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Abstract Ovarian stimulation regimes may be hazardous to a small proportion of women or may 
result in side effects. For such women IVM is recommended. IVM technology can be divided into two 
main approaches, namely (i) FSH and (ii) hCG priming. These two approaches improve oocyte 
maturation and pregnancy rates when the immature oocytes are retrieved from women with PCOS. 
Although the size of follicles appears to be important for subsequent embryonic development however 
the developmental competence of oocytes derived from the small antral follicles seems not to be 
adversely affected by the presence of a dominant follicle. In general, the clinical pregnancy and 
implantation rates per ET are now in the order of 35-40% and 10-15% respectively in women with 
PCOS following IVM. The combination of natural cycle IVF with immature oocyte retrieval followed by 
IVM is an attractive treatment alternative for women with various forms of infertility without recourse to 
ovarian stimulation. Natural cycle IVF/M together with IVM alone can be used to treat more than half 
of the population of infertile patients with acceptable pregnancy rate. Approximately 2,000 healthy 
infants have been born following immature oocyte retrieval and IVM.                                                                             
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Introduction 
The oocyte is a unique cell in woman’s body, 
not only in its special structure and function, 
but it is the only cell that undergoes meiosis. 
Meiotic progression in the oocyte is defined as 
oocyte maturation from reinitiation of the first 
meiotic division, which is arrested at the 
germinal vesicle stage to metaphase-II (M-II) 
accompanied by cytoplasmic maturation in 
order to prepare the oocyte for subsequent 
fertilization and successful early embryonic 
development (Cha and Chian, 1998). In vivo 
meiotic resumption of oocyte is initiated by the 
preovulatory surge of luteinizing hormone 
(LH). The LH surge triggers oocyte maturation 
from germinal vesicle (GV) stage to M-II stage.  
 
In patients undergoing IVF treatment is 
administered to mimic LH surge and induce 
the resumption of meiosis in the oocytes in 
order to retrieve M-II oocytes after 36 hours of 
hCG injection. Without hCG injection in IVF 
treatment, most oocytes retrieved will be at 
immature at the GV stage. 
Pincus and Enzmann (1935) were the first to 
report rabbit oocytes can be matured 
spontaneously to M-II stage in vitro when the 
immature oocytes were removed from the 
antral follicles. Initially it has been reported, 
liike the rabbit oocytes, immature human 
oocyte also can be matured in vitro after 12 
hours of culture following removal from follicles 
(Pincus and Ezzmann, 1939). The time course 

for human oocyte maturation in vitro was 
corrected by Edwards (Edwards, 1965), 
indicating that immature human oocytes need 
to be cultured for more than 24 hours in order 
to become mature, and most immature GV 
stage human oocytes required more than 36 
hours of in vitro culture to attain the M-II stage.  
 
Historically the first attempts at IVF were from 
fertilized oocytes derived from in vitro matured 
immature human oocytes (Edwards et al., 
1969). However the first live birth from IVF was 
produced by in vivo matured oocytes from 
natural cycle (Steptoe and Edwards, 1978) not 
from in vitro matured oocytes. It was then 
difficult to retrieve immature oocytes from the 
patients because of the reliable techniques of 
immature oocyte retrieval were not devised as 
yet at that time. With the advent of 
laparoscopy and methods of synchronous in 
vivo maturation of oocytes, it became possible 
to retrieve mature oocytes from the leading or 
dominant follicles before ovulation occurred. 
The mature oocytes can be fertilized in vitro, 
and the resultant embryos were used for 
transfer. Nevertheless, at early days, IVF 
technology seems not very efficient in women 
during natural cycle treatment, because there 
were many undesirable consequences in 
natural cycle IVF treatment. In women’s 
menstrual cycle, normally only one or two 
follicles developed to dominant follicles, and in 
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natural cycle IVF treatment, there may be no 
embryo available for transfer. Therefore, 
infertility treatment with IVF from natural cycle 
moved to ovarian stimulation in order to 
produce more oocytes and thus ensure 
embryo transfer leading to improvement of IVF 
treatment. Initially clomiphene citrate was used 
and then combined with human menopausal 
gonadotropin (HMG) to produce more than 
one oocyte (Lopata et al., 1978; Johnston et 
al., 1981; Jones et al., 1982;). Over the years 
developments in ovarian stimulation protocols 
led to improved and more efficacious ‘long- 
and short-protocol’ to stimulate ovaries. In 
these cycles a combination of GnRH agonist 
or antagonist with gonadotripins is utilized. 
With most stimulation                             
protocols, normally, on the average 10-15 
mature oocytes can be obtained from each 
patient that underwent the stimulation cycle for 
IVF treatment. With more mature oocytes 
retrieved, the chance for pregnancy is 
increased because more embryos are 
available for transfer.  
 
