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metabolism of the cryoprotecting agents, which can subsequently disrupt cellular 

function and viability (8) . Concerning oocytes, compounds such as DMSO and PROH can 

cause depolymerization of tubulin and meiotic spindle malformations (9–11).  Besides 

concentration and time of exposure, the temperature at which cryoprotectant are used 

can also impact cellular damage. For example at 37°C cryoprotectants could cause 

perturbed microtubule actin microfilament arrangement in mouse oocytes, which was 

less apparent when cooled (9). Generally, lowering the temperature of cryoprotectant 

exposure has as a result a decreased uptake and metabolism of the toxic agents from the 

cell. 

1.2.12 Avoiding toxicity 

The selection of a suitable cryoprotectant and optimizing its concentration, as well 

as monitoring the time and temperature of exposure, is a fundamental principle that will 

determine the possibility of cell damage by a cryoprotectant. Therefore, a common 

approach to reduce toxicity is to combine various cryoprotectants, both permeating and 

non-permeating, thereby reducing individual concentrations and minimizing damage 

while maintaining the overall protective effects (12). Combining multiple cryoprotectants 

could induce a counteract on the negative impact of one agent to the negative impact of 

another agent (13). Methods of introducing and removing cryoprotectants offer another 

means to reduce a potential damage. Stepwise addition of cryoprotective agents, or 

gradually increasing concentrations, has been useful. Additionally, stepwise removal of 

these compounds upon warming/thawing helps to minimize osmotic stress. 
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1.3.2 Vitrification method 

To achieve vitrification (i.e. a glass-like state) within a cell, both a reduction in water 

content and a highly viscous cytoplasm are necessary (21). This is generated by exposure 

to high concentrations of permeating (>4 M, DMSO, EG, Glycerol) and non-permeating 

(>0.5 M, sucrose) cryoprotectants which result in extreme shrinkage. However, in order 

to minimize the impact of the hyper-osmotic conditions the exposure time is reduced to < 

1 min (22). Since a high concentration of a single permeating cryoprotectant, however, 

may in itself be lethal (23) or may result in impaired development (24), multiple 

cryoprotectants (25) have been used in combination to reduce the individual 

cryoprotectant toxicity while achieving a highly viscous solution (23). The high osmolarity 

of the vitrification solution rapidly dehydrates the cell and submersion into liquid nitrogen 

quickly solidifies the cell, so that the remaining intracellular water does not have time to 

form damaging ice crystals. 

1.3.3 Why vitrification is better that slow cooling 

Vitrification has been proven to be a more successful method than slow cooling 

because it’s a procedure that eliminates ice crystal formation inside the cells, leaving 

intact the domains of the cells. In order to explain why vitrification is a better 

cryopreservation technique we need to understand  the diagram in figure 1,which is 

based on the work of Fahy and colleagues (26) who introduced in 1984 vitrification as a 

potentially efficient cryopreservation  method in embryology.  

Y-axis represents the temperature of a liquid (e.g. water or isotonic solutions that 

we use to dilute cryoprotectants). X-axis represents the concentration of the solutes (e.g. 

cryoprotectants) that a solution contains. TM is the melting temperature of a solution.  
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3.10.2.2 Exposure to the CP solution using the closed system 
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provided triple gas of 6% CO2, 5% O2 and 89% N2. Embryo quality was assessed on Day-3 

and on Day 5. For day 3 embryos, number of cells, the appearance of blastomeres and the 

presence of cytoplasm defects or fragmentation were evaluated(113).  According to this 

system, top quality cleaved embryos were considered those with 8 -12 symmetric 

blastomeres with absence of cytoplasm defects and without or with negligible 

fragmentation. For the evaluation of day 5 embryos we used the Gardner and Schoolcraft 

criteria (114) in which the thin zona pellucida, smooth trophoectoderm, equality and 

close adhesion of blastomeres, clearly visible blastocyst cavity and the well developed 

inner cell mass with many closely aggregated cells are the most important parameters 

correlating to the top blastocyst quality. Embryo transfers were performed on day 5, 

under ultrasound guidance as previously described (115). The remaining embryos were 

vitrified on day 5 using closed vitrification system.  

3.13.2.1 Oocyte vitrification in a closed system 

Oocytes were vitrified by using the Vitrisafe carrier (100) (VitriMed, Austria) after 

a maximum of 3 hours post OPU. Denuded oocytes were exposed to  4 equilibration 

solutions with 1.25% , 2.5% , 5% and 10% concentration of DMSO and Ethylene Glycol 

(FertiproTM) for 3, 3, 3 and 5:30 min respectively and 1 vitrification solution with 20% 

DMSO and 20% Ethylene Glycol plus 0,75 mol/l Sucrose and 10 mg/l Ficoll (FertiproTM) for 

1 min. After the exposure to the cryoprotectants the oocytes, by means of a single drop, 

were initially transferred on the Vitrisafe and then the carrier was inserted in the 

protective straw which was thermo-sealed and plunged into a dewar with LN2. All 

procedures were performed at room temperature (~ 25°C).  
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Warming was performed in 5 steps as described before (120).  Briefly, oocytes 

were exposed to gradually decreased concentration (1M, 0.75M, 0.5M, 0.25M, 0,125M) 

of sucrose for 1, 1, 2 ,2 ,2 min, respectively (FertiproTM). The rehydration of the oocytes 

was performed at room temperature (~ 25°C) with an exception of the first step, in which 

the vitrisafe was immersed in a warm solution (37oC) of 1M Sucrose for 1 min. In order to 

recover, the oocytes were placed into culture medium (SSM™, Irvine Scientific) and 

incubated for 3 hours at 37oC (6% CO2 and 5% O2) before they were injected. 

