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The in vitro maturation (IVM) of human oocytes
for in vitro fertilization (IVF): is it time yet
to switch to IVM-IVF?
Gary N. Piquette, Ph.D., H.C.L.D.

Northridge Center For Reproductive Medicine, Northridge, California

The recent study by Li et al. observed that human oocytes from patients with polycystic ovary syndrome (PCOS)
matured in vitro exhibited a higher proportion of abnormal spindle structures and disturbed chromosomal
configurations compared with in vivo–matured oocytes from a control group of PCOS patients. This article
discusses the obstacles that must be overcome and factors that must be monitored when attempting to optimize
conditions for the in vitro maturation of human oocytes, with particular attention to the strengths and weaknesses
of the study by Li et al. (Fertil Steril� 2006;85:833–5. ©2006 by American Society for Reproductive Medicine.)
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ince the birth of the first baby from IVF, there have been
mprovements in the pregnancy and birth rates with IVF.
mprovements in birth rates with IVF have been directly
ttributed to advances in hormonal stimulation of patients
ith various controlled ovarian hyperstimulation (COH)
rotocols and improved culture media and culture systems
or oocytes, sperm, and embryos. However, through all these
mprovements with stimulated cycles, there has been con-
inued development with natural, unstimulated, or limited-
timulation cycles followed by in vitro maturation (IVM) of
ocytes. Any protocol that would decrease the amount and
uration of hormonal stimulation before oocyte retrieval
ould have an advantage over the more common COH/IVF
rotocols if resulting pregnancy rates were the same or
mproved.

In 1991, Cha et al. (1) reported a pregnancy from IVF with
ocytes obtained from ovariectomy specimens and matured
n culture. The idea that immature human oocytes extracted
rom the ovary could be coaxed into maturing from the
erminal vesicle stage to the metaphase II (MII) stage in
itro and then fertilized and further result in a pregnancy led
o further efforts to develop IVM techniques. The goal was
hen to acquire oocytes from the ovary before an LH surge or
n hCG injection and to continue the development of the
ocytes in vitro to produce oocytes ready for IVF. In 1994,
rounson et al. (2) reported the birth of a normal baby with

VM of immature oocytes from a polycystic ovary syndrome
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PCOS) patient undergoing IVF who had not been triggered
o ovulate.

Although there have been more than 300 births of babies
ith IVM procedures, including in patients with PCOS (3),

VM has not become mainstream in IVF, with ovulation
nduction cycles with oocyte retrieval of mature (MII) oo-
ytes still the highly favored protocol. Some clinics are
eporting no differences in pregnancy rates between IVM
nd in vivo–matured oocytes (4). However, in most clinics,
he pregnancy and live birth rates with IVM do not match
hose reported for IVF cases using full hormonal protocols
ith triggered maturation in vivo. Therefore, only specific
atients are currently considered for IVM, most notably
COS patients who might be more sensitive to the elevated

evels of gonadotropins and steroids experienced during an
VF protocol (2–4). Patients at risk for ovarian hyperstimu-
ation syndrome (OHSS) might also benefit from IVM to
void elevated levels of gonadotropins and estrogen that
ight trigger or worsen OHSS (5). To avoid complications

rom the hormones used in COH and considering the need
or expediency, IVM might become the method of choice for
atients diagnosed with cancer who want to undergo oocyte
etrieval with the purpose of cryopreserving their oocytes.
elaying treatment for cancer in deference to preparing the
varies for aspirating mature oocytes becomes an excruciat-
ng decision for the patient, and offering IVM could alleviate
ome of those concerns. Emerging technologies in oocyte
anking and oocyte donation might also benefit from abbre-
iated COH protocols and IVM.

One hurdle that must be overcome before IVM becomes a
ainstream procedure is the technical aspects of aspirating

nd handling immature oocytes. Compared with in vivo–

atured oocytes, aspiration of immature oocytes from the
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varies is more technically demanding, requiring adjust-
ents in the aspiration needles, the pressures used, and the

kills and patience required to navigate an ovary with small
ollicles. Furthermore, there is a possibility that patients
ndergoing IVF with IVM might have lower pregnancy rates
hat could be attributed to alterations in the uterus, specifi-
ally a diminished endometrial thickness that might impair
mplantation (6). Such technical and endocrine concerns can
e addressed. More daunting is how the oocytes will be
andled and prepared until they are ready to be fertilized.

In vitro maturation of oocytes is limited by the culture
ystems currently used, including the doses and duration of
ormones and other factors that are added to the culture
edia that are needed to initiate and coordinate the events of

ocyte maturation. Determining the optimal composition of
he culture media, including the proper doses of hormones
nd an energy source, such as pyruvate, could be critical to
he rate of oocyte maturation (7). While the oocytes are still
n the ovary, the basic fundamental physiological system, the
varian follicle, is still intact, along with the elaborate para-
rine and endocrine interactions required for efficient oocyte
aturation. Removing oocytes before exposure to hCG or an
H surge removes the elements of the granulosa and thecal
ells and any influence they might have on oocyte matura-
ion. To mimic the ovarian follicle system in vitro has been
he challenge for making IVM successful. Culture systems,
ncluding the media composition, will need to be improved
nd optimized before IVM can become the method of choice
or IVF. Until the culture systems for IVM are improved, it
s expected that there might be differences between in vivo–
nd in vitro–matured oocytes.

