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Summary

Since the implementation of efficient vitrifica-

tion techniques, the percentage of cryopreser-

vation cycles worldwide increased dramatically.

Moreover, there is a trend toward “vitrifica-

tion-all strategy” after IVF with single blasto-

cyst transfer in a subsequent warmed cycle. 

With the final objective of increasing the cumula-

tive pregnancy rate, efficient, standardized, reli-

able, harmless, aseptic vitrification is mandatory. 

Vitrification procedure consists of several steps.

Some of them generate debates.

In this review several phases of the procedure

that aroused debates are discussed. For example:

(1) which blastocysts to select before and after

vitrification? (2) is it required to collapse the

blastocoele? (3) is scepticisms about the use of

high concentrations of cryoprotectants justified?

(4) is it possible to vitrify in reduce cooling condi-

tions and achieve aseptic vitrification? (5) is the

warming process more important than the cool-

ing one, (6) and finally concerns about the stabil-

ity of vitrified biological materials over time.

KEY WORDS: aseptic vitrification, cryoprotectant

concentration, open closed carrier, cooling-warm-

ing rates.

During the last 15 years, due to a remarkable im-

provement in the efficiency of vitrification tech-

niques as alternative to the classical slow freezing

procedure, the proportion of births following trans-

fer of cryopreserved embryos has increased dramat-

ically (1-9). With the policy of single blastocyst

transfer, an increasing proportion of supernumerary

blastocysts are vitrified either on day 5 or 6 (6).

Currently there is a trend toward cryopreserved all

strategy after IVF with transfer of a warmed em-

bryo in a subsequent cycle (10). There have been

reports of greater implantation and pregnancy rates

with frozen embryo transfer than with fresh autol-

ogous embryo transfer, suggesting superior en-

dometrial receptivity in the absence of ovarian

stimulation (11, 12). Moreover, blastocysts vitrifi-

cation is a valuable option when they originated

from in vitro maturation cycles (3, 13). 

Also, the rationale is that transfer of an embryo in-

to a more ‘‘physiologic environment’’ would result

in greater pregnancy rates and potentially a de-

crease of global both maternal and perinatal mor-

bidity (14).

Principle, description and questions
that arise during the different phases
of a vitrification procedure

Vitrification and warming of embryos (blasto-

cysts) consist of several steps (Figure 1):

Step one: selection of blastocysts before vitrification

with or without artificial blastocoele collapsing.
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Step two: exposure of blastocysts to the croprotec-

tant (CP) solutions.

Step three: loading on the carrier device and

plunging it in liquid nitrogen (LN2).

Step four: storage in LN2 containers.

Step five: the warming process.

Step six: dilution of the CP. 

Step seven: selection of warmed blastocysts before

embryo transfer (ET).

Even though the basic principle to vitrify biologi-

cal material is quite similar according to different

protocols, some questions are still matter of de-

bates.

The aim of this manuscript is to bring our opinions

about several interrogations and principally in case

of vitrification of blastocysts.

Step one (a): selection of blastocysts 
before vitrification, should we discard
the second quality one?

A pivotal question is the selection at the blastocyst

stage. Which ones should we vitrified and which

ones to discard? This raises the question on how to

define a good quality blastocysts? The one that

looks morphologically normal or the one that im-

plant?

Grading of blastocyst morphology incorporates as-

sessment of degree of expansion of the blastocyst

and the quality of the inner cell mass and the tro-

phectoderm (15, 16). Several studies showed that

trophectoderm was determined to be statistically

significantly related to the rate of ongoing preg-

nancy and miscarriage. By contrast, neither inner

cell mass nor blastocyst expansion was statistical-

ly significantly related (17, 18). In a more recent

article, Ahlström et al. (19) analyse which pre-

freeze morphological parameters can be used to

predict live birth outcomes after vitrified/warmed

blastocyst transfer cycles. They stated that blasto-

coele expansion and trophectoderm grade were

identified as the most significant pre-freeze mor-

phological predictors of live birth.

According to our experience, we suggest that in

principle one might be confronted by mainly four

groups on day 5 (Figure 2).

