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Retrieval of immature oocytes from unstimulated ovaries, followed by in vitro maturation (IVM) was initially proposed to avoid the risks
and side effects of exogenous gonadotropin administration. Therefore, during the past decades, IVMwas mainly offered to patients with
polycystic ovary syndrome (PCOS) at high risk of ovarian hyperstimulation syndrome (OHSS). However, the development of fertility
preservation has recently opened new perspectives in the field of IVM. The present review summarizes uncommon indications of
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D uring the past 20 years, in vitro
maturation (IVM) of oocytes
has emerged as a reliable option

in the strategy of infertility treatment.
Since the first successful live birth ob-
tained fromIVMwasdescribed, advances
in IVM protocols and improvements of
thematurationmethod, aswell as culture
media, have led to satisfactorypregnancy
rates (PR) in appropriately selected pa-
tient groups (1–3). In addition, the
overwhelming majority of studies
investigating the health risks of children
conceived after IVM are reassuring (4–8).

Retrieval of immature oocytes with-
out previous exogenous gonadotropin
administration and subsequent culture
inmaturationmediumwas initially pro-
posed to women with many antral folli-
cles who were at risk of developing
ovarian hyperstimulation syndrome
(OHSS) (9). With time, the indications
for IVM treatment have remarkably ex-
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panded, and include poor responders to
controlled ovarian hyperstimulation
(COH) (10) and oocyte donation (11).
More recently, IVM has been proposed
as an option for fertility preservation in
women having to undergo gonadotoxic
treatments (12, 13). Indeed, IVM not
only allows mature oocyte
cryopreservation when the fertility
preservation is urgent and does not
authorize exogenous gonadotropin
administration, but also in estrogen
(E)-sensitive cancers (13, 14).

The present article describes some
uncommon indications of IVM, either
as a treatment to infertility or in the
field of fertility preservation.
OVARIAN RESISTANCE TO
FSH
Ovarian resistance to FSH, also known as
ovary resistant syndrome (15, 16), is
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a rare endocrine condition characterized
by hypergonadotrophic hypogonadism
and infertility (15–19). Patients often
present with primary amenorrhea
(15–19) with timely and spontaneous
onset of secondary sexual
characteristics (15–21). Biologically,
serum gonadotropin levels are within
menopausal range (15–23). As
a consequence, these patients are
frequently misdiagnosed with premature
ovarian failure (POF). However,
a pathognomonic characteristic of
women suffering from ovarian
resistance to FSH is the presence of an
age-compatible number of small antral
follicles. In addition, the remarkable nor-
malcy of the antral follicle count is rein-
forced by hormonal markers of the
follicular ovarian status, in particular in-
hibin B and antim€ullerian hormone,
which are within normal range (17, 23).
Although genetic or immunologic
abnormalities may explain antral
follicle unresponsiveness to FSH, many
patients with the ovarian resistance
syndrome still remain with an
undetermined diagnosis (17). Currently,
given the inherent impossibility of
obtaining mature follicles and oocytes
from these patients due to their
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defective response both to endogenous and exogenous FSH
(17, 18, 22, 23), the only option for treating their infertility is
egg donation (22, 23).

Taking into consideration the unfeasibility of obtaining
satisfactory FSH-induced follicles and oocyte maturation in
patients suffering from ovarian resistance to FSH and that
they are normally endowed with small antral follicles, it
was conceivable that IVM might constitute a useful
approach for treating this type of infertility. We recently re-
ported on two pregnancies achieved using IVM in two
women whose ovaries were resistant to FSH (Grynberg et
al. unpublished data). Patient characteristics and IVM out-
come are provided in Table 1. The success of IVM proved
that oocytes in this clinical situation are meiotically compe-
tent and healthy. Therefore, IVM may be the only viable al-
ternative to egg donation for women suffering from
gonadotropin resistance.
FERTILITY PRESERVATION
Advances in chemotherapy and radiation therapy have sig-
nificantly improved cure rates for many young patients suf-
fering from cancer (24). As a consequence, the number of
long-term survivors is increasing and their future quality
of life has become a major concern (25). However, loss of
ovarian function and therefore, fertility, is one of the most
common long-term adverse effects affecting premenopausal
patients treated with chemotherapy and/or radiation therapy
(26). For these patients, ensuring their reproductive capacity
after oncologic treatment has become a major concern.
Therefore, a number of strategies have been developed in re-
cent years to enable these women to preserve their fertility
and their ability to become genetic mothers. The field of fer-
tility preservation has more recently been extended to non-
oncologic diseases such as autoimmune diseases and
premature ovarian insufficiency. Cryopreservation of oo-
cytes and/or embryos after COH is currently the most estab-
lished fertility preservation method. However, this strategy
has two major limits. First, COH requires at least 10 days,
which is not compatible when the initiation of cancer treat-
ment is urgent. Second, the supraphysiologic serum E2 levels
obtained at the end of gonadotropin administration are the-
oretically contraindicated in E-sensitive diseases. To over-
come these limits, cryopreservation of ovarian tissue has
been proposed. However, this technique is still considered
experimental, with a limited number of pregnancies reported
to date (27, 28). More recently, IVM of oocytes has been
proposed as an alternative approach for fertility
preservation, as it does not require exogenous
gonadotropin administration and is therefore associated
with serum E2 levels that are in the normal range. As
a consequence, IVM represents an option for urgent
fertility preservation, as well as in patients suffering from
E-sensitive diseases (13, 29).