Degenerated oocytes were removed from the cohort. 

3.13.2.2 Outcome measures  

The number of survived oocytes, fertilized oocytes, cleavage embryos, top quality 

cleavage embryos, blastocysts, top quality blastocysts and embryos transferred were 

analyzed.  Oocyte survival rate was defined as the number of oocytes survived out of the 

total number of oocytes warmed. ICSI was applied on all survived oocytes. Fertilization 

rate was defined as the number of fertilized oocytes out of the number of oocytes 

survived. Cleavage rate, top cleavage rate, blastocyst rate and top quality blastocyst rate  

was defined as the number of cleavage embryos, top quality cleavage embryos, 

blastocysts and top quality blastocysts respectively out of the total number of mature 

(MII) oocytes.   

3.13.2.3 Primary and secondary outcomes. 

The primary endpoint of the study was the positive hCG rate per cycle. Secondary 

outcomes were clinical pregnancy rate per cycle, ongoing pregnancy rate, biochemical 

pregnancy rate, miscarriage rate, twinning rate and live birth rate. Secondary endpoints 
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were also the oocyte survival rate, the fertilization rate, the cleavage and top cleavage 

rate, the blastocyst and the top blastocyst rate.  

3.13.2.4 Statistical Analysis 

Continuous data are expressed as mean ± SD, while categorical data as 

percentages (%). Normality was assessed with Kolmogorov -Smirnov test. Independent 

sample t-test was used for parametric and Mann-Whitney test for non-parametric 

numeric variables. Categorical data were analyzed with Chi-square analysis. Statistical 

analysis was performed using the Statistical Package for Social Sciences version 17.0 

(IBM/SPSS Inc., Chicago, IL, USA). Non-inferiority test was performed by using power 

calculator of sealed envelopeTM at www.sealedenvelope.com. 

3.13.2.5 Results 

Data from 184 recipients were prospectively collected from January 2014 to 

December 2014.  There was no case included in the study that was finally dropped-out 

due to survival, fertilization or blastocyst formation failure. The epidemiological 

characteristics of the included cases were similar between the two groups (Table 8).  

A total of 2325 oocytes were retrieved, 1175 in group 1 and 1150 in group 2.  1966 

of them were MII, 982 in the fresh group and 984 in the closed vitrification group (Table 

9). There was no difference in the number of the allocated oocytes between the two 

groups (10.7 ± 2.1 vs 10.7 ± 2.0, P=.94), therefore confirming the initial hypothesis that 

our oocyte allocation method would not result in significantly different number of MII 

oocytes. The survival rate of the oocytes from the group 2 was 92.7% (912/984 oocytes).  
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No significant difference was observed regarding the fertilization rate, cleavage rate, top 

quality embryos on day 3 and blastocyst rate between two groups. Top quality blastocyst 

rate on day 5 was significantly higher in the fresh oocyte group (31.7% vs 26.1%, P=.003). 

Embryological parameters are presented in Table 2.  

Ninety-two transfers were performed in each group. The mean number of 

embryos transferred was similar (2.0 ± 0.0 vs 1.97 ± 0.3, P=.25). No statistically significant 

difference was observed between two groups regarding pregnancy (b-hCG positive) rate 

per cycle (63.1% vs 60.9%, P=.76) and clinical pregnancy rate per cycle (55.4% vs 58.7%, 

P=.66). No significant differences were observed regarding all the other outcomes 

between the two groups. Regarding live births, 66 healthy babies were born from fresh 

group and 62 from vitrification group. No adverse outcome was reported by parents.  

Primary and secondary clinical outcomes of the present study are presented in Table 10. 

Moreover it has been calculated the collected oocytes to baby ratio was 5.6% and 

the MII oocytes to baby ratio was 6.8% in the fresh group while in the vitrification group 

was 5.3% and 6.3% respectively (Table 11). The MII oocytes needed to achieve a 

pregnancy was 14.8 in fresh group and 15.8 in the vitrification group (Table 11).   
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Abstract

 Vitrification is a 

cryopreserving human oocytes attributed in 

standard option 

reproductive scientists review their choices for cryopreserving eggs and finally abandoned 

slow freezing due to clin

en 

ensures a very high cooling rate which is believed to be the key of success for achieving 

e scientists 

criticized due to the lower cooling rates that are achieved using closed devices  which 

potentially could lead to on cryopreservation 

In this thesis we present our work on oocyte 

systems for human oocyte cryopreservation have been 

 of vitrification on oocytes we 

 

 hree 



114 

clinical 

seco

similar set up was adopted and sibling oocytes from the same donors were separated in 

involved patients that used fresh oocytes for their cycles and the 

performed in order to examine whether the use of laser assisting hatching technique 

whether 

vitrification/warming induces zona pellucida hardening and whether laser assisting 

 

 

of the cells is important in order to increase the biological and clinical efficiency of oocyte 

tocol was 

 

 Vitrification has been proven to be the gold standard technique for 

research is very promising and could be used in order to give and answer to an everlasting 

debate between those that insist that open system vitrification is potentially harmful for 
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the biological material and those that criticize the low cooling rate of closed system is 
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