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Objective: Optimizing in vitro maturation (IVM) media to achieve better outcomes has been a matter of interest in recent years. The aim of this 
prospective clinical trial was to investigate the effects of different media on the IVM outcomes of immature oocytes at the germinal vesicle (GV) 
stage.
Methods: A total of 400 immature oocytes at the GV stage with normal morphology were retrieved from 320 infertile women aged 31 ± 4.63 
years during stimulated intracytoplasmic sperm injection (ICSI) cycles. They were divided into groups of homemade IVM medium (I, n = 100), 
cleavage medium (II, n = 100), blastocyst medium (III, n = 100), and Sage IVM medium (IV, n = 100) and cultured for 24 to 48 hours at 37°C. ICSI 
was performed, and the rates of fertilization and embryo formation were compared across the four groups. 
Results: In the 400 retrieved GV oocytes, the total maturation rates showed significant differences in groups I to IV (55%, 53%, 78%, and 68%, 
respectively, p < 0.001). However, there were no significant differences in the fertilization, embryo formation, or arrest rates of metaphase II oo-
cytes across these groups. In all groups, GV maturation was mostly completed after 24 hours, with fewer oocytes requiring 48 hours to mature 
(p < 0.01). Moreover, the rate of high-quality embryos was higher in group IV than in the other groups (p = 0.01). 
Conclusion: The quality of the IVM medium was found to affect clinical IVM outcomes. Additionally, blastocyst medium may be a good choice 
in IVM/ICSI cycles as an alternative IVM medium. 
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Introduction

In vitro maturation (IVM) of oocytes has the potential to offer a safe 
and cost-effective source of large numbers of embryos for in vitro fer-

tilization (IVF) treatment. It does not rely on superovulation or syn-
chronization, and poses virtually no risk of ovarian hyperstimulation 
syndrome [1,2]. Additionally, IVM involves preparing a controlled en-
vironment for the production of embryos for manipulation in fields 
such as transgenics, cloning, and stem cells for research, even from 
stimulated IVF cycles [1,2]. It has been shown that after ovarian stim-
ulation, approximately 15% of the retrieved oocytes are immature, at 
the germinal vesicle (GV) and GV breakdown (maturity [MI]) stages 
[3,4]. IVM may increase the chance that patients will utilize their oo-
cytes to the greatest extent possible in an IVF program. For IVM suc-
cess, the choice of a suitable culture medium plays an important role, 
since low oocyte maturation and embryo development rates follow-
ing IVM are considered major complications [5-7]. Various media for 
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IVM have been proposed in different clinical or research studies, in-
cluding human tubal fluid (HTF) [8], culture medium 199 [9,10], and 
blastocyst medium [10]. Additionally, there are two commercially 
available IVM media, MediCult (Origio, Jyllinge, Denmark) and Sage 
IVM media (Cooper Surgical, Trumbull, CT, USA), which are often used 
with reasonable fertilization, implantation, and pregnancy rates [11]. 
However, applying these specially formulated commercial media has 
several disadvantages, such as a limited shelf life and the fact that 
they are more costly than standard culture media for assisted IVF 
centers where IVM services are not routinely performed. A recent 
study showed that blastocyst medium was suitable for the IVM of 
human immature oocytes, based on a comparison with Sage IVM 
medium in unstimulated IVF cycles [12]. Therefore, the aim of this 
study was to compare the efficacy of four types of media (home-
made IVM medium, cleavage medium, blastocyst medium, and Sage 
IVM medium) in stimulated intracytoplasmic sperm injection (ICSI) 
cycles, as assessed by the rates of oocyte maturation, fertilization, 
and high-quality embryo formation. 