However, some women are extremely 
sensitive to stimulation with exogenous 
gonadotropins and are at increased risk of 
developing ovarian hyperstimulation syndrome 
(OHSS), a life-threatening condition 
(Beerendonk et al., 1998). Repeated ovarian 
stimulation may cause severe side effects 
(Tarlatzis et al., 1995; Duckitt and Templeton, 
1998; Smits et al., 2003). Therefore many 
scientists and clinicians were keen to utilize 
IVM of immature human oocytes as a source 
of oocytes for treatment cycles instead of 
retrieval of mature oocytes.  
 
IVM of immature oocytes is a reproductive 
technology that enables in vitro production 
mature immature oocytes from immature 
oocytes. These IVM oocytes can then be 
fertilized to generate viable embryos and live 
births. Apart from the lowered cost of drugs 
and intensive monitoring during ovarian 
stimulation, the most beneficial aspect of IVM 
of human oocytes is avoidance of side-effects 
from ovarian stimulation.  
The first live birth from IVM oocytes was 
reported from oocytes obtained from ovarian 
follicles surgically removed and donated to 
another couple (Cha et al., 1991). The first live 
birth following immature oocyte retrieval and 
IVM –IVF was achieved in a woman with 
polycystic ovary syndrome (PCOS) (Trounson 
et al., 1994). The immature oocytes were 
retrieved by the transvaginal guided oocyte 
retrieval technique, which is now routinely 
used method for oocyte collection. The 

technology devised to retrieve immature 
oocytes from women with PCOS led to the 
development of IVM from basic research to it 
clinical application. In the early days of this 
technology, regardless of IVF or IVM 
treatment, the number of oocytes collected 
was directly related to its efficiency.  
 
In the last 10 years, significant progress has 
been made to improve pregnancy and 
implantation rates from in vitro matured human 
oocytes. IVM technology can now be offered 
as a successful option to infertile women with 
PCOS. Currently it has been estimated that 
more than 2,000 healthy babies have been 
born following immature oocyte retrieval and 
IVM. In general, the clinical pregnancy and 
implantation rates have reached 35-40% and 
10-15% respectively in infertile women with 
PCOS (Chian et al., 2004). 
 
A number of review articles have examined the 
mechanism of oocyte maturation, especially its 
regulatory pathway during oocyte maturation in 
vitro. Most of our knowledge about oocyte 
maturation  is based on in vitro studies. 
However, oftentimes the in vitro model may 
not be applicable to in vivo conditions. In this 
review, we will not discuss the mechanism of 
human oocyte maturation in vitro or in vivo but 
focus on discussing IVM technology and its 
efficiency for clinical application as well as the 
potential of the IVM technology for further 
development. 
 
Methodology of IVM 
The clinical application of IVM oocytes has 
come a long way since the first live birth in the 
early 1990s. The first pregnancy in a woman 
with anovulatory infertility following IVM of 
immature oocytes and IVF was reported by 
Trounson et al. (1994). Another pregnancy 
was reported in a group of patients with PCOS 
treated with IVM combined with 
intracytoplasmic sperm injection (ICSI) and 
assisted hatching (AH) (Barnes et al., 1995). 
Subsequent studies indicated that although 
immature oocytes recovered from 
unstimulated patients with PCOS can be 
matured, fertilized and developed in vitro, the 
implantation rate of these cleaved embryos is 
disappointingly low (Barnes et al., 1996; 
Trounson et al., 1998; Cha et al., 2000). 
However, recent data indicate that with an 
alternative IVM treatment in these patients, 
i.e., priming with follicle-stimulating hormone 
(FSH) or hCG before immature oocyte 
retrieval, the clinical pregnancy and 
implantation rates can be significantly 
improved (Chian et al., 2004). There are more 
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than a two thousand IVM babies born today 
world wide. There is no unique globally applied 
IVM technology. However, IVM technology can 
be divided into following based on the 
hormone treatment before immature oocyte 
retrieval: (1) Priming with FSH, and (2) Priming 
with hCG. 
  
