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ABSTRACT 

Is there a really need to validate oocyte vitrification 
technique in an ART laboratory before establishing it 
in daily practice? Validation of micromanipulation- 
based technique, in this case oocyte vitrification, is 
essential prior to enlarging its use to routine practice. 
Oocyte vitrification is a new worldwide used tech- 
nique and legal recently in France. This microma- 
nipulation needs to be performed by a skilled and 
experienced embryologist and requires an internal 
assessment in each ART unit before any wide use. We 
designed a prospective study, from September 2011 to 
July 2012, using sibling oocytes from women who 
recovered more than 12 Metaphase II oocytes. A part 
of freshly recovered oocytes underwent immediate 
ICSI while the remaining oocytes were vitrified. 87 
couples undergoing ICSI were selected based on 
number of mature oocytes available on the recovery 
day after denudation. A part of fresh MII oocytes 
were microinjected and the others were vitrified us- 
ing an open system (Cryotop®). The major criterion 
of interest was the number of embryo transferred/ 
number of Metaphase II ratio for after ICSI on fresh 
oocytes (42/211) versus vitrified/warmed oocytes 
(51/204) (p > 0.05). Secondary studied criteria were 
survival rate (80.5% ± 26.3%), fertilization rate (68.9 
± 33.5) and finally, cumulative pregnancy rate ob- 
tained in this study is 40.2%. One of the benefits of 
such practice is the limitation of embryo freezing. 
However, the study design delays oocytes warming 
cycles, due to pregnancies triggered by the transfer of 
fresh derived oocyte embryos and to the priority to 
transfer all the frozen embryos before starting oo- 
cytes warming. Moreover, no data is available about 
children’ health. Oocyte vitrification represents not 
only a change in our daily practice to improve cumu- 
lative pregnancy rate but also a promising tool to de- 
velop egg banking and donation. Clinical Trials Reg- 
istration number: 209 R02.  
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1. INTRODUCTION 

Oocyte vitrification has been successfully used world- 
wide in an Assisted Reproductive technology (ART) 
laboratory for the past years for various purposes ranging 
from the diminution of frozen embryo number, through 
egg banking for donation to fertility preservation [1-8]. 
Interestingly, previous studies have concluded that the 
results of oocyte vitrification procedure followed by Intra 
Cytoplasmic Sperm Injection (ICSI) are comparable to 
fresh microinjection procedure, with regard to fertiliza- 
tion and embryo developmental rates [6]. Furthermore, 
cumulative ongoing pregnancy rate achieved with oocyte 
vitrification was shown to be as good as pregnancy rate 
obtained without the use of oocyte vitrification [8]. 
These encouraging results show that oocyte vitrification 
procedure is the cutting-edge technique that will bring 
about a dramatic change in the field [9,10]. French teams 
were not allowed using oocyte vitrification for years as it 
was considered as a research on human embryo so far 
forbidden in France. Therefore, local teams were forced 
to wait for legal evolution that appeared in a law in July 
2011, authorizing oocyte freezing using vitrification in 
France [2,11,12]. Upon the review of the French law, we 
took on a local evaluation (study No. 2008-A00372-53) to 
demonstrate that oocyte vitrification can be also widely 
diffused in our ART laboratory in IVF routine. From 
September 2011 to July 2012, we proposed couples who 
required In Vitro Fertilization-Intra Cytoplasmic Sperm 
Injection (IVF-ICSI) for male infertility reasons to vitrify 
at least a part of the retrieved oocytes cohort to analyze 
the efficiency of oocyte vitrification in our laboratory. 

2. METHODS 

2.1. Patients and Study Design  

Couples included in this study (studied group) had the 
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following criteria: Inclusion in an IVF program for 
medical reasons, male factor infertility requiring the use 
ICSI, number of metaphase II oocyte recovered was over 
12 after eggs decoronisation, no parental constitutional 
caryotype anomalies, French legal conditions respected 
for ART treatment especially for viral risk.  

The study protocol was proposed to the local ethical 
committee and accepted under number 208R02. SET 
(Single Embryo Transfer) was systematically proposed. 
DET (Duo Embryo transfer) was exceptionally accepted 
upon clinician’s request. Mean age of studied population 
was 32.2 ± 4.6 years. Rank of attempt was 2.1 ± 1.3. 