The good ones with an Inner Cell Mass (ICM) and

trophectoderm (TE) classified as A and /or B ac-

companied with a degree of expansion 5, 4, 3 and

2 according to the morphological scoring criteria

of Gardner et al. (20).

The second group is composed of embryos with an

ICM and TE classified as B and C with a degree of

expansion from expansion 2 to expanded blasto-

cyst. 

The third encompasses early blastocysts of good

and non top quality.

The fourth group includes those with a delay of de-

Figure 1 - Vitrification: steps.
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velopment and revealing no sign of cavitation and

those that show i.e. an arrested development on

day 3. In this group, culture to day 6 after or before

vitrification is performed.

Interestingly, according to the data which is and

was recently presented in several congresses

worldwide, only blastocysts which fulfill the crite-

ria of the first group are selected for vitrification

and more rarely embryos from the second one.

Those which encompass groups III and IV are

mostly not selected. Thus, results always appear

outstanding at a first glance. However, if all the

patients who had no ET and those, where no sur-

plus embryos were cryopreserved due to poor mor-

phology would be included in the data the overall

success rates would look rather disappointing. But,

do we have to present only excellent results,

knowing that if we look the patient point of view,

their advices would be totally different?

According to our experience (Tables 1 and 2), we

still observed birth rates around 25% when lower

quality blastocysts were transferred. For those

from the fourth group, an extra culture period to

day 6, is a valuable option instead of discarding

them according to tangible criteria. We observe

higher birth rate after vitrification of bad quality

embryo on day 5 or 6 as compared to fresh embryo

transfers of similar quality.

Figure 2 - Selection of blastocysts before vitrification: should we discard the second quality one?

Table 1 - Birth rates after fresh blastocysts transfers and aseptic vitrified blastocysts transfers.
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Also acceptable results were obtained after vitrifi-

cation of blastocysts that originated from embryos

that were not selected either for fresh ET and cryo-

preservation on day 3 because of their poor quali-

ty. Fifty blastocyst warming cycles resulted in a

76% survival rate, 44% clinical pregnancy rate,

and 39% implantation rate (21). 

So, is it really an option to reject those blastocysts

for transfer or vitrification? May be that some sac-

rifice these ones in order to beautify their implan-

tation rates? 

It is worth mentioning that with the current tech-

nology it is difficult to select the right embryos

even in a routine IVF lab. Of course when good

looking embryos are presented, they will be select-

ed for transfer or for cryopreservation. However,

there is still no method or algorithm that will im-

prove the selection. But the more difficult task at

present is to select from a cohort of bad looking

embryos, one that may implant after fresh ET or

cryopreservation. Again, what should we do, keep

everything or select? 

It should be mandatory to cryopreserve all super-

numerary blastocysts of moderate to good quality

in order to increase cumulative pregnancy rate.

With regard to this, it is very important to achieve

a reproducible outcome, especially in terms of sur-

vival after warming independently of the quality,

to allow high success rates after vitrified/warmed

blastocyst transfer.

Step one (b): is it required to collapse
the blastocoele? 

With respect to blastocyst quality and survival, the

question arises whether artificial shrinkage or col-

lapsing is mandatory (Figure 3)? 

Since the size of the blastocoele correspond to the

amount of water in this cavity, larger blastocysts

might show reduced cryopreservative potential due

to ice crystal formation during the cooling step and

ice recrystallization (devitrification) during the

warming step. 

In order to reduce the likelihood of ice crystal for-

mation artificial shrinkage or collapsing of ex-

panded/ blastocysts has been suggested using ei-

ther micropipettes (1) or laser pulses (22). 

However, with the use of vitrification solution

containing higher sucrose concentration of 0.75M

instead of 0.5M, we observe that artificial shrink-

age of the blastocoelic cavity is not necessary for

preventing injury from intracellular ice because of

sufficient dehydration during the exposure to the

vitrification solution. 