Methods

1. Patients 
A total of 320 infertile women aged 31 ± 4.63 years who had not 

experienced previous IVF failure were included in this study; women 
aged ≥ 35 years, poor responders, and patients with a history of pre-
vious IVF failure were excluded. The oocytes that were used in each 
group were matched according to normal appearance and female 
age. Only morphologically normal GV oocytes were included. Oo-
cytes were excluded due to either cytoplasmic or extracytoplasmic 
abnormalities such as shape, dark cytoplasm, diffuse granulation, 
perivitelline space, central cytoplasmic granulation, or being at an-
other stage of MI. The patients were stimulated with a standard go-
nadotropin-releasing hormone antagonist protocol [13]. Each ICSI 
cycle with morphologically immature GV oocytes was included in 
this study, and the oocytes were randomly divided into four groups. 
The randomization of oocytes into groups was performed using ran-
dom number tables. Immature oocytes were used for research with 
consent from the patients admitted to our institute. This study was 
approved by the ethics committee of the Research and Clinical Cen-
ter for Infertility, Yazd, Iran. Human chorionic gonadotropin (10,000 
IU; Ferring, Kiel, Germany) was injected 36 hours before oocyte col-
lection. The collected oocytes were cultured in IVF media (Vitrolife, 
Kungsbacka, Sweden) and placed in a 6% CO2 incubator (37°C) for 3 
hours. Cumulus cells were removed enzymatically with 80 IU/mL of 
hyaluronidase (Sigma, St. Louis, MO, USA) and mechanically using 
glass pipettes. Denuded oocytes were assessed for nuclear maturity 
under a stereomicroscope (Olympus Co., Tokyo, Japan). 

2. IVM and ICSI protocols
In this prospective experimental study, normal 400 GV oocytes 

were retrieved from stimulated ICSI cycles. They were washed twice 
with G-Mops-V1 (Vitrolife), and were divided into the following four 
groups: homemade IVM medium (I, n = 100), cleavage medium (II, 
n = 100), blastocyst medium (III, n = 100) and Sage IVM medium (IV, 
n = 100). Immature oocytes were cultured in 25-µL drops in all matu-
ration media, supplemented with 75 IU/L of human menopausal go-
nadotropin (IVF-M; LG Life Sciences, Iksan, Korea), and cultured for 24 
to 48 hours at 37°C in 5% O2, 6% CO2, and 90% air with high humidity 
under paraffin oil (MediCult, Origio).

The homemade IVM medium consisted of Ham’s F10 medium (Bio-
chrom, Berlin, Germany) supplemented with 0.75 IU of luteinizing 
hormone and 0.75 IU of follicle-stimulating hormone (Ferring) with 
40% human follicular fluid [14]. Briefly, human follicular fluid was 
centrifuged at 3,500 rpm for 10 minutes to separate the blood and 
granulosa cells. After inactivation at 56°C for 30 minutes, the clear fol-
licular fluid was filtered with a 0.22-µm filter and was used for media 
preparation. The oocytes were assessed for maturity after 24 and 48 
hours at 37°C in a humidified atmosphere of 6% CO2 in air. Oocyte 
maturation was assessed by the presence of the first polar body un-
der an inverted microscope (Nikon, Tokyo, Japan) [15]. ICSI was per-
formed for in vitro matured oocytes in order to compare the rates of 
fertilization and embryo formation across the four groups. After ICSI, 
oocytes were cultured in 20-µL drops of cleavage medium (Cook 
Medical, Limerick, Ireland) in groups I, II, and III and in Sage embryo 
maintenance medium in group IV in a culture dish covered with par-
affin oil. Fertilization was checked 18 hours after ICSI and calculated 
in each group. Fertilized oocytes were then cultured in maintenance 
or cleavage medium for 72 hours, and embryo arrest and the pres-
ence of high-quality embryos were assessed according to the Hill 
embryo grading system [16]. In order to limit the extent of technical 
bias, ICSI was performed by a single expert embryologist.

3. Statistical analysis 
The data were categorical and presented as frequencies and percent-

ages. When more than 25% of table cells had a frequency less than 5%, 
the chi-square test was used for statistical analysis. In tables where the 
data frequency was smaller, the Fisher exact test, with less power, was 
used. Comparisons of frequency data between groups, such as the fer-
tilization and developmental rates, were performed using the chi-
square test in SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA). The p-values 
< 0.05 were considered to indicate statistical significance. 