Priming with FSH 
As an alternative approach, a truncated course 
of ovarian stimulation with FSH before 
immature oocyte retrieval improved the oocyte 
maturation rate in vitro , indicating that FSH 
pre-treatment promotes efficient recovery of 
immature oocytes and maturation in vitro 
(Wynn et al., 1998). It has been reported that 
the immature oocytes from stimulated cycles 
from normal cycling woman without hCG can 
be matured and fertilized in vitro leading to 
pregnancy and live birth (Liu et al., 1997). 
However, another report indicated that FSH 
priming with a fixed dose (150 IU/day) for 3 
days from day 3 of menstrual cycle does not 
increase the number of oocytes obtained per 
aspiration and does not improve oocyte 
maturation and cleavage rates or embryo 
development in women with normal cycling 
ovaries (Mikkelsen et al., 1999). Furthermore, 
Suikkari et al. (Suikkari et al., 2000) reported 
that although the use of low-dose FSH priming 
started from luteal phase improves the 
efficiency of immature oocyte recovery, 
maturation and fertilization rates, the average 
number of immature oocytes collected 
however the rates of oocyte maturation and 
fertilization are not different between women 
with regular menstrual cycles and women with 
irregular cycles of PCOS. Nevertheless, it has 
been reported that priming with rFSH during 
follicular phase before harvesting of immature 
oocytes from the patients with PCOS improves 
the maturation potential of the oocytes and the 
implantation rate of the cleaved embryos, 
indicating that significantly higher pregnancy 
(29%, 7/24) and implantation (21%, 8/37) rates 
were obtained when priming with FSH before 
immature oocyte retrieval (Mikkelsen and 
Lindenberg, 2001). More recently, Mikkelsen 
et al. (2003) also reported that there are no 
differences in the rates of oocyte maturation, 
fertilization, cleavage or implantation between 
2 and 3 days coasting interval between FSH 
priming and aspiration of immature human 
oocytes for IVM when women with normal 
menstrual cycling were primed with 150 IU 
FSH/day for 3 days starting at day 3. It seems 
that optimizing IVM treatment for different 
groups of patients is important and that after 
individualized IVM treatment the pregnancy 
and implantation rates per embryo transfer can 

reach to 23% and 14% respectively (Hreinsson 
et al., 2003). 
 
Interestingly, it has been reported that FSH 
priming with 75 IU/day for 6 days in 
combination with hCG priming 36 hours before 
immature oocyte retrieval has no additional 
benefit in women with PCOS (Lin et al., 2003). 
Although the results on the benefits of using 
FSH priming in women with regular menstrual 
cycles or irregular menstrual cycles of PCOS 
are conflicting, theoretically the use of FSH 
priming at the beginning of follicular or luteal 
phases may enhance more follicles to develop 
and improve the maturational competence of 
immature oocytes in vivo. However, further 
researches are required to confirm the 
beneficial effects of priming with FSH before 
immature oocyte retrieval from women with 
normal ovaries or with PCOS. 
 