In addition, Zech et al. (23) showed the benefit of

opening the zona pellucida some hours before the

vitrification process. They observed that blasto-

cysts with a larger blastocoelic cavity survived vit-

rification better when they partially or completely

hatched even though short exposure to CP solu-

     

Blastocyst quality before 

Cycles Age of 

patients at 

Age of 

patients at V-

Survival 

rates

Birth 

ratey q y

vitrification

p

vitrification

p

ET

5 AA AB BA 311 34.2 35.5 87% 30%

D
a

y
 5

E
x

p
. 
4

-5 AA, AB, BA 311 34.2 35.5 87% 30%

BB 237 34.8 36.1 85% 32%

BC, AC, CA, CB 88 34.6 35.4 88% 35%

D
a

y
5

 

E
x

p
. 
2

-3 AA, AB, BA 125 35.2 35.8 89% 29%

BB 203 35.6 36.7 90% 31%

BC AC CA CB 66 35 1 36 2 92% 23%BC, AC, CA, CB 66 35.1 36.2 92% 23%

D
a

y
 5

 

E
x

p
. 
1

Top-grading 44 36.7 38.7 86% 25%

N t di 34 35 1 36 1 77% 22%Non-top grading 34 35.1 36.1 77% 22%

D
a

y
 

6

Blastocysts delayed in 

development 29 37.3 37.8 98% 37%

Table 2 - Survival rates after vitrification/warming.
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tions. In conclusion, collapsing of the blastocoele

is not really necessary and has to be adapted to the

rate of dehydration that occurred in the vitrifica-

tion solution.

Step two: exposure of blastocysts to
high concentration of cryoprotectant
solutions (CPs). How high the intracel-
lular concentration of cryoprotectant
(ICCP) truly is?

Vitrification: conditions to achieve a vitrifica-

tion state (Figure 4)

When the temperature decreases, liquid water can

be converted either to a solid crystal or to a solid

amorphous glass when the supercooled water is

dropped instantaneously below the glass transition

temperature. It is solely the skill of being able to

prevent ice crystals to form inside the cell (which

can happen during the cooling as well during the

warming process) that will determine the viability

of the embryos. The physical process by which a

super viscous liquid solution remain supercooled

during the transit through the crystalline phase and

reach the solid glassy state when it is cooled below

its glass transition temperature (Tg) is called vitri-

fication (24). According to this definition, with the

application of vitrification, neither in the intra-cel-

lular nor in the extra-cellular spaces, formation of

ice crystals is theoretically possible because solid-

ification of a super viscous liquid solution that re-

mains supercooled during the cooling process. 

The fundamental issue in all vitrification methods

is to achieve and maintain conditions within the

cells which guarantee an amorphous state through-

out the cooling as well as during the warming

process. Independent of the carrier device that de-

termine the cooling and/or the warming rate, the

key of success in order to achieve a “glass-like”

state depends on an optimal balance between the

speed of cooling - rewarming (time and tempera-

ture) and the optimal cell dehydration and penetra-

tion of CP when they are exposed to concentrated

hypertonic solutions (25).

Principle of exposure to high concentration of

CPs

Before the blastocysts are immersed in LN2, they

are exposed to CPs in order to increase the intra-

and extra- cellular viscosity to a level that the liq-

uid water molecules will solidify so quickly that

they will not have time to rearrange themselves in-

to a crystalline structure. To achieve this objective,
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Figure 3 - Blastocoele collapsing: mandatory?
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in nearly all vitrification methods the blastocysts

are exposed to a minimum of two steps of gradual-

ly increasing concentrations of non vitrifying solu-

tion (nVS) (2.3 M to 3.2 M) and vitrifying solution

(VS) containing penetrating (4.8 M to 6.4 M) (26,

30) and non-penetrating (0.5 - 0.75 M) CPs just

before being plunged in liquid nitrogen (LN2).

The duration of exposure to the permeable CPs is

determined by several biophysical factors such as

the membrane properties (cellular permeability to

water and CP), the type and concentration of CP,

the surface/volume ratio of the cells, and the rate

of cooling and warming (27-29).

Fear about the ICCP reached during exposure

to CPS: justified?

Fear about exposing gametes and embryos to high

amounts of CPs that exceed 3 to 4 fold those found in

slow freezing (SLF) was the central part of a debate

initiated by advocates of the SLF procedure where

low concentrations of penetrating CPs are used. 