Results

A total of 449 immature oocytes were obtained from 320 stimulat-
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ed ICSI cycles in patients without previous IVF failure. According to 
the exclusion criteria, 49 oocytes (12.25%) were excluded from the 
study, while 400 oocytes (87.75%) with normal morphological crite-
ria were included. Patients with primary infertility comprised 85% of 
the group, while 15% had secondary infertility. The etiology of infer-
tility for the patients was male factor for 40%, unknown for 27%, fe-
male factor for 21%, and both male and female factor for 12%.

The total maturation rates of the 400 GV oocytes showed signifi-
cant differences in groups I to IV (55%, 53%, 78%, and 68%, respec-
tively, p < 0.001); a higher percentage was present in group III (78%) 
than in group IV, although this was not significant. Additionally, simi-
lar maturation rates were found for the oocytes in groups I and II with 
different incubation times (38% vs. 43% in the 24-hour group and 
17% vs. 10% in the 48-hour group) (Figure 1). In general, the total 
fertilization rates were similar in groups I and II (52.7% and 56.6%, re-
spectively), whereas improved rates were found using blastocyst and 
Sage IVM media (group III, 69%; group IV, 54.7%). There were no sig-
nificant differences in the total fertilization rates of IVM oocytes or 
the rate of abnormally fertilized oocytes (one pronucleus or multiple 
pronuclei) in IVM oocytes across the media groups (p = 0.1 and 
p = 0.9, respectively). 

There were no significant differences in the embryo formation or 
arrest rates among the fertilized oocytes across the media groups. 
However, the highest embryo formation rate was found in the group 

Figure 1. Nuclear maturation after 24 or 48 hours of culture in differ-
ent in vitro maturation media. The germinal vesicle (GV) maturation 
rate was significantly higher after 24 hours of incubation than after 
48 hours of incubation in each group (p < 0.01) and showed a signifi-
cant difference at 48 hours compared to 24 hours of incubation in 
each group (p < 0.01); the GV maturation rate was significantly lower 
at 48 hours compared to the total time duration in each group 
(p < 0.01). Groups: I, homemade IVM medium; II, cleavage medium; 
III, blastocyst medium; IV, Sage IVM medium. 
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Table 1. Nuclear maturation, fertilization, embryo formation, and developmental status of GV oocytes after culture in different IVM media  

Variable I II III IV p-value

Maturation, IVM oocytes/total GV oocytes 55/100 (55) 53/100 (53) 78/100 (78) 68/100 (68)    < 0.001a)

           0.05b)

       0.001a,c)

      < 0.001a,d)

Normal fertilized oocytes/total GV oocytes 29/100 (29) 30/100 (30) 54/100 (54) 37/100 (37)      0.001a)

      0.001c)

      0.001d)

     0.02b)

Normal fertilized oocytes/IVM oocytes     29/55 (52.7)     30/53 (56.6)   54/78 (69)    37/68 (54.7) 0.1
Abnormal fertilized oocytes/IVM oocytes     3/55 (5.4)      3/53 (5.7)      3/78 (3.9)   2/68 (2.9) 0.9
Formed embryos/total GV oocytes 27/100 (27) 26/100 (26) 47/100 (47) 35/100 (35)      0.005a)

      0.002d)

      0.003c)

     0.08b)

Formed embryos/IVM oocytes   27/55 (49)  26/53 (50)   47/78 (61)  35/68 (51.5) 0.5
Formed embryos/fertilized oocytes      27/29 (93.1)     26/30 (86.7)   47/54 (87) 35/37 (94.3) 0.3
Embryo arrest/fertilized oocytes       4/29 (13.6)     3/30 (10)      5/54 (9.5) 2/37 (5.4) 0.7
High-quality embryos       8/27 (29.6)        9/26 (33.3)   15/47 (31) 21/35 (60.0)    0.01a)

    0.02e)

    0.01f)

      0.004b)

