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Question:Question:

Oocyte cryopreservation: 

slow cooling versus vitrification?

Vitrification!!!!!!!

THANK YOU FOR THE ATTENTION
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Survival rates of human 
oocytes frozen with the 

same slow freezing 
protocol

(Lassalle et al., 1985)

Membrane permeabilityMembrane permeability

Osmotic response to glycerol of 
mouse oocytes injected with 

Aquaporin-3 cRNA

Edashige et al., 2003

Aqua-3

Aquaporin-9  
expression

Aquaporin-9, a protein channel that
can transport water and other
solutes through the plasmalemma is
expressed in rat GV-stage but not
mature oocytes (Ford et al., 2000)
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CG release and CG release and 
ZP hardeningZP hardening
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Fresh
No evidence of cortical
granule discharge in
cryopreserved oocytes

Failed Fertilized

Gook et al., 1993 

Cortical granules release

Ghetler et al., 2006

Frozen
Frozen Non-frozen

“The immunostaining examination for 
CG of the frozen–thawed oocytes did 
not reveal evidence of the premature 
release of CG.”

Li et al., 2005
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n = greater than 60 oocytes per treatment with 3 replicatesLarman et al., 2006

CG release and CG release and 
ZP hardeningZP hardening
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Early reports on failure of PBII extrusion and
increase of aneuploidy in thawed mouse oocytes

Glenister et al, 1987; Carroll et al., 1989

No. of Oocytes (%)

Aneuploidy and PB retention

Frozen
+
-

y ( )
Scored     % Aneuploidy    % Retention PB

352                   6.4                 2.6
218                   8.0                 4.4         

No increase in the rates of aneuploidy/digyny in
parthenogenetically activated mouse oocytes after
cryopreservation with DMSO/slow freezing

Bos-Mikich and Whittingham, 1995
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Meiotic spindle Meiotic spindle 
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Polar body Polar body 
degeneration/fusiondegeneration/fusion

Rienzi et al., 2004

Meiotic spindle analysis during 
slow freezing
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Meiotic spindle analysis during 
slow freezing
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69.7%           
vs           

Meiotic spindle analysis during 
slow freezing

Bianchi Bianchi et alet al., Human Reproduction, 2005., Human Reproduction, 2005
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Meiotic Spindle view and vitrification
HUMAN OOCYTES
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Meiotic spindle analysis during 
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Meiotic spindle analysis during 
vitrification

CoboCobo et al.,  et al.,  RBM  on line 2008RBM  on line 2008

CG release and CG release and 
ZP hardeningZP hardeningCytoplasmic and Cytoplasmic and 

Cytoskeletron Cytoskeletron 
damagedamage

Possible injuriesPossible injuries

membrane membrane 
permeabilitypermeability

Meiotic spindle Meiotic spindle 
depolymerizationdepolymerization

Polar body Polar body 
degeneration/fusiondegeneration/fusion

damagedamage



Coticchio et al., 2004 VITRIFICATION

Osmotic toxicityOsmotic toxicity
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Osmotic toxicityOsmotic toxicity

OOCYTE OSMOTIC TOLERENCE AND OOLEMMA
PERMEABILITY

Temperature of exposure influence shrinking (swelling)
patterns

- Oocyte shrinkage tolerance is about 30% of their initial

Van den Abbeel et al.,  2007

Oocyte shrinkage tolerance is about 30% of their initial
volume

- At 22°C, EG has a lower permeability coefficient relative to
DMSO and PG

- The membrane is more selective for EG and DMSO than for
PG (mean reflection coefficient Sigma lower for PG)

- Permeability coefficients of individual oocytes varied
substantially (inherent biological variability)
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METABOLISM MONITORING THROUGH PYRUVATE UPTAKE
(mouse oocytes):

Mouse oocytes and developing embryos following slow

Oocyte metabolism post-
cryopreservation

y p g y g
freezing were metabolically impaired compared with
those that were vitrified

Lane and Gardner, 2001; Lane et al., 2002

…although vitrification was also associated with a
decrease in nutrient utilization by the oocyte compared to
controls the decrease was significantly smaller than that
induced by slow freezing.
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Oocyte metabolism post-
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Lane and Gardner., 2001
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PROTEOMIC ANALYSIS OF OOCYTE PROTEIN
PROFILES (mouse oocytes) by SELDI-TOF MS:

Mouse oocytes following slow freezing revealed

Oocyte protein profile post-
cryopreservation

Mouse oocytes following slow freezing revealed
major alterations compared with those that
were vitrified.