Two investigations were undertaken with mouse

zygotes to bring some insights on how high the IC-

CP truly is immediately before plunging the blas-

tocysts in LN2 and compared it with the ICCP in a

SLF (Figure 5).

With our protocol (3, 11), we allow the CPs to pen-

etrate the zygote during the exposure to nVS1

(1.6M) and nVS2 (3.2M), but not until it recovers

its initial volume. As consequence, the equilibrium

between intra and extracellular CP concentrations

is not completely achieved. To reach an intracellu-

lar vitrified state, embryos are exposed in the last

step to the VS (6.4 M) where sucrose and Ficoll, as

non-penetrating CPs, induce dehydration. Thereby

various intrinsic macromolecules like (glyco)pro-

teins, salts and also penetrating CPs are concen-

trated, generating an intracellular environment that

enables to reach and maintain a vitreous state dur-

ing the cooling and warming processes. An extra-

cellular vitrified state is allowed by the high con-

centrations of CPs in the VS that encapsulates the

embryo in a vitrifying sheath.

We have found that the ICCP in mouse zygotes

during the vitrification procedure prior to plunging

them in liquid nitrogen is approximately equal to

2.14 M and is 3-fold below the concentration in the

VS that coats the cell and even lower than after

slow freezing procedure (30) (Figure 6). When in-

cubated in 2.14 M sucrose solution only (D) mini-

mal changes in cell volume occurred. This reduced

volume modification indicates that an osmotic

quasi-equilibrium exists between intracellular and

extracellular compartments. Therefore during VIT,

the intracellular osmolarity approaches 2.14

Osm/L before the zygotes are plunged in LN2.

Figure 4 - Parameters that influence the probability of achieving the vitrified state.
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We may as consequence state that although slow

freezing is the standard cryopreservation method

since more than 25 years, few were aware that cell

survival is the consequence of the presence of an

intracellular vitrified state. This vitrified state is a

consequence of a long effect of solution during

cooling and is a reflect of a very high concentra-

tion of CP. We may therefore suggest that a drop in

the survival after SLF is probably more related

with osmotic shock after warming than to mechan-

ical injuries due to the formation of intracellular

ice crystal. To conclude, we may advice that slow

freezing is finally another way to do vitrification.

Step three: loading on a carrier device
and plunging in LN2: can we envisage
the end of the ‘open’ system?

Open system

It was postulated that ultra-rapid cooling and warm-

ing rates (as high as 20.000ºC - 30.000°C/min) are

mandatory during the vitrification process to reduce

the risk of intracellular crystal formation and the

concomitant damage to the cell structures (31). To

achieve ultra-rapid cooling rates, a very small vol-

ume of VS of less than 1µl is deposited on open car-

rier devices (e.g., Cryotop, Vitriplug, Cryoloop, cop-

per electron microscopy grids), which are directly

plunged into LN2 (1, 4, 32, 33).

The advantage of such an approach is that blasto-

cysts are exposed in 2 steps to increasing concen-

trations of CP. However, only for a short period of

time, but long enough to permit the extraction of

the intracellular water while limiting the amount of

CP permeating into cells.

One drawback of the “open” carrier devices is that

the blastocysts are directly exposed to LN2 during

the cooling process as well as during the whole

storage time. Although the theoretical risk of

cross-contamination, by bacteria, viruses or fungi

during cooling or storage in LN2, has been widely

debated (34). The potential probability of a toxic

effect with reactive chemical compounds present

in LN2 raises safety concerns (35). 

Various methods for sterilizing LN2 have been pro-

posed or are under development, including ceram-

ic filters (36) or UV-light with subsequent hermet-

ical cryostorage (37, 38), or using LN2 vapor for

storage (39). Although the probability of an im-

Figure 5 - How high the ICCP truly is immediately before plunging the blastocysts in LN2?