Groups: I, homemade IVM medium; II, cleavage medium; III, blastocyst medium; IV, Sage IVM medium. High-quality embryos were defined as grade A and B 
embryos. Values are presented as number (%). 
GV, germinal vesicle; IVM, in vitro maturation.     
a)A significant difference was present between medium groups (p < 0.01); A significant difference was present between b)group III and IV; c)group I and III;  
d)group II and III; e)group I and IV; f)group II and IV. 
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treated with Sage IVM medium (Table 1). Most GV maturation had 
been completed after 24 hours (38%, 43%, 70%, and 53% in groups 
I–IV, respectively), instead of after 48 hours (17%, 10%, 8%, and 15% 
in groups I–IV, respectively) (Figure 1), although no significant differ-
ences in the fertilization and embryo formation rates were found ac-
cording to the time to maturation in any group. Moreover, the rate of 
high-quality embryo formation (grade A and grade B) was higher in 
group IV than in other groups (p = 0.01) (Table 1). The results also 
showed that the embryos derived from oocytes cultured in home-
made and cleavage media were of lower quality than those derived 
from oocytes cultured in blastocyst or Sage media, and were mostly 
categorized in grades C and D.

Discussion

We compared four different culture media in terms of maturation, 
fertilization, and embryonic developmental competence in an IVM 
program during stimulated ICSI. The highest maturation rate of oo-
cytes was found in blastocyst medium, regardless of the time to mat-
uration. The optimal time for obtaining large amounts of IVM oocytes 
was after 24 hours. A longer incubation time of GV oocytes did not 
significantly improve the maturation rate. There is no consensus re-
garding the optimal maturation timing of oocytes in IVM cycles, and 
various approaches to timing have been reported in experimental 
studies [12,17]. However, a previous study showed that the rates of 
cleavage and blastocyst development in oocytes matured 48 hours 
after IVM (72.2%, 19.0%) were significantly lower than in those that 
matured 24 hours after IVM (91.5%, 50.4%) [17], which agrees with 
our results. That study suggested that oocytes that reach metaphase 
II faster in an IVM program have better embryonic developmental 
competence [17]. Furthermore, a study conducted in 2013 stated 
that in stimulated ICSI cycles, immature oocytes were cultured for 24 
to 30 hours and oocytes were injected for further culturing after ex-
trusion of the polar body [18]. 

The total fertilization rates were similar in groups I and II, but were 
higher when blastocyst and Sage IVM media were used. However, 
longer incubation did not significantly change the total fertilization 
rates in groups I to IV (52.7%, 56.6 %, 69%, and 54.7%, respectively). 
This may indicate that the higher fertilization rate in group III is still 
present when immature oocytes are incubated for a longer time in 
blastocyst medium.

Few studies have compared the efficacy of different IVM media on 
immature oocytes obtained from stimulated or non-stimulated cy-
cles. Recently, Pongsuthirak et al. [12] and Pongsuthirak and Vutya-
vanich [19] compared MediCult IVM media (Origio) with Sage IVM 
media (Cooper Surgical), as well as blastocyst and Sage media, in two 
randomized controlled trials using immature human oocytes ob-

tained during cesarean deliveries. They showed no differences 
(p > 0.05) in maturation (65% vs. 69%) or fertilization (65.2% vs. 69%) 
between oocytes in the different media groups. Despite differences 
in the study design, such as using non-stimulated immature oocytes 
and an IVM duration of 36 hours, the results were compatible with 
the present findings regarding the maturation and fertilization rates 
obtained using blastocyst and Sage IVM media [12,19]. Moreover, 
other studies using various IVM media have reported maturation 
rates of 44% to 67% after 28 to 36 hours of in vitro culture, and fertil-
ization rates of 40% to 77% [2,9,20]. These studies reported rates of 
high-quality blastocyst formation of 45.9% to 46.6%. In contrast, in 
this study, only embryo formation after checking for two pronuclei 
and the rate of high-quality embryos at the cleavage stage (day 3) 
were used as assessments of the endpoint. However, the cleavage 
rates of previous studies agreed with the embryo formation rates ob-
served in the present study (Table 1). Lower maturation, fertilization, 
and embryo formation rates were observed in both homemade and 
cleavage media than in other media. 