Priming with hCG 
A few GV stage oocytes may be retrieved from 
the stimulated cycles even 36 hours after hCG 
administration. These immature oocytes are 
capable of undergoing IVM and then normal 
fertilization and development. Although 
successful pregnancies have been established 
using these in vitro matured oocytes (Veeck et 
al., 1983; Nagy et al., 1996; Edirisinghe et al., 
1997; Check et al., 2001), the pregnancy rate 
is unacceptably low. It has been noticed that 
morphological and molecular differences exist 
between the immature oocytes collected from 
stimulated cycles and those collected during a 
Caesarean section (Chian et al., 1997). In 
addition, it has been found that the time course 
of germinal vesicle breakdown (GVBD) and 
oocyte maturation is different between these 
oocytes, although the final rates of oocyte 
maturation are not different in the two groups 
(Cha and Chian, 1998). It appears that the 
oocytes retrieved from follicles in women 
undergoing ovarian stimulation respond to 
hCG and that may promote the initiation of 
oocyte maturation in vivo. It has been 
demonstrated that the time course of oocyte 
maturation in vitro is hastened and the rate of 
oocyte maturation is increased by priming with 
10,000 IU hCG 36 hours before retrieval of 
immature oocytes from women with PCOS 
(Chian et al., 1999a; 2000). Therefore, it is 
possible that the pregnancy rate may 
potentially be improved by priming with hCG 
prior to immature oocyte retrieval (Chian et al., 
1999b). This hypothesis was confirmed by 
other reports (Hwang et al., 2002; Nagle et al., 
2002; Son et al., 2002; Lin et al., 2003).  
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Lin et al. (2003) reported a clinical pregnancy 
rate of 36.4% in 33 cycles of IVM treatment 
when primed with hCG before immature 
oocyte retrieval from women with PCOS, 
indicating the beneficial effect of hCG priming 
on IVM treatment. Interestingly, recent findings 
indicated that in oocytes from women with 
PCOS, the time course and maturation rate 
are different when the GV stage oocytes are 
divided into different groups based on the 
morphology of cumulus cells after hCG priming 
(Yang et al., 2001). Therefore, it seems that 
with hCG priming not only promotes some 
oocytes initiated maturation process to 
metaphase-I stage from the relatively bigger 
size of follicles (>10 mm in diameter) but also 
enhances some GV stage oocytes from the 
small follicles to acquire maturational and 
developmental competence in vivo. However, 
the exact mechanism of hCG on those small 
follicles is unclear. Further investigation is 
required to understand the functional role of 
hCG priming before immature oocyte retrieval 
on the small size of follicles in women with 
PCOS.  
 
Immature oocyte retrieval 
Transvaginal ultrasound guided follicular 
aspiration has now become the preferred 
procedure for immature oocyte retrieval in IVM 
treatment cycles. The same principles applied 
to IVF oocyte retrieval are also valid for IVM 
patients. A smaller gauge needle (19G or 20G) 
is preferable. This causes less pain and less 
damage to the smaller follicles, thereby 
allowing greater numbers of immature oocytes 
to be collected.  
 
Since the intrafollicular pressure is high in 
small follicles, the aspiration vacuum pressure 
is reduced to 85 mmHg, which is 
approximately half the conventional IVF 
aspiration pressure. A higher aspiration 
pressure provokes an increase in the number 
of denuded oocytes. Good ultrasonographic 
visualization is the key for successful immature 
oocyte retrieval. The follicular sizes vary and 
certain follicles may be difficult to aspirate or, 
even if they are aspirated, no oocytes may be 
recovered, especially from the very small sized 
follicles (<4 mm in diameter). Aspirates are 
collected in 10 ml culture tubes containing 
approximately 2 ml of heparinised warming 
medium (usually containing 2 units/ml of 
heparin). It is possible to use 0.9% saline 
containing 2 units/ml heparin. 
 
There are two ways to look for and collect 
immature oocytes from follicular aspirates. (1) 
Dish search: the follicular aspirates are poured 

directly into a petri dish and examined for 
immature oocytes under a stereomicroscope; 
(2) Cell strainer: the follicular aspirates are 
filtered through a cell strainer (70 µm nylon). 
After filtering, the collected aspirates can be 
rinsed with pre-warmed flushing medium and 
transferred to a petri dish to search for 
immature oocytes under a stereomicroscope. 
All handling procedures should be conducted 
on warm stages or plates at 37°C. 
 
In vitro maturation of immature 
oocytes: Composition of culture 
medium 
Human oocytes acquire a series of 
competences during follicular development 
(oocyte growth and maturation) that play 
critical roles at fertilization and subsequent 
early embryonic development. Oocyte 
maturation in vitro is profoundly affected by 
culture conditions. Although numerous data 
have been accumulated from animal studies, 
the current rationale for choosing a specific 
medium for IVM of immature human oocytes 
appears to stem largely from adapting 
methods developed from culturing other cell 
types. 
 
