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New technologies

• Great advances in Assisted Reproduction Technologies (ART) in recent years

in all areas

• IVF lab: undisturbed culture (time-lapse)

• PGD lab: CGH, NGS

• Cryobiology lab: vitrification

2Forum Dexeus: Automated Vitrification / 23.11.2018



Vitrification re-surface
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Vitrification becomes really important tool in TRA
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Vitrification methodology
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• Process requires high concentrations of CPA and high cooling-warming rates

• Initially introduced with cleavage stage embryos (Mukaida et al. 1998)

• A little later with oocytes (Kuleshova et al. 1999)

• Many modifications in the last 20 years

• Excess of carriers in the market – not all with adequate cooling-warming rates

• Cryotop most commonly used protocol for oocytes and embryos  (Kuwayama et 

al. 2005).
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Efficiency of vitrification
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Oocyte slow freezing versus vitrification

Embryo slow freezing versus vitrification: CPR

Embryo slow freezing versus vitrification: Cryosurvival

CPR

CPR

Cryosurvival
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• Fertilization rate

• Embryo quality

• Clinical pregnancy rate

• Live birth rate

Results in oocyte vitrification
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Oocyte donation programme: Clinical pregnancy rate

Inseminated oocytes Fresh oocytes
n= 1106

Vitrified oocytes
n= 633

1-4 34,6% 35.3%

5-7 46.2% 44.5%

8-12 56.4% 53.2%

>12 60.4% 57.1%

Number of cycles: 3292 (2012-2018)
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≠ 2-3%
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Oocyte donation programme:

Ø Survival rate: 82.7% (9473/11448)

Ø Oocyte donation with <50% of survival rate: 4.5%

Fertility preservation for social reasons:

Ø Survival rate: 80.6% (82/98) 

Ø Pregnancy rate: 50% (5/10)

Fertility preservation for medical reasons:

Ø Survival rate:  85.1% (74/87)

Ø Pregnancy rate: 62.5% (5/8)

PGD programme: oocyte accumulation:

Ø Survival rate: 81.6%

Ø Biopsiable embryos on D3 (vitrified vs fresh): 75.6% vs 93.8%

SURVIVAL RATE: 80-85%

A critical look at our results: can we improve them?
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Data from Society for Assisted Reproduction Technology (SART)
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Lack of reproducibility
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Vitrification: the case for automation
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• Totally manual process 

Ø High level of specialisation and experience

Ø Incubation timings with cryoprotectants are critical

Ø Variability in results
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PRO CONS

- Standardises process quality

- Saves time

- Avoids learning curve

- Warming procedure still manual

- Initial financial investment



How can we improve quality of the process?
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• Efficiency and consistency need to be improved and only an automated 

vitrification system can achieve this.

• Ideal device should enable:

Ø Easy and safe handling

Ø Time and temperature control

Ø Minimize human manipulation: standarization of volumes and timings

Ø Reduce operator time required per procedure

Ø Closed systems ==> avoid risk of contamination

Ø Automatic labelling-tracking system

Ø Automated sample transfer to storage containers. 
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Microfluidic technologies

• Microfluidics considered both science and technology.

• At least two characteristics of microfluidics
Ø Mechanical

Ø Biochemical

• Controlled cryoprotectant exposure

Microfluidic sperm sorter

Embryo culture with microfluids
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Microfluidic technologies in vitrification

• Already used as cryoprotectant exchange system to generate automated,

continuous and gradual cryoprotectants addition.

• Developed user-friendly microfluidic CPA exchange system.

• May also be advantageous to an automated warming process
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First digital microfluidic device
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• First digital microfluidic device showing feasibility to perform automated

embryo processing for vitrification

• Low number but promising results.
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Becomes a reality: GAVITM first automated vitrification instrument
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ORIGINAL ARTICLE Embryology

Embryo vitrification using a novel semi-
automated closed system yields in vitro
outcomes equivalent to the manual
Cryotop method
Tammie K. Roy1,*, Susanna Brandi1, Naomi M. Tappe1, Cara K. Bradley1,
Eduardo Vom2 , Chester Henderson2 , Craig Lewis2 , Kristy Battista2 ,
Ben Hobbs2 , Simon Hobbs2 , John Syer2 , Sam R. Lanyon1,
Sacha M. Dopheide2 , Teija T. Peura1, Steven J. McArthur3 ,
Mark C. Bowman3 , and Tomas Stojanov3

1Genea Biomedx, 321 Kent Street, Sydney, NSW 2000, Australia 2Planet Innovation, 81-89 Cotham Road, Kew, VIC 3101, Australia 3Genea, 321
Kent Street, Sydney, NSW 2000, Australia

*Correspondence address. E-mail: tammie.roy@geneabiomedx.com.au

Submitted on March 31, 2014; resubmitted on July 14, 2014; accepted on July 30, 2014

study question: Can the equilibration steps prior to embryo vitrification be automated?

summary answer: We have developed the ‘Gavi’ system which automatically performs equilibration steps before closed system vitrifi-
cation on up to four embryos at a time and gives in vitro outcomes equivalent to the manual Cryotop method.

what is known already: Embryo cryopreservation is an essential component of a successful assisted reproduction clinic, with vitri-
fication providing excellent embryo survival and pregnancy outcomes. However, vitrification is a manual, labour-intensive and highly skilled pro-
cedure, and results can vary between embryologists and clinics. A closed system whereby the embryo does not come in direct contact with liquid
nitrogen is preferred by many clinics and is a regulatory requirement in some countries.