2.2. Ovarian Stimulation, Oocytes and Embryo 
Following 

Ovarian stimulation was conducted using agonist or an- 
tagonist pituitary control. Administration of u-FSH or 
r-FSH was used to induce ovulation. Oocyte recovery 
was performed approximately 36 hours after triggering 
ovulation by hCG administration under transvaginal ul- 
trasound-guided aspiration. For each patient, after oo- 
cyte denudation, the cohort of oocytes was divided in 
two groups. First, at least 6 Metaphase II (MII) oocytes 
immediately fertilized by ICSI (Fresh oocytes) followed 
by fresh embryo transfer or, when necessary, conven- 
tional embryo slow-freezing. Second, the rest of MII 
oocytes were vitrified. In the case where no pregnancy 
was obtained, and all the frozen embryos were trans- 
ferred, we proposed oocytes warming cycle. The number 
of oocytes to thaw was decided on the basis of two crite- 
ria: fertilization rate of fresh sibling oocytes and oocytes 
survival rate after warming. Oocytes were warmed 3 by 
3 until the desired number of oocytes is obtained for 
ICSI procedure, in the context of a spontaneous or sub- 
stituted cycle. Fertilization rate was calculated by num- 
ber of oocytes showing 2 pronuclei at day 1 vs. number 
of oocytes micro-injected. Embryos were cultured in 
Global medium microdrops covered with mineral oil at 
37.2˚C under 6% CO2. Embryo transfer was performed 
from day 3 to day 5 depending on the embryonic quality, 
for each fresh transfer. A single senior embryologist as- 
sessed embryo quality daily based on morphological and 
kinetics. Day 5 was privileged due to Single Embryo 
Transfer preference. Poor quality embryos were dis- 
carded. For warming cycles, embryo transfer was also 
performed at Day 3 or Day 5 according to embryo de- 
velopment. Pregnancies were assessed by blood hCG 
detection followed by ultrasound assessment of fetal 
heartbeat. 

2.3. Oocyte Vitrification and Thawing 

Up to 3 oocytes were vitrified on a Cryotop® using Ki- 
tazato vitrification kit with the following protocol: 

Briefly, Equilibration Solution (ES) and Vitrification 
Solution (VS) were warmed to room temperature (20˚C - 
27˚C). The oocytes were subjected to a gradient of ES 
solution during 15 min, then vitrified in VS solution and 
immersed into liquid nitrogen within 1 minute.  

Oocyte thawing was performed using Kitazato thaw- 
ing kit following the manufacturer’s recommendations: 
The Thawing Solution (TS) was warmed up to 37˚C in a 
dish. The sheet of the Cryotop was quickly immersed 
into the TS solution. The oocytes were aspirated within 
the end of the capillary at 1 minute after putting into TS. 
Oocytes were transferred in Dilution Solution (DS) for 3 
minutes and washed twice in two 5-minutes baths in 
Washing Solutions (WS). Oocytes were incubated at 
37˚C for 2 hours before micro-injection. 

2.4. Statistical Analysis 

Chi-square and Student Test were used and p < 0.05 was 
considered statistically significant. 

3. RESULTS 

3.1. Organization of the Study 

For the 87 included couples, 1366 oocytes were collected, 
which represents a mean of 15.7 oocytes per pick up and 
1191 MII oocytes, which is an average of 13.7 MII per 
woman. So far, 648 oocytes have been vitrified and 543 
micro-injected immediately after retrieval at Day 0.   

3.2. Oocyte Vitrification/Thawing Efficiency 

To date, 292 oocytes have been thawed for 33 couples. 
This allowed us to estimate both the mean survival rate 
(80.5% ± 26.3%) and fertilization rate after oocytes 
thawing at 68.9% ± 33.5% compared to 57.7% ± 28.0% 
in freshly recovered oocyte sub-group (Figure 1). No 
statistical difference was found. 

Within the sub-group of couples who had at least one 
warming cycle, the ratio of transferred embryo/MII oo- 
cytes was identical in the fresh ICSI cohort oocytes 
(42/211) and in the warmed ICSI cohort oocytes (51/204) 
(p > 0.05) (Figure 2). This data suggest that oocyte vitri- 
fication does not affect embryo development as the same 
number of embryos is available in both groups for the 
transfer. A total of 100 fresh oocytes derived embryos 
and 31 frozen embryos were transferred leading to 22 
clinical pregnancies: 17 from fresh oocytes derived em-
bryo transfer and 5 from frozen embryo transfer. There-
fore, pregnancy rate is 17% and 16.1% for the transfer of 
fresh oocyte derived embryo and frozen embryo, respec-
tively (Figure 3). 13 clinical pregnancies were registered 
in the vitrified/warmed oocyte cohort with 53 embryos 
transferred, leading to a pregnancy rate at 24.5% per 
transfer of vitrified/warmed oocyte derived embryos  
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Figure 1. Fertilization rates obtained after microinjection of 
freshly recovered oocytes vs vitrified/warmed oocytes. No sta-
tistical difference was found. 
 

 

Figure 2. Number of embryos transferred /Number of microin-
jected metaphase II ratio after microinjection of freshly recov-
ered oocytes vs vitrified/warmed oocytes. No statistical differ-
ence was found. 
 

 

Figure 3. Clinical pregnancy rate per transfer of freshly recov-
ered oocytes derived embryos, frozen embryos and vitri-
fied/warmed oocytes derived embryos. No statistical difference 
was found. 
 
