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 Efficient 
cryopreservation 

program for oocytes 
and embryos 

Enhances 
cumulative live 
birth rate per 

oocyte retrieval 
cycle 

Allows systematic 
application of 
elective single 

embryo transfer 
policy 

Provides the 
opportunity to 
perform cycle 
segmentation 

Extends time for 
embryo 

evaluation 

Permits fertility 
preservation for 

medical and 
non-medical 
indications 

Enables egg 
banking for 

donation and/or 
for oocyte 

accumulation 

Rienzi L. et al., Hum. Reprod. Update 2017; 23 (2); 139-155 



Vitrification is a game changer 



Vitrification is the technique of 

choice for cryopreservation in IVF 

“Data from available RCTs suggest 

that vitrification / warming is 

superior to slow-freezing/thawing 

with regard to clinical outcomes 

(low quality of the evidence) and 

cryosurvival rates (moderate 

quality of the evidence) for 

oocytes, cleavage-stage embryos 

and blastocysts. “ 



Vitrification can be applied for all stages of 
development with a very high efficiency 

Rienzi et al, Human Reproduction Update, 2017 
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Vitrification can be applied for oocytes: 

although it has been more difficult to overcome 

the intrinsic sensitivity of the cell 

zona pellucida 

hardening 

membrane 

permeability 

Cytoplasmic and 

cytoskeleton damage 

Meiotic spindle 

depolymerization 

Impact on oocyte 

physiology 

Polar body 

degeneration/fusion 

Oocyte ageing 



Vitrification is more effective than 

slow-freezing 

Rienzi et al, Human Reproduction Update, 2017 





Vitrification is safe and efficient for 

oocytes and embryos 



Oocyte vitrification is now 

reccommended 



Vitrification is also recommended for 

biopsied embryos 

Joris et al.,  Hum 
Reprod. 1999  

Reduced survival 
after human embryo 

biopsy and 
subsequent 

cryopreservation.  

Jericho et al, Hum 
Reprod. 2003  

A modified 
cryopreservation 

method increases the 
survival of human 

biopsied cleavage 
stage embryos. 

Escribá et al.,  Fertil 
Steril. 2008  

Vitrification of 
preimplantation 

genetically diagnosed 
human blastocysts and 
its contribution to the 
cumulative ongoing 
pregnancy rate per 

cycle by using a closed 
device. 

Zhang et al., Reprod Biomed 
Online. 2009 

 Vitrification of biopsied 
embryos at cleavage, 

morula and blastocyst stage. 

Chang et al., Hum Reprod. 2013  

Blastocyst biopsy and vitrification 
are effective for preimplantation 
genetic diagnosis of monogenic 

diseases.   

 

Schoolcraft et al., Fertil Steril. 2011 

Live birth outcome with 
trophectoderm biopsy, blastocyst 
vitrification, and single-nucleotide 
polymorphism microarray-based 

comprehensive chromosome 
screening in infertile patients. 



Blastocyts biopsy is a challenge for 

IVF laboratories 



Vitrification of biopsied blastocyst is 

safe and efficient 

Blastocyst artificial shrinkage involved a lower risk of 

degeneration after warming (odds ratio (OR) [95% CI] = 0.26 

[0.09–0.79]). Conversely, both poor morphological quality 

pre-vitrification and taking 7 days to reach full 

blastulation resulted in a significantly higher risk (OR 

[95% CI] = 11.67 [3.42–39.83] and 4.43 [1.10–20.55], 

respectively). I 

 

Overall 2.5% (N = 53/2108) blastocysts failed to re-expand 

post-warming. The only parameters significantly associated 

with no blastocyst re-expansion post-warming were average 

(OR [95% CI] = 4.96 [2.20–11.21]) or poor (OR [95% CI] = 

19.54 [8.39–45.50]) morphological quality and taking 7 days 

to reach full blastulation (OR [95% CI] = 3.19 [1.23–8.29]) 



Vitrification can be applied successfully 
for all indications 

before 

fertilization 

before  

singamy 

before  

EGA 
before 

implantation 

EGA 

Survival         85 –90%          90 – 95%           90 – 95%                        95 – 100% 

 

Implantation  15- 18%          15 – 20%           20- 30%                  30 - 40% 

Numbers        10                              7                            5                                3 

Rienzi et al., 2016 



Vitrification is not always 

consistent across labs and 

operators 



Types of cells 

Volume of the sample 

Cooling/warming rates × Viscosity 

Vitrification is a pseudo second order phase transition (IUPAC 

Compendium of Chemical Terminology, 1997) converting a material into 
a glassy amorphous solid that is free from crystalline structure. 