Energy Metabolites 
Different energy substrates and nutrients can 
influence oocyte meiotic and cytoplasmic 
maturation (Rose-Hellekant et al., 1998; 
Chung et al., 2002). Glucose, pyruvate, and 
lactate are the main substrates for energy 
metabolism in somatic cells and oocytes. 
Glutamine can also serve as an energy 
substrate to improve in vitro nuclear 
maturation of hamster and rabbit oocytes 
(Gwatkin and Haidri, 1973; Bae and Foote, 
1975). Oocyte utilization of pyruvate is closely 
dependent upon cumulus cells that can 
convert glucose or lactate into pyruvate to be 
used by oocytes (Leese and Barton, 1985). 
Pyruvate or oxaloacetate, but not glucose, 
lactate, or phosphoenolpyruvate, supports the 
maturation of denuded mouse oocytes through 
meiosis to M-II stage (Biggers et al., 1967). It 
has been confirmed that mitochondrial 
oxidative metabolism is much more important 
than anaerobic glucose metabolism for energy 
production in the mammalian oocytes 
(Gandolfi et al., 1998). Synthesis of pyruvate 
from glucose in the cumulus cells provides 
additional evidence that these cells are able to 
influence the nutritional environment of the 
maturing oocytes (Leese and Barton, 1984). It 
has been shown that sodium pyruvate in non-
serum maturation medium supports and 
promotes nuclear maturation of bovine 
cumulus-denuded oocytes (Geshi et al., 2000). 
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However, it has been reported that pyruvate 
alone is insufficient for oocyte cytoplasmic 
maturation (Zheng et al., 2001). Nevertheless, 
it has been indicated that the expression 
pathway of glycolytic metabolism reflects the 
presence of different mechanisms involved in 
gene expression/regulation at the 
transcriptional and translational level and their 
accumulation during human oocyte maturation 
(Mouatassim et al., 1999). In addition, it has 
been indicated that metabolism of glucose 
through the Embden-Meyerhof pathway is 
important during bovine oocyte maturation in 
vitro (Krisher and Bavister, 1999). There is no 
direct information about human oocytes. 
 
Spontaneous mouse oocyte maturation in 
vitro, in either the presence or the absence of 
meiotic inhibitor, is associated with a decrease 
in oocyte cAMP levels (Downs et al., 1989). In 
mice, glucose treatment of cumulus-oocyte 
complexes (COCs) produced elevated cAMP 
levels, which is associated with a decreased 
incidence of germinal vesicle breakdown 
(GVBD) in hypoxanthine-supplemented 
medium (Downs, 1995). Pyruvate directly 
affects nuclear maturation in mouse oocytes 
(Haekwon and Schuetz, 1991). Although it has 
been indicated that glucose may have an 
inhibitive effect on cumulus-free human oocyte 
maturation during culture in-vitro (Cekleniak et 
al., 2001), the results from our laboratory 
indicate that oocyte maturation medium 
supplemented in proper concentration (1,000 
mg/L) with glucose is beneficial to bovine and 
human oocyte nuclear and cytoplasmic 
maturation in-vitro (Chian and Tan, 2002; 
Chung et al., 2002). 
 
Essential and/or non-essential amino acids are 
commonly added to serum-supplemented or 
serum-free culture media for mammalian 
embryo development in-vitro. In many species, 
it has been known that addition of amino acids 
to the culture medium is beneficial for 
embryonic development (Lane and Gardner, 
1998). Apart from amino acid used for protein 
synthesis, they play important roles as 
osmolytes (Biggers et al., 1993), intracellular 
buffers (Edwards et al., 1998), heavy metal 
chelators and energy sources (Bavister, 1995) 
as well as precursors for versatile 
physiological regulators, such as nitric oxide 
and polyamines (Wu and Morris, 1998). It has 
also been shown that the culture medium with 
amino acids affect glucose metabolism in 
mouse blastocysts in-vitro (Lane and Gardner, 
1998). Although it has been shown that amino 
acids support rabbit (Bae and Foote, 1975), 
hamster (Gwatkin and Haidri, 1973), porcine 

(Ka et al., 1997) and bovine (Rose-Hellekant 
et al., 1998) oocyte maturation, amino acid 
requirements for human oocyte maturation in 
culture is not fully understood. The data from 
our laboratory indicate that supplementation of 
essential amino acids for a simple chemically 
defined medium is absolutely required for 
bovine oocyte cytoplasmic maturation to 
support subsequent embryonic development 
and non-essential amino acids while essential 
amino acids have a synergistic effect on 
oocyte cytoplasmic maturation (Rezaei et al., 
2003; Rezaei and Chian, 2005). 
  