study design, size, duration: The Gavi system, an automation instrument with a novel closedsystemdevice, wasused toequilibrate
embryos prior to vitrification. Outcomes for embryos automatically processed with the Gavi system were compared with those processed with
the manual Cryotop method and with fresh (non-vitrified) controls.

participants/materials, setting, methods: The efficacyof the Gavi system(Alpha model) wasassessed for mouse (Quack-
enbush Swiss and F1 C57BL/6J x CBA) zygotes, cleavage stage embryos and blastocysts, and for donated human vitrified-warmed blastocysts. The
main outcomes assessed included recovery, survival and in vitro embryo development after vitrification-warming. Cooling and warming rates were
measured using a thermocouple probe.

main results and the role of chance: Mouse embryos vitrified after processing with the automated Gavi system achieved
equivalent in vitro outcomes to that of Cryotop controls. For example, for mouse blastocysts both the Gavi system (n ¼ 176) and manual
Cryotop method (n ¼ 172) gave a 99% recovery rate, of which 54 and 50%, respectively, progressed to fully hatched blastocysts 48 h after
warming. The outcomes for human blastocysts processed with the Gavi system (n ¼ 23) were also equivalent to Cryotop controls (n ¼ 13)
including 100% recovery for both groups, of which 17 and 15%, respectively, progressed to fully hatched blastocysts 48 h after warming.
The cooling and warming rates achieved with the Gavi system were 14 1368C/min and 11 2398C/min, respectively.

limitations, reasons for caution: Testing of the Gavi system described here was limited to in vitro development of embryos
from two mouse strains and a limited number of human embryos. Validation of Gavi system advanced production models is now required to
confirm the success of semi-automated vitrification, including clinical evaluation of pregnancy outcomes from the transfer of Gavi vitrified-
warmed human embryos.

& The Author 2014. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

Human Reproduction, Vol.29, No.11 pp. 2431–2438, 2014
Advanced Access publication on August 27, 2014 doi:10.1093/humrep/deu214
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GAVITM: first automated vitrification instrument
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• Semi-automated system

• Plunge in liquid nitrogen

• Warming procedure

• GAVI provides automated cryoprotector exposure and sealing device.

• Elimination of variability: 

• During exposure to cryoprotectants: 

• Temperature

• Volume (equilibration media)

• Microfluidic technology

• Constant volume of vitrification media into device
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Variability also with embryos
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• Recovered embryo survival by scientist – Gavi vs. Cryotop 
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Values GAVI Cryotop
Embryos warmed 361 361

# clinics 6 8

# freeze scientists 28 25

% recovered 98.30% 99.70%

Average survival % 96.50% 88.10%

Embryo with 100% 
survival 62.0%* 43.3%*

Embryos with 50% 
survival 0.80% 7.20%

* P value <0.0001 



GAVI vs Cryotop: survival rate of human blastocysts
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*p=<0.05 Data on file (QRTV224_08)
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• Summary of survival rate outcomes 
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Clinically vitrified human blastocysts: implantation and ongoing 
pregnancy rates

• Summary of embryo transfer and pregnancy outcomes 

Data on file (QRTV224_08)
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Comparison of clinical outcomes from GAVI other publications
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• Results after vitrification using Gavi versus after Cryotop vitrification

Data on file (QRTV224_08)
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First results with GAVI in human biopsied blastocysts

PGD program I.U. Dexeus

Blastocysts biopsy and CGH

36 ABNORMAL blastocysts

CRYOTOP VITRIFICATION

0/36 Lost embryos
2/36 No survival
2/36 No re-expansion
32 Survival and re-expanded blastocysts (88.9%)

GAVI VITRIFICATION/WARMING

0/32 Lost embryos
1/32 No survival
3/32 No re-expansion
28 Survival and re-expanded blastocysts (87.5%)

WARMING
VALIDATION
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GAVI: mouse oocytes fresh and vitrified with different vitrification
devices

Source:Lee 2015, Mazmara 2014,  Brandi S1, Ho PPY1, Anastasi M2, Roy TK1– Genea at Kent St (Sydney, Australia) site, publication in process of submission. 
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• Survival rate and embryo development
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• Oocyte donation cycles

• Vitrified oocytes ≥ 8 MII

• Cryotop®: ≥4 MII

• GAVI™: ≥4 MII

• All oocytes warmed in each recipient cycle

• Embryos transferred on day 3

• Blind embryo selection using ASEBIR score (Cryotop vs GAVI)

• Embryo vitrification on days 3 or 5

Oocyte protocol validation: H. U. Dexeus
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Cryotop GAVI Total

Oocyte donation cycles (n) 23 23 23

Vitrified oocytes (n) 147 155 302

Recipient cycles (n) 13 13 13

Warmed oocytes (n) 63 73 136

Survival (%) 76.2 76,7 76.5

Fertilization (%) 73 76,8 75.0

Ongoing embryos (%) 54.3 53.5 53.8

ASRM 2017

Oocyte protocol validation: H. U. Dexeus

• First 2 births with GAVI worldwide
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New devices coming… SARAH
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Conclusions
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Ø Vitrification optimization allows large range of reproductive strategies

Ø Very good results but margin for improvement

Ø Manual technique => high results variability especially with oocytes

Ø Urgent need for vitrification and warming optimization ideally automated 

with minimal reliance on manual techniques

Ø First microfluidics vitrification applications show promising results
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Conclusions
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Ø GAVI can minimise small variations between different manual vitrification 

processes.

Ø Demonstrated efficiency with blastocysts comparable to the most efficient 

manual techniques

Ø Results appear promising for oocyte vitrification with GAVI™

Ø Vitrification automation now a real option for laboratories

Ø However considerable financial investment required and actual 

implementations still limited
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