The Vitrification Approach 

Probability of vitrification  ̴     



1998 

Mukaida et al. 
Cleavage stage 79% 
 

2001 
El-Danasouri and Selman 
Cleavage stage 49.3% 

 
2002 
Cho et al. 

Blastocyst 
 
2005 

Rama Raju et al. 
Cleavage stage 95.3% 
 

Vitrification 

EG 
 

1999 

Hsieh et al. 
Cleavage stage 62.5% 

Vitrification  

DMSO 
 

2008 

Balaban et  al. 
RCT  
Cleavage stage 94.8%  

 

2000 

Yokota et al.  
Blastocyst 
 

2003 
Venderzwallen et al. 
Blastocyst 

 
2005  
Kuwayama et al. 

Cleavage stage 98%  
 
2006 

Mukaiada at al. 
Artificial  shrinkage of blastocyst 
 

2007 
Desai et al. 
Cleavage stage 85% 

 
2009 
Ebner et al. 

Closed system 

Vitrification  

15% EG, 15% DMSO + 
0.75-0.5M sucrose 

Vitrification 

16% PROH, 16% EG 
+ 0.65M sucrose 

2010 

Kahraman and Candan 
Day 4 embryos 85.9% 
Biopsied day 4 89.8% 

 
2015  
Decrock et al. 

Cleavage stage vitrification 
RCT 
 

Different cryoprotectants combination have been proposed 



Kuwayama et al., 2005, 2007 

Ana Cobo, 2008 

Concentration of cryoprotectant  in 
VS 30% (EG and DMSO) 
 
Volume of 0.1 µL 
 
Cooling rate of approximately 
23,000ºC/min 
 
Osmolarity of VS ≈8.000 to 4.000 
mOsm/L 
 
             

Different tools are also available 



…and different approaches: 

Open vs closed system 

Efficiency and safety 

 

To avoid possible contamination sterile nitrogen can 

be used (Vajta et al., 1998, Parmegiani et al., 2009).  

 

 

In alternative, specific devices able to avoid direct 

contact of the samples with the nitrogen during 

vitrification (closed system) and/or storage are 

available (Kuleshova and Shaw 2000, Isachenko et 

al., 2006, Abdelhafez et al., 2011, Vanderzwalmen et 

al., 2009, Parmegiani 2011).  



Vitrification process 



Vitrification process requires skill 
The vitrification procedure involves multiple steps of stringently timed pick-and- place 

operation for processing oocyte/embryo/blastocyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This procedure takes about 15–20 min and is performed manually by highly skilled embryologists.  



Manual oocyte/embryo/blastocyst vitrification is a demanding task: 

 

- A specific training (learning curve) is needed; 

 

- Incubation timings with cryo-protectants are critical  

and have to be strictly controlled by the operator;  

 

- Due to cryo-protectants viscosity the detection and 

manipulation of the cells can be difficult; 

 

The manual process has stringent skill requirements and cell survival rate can 

vary significantly across operators.  

 

Manual vitrification process has some 

drawbacks 



Automation can ensure the quality of 

the process 

- Standardization of the volumes 

 

- Standardization of the timings 

 

- Standardization of the manipulation 

 

                                but eventually much more…. 

Roy et al., Hum. Reprod. 2015 

Jun Liu et al., IEEE ROBOTICS & AUTOMATION MAGAZINE, 2015 
Pyne et al., Plosone 2015 

 

 







Vitrification has changed the structure 

of the lab 

 
- Incredible improvements in survival rate 

(also for oocytes and biopsied embryos) 
 
- New timings of cryopreservation  

(according to cell developmental stage) 
 
- New flexibility of the lab. 

 



… in italy after Law modification 



Conclusions 
 

Cryopreservation is essential in ART and should be optimized in 
each single IVF laboratory.  
 
According to the updated evidences, vitrification is the best 
strategy for all stages of development allowing an optimized 

survival rate. 
 
Freeze-all (cycle segmentation) is thus not a challenge anymore 
for the Lab. Moreover, its application open new perspectives for 
embryo evaluation aimed at the introduction of SET for all. 
 

Improved lab technologies = increased safety in IVF 
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