It has been reported that the addition of water-
soluble vitamins, particularly inositol, to the 
embryo culture medium enhances the hatching 
of rabbit and hamster blastocysts (Kane and 
Bavister, 1988; Fahy and Kane, 1992). 
Vitamins affect glucose metabolism in mouse 
(Lane and Gardner, 1998) and sheep embryos 
(Gardner et al., 1994). However, there is a 
paucity of information about the effects of 
vitamins in culture medium on the maturational 
and developmental competence of immature 
oocytes. The results from this laboratory 
demonstrate that the presence of vitamins in 
the oocyte maturation medium is important for 
subsequent bovine embryonic development 
(Abdul-Jalil et al., 2002). Based on the studies 
on animal models, we have designed a new 
IVM-medium and shown that this IVM-medium 
is beneficial for nuclear and cytoplasmic 
maturation of immature human oocytes 
derived from both stimulated and unstimulated 
cycles (Chian and Tan, 2002). 
 
Complex culture media supplemented with 
various sera, gonadotropins (FSH and LH), 
and estradiol, have been most widely used in 
research or the clinical application of human 
oocytes IVM (Trounson et al., 1998). In vitro 
studies using growth factors have shown that 
meiotic resumption in COCs can be induced 
by adding those growth factors into culture 
media. Although supplementation of insulin 
into IVM medium seems to stimulate oocytes 
maturation and morphologic development of 
mouse and bovine blastocysts (Ocana-Quero 
et al., 1996; Reed et al., 1993). 
 
The immature COCs are cultured in the IVM 
medium in the incubator and allowed to begin 
the maturation process for 24 to 48 hours. 
Twenty-four hours after maturation in culture, 
all of the COCs are stripped for identification of 
oocyte maturity. COCs will be denuded using a 
finely drawn glass pipette following one minute 
of exposure to a commercially available 
hyaluronidase solution. The mature oocytes 
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are then subjected to insemination by either 
IVF or ICSI after stripping. The remaining 
immature oocytes (GV and M-I) will continue to 
mature in culture for another 24 hours. Forty-
eight hours after oocyte retrieval (or oocyte 
maturation in culture), the remaining stripped 
oocytes are re-examined if they have matured 
(M-II) at this point and matured oocytes are 
inseminated immediately by either IVF or ICSI.  
 
In vitro fertilization of in vitro matured 
oocytes 
ICSI is recommended for the insemination of 
in-vitro matured oocytes because we believe 
that this method offers a greater chance of 
successful fertilization than does IVF. ICSI is a 
common procedure for this reason. Although it 
is preferable to prepare sperm freshly before 
ICSI, it does not appear problematic to use 
sperm prepared on the day of egg collection or 
the day after for oocytes matured 48 hours 
after egg retrieval. Commercially available 
ICSI medium and polyvinylpyrrolidone (PVP) 
solution can be used to prepare the ICSI dish. 
It is also appropriate to use the oocyte-
washing medium for preparation of the ICSI 
droplets because the pH of the oocyte-
washing medium is quite stable at room 
temperature and atmosphere. However, it is 
important to note that the ICSI dish should be 
prepared at least one hour before ICSI and 
kept at 37?C in the incubator or on warm stage 
or plate for equilibration. After ICSI, the 
individual oocyte is transferred into a droplet 
(20 µl) of the embryo culture medium in a Petri 
dish for culture in the incubator. 
 
Preparation of endometrium 
Preparation of the endometrial lining is also 
required. This is achieved by using 
progesterone. Two hundred milligrams (200 
mg) of intra-vaginal progesterone 
(Prometrium) is administered to the patient 3 
times daily or progesterone injections are 
given subcutaneously starting from the day 
after egg collection and continuing until the 
pregnancy test. On the day of embryo transfer 
(ET), endometrial thickness should be 
measured by transvaginal ultrasound scan. At 
this point, the endometrial thickness should be 
at least ≥7.0 mm. If the endometrial thickness 
is <7.0 mm, the embryo should be 
cryopreserved and transferred in a subsequent 
cycle. 
 