The current study reported in this issue of Fertility and
terility by Li et al. (8) investigates the spindles and chro-
osome arrangements that are critical in oocyte maturation

n vitro and in vivo. Alterations in the oocyte internal struc-
ure, in particular spindles and chromosomes, have critical
mportance in the ability of an oocyte to be fertilized, de-
elop into a normal embryo, and ultimately produce a
ealthy live birth. The movement of chromosomes within the
ocyte is controlled by spindles, specialized components of
he oocyte infrastructure that are composed of microtubules.
his internal infrastructure is a type of scaffolding or super-
ighway, moving materials and structures within the oocyte.
his constantly changing structure is influenced by its envi-

onment, including the hormonal milieu, osmolarity, temper-
ture, pH, and salt concentrations (9–13). If the spindle is
isrupted, then the movement of chromosomes during mei-
sis could also be affected and possibly lead to polyploidy
nd aneuploidy (14).

Li et al. (8) used confocal microscopy and fluorescent
mmunocytologic staining to analyze the appearance of spin-
les and chromosomes in IVM oocytes acquired from PCOS
atients and compared their results with in vivo–matured
ocytes from another group of PCOS patients. They reported

hat IVM oocytes were more likely to have abnormal chro- b
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osome configurations and disorganized meiotic spindle
icrotubules.

One of the strengths of this study by Li et al. (8) was that
he two study groups compared were PCOS patients who
ere willing to donate some of their oocytes for this study,
situation that many patients might not agree to. However,

he investigators do not mention what method was used to
elect the specific “donated” oocytes in each group—
hether there was a random assignment from the total pool
f oocytes collected from a patient or whether there was a
election of oocytes after each cumulus–oocyte complex
as observed. It can only be assumed that appropriate un-
iased, randomized methods of selection of oocytes from
atients in each study group were followed.

There can also be technical difficulties with spindle ar-
angements and the possibility of introducing artifacts when
andling oocytes at any time, even during processing for
xation. Profound alterations in meiotic spindles of human
ature (MII) oocytes can be induced with even a brief 2- to

-minute exposure to 0°C (10) or a cooling from 37°C to
oom temperature for 10 minutes (11). Such temperature-
ensitive problems can be avoided by incubating and pro-
essing all the oocytes, including the fixation steps, contin-
ously at 37°C, as Li et al. (8) have described. With the
vailability of polarization light microscopy, or PolScope™
Cambridge Research and Instrumentation, Inc. [CRI],

oburn, MA) (13, 14), spindles and microtubules can be
bserved in living oocytes in real time with careful moni-
oring of temperature with a heated stage, without the dis-
dvantages of processing and fixation that might introduce
rtifacts. Another difficulty with processing is the mechani-
al and enzymatic removal of cumulus cells from the oocyte
ith repeated pipetting through a small-bore pipette and
yaluronidase. It might be assumed that in vitro– and in
ivo–matured oocytes were handled in similar ways when
umulus cells were stripped. However, it is possible that
umulus cells might be more resistant to removal in immature
ocytes matured in vitro and thus require more handling than in
ivo–matured oocytes, which usually have greatly expanded
umulus cells requiring little effort to remove. Cumulus cells
ave cellular processes studded with gap junctions that traverse
he zona pellucida and enter the oocyte. Therefore, if removal of
he cumulus cells is relatively difficult with extended exposure
o the stresses of handling, it is possible that the oocyte internal
tructure could be compromised and consequently affect the
ntegrity of microtubules and spindles within the oocyte. Fur-
hermore, porcine oocytes collected from cumulus oocyte com-
lexes rich in cumulus cells exhibit longer spindle lengths than
hose from complexes poor in cumulus cells, suggesting the
nfluence of cumulus cells on oocyte spindle length (10).

Another drawback of this study is that because these are
COS patients, it is difficult to extrapolate the results to
atients with normal endocrine profiles. It might be possible
hat, because of the hormonal milieu they are exposed to

efore aspiration from the ovary, oocytes from PCOS pa-
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ients that are matured in vitro might have a propensity for
roblems with chromosomes or microtubules compared with
ocytes allowed to mature in vivo before aspiration. This
tudy does not address what the effects of chronic hyperan-
rogenemia or insulin resistance with compensatory hyper-
nsulinemia associated with PCOS might have had on sen-
itizing the immature oocytes and influencing spindle
rrangements after maturation in vitro. Until this study is
epeated comparing oocytes from patients with normal hor-
one profiles, the differences noted in this study cannot be

ompletely attributed to the effects of IVM.

In studies with mice, Moon et al. (15) reported that IVM
ocytes had significantly lower rates of fertilization and
lastocyst formation compared with in vivo–matured oo-
ytes. The investigators noted that these rates might be
ssociated with the significant differences in spindle arrange-
ents they observed between the two types of oocytes.
orcine oocytes matured in vitro were also observed to have
hortened spindles compared with in vivo–matured oocytes
10). However, in all these IVM studies with different spe-
ies, one cannot presume that IVM culture conditions have
een optimized in each case. Although nuclear maturation
ight be determined, with extrusion of polar bodies, there

emains the problem of determining proper cytoplasmic mat-
ration. Indeed, because these studies have observed that
here can be differences in in vitro– and in vivo–matured
ocytes, observing spindles and chromosomal arrangements
ould be an important tool to develop improved culture
ystems. It remains to be seen whether, if there are no
ifferences between in vitro– and in vivo–matured oocytes
ith regard to chromosome arrangements and spindles, there
ill also follow an increased pregnancy rate and live birth

ate for IVM procedures. Once oocytes reach the appropriate
tage of nuclear and cytoplasmic maturation without there
eing any fear that the culture systems are imposing delete-
ious effects, then the oocytes can be prepared more confi-
ently for proceeding through fertilization and embryo de-
elopment during IVF procedures. Based on the current state
f IVM technologies, it may be premature to use IVM
xclusively in all IVF cases, but it might be beneficial for

ertain patients.
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