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� Embryo cryopreservation has always played a
central role in assisted reproductive treatment.

Embryo cryopreservation

� The use of frozen embryo transfer has resulted over
than 60,000 health births in USA - SART

� Maximizing effectiveness of

the IVF cycle.



� Extracellular & Intracellular Ice Formation

� Toxicity of cryoprotectant

Cryoinjury

� Toxicity of cryoprotectant

� Osmotic swelling

� Fracture



Questions for cryopreservation

� Methods

Vitirification vs. Slow freezing

� Stages of embryo

� Re-cryopreservation



Cryopreservation methodsCryopreservation methods



Two cryopreservation methods



� Cryopreservation of mouse embryo (Whittingham, 1972)

� Traditional method

� Controlled cooling rate

Slow freezing (Programmed freezing)

� Low cryoprotectant concentration

� Disadvantages of Slow freezing

- Requirement for an expensive freezing  machine

- Time consuming



� Exposed to relative low concentration cryoprotectants

� Loaded in small volumes in to straw

� Cooled to -5 ~ -7℃

Slow freezing - Procedure

Cooled to -5 ~ -7

� Several minutes to equilibration

� Seeding – initiate extracellular freezing

� Cooled slowly -0.3 ~ -0.5℃/min

� To anywhere from -30 and -65℃

� Straws plunged into LN2 for storage



� Glass like solidification 

� Advantage

- ice crystal ↓ (survival ↑)

- simple method (freezing machine, time)

Vitrification

- simple method (freezing machine, time)

� Disadvantage 

- high cryoprotectant concentration 

: toxic & osmotic damage

- direct contact to LN2 

→ Closed vitrification system



� Cooling rate ↑

� Viscosity ↑: increase the concentration of cryoprotectant

� Loading volume ↓: <1㎕

Vitrification - Three important factors

Probability of Vitrification

Viscosity × Cooling rate 

Volume
=



Various types of carrier 

1. Electron microscope grid
2. Minimum drop 
3. Cryotop
4. Cryoloop

5. Hemi-straw
6. Cryoleaf
7. Fiber plug
8. Direct cover vitrification

9. Vitrifcation spatula
10. Nylon mesh
11. Plastic blade
12. Vitri-Inga



1, Plastic straw, open-pulled straw
2. CryoTip
3. High-security virification device
4. Pipette tip
5. Sealed pulled straw
6. Cryopette
7. Rapid-I

Saragusty. J and Arav. A. Reproduction (2011)

7. Rapid-I
8. JY straw



Clinical outcomes: 

slow freezing vs. vitrification



Kuwayama M. RBMOnline (2005)





Gene expression patterns 

between slow freezing and vitrification





Developmental stage of embryosDevelopmental stage of embryos



D0 D3 D5D4 D6D1 D2

Developmental stages of embryo

D0 D3 D5D4 D6D1 D2



Clinical outcomes – developmental stage



Day 4 – compaction/morula



Survival rate – 89.2%

Tao J. Fertility and sterility (2004)

Clinical pregnancy rate – 57.7%



PGD (preimplantation genetic diagnosis)

- blastocyst

Blastocyst vitrification significantly increased the cumulative ongoing 
pregnancy rate in PGD.

Fertility and Sterility, 2008



ReRe--cryopreservationcryopreservation



Re-cryopreservation





Summary & ConclusionSummary & Conclusion



� Vitrification resulted in significantly higher survival, and
clinical pregnancy rates.

Summary I

� In experienced groups, vitrification was not associated with
a higher pregnancy than slow freezing.

� There is still no consensus as to the optimal development
stage for embryo cryopreservation.



� Recryopreservation of embryos is useful protocol. It
provides the patient and the clinic with advantages by
maximizing the chance of pregnancy while minimizing the
number of transfers.

Summary II

number of transfers.



� A growing number of centers are incorporating vitrification
as it is a simple, reproducible, robust, and inexpensive
technique to cryopreservation embryos.

Conclusion

� Both techiniques (slow and vitrification) may offer good
results in experienced hands, although vitrification results
in higher survival rate, and most groups report better
outcomes with vitrification than with slow freezing.

� In each centers, they can choice and establish the suitable
cryopreservation method and embryonic stage.




