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Adapted from Professors Bormann and Dimitriades



70.200 deliveries

Cryopreservation in Europe … On the rise



Oocyte and embryo cryopreservation in assisted reproductive technology: past achievements and current challenges Casciani, Valentina et al. Fertility and Sterility, Volume 120, Issue 
3, 506 - 520



What are the KPIs

• Key Performance Indicators 
(KPIs) are employed to evaluate 
and measure our performance

• KPIs are not static but a 
dynamic process

• Positive reinforcement cycle

Identify new 
Processes in 

the 
Laboratory

Develop 
KPIs

Evaluate the 
performance

Change 
approaches 
to increase 

the 
performance

Assess the 
performance 

of the 
changes



Oocyte

Cleavage stage embryo

Blastocyst



• In ESHRE’s KPIs (Vienna Consensus) 
only blastocyst cryosurvival rate was 
included as a KPI

• The cryosurvival was evaluated 
according to morphological 
appearance

• Would that introduce a certain 
degree of relativity?



Even in 2023, looks still matter…

• Is morphologically assessed “survival” 
enough?

• How is the threshold of “at least 50% or 75% 
intactness decided on?”

• What does survival mean? 
• Does intactness =survival?

Anything else worthwhile reporting on?



Until Blastocyst formation, embryos deriving from 
frozen oocytes seem to develop slower than 
embryos derived from fresh oocytes.

What about time?



Similar results to previous data 
indicating slower rates up to 
compaction.

However, time to blastocyst formation 
was similar between embryos deriving 
from fresh and frozen oocytes.

No statistically significant difference 
on live-birth rates. Some difference 
in implantation rates

More recent data



Use of frozen oocytes 
in gestational carriers 
provided similar 
clinical outcomes 
with fresh oocytes in 
gestational carriers 
which may serve as a 
KPI

Very recent data



The jury is still out there regarding 
embryo cryopreservation effect on 
LBR



Summary I

No statistically significant difference in live-birth rates 
comparing fresh and frozen oocytes

Vitrified oocytes seem to develop slower at least up to 
compaction stage

Embryo vitrification in general population seem to 
result to similar clinical outcomes compared to fresh 
embryos. 

This may not be the case for all subpopulations – 
especially poor prognosis women. Should we 
consider different KPIs for different populations?



What else do we need to consider



What about

Post-warming 
time

Day of 
blastocyst 
vitrification

Physiology



D6

D5

Blastocyst Post-Thaw Culture

Short: 0-6
Long: over 7h
The difference between short 
and long culture is present 
only for D6 embryos 
(extended culture worse 
outcomes)

The JARG study shows 
post thaw culture between 
0-7 hours no difference



Mitochondrial function as measured by ATP content 
seems to be similar to fresh oocytes following 6 
hours.  

Similarly Extended Culture (6h vs 2h) seems to ameliorate 
the effects of vitrification completely on microtubule 
distribution and partially on chromosomal arrangement

*Research on oocyte extended culture is mainly performed in animal models

 Looking at oocyte 
data 



Day of Blastocyst freezing-Does it matter? -Yes

D5 seems to provide better results
Different KPIs needed or freeze only on 
D5?

Cryopreservation on D5 provides enhanced CPR and LBR compared to D6 both in good and in poor quality embryos– and in 
PGT-A tested embryos



Do we see everything? Are 
things really as they 
appear…or can looks be 
deceiving?



Do we see everything?

Vitrolife



In 3D reconstructions, the average volume of the 
chromosomes from the vitrified oocytes was more 
than 1.8 times greater than the average volume of 
the chromosomes from the never-frozen oocytes. 

We need to understand more and 
better

Non-frozen-4h

Frozen-8h-inc3h

Frozen-4h-inc3h

Frozen-5h-inc3h



What will we 
find if we look 
deeper?



RNA integrity and differential expression 

• The RNA integrity in 
vitrified oocytes was 
lower compared to 
fresh oocytes.

• No difference was 
observed between 
vitrified oocytes in 
RNA integrity during 
the 1st year of 
cryopreservation

• A number of DEGs 
were observed 
leading to different 
biological 
processes 



mtDNA content of the blastocyst is lower during the 
first hour post-thaw, then increases sharply and seems 
to be at pre-vitrification levels at about 6-hours post 
thaw.

Over 100 DEGs were observed between 0h post-thaw 
and 4-5 hours post-thaw, affecting 186 biological 
processes.

It may seem to be better to leave blastocysts for 6 hours prior to ET



Summary II

An extended post-thaw time 
(around 6h) may be beneficial for 
blastocysts.

Blastocyst vitrification seems to 
lead to improved results when 
performed on D5 versus D6 (diff 
KPIs?)

Vitrification seems to result to 
differential gene expression both in 
oocytes and in embryos (FU)



What about AI

• Morphology may not be uninformative but the way 
we evaluate it may be. 

• AI may  provide a new perspective. 
• Should we consider AI to be introduced in KPIs?
• No before it is tested and validated 



How long is it safe to cryopreserve an embryo?
Different KPIs for different cryo times?

“Open Debate”



Take-home 
messages

With vitrification on the rise, It is high time to 
revisit KPIs

 In the era of precision medicine and artificial 
intelligence KPIs can no longer be based on 
morphology and clinical outcomes

Addition of molecular data and AI could be 
considered in the future. Further interdisciplinary 
research on molecular effects and time.

Clinical outcomes are important; however, the 
molecular content may affect the health status of 
the neonate in the long-term. 



Interdisciplinary Approach … Medical Doctor, Clinical Embryologist, Experimental Biologist, Computational Biologist, 
Product Developer, Marketing, Software Developer,  Surgical Robotics, Biomedical Engineer, Computer Vision Engineer, Robotics 
Engineer, Mechatronics Engineer...

• Multi-disciplinary: people from different disciplines 

working together, each drawing on their disciplinary 

knowledge. 

• Cross-disciplinary: viewing one discipline from the 

perspective of another. 

• Inter-disciplinary: integrating knowledge and 

methods from different disciplines, using a real 

synthesis of approaches

Is the research that we do 
enough?
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