
Optimising Vitrification

Dave Morroll, Director of Clinical Support

david.morroll@coopersurgical.com

Israel, February 2019



ORIGIO  ·  SAGE  ·  Humagen  ·  RI  ·  TPC  ·  K-Systems  ·  Wallace  ·  LifeGlobal  ·  CooperGenomics

Aims & Objectives 

• introduction to cryobiology and use of CPAs

• highlight key areas of concern

• detail stage-by-stage considerations

• discussion
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Cryopreservation

• the main aim of any cryopreservation programme

is to ensure a high percentage of survival and 

viability after thawing

• six steps:
– equilibration with cryoprotectant agents to induce 

dehydration

– reduction of the temperature to a cooling point

– storage

– warming

– rehydration

– resumption of cellular functions
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Cryoprotectants

• agents which influence the transition from water to ice

• stabilise bio-molecules as water substitutes

• reduce ice nucleation and growth during thawing

• intracellular or permeating

• extracellular or non-permeating
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Cryoprotectants

• intracellular or permeating

– enter cells and replace water

– as they enter cells more slowly than water exits, there is shrinking and re-expansion
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Cryoprotectants

• extracellular or non-permeating

– draws water out of cells by producing a hypertonic solution, so controls swelling and shrinkage
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Warming/thawing

• after thawing, need progressive dilution of CPA

• form osmotic gradient by creating an extracellular environment 
with lower osmolarity

• this results in the gradual movement of water in to the cell = 
rehydration

• associated diffusion of intracellular CPA to the extracellular 
environment
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Optimising vitrification: what is important?
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Recurring questions…

• what should be vitrified?

• which media/CPA is best?

• how and when must we control temperature?

• are volumes of media important?

• how long must we equilibrate?

• must we collapse blastocysts and, if so, how is equilibration affected?

• choice of carrier: open or closed systems?

• how do we optimise warming procedures?
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• cleavage stage

- appropriate cell number (by age hpi)

- <20% blast diameter difference; <20% fragmentation

• blastocyst stage

- full blastocyst

- compacted ICM, loosely adhered, some individual cells

- confluent TE layer, fewer and larger cells 

- leave early blasts to D6 but FBT as a day 5 

Embryo grading: what to vitrify?
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Embryo grading
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Blastocyst grading
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• no clear evidence to favour any one system

• optimise system within each laboratory

• anecdotally, DMSO favoured for oocytes?

Which cryoprotectant?
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• optimised at RTC (constant in all seasons)

• permeability of CPAs into cells is temperature-dependent

• rate of ingress of CPA can impact on outcomes

• warm solutions to RT C at least 30 minutes before use

• switch off heated stages or use ambient plate

• do not leave over light source

How and when to control temperature?
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• yes … and no!

• people use small volumes successfully but…

• control of osmolarity changes due to evaporation

- dispense only immediately before use

- be aware of effects of airflow in workstation

• pipetting

• number of oocytes/embryos handled at one time

Are media volumes important?

*** most new users improved outcomes using larger volumes  *** 
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Vitrification Cooling Protocol: ORIGIO

1ml 1ml
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Vitrification Cooling Protocol: SAGE

1m
l

1m
l
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• stage-dependent

• 5 – 15 minutes

• options
- observe and wait to see full (90%) re-expansion

- establish median (fixed) time for your laboratory

• blastocysts – effect of collapse

- collapsed: use 5 minutes

- non-collapsed: check for re-expansion of cells NOT 
blastocoel

How long should we equilibrate?
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• some clinics doing well without 

collapsing

• preferred options

- puncture with ICSI needle

- laser

- small tip (micropipetting)

• generally advised

• wait for 50% shrinkage and then move 

straight to VM

Should we collapse blastocysts?
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Should we collapse blastocysts?

video courtesy of 
Lyndon Miles, Cardiff
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Should we collapse blastocysts?

video courtesy of 
Lyndon Miles, Cardiff
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Should we collapse blastocysts?
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Vitrification step

• do not pre-load pipette with VM/VS

• ensure complete mixing 

• care with timing before loading

5 secs 30 secs 60 secs
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Choice of carrier: open or closed?

• loading
- use a holder

- minimal volume

- numbers

- maximal cooling

- timing (not too soon so evaporation 
significant)
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Vitrification

0.1µl

0.5µl

1µl
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Storage conditions

• liquid or vapour phase

• care with handling 

- movement to small vessels prior to warming

- audits

• even brief exposure to temperature above glass transition temperature 
could be disastrous
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Warming
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Vitrification Warming Protocol: Origio

2ml 2ml 2ml2ml 2ml
warming step critical – care with volumes; otherwise use 
smaller drops (+ oil)
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Vitrification Warming Protocol: Sage

1ml wells
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Vitrification Warming Protocol
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Vitrification Warming Procedure

• prepare in advance

• first step must be at 37C

- keep warming medium at 37C (volume; oil/water in outer well)

- shortest possible time from liq N2 to WM

• remaining steps at RTC or 35-37C depending on kit used
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Comparison of Slow Freezing & Vitrification
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Comparison of Slow Freezing & Vitrification
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Comparison of Slow Freezing & Vitrification
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How to start vitrification successfully
(or optimise your results)

• select only good quality gametes and embryos

• be fastidious with control of timings, temperature, osmolarity and 
pipetting

• evaluate time for shrinkage and re-expansion in EM (use median time as 
fixed time)

• load in very small volumes

• take care with handling and storage

• remember that warming is as critical as vitrification steps
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