 women had
AFC > 20 on baseline ultrasound scanning. 4 of them
were recruited to the IVF program because of severe
male factor infertility. The outcome of the treatment
cycles are summarized in Table 1.

IVF cycles

Twenty three patients underwent 29 IVF cycles before
entering the study. The control for each IVM cycle was
defined as the last IVF cycle of the same patient. Twenty
two women underwent fresh embryo transfer. One of the
patients underwent frozen embryo transfer which resulted
in a clinical pregnancy without a live birth. She had 15
cryopreserved embryos because of severe OHSS. The
median (range) gonadotropin dose was 1730 (750–3187)
IU. The mean number of mature oocytes retrieved and
embryos produced per cycle commenced 11.4±4.8 and
6.7±3.2 respectively (Table 1).

IVM cycle

All 23 women who began cycle monitoring for IVM
treatment proceeded to oocyte retrieval. A mean of 12.8±
6.9 germinal vesicle oocytes was retrieved per patient
(Table 1). This resulted in a mean of 9.7±4.5 mature
oocytes and 6.2±3.2 embryos per patient. Twenty three

women had a mean of 3.3±1.0 embryos transferred. There
were fewer collected oocytes, metaphase II oocytes,
fertilized oocytes and cleaving embryos in the IVM group
which did not reach statistically significance. The mean
number of transferred embryos, clinical pregnancies and
live birth rate in the IVM group were significantly different
than in the IVF group (Table 1). There were five singleton
and one pair of twins with healthy live birth and one
miscarriage.

Discussion

In vitro fertilization and embryo transfer is an established
and successful form of treatment for couples suffering from
infertility. However a significant number of couples
discontinue treatment without achieving a live birth.
Although some of them may respond to a subsequent trial
of gonadotropin stimulation for IVF, this success is
achieved at expense of two major complications, namely
ovarian hyperstimulation syndrome (OHSS) and multiple
births. Severe OHSS affect 1–2% of all women undergoing
ART and up to 6% of women with PCO or PCOS [12]. The
only way to avoid OHSS totally is to avoid ovarian
stimulation [13]. Therefore there is an increasing desire
for milder ovarian stimulation using either lower amounts
of gonadotropins, or, ideally, dispensing with ovarian
stimulation altogether [14]. An alternative approach is to
use natural cycle IVF [15]. However, since there is
generally only one preovulatory follicle in a natural cycle,
many women will not have an oocyte collection or embryo
transfer [15]. It has been shown that IVM is a successful
method of treatment in women who have polycystic ovarian
syndrome [3, 7, 16]. Since the high number of antral
follicles found in patients with PCO makes them more
likely to develop OHSS, they are also prime candidates for
IVM treatment. This applies even if patients have
ultrasound-only polycystic ovaries without an ovulatory

IVM IVF p

Number of cycles commenced 23 23

Age (years) (mean±SD) 30.3±3.5 29.9±3.3 NSa

Number of oocytes retrieved (mean±SD) 12.8±6.9 13.7±6.6 NSa

Number of M II oocytes (mean±SD) 9.7±4.5 11.4±4.8 NSa

Number of oocytes fertilized (mean±SD) 6.9±3.6 7.5±3.1 NSa

Number of embryos (mean±SD) 6.2±3.2 6.7±3.2 NSa

Number of ET (mean±SD) 3.4±1.4 2.7±0.8 <0.05b

Clinical pregnancies (%) 7 (30.4%) 1 (4.3%) <0.05b

Live birth (%) 6 (26.1) 0 <0.05b

Miscarriage (%) 1 (4.3%) 1 (4.3%) NSb

OHSS (%) 0 4 (17.3%) NSb

Table 1 Comparison of
outcomes between IVM and
IVF groups

aWilcoxon Signed Ranks Test
bMcNemar Test
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disorder; [12, 17]. That is the case in fifty six percent of our
patients who reported normal cycles despite polycystic
ovaries.

The other known disadvantages with gonadotropin
stimulation are high drug costs, daily injections, frequent
monitoring and potential side effects such as abdominal
bloating, breast tenderness, mood swings and nausea.

We hypothesized that IVM may be potentially easy
and useful in treating women with at least one previous
unsuccessful IVF attempt, provided an antral follicle
count (AFC) > 20 are seen in the ovaries on ultrasound
scan. In vitro maturation is a useful treatment option,
particularly for women with polycystic ovaries. However,
to our knowledge this is the first study that compares
IVM with IVF in the same patient. The number of
immature oocytes collected from an unstimulated cycle is
related to the number of antral follicles present [8]. We
expected, and found fewer oocytes in this group of women
in the present study.

Secondary to their structural similarity hCG has been
used in ART to imitate the endogenous LH surge. It has
been demonstrated in IVM cycles, that hCG priming
increases both the percentage [3] and the rate of immature
oocyte maturation [2]. However a prospective, randomized,
controlled trial did not demonstrate an improvement in
oocyte maturation rates with 20 000 IU of hCG compared
with 10 000 IU of hCG [18]. Therefore all the patients in
this study were primed with 10 000 IU of hCG.

Although the number of embryos available for transfer
following IVM was less compared to the number available
in the previous IVF cycle, there was still enough embryos
available for transfer. The mean number of embryos
transferred in the IVM group was significantly greater than
that in IVF group. It seems to be difficult to draw
conclusions when more embryos are transferred in IVM
than IVF cycles, but our previous study revealed that the
implantation rate of IVF-derived embryos was higher
(17.1% versus 9.5%) than that for IVM (P<.01) [16].
Therefore it is our routine to transfer one embryo more in
average in the IVM cycles compared to IVF cycles.

These embryos were produced without the need for
prolonged, expensive and potentially dangerous gonadotropin
therapy. That is attractive for those couples who self finance
their treatment expenses and cannot afford conventional IVF
secondary to high drug costs and who are under psychological
stress. The level of stress in infertility patients tends to
increase as treatment intensifies and as duration of treatment
continues. Therefore, a population of IVF patients would
be expected to experience more stress than women early
in their infertility evaluation [19]. Most IVF patients state
that treatment is more of a psychological than a physical
stressor [20]. Infertility specialists traditionally have
assumed that patients drop out of treatment for two

reasons: active censoring and finances. The psychological
burden of the procedures appears to be the major reason
for dropout [21–23].

Any new deveploment in ART must also provide data
concerning congenital abnormality and perinatal outcome.
Based on current limited data IVM does not increase the
risk of congenital abnormality or perinatal outcome [24–
28] over that already accepted for IVF or ICSI [29, 30]. In
our small group neither of the babies born after IVM
treatment had any congenital abnormalities.

Even if IVM only produces a comparable outcome to
conventional IVF in ‘previous unsuccessful IVF attempts’, it
would be an attractive treatment secondary to avoidance of
large expenses of gonadotropin therapy and its concomitant
side effects.

Conclusion

This small, preliminary study demonstrates that women
with AFC > 20 on the baseline ultrasound scan who
exhibit an unsuccessful attempt to previous stimulated
IVF can produce a similar number of oocytes in a
subsequent unstimulated IVM cycle. IVM has the
potential to be of clinical significance for women who
cannot afford conventional IVF, who are prone to ovarian
hyperstimulation, for whom the emotional toll of conventional
IVF is crushing.
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