Embryo transfer 
It seems that most ET in IVM treatment can be 
done on day 2 or day 3 after ICSI because no 
extra benefit is derived by culturing the 
embryos to the blastocyst stage if the available 

number of embryos is small. In general, ET 
should be performed on day 2 after ICSI if the 
number of embryos obtained is ≤3; ET should 
be performed on day 3 after ICSI if the number 
of embryos obtained is ≥4. ET with blastocyst 
should only be considered if a total of more 
than four good quality 4-cell stage embryos 
are achieved on day 2 of embryo assessment 
after ICSI.  
 
The scoring of cleavage-stage embryos for 
transfer is crucial for improving pregnancy 
potential. Since the oocytes may not be 
matured and inseminated at the same time 
following maturation in culture, the 
developmental stages of embryos may be 
variable in the same patient. Therefore, before 
ET, all embryos for each patient should be 
pooled and selected for transfer. The final 
outcome of pregnancy may depend to a great 
extent on the experience of the embryologist. 
The cleavage speed of embryos and the 
morphological marker of each cleaved 
blastomere are usually used for scoring the 
quality of embryo generated from in vitro 
matured oocytes. It is recommended that a 
maximum of two embryos be transferred into 
the uterus, based on the quality of embryos or 
if blastocysts are obtained the number of 
embryos for transfer should be only one or 
two. It is not true that transferring a greater 
number of poor-quality embryos increases 
pregnancy and implantation rates.  
 
One of the final key contributory factors to a 
successful pregnancy is embryo transfer. 
Careful attention must be paid to both the 
scientific and clinical aspects of this event. A 
trial or mock transfer prior to the actual transfer 
provides very useful information to ensure a 
curved cervical canal, ascertain the position of 
the uterus and avert any foreseeable problems 
during the actual transfer. It is important that 
as much mucus as possible is removed from 
the cervix with a sterile cotton bud before ET. 
An abdominal ultrasound guided ET may be 
recommended in selected cases in order to 
confirm that the embryos with the fluid 
contents of the catheter are in the uterus. 
 
Clinical Outcome 
As mentioned above, immature oocytes 
priming with FSH or hCG prior to immature 
oocyte retrieval improves oocyte maturation 
rate and embryo quality as well as pregnancy 
rates when its retrieved from women infertile 
due to PCOS. The size of follicles may be 
important for the subsequent embryonic 
development, but the developmental 
competence of oocytes derived from the small 
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antral follicles seems not to be adversely 
affected by the presence of a dominant follicle. 
It has been estimated that there are more than 
2,000 healthy infants born following immature 
oocyte retrieval and IVM. In general, the 
clinical pregnancy and implantation rates per 
ET have reached approximately 35-40% and 
10-15% respectively in infertile women with 
PCOS (Chian et al., 2004). 
 
Natural Cycle IVF/M 
In women although only a single follicle usually 
grows to the preovulatory stage and releases 
its oocytes for potential fertilization, there are 
many small follicles that also develop during 
the same follicular phase of the menstrual 
cycle. It seems that approximately 20 antral 
follicles are selected and continued through to 
the preovulatory stages of development during 
each menstrual cycle (Hillier, 1994). Recently 
it has been documented that two or three 
waves of ovarian follicular development in 
women during menstrual cycle based on daily 
transvaginal ultrasonography, challenging the 
traditional theory of a single cohort of antral 
follicles only grows during the follicular phase 
of the menstrual cycle (Baerwald et al., 
2003a,b). Animal model studies also 
supported these finding that oocyte quality and 
early embryonic developmental competence of 
immature oocyte following maturation in vitro 
are not detrimentally affected by the presence 
of the dominant follicle in the ovaries (Smith et 
al., 1996; Chian et al., 2002).  
 
It has been demonstrated in human that 
atresia does not occur in the non-dominant 
follicles even after the dominant follicle is 
selected in the ovary during folliculogenesis, 
because immature oocytes retrieved from non-
dominant follicles have been successfully 
matured in vitro, fertilized, and have resulted in 
several pregnancies and healthy live births 
(Chian et al., 2004). Therefore, one very 
attractive possibility for enhancement of the 
success of natural cycle of IVF treatment is its 
combination with immature oocyte retrieval 
and IVM. If the mature oocyte from the 
dominant follicle together with immature 
oocytes from the small follicles were collected 
as well, the chances of a pregnancy are 
greatly increased when we manage to mature 
these immature oocytes and produce several 
viable embryos. However, it seems very 
important to prevent ovulation from the 
dominant follicle due to a natural LH surge 
when the patients treated with natural cycle 
IVF combined with IVM. Our experiences 
indicate that 10,000 IU hCG can be 
administered 36 hours before oocyte retrieval 