Although immature oocyte retrieval may be performed ir-
respective of the menstrual cycle phase, the procedure will be
ideally proposed during the late follicular phase. This strategy
allows one to obtain a mature oocyte from the dominant fol-
licle in combination with immature oocytes. Lim et al. (30)
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reported acceptable PRs (40.4%) using natural IVF/IVM cycle
in normo-ovulatory patients having more than seven small
antral follicles counted on day 3.

Several lines of evidence indicate that zygote stage (31) or
blastocyst stage (32, 33) embryos produced from an IVM cycle
may be successfully vitrified, leading to pregnancies and live
births. Cleavage stage, as well as blastocyst-vitrified embryos
show high survival rates (85.5% and 92%, respectively) after
thawing and acceptable PRs (25.0% and 43.8%, respectively)
(34). Taken together, these results suggest that embryos
produced from IVM cycles can be safely cryopreserved
through vitrification. Aside from the established indications
of IVM, other pathologies could be considered in fertility
preservation.
Leukemia

Acute leukemia is the most common childhood cancer and
advances in treatments have markedly improved the survival
rates (>80%) (35). Patients suffering from leukemia are often
candidates to hematopoietic stem cell transplantation and
will experience permanent ovarian failure in 70%–90% of
cases (36). Therefore, ovarian cortex cryopreservation before
gonadotoxic chemotherapy has been proposed to enable
these patients to possibly recover endocrine ovarian function
and fertility potential (28, 37, 38). However, one major
concern raised by the ovarian cortical fragment
cryopreservation in cancer patients is the possible risk that
the frozen-thawed ovarian tissue might harbor malignant
cells that could induce a recurrence of the disease after
grafting. Overall, the magnitude of the risk of reimplanting
malignant cells by autotransplantation of ovarian tissue is
currently completely unknown. However, in the case of leu-
kemia, this risk may be high as the disease affects the bone
marrow and blood. As a consequence, malignant cells may
be present in all blood-filled organs, including the ovaries.
Animal studies previously showed that transplantation of
testicular cells from leukemic donor rats transmits acute leu-
kemia to healthy recipients (39). In line with this, Dolmans
et al. (40), using a model of immunodeficient mice trans-
planted with ovarian cortex from patients with leukemia, re-
ported a contamination of the ovarian cortex by leukemic
cells in 5 of 18 cases. In addition, small traces of disease-
specific fusion transcripts have been found by quantitative
real time polymerase chain reaction (qRT-PCR) in the ovarian
cortex of patients suffering from leukemia. Given these data,
it is recommended that any harvested tissue from patients
with leukemia should not be used for autotransplantation be-
cause of the high risk of malignant cell reintroduction (41).
Recently, Greve et al. (42) failed to find any signs of viable
malignant cells in fragments of ovarian tissue obtained
from leukemic patients in remission. These results, obtained
using histologic, immunohistochemical, and qRT-PCR studies
after transplantation of frozen/thawed human ovarian cortex
to nude mice, may open the possibility of future ovarian tis-
sue grafting in leukemic patients after complete disease re-
mission using tissue that had undergone cryopreservation.
However, further studies are still needed to consider this pro-
cedure safe enough for common clinical practice.
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VIEWS AND REVIEWS
At present, as leukemia represents a contraindication to
ovarian cortex transplantation, follicle culture with IVM
may be a solution (43, 44). Another option could be isolated
follicle grafting, enzymatically purified from frozen-thawed
ovarian tissue (45, 46). Further research in this field is
needed to develop safe options to restore fertility in
leukemic patients from cryopreserved ovarian tissue.