C D E F G

06-Wanderzwalmen_.  03/11/14  14:33  Pagina 40

© C
IC

 E
diz

ion
i In

ter
na

zio
na

li



Vitrification, an efficient cryopreservation procedure but still rising some debates

Current Trends in Clinical Embriology 2014; 1 (1): 34-45 41

pairment of cellular structures by contact with LN2

is still being discussed, this risk is important and

the ongoing discussion indicates that the storing

system, especially in long-term means, should be

revised. Even the standard storage conditions and

refilling of the tanks pose a hazard when oxygen

from surrounding air condenses and mixes with

LN2 during the regular opening of the nitrogen

tank for routine refilling or whenever straws are

added or withdrawn. Although, it is generally as-

sumed that thermally driven reactions do not occur

in cells at -196°C, it has been reported that in the

case of radiation of an LN2 /oxygen mixture a syn-

thesis of oxygen radicals resulting from ozone for-

mation and decomposition cannot be excluded and

is even enhanced by the catalytic effect of nitro-

gen. Mouse oocytes show impaired survival, fertil-

ization rates and embryonic development after

prolonged contact with LN2 (40). 

Closed system

The European Directives (2004/23/EC) (41) as

well as the FDA directives on tissue and cell stor-

age dictate to adhere to certain safety regulations,

ensuring that gametes and embryos are protected

from any possible contamination with pathogens

and to prevent them from any harmful physical

conditions during storage. To achieve the EU di-

rective, a valuable option consists to switch from

an open vitrification carrier device to a protocol

that entails complete isolation of the biological

samples from LN2 during both the cooling process

as well as storage by hermetically isolating the em-

bryos from LN2 in the tanks.

A huge difference exists between vitrification pro-

tocols with open (>25,000°C/min) or closed

(<2,000°C/min) carrier devices. This reduction in

the cooling rate is responsible for a still ongoing

debate as the cooling rate is widely believed to be

an important factor for success of the vitrification

protocols. Although several studies have shown

that vitrification of oocytes (42), zygotes (11),

blastocysts in closed carriers achieves good results

in clinical studies (3, 7, 9, 26, 43). 

In a recent study, Chatzimeletiou et al. (44) inves-

tigate the effects of aseptic vitrification on the cy-

toskeleton and development of human blastocysts,

by analysing survival rates and spindle and chro-

mosome configurations by fluorescence and con-

focal laser scanning microscopy. Even though,

Figure 6 - Evolution of the relative zygote volume when immersed in solutions with various concentrations of SUC following the

exposure steps to nVS1, nVS2 and VS.
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there was a significantly higher incidence of ab-

normal spindles in the vitrified group compared

with the fresh group, the high survival rate follow-

ing warming and the large proportion of normal

spindle/chromosome configurations suggests that

aseptic vitrification at the blastocyst stage on day

5 does not adversely affect the development of hu-

man embryos and the ability of spindles to form

and continue normal cell divisions. 

There is no direct evidence of cryopreserved hu-

man oocytes/embryos becoming contaminated

during cooling and cryostorage.

However, given the available information from

bovine embryo studies and potential concerns with

long term storage in open devices it would appear

prudent to avoid such direct contact with LN2 dur-

ing vitrification and subsequent storage by using

closed devices.

Step four: storage in LN2 containers,
for how long?

Since the goal of cryopreservation is to preserve

cells and tissue in a solid state for long time peri-

ods, the stability of vitrified biological materials

over time is an important issue and still matter of

debate considering the thermodynamic aspect. The

unstability phenomenom under Tg is of particular

interest because the considerable molecular mobil-

ity that persists near and under Tg makes the sta-

bility of such storage temperatures non-obvious.

In fact, crystalline solids are more stable because

there is usually an energy of crystallization, that is

released on crystallization with interactions be-

tween molecules. On the contrary, the conversion

to a glass is not accompanied by exothermic heat

of fusion but is accompanied by changes in the

heat capacity of the sample (45). The glass transi-

tion can be understood on a molecular level as a

loss of translational and rotational degrees of free-

dom over a particular measurement timescale, but

leaving still bond vibration within a fixed molecu-

lar structure (46).