Vitrified oocyctes appeared to be similar to the
non-cryopreserved control oocytes...

Larman et al., 2006
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Oocytes

In Vivo & 
Vitrified
Oocytes

=  Upregulated
= Downregulated

Heat Map

Hierarchical Clustering of Anionic Protein Profile
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Oocyte cryopreservation poses certainly specific problems:

- The oolemma and not the size of MII oocyte is the key to 
explain the low survival rates obtained with slow freezing. 

Oocyte safety

- Release of cortical granules (controversial) 

- Chemical toxicity from cryoprotectants (type specific)

- Osmotic toxicity

- Meiotic spindle depolymerization (slow freezing)

- Oocyte physiology alteration (metabolism and protein 
profile) especially true for slow freezing

Cryoprotectants toxicity 1.

Technical aspects 

(   slow freezing,   Vitrification)

Ice crystals formation and physical damage
(  slow freezing,    Vitrification)

2.

Direct contact with nitrogen
(   slow freezing,   Vitrification)

3.

Vitrification

LNLN22

WS+ES1+ES2 ES3

6-9 min

VS1

Cryotop

3min 3min 1min

(7.5% EG,7.5% DMSO in ES)

Masa Kuwayama, 2007

Room temperature

1min, 37 °C
WS
5min3min

DSTS

Warming

medium - 2hrs 
before ICSI

( , )
(15% EG,15% DMSO,0.5M Suc in VS)

(1M Suc in TS, 0.5M Suc in DS)

p



Minimization of vitrification volume

www.generaroma.it

Minimization of vitrification volume

www.generaroma.it

CoboCobo et al., 2009et al., 2009

Safety of the procedures

Concerns

“The most widely emphasized concerns… arey p
toxicity and danger of contamination. 

Unfortunately, available vitrification methods 
still struggle with these problems to date”

Son and Tan, 2009



Direct contact with nitrogen

OOCYTE CONTAMINATION:

- Not sterile procedure
- Liquid nitrogen may be contaminated by the surface of          

straws/cryovials or other tools
i k f li id i di d di i i- Risk of liquid nitrogen mediated disease transmission

Tedder et al., 1995; Fountain et al., 1997; Berry et al., 1998

SOLUTIONS:

- Use of sealed system to avoid direct contact 
- Cooling and storage in liquid nitrogen vapors 

Larman et al. 2006, Cobo et al., 2007

Closed storage

OUTCOMESOUTCOMES

1. Laboratory OUTCOMES1. Laboratory OUTCOMESabo ato y OU CO S

2. Clinical OUTCOMES

abo ato y OU CO S

2.2. Clinical OUTCOMESClinical OUTCOMES



LaboratoryLaboratory outcomesoutcomes: : 
Slow Slow freezingfreezing infertile infertile populationpopulation

LaboratoryLaboratory outcomesoutcomes: : 
VitrificationVitrification infertile infertile populationpopulation

• In order to validate the effectiveness of a vitrification approach for
oocyte cryopreservation a prospective comparison was designed in our
population of infertile patients (september 08 - march 09).

Study DesignStudy Design

• This study was set-up as a non-inferiority trial with a prospective target
of 240 sibling metaphase II oocytes obtained from an estimated 40 ICSI
patients

• Oocyte fertilization rates after ICSI (per warmed oocyte and per injected
oocyte) were evaluated as primary outcomes. Secondary outcomes were
pronuclear morphology and embryo development.

RienziRienzi etet al, 2010al, 2010-- HumanHuman ReproductionReproduction



Patient populationPatient population

RienziRienzi etet al, 2010 al, 2010 -- HumanHuman ReproductionReproduction

MaterialsMaterials and and methodsmethods

• The general idea of the study was to minimize extra stress on oocytes
often related with cryopreservation procedures, namely: 

1. Long exposure to Hepes buffered media, with uncertain temperature g p p , p
control, for oocyte denudation and selection under the inverted 
microscope

2. Prolonged oocyte in vitro culture without the protection of cumulus 
and corona cells

3. Oocyte ageing 

• In this way, by using randomized sibling oocytes the only difference 
between the fresh and the vitrified group was the vitrification procedure 
itself followed by 2 hours of in vitro culture.