In this lab trial, all IVM media were supplemented with 0.75 IU of lu-
teinizing hormone and 0.75 IU of follicle-stimulating hormone (Fer-
ring), which may increase the oocyte maturation rate by promoting 
the production of meiosis-activating substances [21]. The cleavage 
and homemade media have plasma protein sources. However, these 
media lack compounds such as essential amino acids and monobasic 
anhydrous potassium phosphate when compared with blastocyst 
and Sage media, and these compounds may influence the process of 
oocyte maturation [22,23]. In a review article, Farsi et al. [18] com-
pared the formulations of different media and found that taurine 
and calcium, as unique components of blastocyst medium, were 
likely valuable for IVM media. These substances were proposed to be 
useful because taurine and hypotaurine are important antioxidants 
that are present in gametes and in the embryonic environment in 
abundance. Additionally, blastocyst culture media containing calci-
um lactate may have positive effects on mitochondrial function, 
helping to ensure sufficient adenosine triphosphate production. 
Moreover, Moschini et al. [24] showed that commercial IVM media 
have no significant benefits for improving the maturation of oocytes 
obtained from stimulated cycles compared with standard growth 
media.

Some studies have used other basic or modified media for specific 
subcategories of patients. One study in patients with polycystic ovary 
syndrome (PCOS) found TCM-199 culture medium to be superior to 
HTF-supplemented medium for oocyte maturation, fertilization, and 
subsequent embryo development; they reported findings similar to 
those of the present study regarding the maturation rate (56.9% vs. 
55.5%), fertilization rate (39.4% vs. 53%), and embryo quality (41.7% 
vs. 28.5%). They concluded that HTF medium is not an appropriate 
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medium for the maturation of oocytes obtained from PCOS patients 
in non-stimulated cycles [8]. As well, de Araujo et al. [8] reported that 
TCM 199 was better than HTF medium in the IVM of oocytes ob-
tained from PCOS patients in terms of the maturation rate (82% vs. 
56.9%), fertilization rate (70% vs. 39.4%), and embryo quality (81.3% 
vs. 41.7%). In contrast, Kim et al. [10] demonstrated that TCM-199 
culture medium was unsuitable in comparison with Sage and blasto-
cyst media. It seems that these findings may refer to non-specific 
and basic formulated compositions of media for IVM purposes, and 
that such formulations are not capable of satisfying all the in vitro nu-
clear and cytoplasmic maturation needs of immature oocytes. The 
first step of the maturation of immature oocytes may be the main 
contributor to poor IVM outcomes in the next steps of fertilization 
and embryo formation in those groups, in contrast to groups III and 
IV in our study. This is supported by the observation that the embryo 
formation rates in groups I and II were reasonably successful in oo-
cytes that had completed the cytoplasmic and nucleic maturation 
processes and had been successfully fertilized. Moreover, some in-
vestigations have demonstrated that plasma protein supplements 
can supply additional factors involved in the regulation of oocyte 
maturation [22]. 

Because of the diversity in the number of immature oocytes ob-
tained from each ICSI cycle, randomization was performed based on 
oocytes per group, with one normal oocyte per group. Furthermore, 
a limitation of this study was the fact that we could not evaluate the 
clinical outcomes, because the immature oocytes retrieved from 
stimulated cycles are not usually used in patients and are therefore 
discarded. Further studies should be done to ascertain the implanta-
tion and pregnancy potential of these embryos. However, we tried to 
minimize errors by considering various aspects of study design, such 
as sample size calculation for a maturation rate of immature oocytes 
of at least 50% using any kind of medium, the inclusion criteria for 
oocyte selection, and having a single expert perform ICSI. Moreover, 
for human IVM, definitive conclusions on the establishment of im-
printing are currently not available [25]. A systematic review of ani-
mal models provides reassuring data on imprinting establishment in 
cultured oocytes. Nevertheless, detailed studies of how chromosom-
al status and genomic imprinting patterns may be associated with 
the effects of different culture media on IVM outcomes are needed. 
In conclusion, it seems that the quality of the IVM media affected 
clinical IVM outcomes. Additionally, blastocyst medium may be a 
good choice in IVM/ICSI cycles as an alternative IVM medium. 
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