Currently, IVM constitutes the only reliable option that
could be offered to preserve fertility in patients suffering
from leukemia. Usually, these women have already had an in-
duction cure, before the request of fertility preservation. This
treatment aims at removing most malignant cells from the
blood, but may not eliminate malignant cells in the bone mar-
row. In addition, the chemotherapy used for induction cures
usually does not include alkylating agents (47–49) and is
therefore considered at low risk of follicular toxicity (50). As
a consequence, patients seeking fertility preservation may be
offered immature oocyte retrieval followed by IVM and
subsequent mature oocyte or embryo cryopreservation.
Because in vitro matured oocytes are, by definition, devoid of
any leukemic cells, IVM offers patients a reliable opportunity
to become genetic mothers without any risk of recurrence of
the disease. In addition, IVM may be combined with ovarian
tissue cryopreservation (14). We performed this double
procedure in five patients (Table 2). All patients had
previously undergone induction chemotherapy. We were able
to recover a significant number of immature oocytes that
were meiotically competent and therefore suitable for
cryopreservation. Usually, immature oocytes are retrieved by
the conventional transvaginal aspiration method, before
oophorectomy. However, the possibility of collecting
immature oocytes ex vivo, in a human reproduction
laboratory, after oophorectomy has also been reported (51).
These investigators obtained approximately three oocytes
from each of the four patients undergoing this method, with
maturation rates of 79% on average. Our team achieved the
retrieval of seven and six immature oocytes from the two
patients who required this approach (Grynberg et al.
unpublished data). A major concern of the ex vivo strategy is
the quality of oocytes frozen after IVM. Immature follicles
are aspirated from the ovarian tissue suspended into
a culture medium at 4�C, the ideal temperature for dissection
of cortical strips. Although oocyte maturation rates are
encouraging, the risk of meiotic disturbance due to
temperature fluctuations cannot be neglected (52, 53). As
a consequence, we consider that transvaginal oocyte retrieval
before oophorectomy should be preferred, as immature
oocytes are kept at optimal temperature. In addition,
immature oocyte aspiration may be more efficient when it is
performed under ultrasound guidance in comparison with
recovery by aspiration of all visible antral follicles from an
oophorectomy piece.

Given the current knowledge, we consider that, from an
ethical standpoint, IVM should at least be proposed to leuke-
mic patient candidates for ovarian cortex preservation, as it
represents the only current option for restoring the fertility
in these women. However, patients should be aware of the
remarkable lack of data regarding the actual potential of
frozen-thawed oocytes matured in vitro.
VOL. 99 NO. 5 / APRIL 2013
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Endometriosis

Endometriosis is one of themost frequently encounteredbenign
diseases in women of reproductive age. It is usually associated
with dysmenorrhea, dyspareunia, chronic pelvic pain, and in-
fertility. Although complete resolution of endometriosis is not
yet possible, medico-surgical treatment aims at reducing pain,
preserving and improving fertility. Surgery often includes abla-
tion of endometriotic implants or excision of ovarian endome-
trioma. However, several lines of evidence indicate that normal
ovarian tissue may be excised with the endometriomal wall,
therefore reducing the ovarian reserve (54–56). Thus, women
having undergone ovarian endometrioma excision show
reduced response to COH (57) as well as earlier menopausal
transition (58). In addition, some cases of postsurgical ovarian
failure have been documented in women operated for
bilateral endometriomas (59, 60).