RienziRienzi etet al, 2010 al, 2010 -- HumanHuman ReproductionReproduction

Laboratory Outcomes

RienziRienzi etet al, 2010 al, 2010 -- HumanHuman ReproductionReproduction



LaboratoryLaboratory outcomesoutcomes: : 
VitrificationVitrification eggegg donationdonation programprogram

OUTCOMESOUTCOMES

1. Laboratory OUTCOMES1.1. Laboratory OUTCOMESLaboratory OUTCOMES1. Laboratory OUTCOMES

2. Clinical OUTCOMES

1.1. Laboratory OUTCOMESLaboratory OUTCOMES

2. Clinical OUTCOMES

Clinical outcomes:
Slow freezing infertile population



èè+Clinical outcomes:
Slow freezing infertile population

Clinical outcomes:
Vitrification infertile population

Rienzi et al, 2010- Human Reproduction

Cumulative ongoing pregnancy rates: vitrification

www.generaroma.it

UbaldiUbaldi etet al., al., acceptedaccepted HumanHuman ReproductionReproduction



Study design

www.generaroma.it

Study design and outcome measures

o The study was design as a prospective longitudinal
cohort study.

Study design and outcome measureso The  baseline  characteristics,  embryological  data,
clinical and ongoing pregnancy rate were  analyzed 
on a per cycle basis. 

o The cumulative pregnancy rate obtained with fresh
and vitrified oocytes from the same stimulation cy-
cle was analyzed on a per patient basis.

UbaldiUbaldi etet al., al., acceptedaccepted HumanHuman ReproductionReproduction

Material & methods

www.generaroma.it

Study design and outcome measures

o All consecutives patients undergoing ICSI treatment 
in the  Centre  for  Reproductive  Medicine  GENERA
between  September 2nd  2008  and May 15th 2009Study design and outcome measuresbetween  September 2nd  2008  and May 15th 2009
were considered for this study

o Only patients with supernumerary oocytes available 
for cryopreservation  were  included.  A single fresh 
attempt was included for each patient 
(special population of good responder patients).

UbaldiUbaldi etet al., al., acceptedaccepted HumanHuman ReproductionReproduction

Laboratory results

www.generaroma.it

Baseline patient’s characteristics fresh and warming cycles  



Clinical results

www.generaroma.it

Fresh and warming cycles according to female age  

Clinical results

www.generaroma.it

Cumulative ongoing pregnancy rates after fresh cycle, I 
warming and II warming cycles according to female age

Results

www.generaroma.it



Results

www.generaroma.it

Effect  of  patients  and cycle characteristics on cumulative 
ongoing pregnancy rates based on Cox regression analysis

Conclusions cumulative pregnacy

www.generaroma.it

o High cumulative ongoing pregnancy rates were achieved
in a standard  infertility  program  with  transfers of  em-
bryos derived from fresh and subsequently vitrified eggs y q y gg

o Among various  infertility  factors, only female age influ-
enced significantly the outcome 

o The overall efficiency justifies the application of this stra-
tegy in routine infertility work

Clinical outcomes:
Vitrification egg donation program



Obstetric outcomes
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Chian RC, Huang JY, Tan SL, Lucena E, Saa A, Rojas A, Castellón 
LA, García Amador MI, Montoya Sarmiento JE.

Obstetric and perinatal outcome in 200 infants conceived from 
vitrified oocytes.  Reprod Biomed online 2008

Noyes N, Porcu E, Borini A.

Over 900 oocyte cryopreservation babies born with no apparent 
increase in congenital anomalies. Reprod Biomed online 2009

Traditional freezing and/or vitrification?

www.generaroma.it

Efficiency in donation program not compromised
(Cobo et al., 2007; Nagy et al., 2007)

Prospective randomized study with own oocytes
no difference (Rienzi et al., 2010)

The clinical pregnancy rate has doubled with the
introduction of vitrification (Tulandi et al., 2008)

Cumulative  ongoing pregnancy rate with oocyte 
vitrification  without  embryo selection in a 
standard infertility program (Ubaldi et al., 2010)

Technical problems related to the safety of the technique has 
still to be solved…

Oocyte vitrification offers new perspectives:

CONCLUSIONS

- oocyte cryo-banking
- fertility preservation

- equality between genders

BUT not for general population (which of course would loose
the advantages of embryo selection in the fresh cycle)
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