(there was no thawed embryo transfer after oocyte 
warming cycles) (Figure 3). Although pregnancy rate 
obtained after the transfer of embryos deriving from vit- 
rified/warmed oocytes appears to be the highest, no sta- 

tistical difference was found (p > 0.05). Miscarriage rate 
is 11.8% when fresh oocytes derived embryos and frozen 
embryos are transferred and 7.7% when vitrified/warmed 
oocyte derived embryos are transferred. Among the 87 
included couples, 62 still have 427 cryopreserved oo- 
cytes and 48 cryopreserved embryos remain for 22 cou- 
ples, suggesting that there are many chances for addi- 
tional pregnancies. Interestingly, the present evaluation 
led to a satisfactory cumulative ongoing pregnancy rate: 
40.2%.  

4. DISCUSSION 

Several studies were conducted worldwide to test the 
efficiency of oocyte vitrification as reported in a meta- 
analysis of randomized controlled trials [2]. As up to July 
2011 French authorities did not allow oocyte vitrification, 
the present study is the first evaluation of this technique 
in France. Our results show that vitrification prior to oo- 
cyte warming and ICSI procedure does not affect fertili- 
zation rate, embryo development and pregnancy rate. 
These data are in line with previous international inves- 
tigations about oocyte vitrification [6,8].  

Historically, oocyte vitrification was applied in oocyte 
donation program on young women oocytes [13] and in 
quotidian practice in an Italian IVF centre as an alterna- 
tive to legal restriction of embryo freezing [6]. The pre- 
sent study promotes a way of performing a local evalua- 
tion of such a new approach before using it in routine 
IVF program in France where embryo freezing is au- 
thorized. Exclusively ICSI indication cases were selected 
because oocyte vitrification technique per se requires 
decoronised oocytes leading to ICSI for fertilization. 
This inclusion criterion facilitated the integration of this 
study in our daily activity with any changes neither in the 
organization of the laboratory nor in patients’ manage- 
ment. 

The present study relies on the inclusion of patients 
who displayed at least 12 oocytes at recovery. However, 
it is of common knowledge that oocyte quality is nega- 
tively correlated with the size of oocyte cohort [14-17]. 
We chose to split the cohort in the freshly collected part 
to maintain satisfactory success chances for each couple 
and to vitrify the rest. The fact that the egg cohort was 
divided in two groups ensures that the two populations 
are homogenous and comparable. However, the major 
limitation is the study relies on the fact that oocytes 
warming cycles were postponed due to pregnancies ob- 
tained after the transfer of fresh derived oocyte embryos 
and also because of the priority given to the transfer of all 
the frozen embryos before starting oocytes warming. 
Therefore, a large amount of oocytes are still cryopre- 
served.  

Like micromanipulations that were developed pro- 
gressively in the 90s, oocyte vitrification, a complex and 
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sophisticated method, should be carefully set up and as- 
sessed in each IVF lab despite the actual context of prof- 
itability and permanent commercial proposals. The pre- 
sent study was technically conducted by only one senior 
embryologist to minimize the learning curve impact [18]. 
This strategy prevents technical drift, thus, efficiency 
was rapidly reached with satisfactory clinical results. 
However, hyperstimulation context with the collection of 
large numbers of oocytes at pick up accounts for our low 
fertilization rates, equally obtained in both fresh and vit- 
rified/warmed oocytes [14-17]. 

The relative short lifespan of the mature oocyte is the 
major parameter to point out because the delay in tech- 
nique that we apply for embryos is harmful in this case. 
Therefore, oocyte vitrification was performed concomi- 
tantly to ICSI procedure. 

Our experience allowed us to identify several advan- 
tages for oocyte vitrification technique. Indeed, as oocyte 
vitrification bypasses embryo freezing, it allows increas- 
ing the number of fresh single embryo transfer leading to 
the same cumulative pregnancy rate as with freshly re- 
covered oocytes. Furthermore, oocyte vitrification prac- 
tice multiplies the number of ICSI attempts for one oo- 
cyte pick up at a limited financial cost.  

These encouraging results suggest that oocyte vitrifi- 
cation can be largely used for a panel of purposes in-
cluding oocyte storing in cases of sperm retrieval failure 
[19], fertility preservation [20] or egg donation [3,13]. 

In France, the choosing between open and closed sys-
tem is still the matter of debate. In the context of fertility 
preservation we must propose the most effective method 
to ensure the best success chances. In cancer cases, the 
major advantage of oocyte vitrification over ovarian tis-
sue preservation is that there is no risk of re-introducing 
tumoral cells in cancer cases and only the fresh embryo 
is transferred in the patient’s uterus.  

Moreover, this technique enlarges the possibilities of 
fertility preservation to other indications such as severe 
endometriosis and recurrent cyst that needs a surgical 
ovarian follicular depletion.  

Furthermore, low responders should benefit oocyte 
vitrification. Indeed, serial oocyte vitrification seems to 
be a satisfactory approach to improve the management 
and success rates of such patients [5,21].  

Although, further studies are needed to tackle the issue 
of the health of children born after oocyte vitrification, 
this new technique appears to be a landmark in IVF 
laboratories evolution and with the ambition of French 
authorities to limit the number of cryopreserved embryos 
[12]. 
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