As a consequence, preserving fertility in patients with en-
dometriosis scheduled for endometrioma excision, has be-
come a major concern. Therefore, it has been recommended
that experienced surgeons should perform the procedure. In
addition, some investigators have proposed the use of more
‘‘active’’ methods of fertility preservation (61). Because endo-
metriosis is an E-related disease, it is conceivable that preop-
erative administration of exogenous gonadotropins for
oocyte or embryo cryopreservation may be harmful. Another
option could be the excision of ovarian cortical strips and fur-
ther cryopreservation (61). However, this strategy implies a re-
trieval of safe ovarian tissue and therefore a reduction of the
ovarian reserve. In vitro maturation may constitute an inter-
esting alternative for preserving fertility in patients with en-
dometriosis as it offers the opportunity to freeze eggs or
embryos without the administration of exogenous FSH and
the subsequent increase of serum E2 levels. In particular, the
possibility of performing IVM irrespective of the menstrual
cycle phase (29, 62) avoids delaying surgery. However, the
quality of in vitro matured oocytes obtained from patients
with endometriosis remains to be objectively established.
Ovarian Transposition

It is now clearly established that radiation therapy to the fe-
male pelvis will invariably lead to ovarian damage and/or
failure if no intervention is taken. The effects of radiation
on the ovary are age and dose dependent. Irreversible ovarian
failure is certain at delivery doses to both ovaries of 4–7 Gy in
women older than 40 years. The ovaries are more resistant in
prepubertal girls, and ovarian failure is therefore not predict-
able. Nevertheless, it has been reported that with a wide range
of doses (12–50 Gy), primary amenorrhea occurred in 68% of
cases treated at a mean age of 6.9 years (63).

Transfixing ovaries out of radiation fields before therapy
has been proposed to avoid ovarian irradiation damage (64).
Oophoropexy can be performed laporoscopically, with the ob-
jective of sparing ovarian function and enabling women of
reproductive age to become pregnant (65–67). However, the
effectiveness of ovarian transposition to preserve ovarian
function remains debated (68). In addition, some
investigators suggest that bilateral transposition will require
subsequent assisted reproductive technologies (ART)
1185
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because of the potential damage to the ovaries and the
fallopian tubes (69).

Because the potential of fertility of women having under-
gone oophoropexy may be difficult to objectively predict, ad-
ditional techniques of fertility preservation have been
proposed. The surgical procedure of ovarian transposition en-
ables a portion of an ovary to be obtained for cryopreserva-
tion (67, 70). Like ovarian transposition, this procedure aims
at restoring both hormonal function and infertility after
transplantation if ovarian failure occurs (71). However, as
the ovarian tissue graft still has undetermined success rates,
some investigators have proposed to recover immature
oocytes from all visible antral follicles before preparing
ovarian strips for cryopreservation. Aspirated oocytes at the
germinal vesicle stage may be matured in vitro and vitrified
at the mature stage or after fertilization (71, 72). This
strategy offers the opportunity to have three different
fertility preservation treatments using only one surgical
procedure. This multiple strategy of fertility preservation
raises two points. First, IVM is currently the only way to
offer patients oocyte or embryo cryopreservation before
radiation therapy. Although COH should ideally be
performed when considering oocyte or embryo
cryopreservation, it is associated with anatomic
modifications of ovaries that could make the oophoropexy
difficult. Second, as previously discussed, we consider that
the IVM procedure should be performed ‘‘in vivo,’’ before
initiating the laparoscopic procedure. Three cases of IVM
before ovarian transposition and ovarian tissue
cryopreservation have already been performed in our
center. Patient characteristics and IVM data are reported in
Table 2.

At present, IVM and subsequent oocyte or embryo cryo-
preservation should be considered in the strategy of fertility
preservation in women of reproductive age before pelvic radi-
ation. However, it is important to keep in mind that whatever
technique of fertility preservation is chosen, endometrial
damage after radiotherapy may preclude successful natural
as well as medically assisted pregnancies (73).

In conclusion, marked improvements of the clinical and
laboratory aspects of IVM treatment have led to better clinical
outcomes. The recent development of fertility preservation
has extended the indications of IVM beyond patients at risk
of OHSS. In particular, IVM may represent a viable option
in patients suffering from ovarian resistance to FSH, whose
ovaries are endowed with a normal number of antral follicles.
Because IVM may be performed without exogenous gonado-
tropin administration, therefore avoiding supraphysiologic
serum E2 levels, it is applicable in emergency situations as
well as in patients suffering from E-sensitive diseases. Given
the simplicity and the safety of the IVM procedure and the
possibility to combine immature oocyte retrieval with ovarian
cortex cryopreservation, and given the risk of disease recur-
rences after grafting in some cases, we consider that IVM
should systematically be offered to candidates undergoing
ovarian tissue freezing. In leukemic patients, IVM currently
represents the only viable option of fertility preservation as
transplantation of cryopreserved ovarian tissue is still
contraindicated.
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