when the size of the dominant follicle reached 
to 10-14 mm in diameter. Most oocytes 
collected from the dominant follicles were at 
M-II stage. A pilot study indicates that the 
clinical pregnancy rate can reach 
approximately 45-50% per ET following natural 
cycle IVM combined with IVM in a selected 
group of patients (Lim et al., 2007). The detail 
protocol for natural cycle IVF/M has been 
described in Figure 1. 
 
Figure 1: Protocol for natural cycle IVF 
combined with in vitro maturation (Reprinted 
with permission, Lim et al., 2009) 
 

 
 
Literature reports for pregnancy rate per 
embryo transfer in natural cycle IVF varied 
between 0 and 30% (MacDougall et al., 1994; 
Thornton et al., 1998; Janssens et al., 2000). A 
number of problems arise in natural cycle IVF 
treatment alone, including an increased risk of 
empty retrieval during oocyte collection leading 
to cancellation of treatment cycle. This 
disadvantage seems not in case of the natural 
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cycle IVF/M. It has been shown that more than 
half of infertile women who came to infertility 
clinic for IVF treatment can be treated with 
natural cycle IVF/M or IVM alone when these 
treatments have been chosen primarily, and 
that natural cycle IVF/M is an efficient 
treatment, especially for women under age of 
35 years (Figure 2 and Figure 3).  
 
Figure 2: Percentages of completed treatment 
cycles by natural IVF/M, IVM and controlled 
ovarian hyperstimulation (COH;Reprinted with 
permission, Lim etal., 2009) 
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Therefore, it has been clearly demonstrated 
that natural cycle IVF/M is more efficient 
treatment than natural cycle IVF alone. 
 
Figure 3: The percentages of completed 
treatment cycles based on age groups by 
natural cycle IVF/M, IVM and controlled ovarian 
hyperstimulation (COH; Reprinted with 
permission, Lim et al., 2009) 
    

 
IVM treatment is offered as a viable option to 
infertile women with PCOS, because there are 
many antral follicles in the ovaries in this group 
of patients. PCOS is the most widespread 
endocrinologic disorder among women of 
reproductive age as well as the most common 
cause of anovulatory infertility and has been 
shown to exist in approximately 10% of the 
general population (Carmina and Lobo, 1999). 
Lim et al (2009) further confirm that 15.4% 
infertile women are with PCOS from total of 
infertile women and can be treated by IVM 

alone and that the pregnancy and implantation 
rates can reach as high as 41.3% and 16.6%, 
respectively (Table 1). This study 
demonstrated that natural cycle IVF/M 
together with IVM alone can be used to treat 
more than half of the population of infertile 
patients with acceptable pregnancy rate. 
Therefore, this may be the future direction for 
infertility treatment with IVM technology. 
 
Table 1: Comparison of clinical outcomes in 
patients distributed into IVM/F, IVM and 
controlled ovarian stimulation (COH; Reprinted 
with permission, Lim et al., 2009) 
 
 

 
 
 
Conclusions 
Priming with FSH or hCG prior to immature 
oocyte retrieval improves oocyte maturation 
and pregnancy rates when the immature 
oocytes are retrieved from women with PCOS. 
The size of follicles may be an important 
feature for the subsequent embryonic 
development, but the developmental 
competence of oocytes derived from the small 
antral follicles seems not to be adversely 
affected by the presence of a dominant follicle. 
Approximately 2,000 healthy infants have been 
born following immature oocyte retrieval and 
IVM. In general, the clinical pregnancy and 
implantation rates per ET have reached 35-
40% and 10-15% respectively in women with 
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PCOS. Therefore, as an option, IVM treatment 
can be offered to women infertility with PCOS. 
The combination of natural cycle IVF with 
immature oocyte retrieval followed by IVM is 
an attractive treatment alternative for women 
with all types of infertility without recourse to 
ovarian stimulation. Natural cycle IVF/M 
together with IVM alone can be used to treat 
more than half of the population of infertile 
patients with acceptable pregnancy rate. 
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