Although diffusion is practically non-existent be-

low the glass transition temperature, small local

movements of molecules related to relaxation have

consequences for cryobiology (47). This is the

consequence that amorphous solids usually happen

when substances are cooled quickly and then move

too slowly to orientate themselves. 

It is commonly admitted in the field of thermody-

namic cryobiology that once the glass is formed, it

can be aged. Aged amorphous materials show de-

creased physical and chemical reactivity compared

to unaged materials.

Although several thousand children have been

born after blastocyst vitrification, many aspects of

this technique remain to be elucidated. New appli-

cations, such as fertility preservation, lead to long

storage times of vitrified gametes or embryos but

it remains to be determined if these vitrified em-

bryos are stable over time. In the ART field, little

is known about risks of prolonged storage of cryo-

preserved cells as vitrification is the solidification

of a fluid without formation of crystalline struc-

tures – a physically disorganized unstable system.

This raises the question if this state changes over

time impairing survival and implantation potential

of vitrified gametes and embryos. Subsequently,

any potential impact on the health of the newborn

is unknown. 

The study of Wirleitner et al. (48) including the

transfer of blastocysts which had been vitrified

aseptically with the vitrisafe® device show that the

storage of vitrified blastocysts in aseptic condi-

tions neither impaired blastocyst viability (Sur-

vival rate after warming during the first year of

storage was 83.0% compared with 83.1% after 5-6

years of storage: NS) nor decreased pregnancy

rates (clinical pregnancy rate after 1 year of stor-

age was 40.0 versus 38.5% after 6 years: NS). In

addition, no increase in the malformation rate over

time was observed. In conclusion, we may advice

that the strategy of “better safe than sorry” has no

negative impact on the viability of vitrified blasto-

cyst over a period of 6 years.

Step five: is the warming process more
important than the cooling one?

Since the rate of cooling engendered a hot debate,

it is surprising that little emphasis is put on the

warming procedure. However, it has become obvi-

ous that the warming rate might play a more essen-

tial role in modulating survival after vitrification

than the cooling rate. The primary cause of injury

or cell death in a vitrification procedure is ice re-

crystallisation (devitrification) during warming

and not failure to vitrify during cooling  (49). A

high warming rate prevents the vitreous water

from re-crystallizing during the warming phase

(49, 50). 

It is well known that for any given concentration

of CP the critical warming rate is much higher than

the critical cooling rate (51). Consequently, the

minimal concentration of CP to prevent crystal-
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lization during warming must be higher than dur-

ing cooling. This means that it might be easier to

maintain a vitrified state during the cooling than

during the warming process for the same concen-

tration of CP. If the warming rate is reduced by us-

ing devices isolating the drop containing the em-

bryos higher intracellular concentrations of CP are

needed in order to reduce the likelihood of re-crys-

tallization. However these higher concentrations

of CP might be toxic to the cells. 

Hence, in order not to increase the concentration

of CP above the toxic level, the biological materi-

al has to be warmed extremely rapidly. Concretely,

most of open or closed devices used produce very

high warming rates exceeding 20.000°C/min.

Mechanistically, it has resulted in confounding of

whether cooling rate or warming rate are important

cooperative.

In conclusion, vitrification in aseptic conditions

permits to achieve extremely high warming rate

similar to the one obtained with open carrier device.

Step six: dilution of the CP 

During warming water reenters the cells and CP

are washed out. This has to be performed in a con-

trolled way in order to avoid cellular damage. A

too rapid influx of water is circumvented by a

stepwise exposure to solutions containing reduc-

ing sucrose concentrations (30). 

Step seven: selection of warmed blasto-
cysts before ET. Which one to select ?

Though some post-thaw morphological predictors

have been investigated in slow freezing of blasto-

cysts, e.g. immediate re-expansion (52, 53) or 24-

hour survival, no such data have yet been pub-

lished for vitrified blastocysts. It has been suggest-

ed that as the result of the presence and size of the

blastocoelic cavity, vitrified-warmed blastocysts

experience several morphologic changes and be-

come collapsed during cryopreservation. Thus, it

is more difficult to score a vitrified blastocyst after

warming than a fresh one (53).

Several factors (unrelated to vitrification method)

are known to directly influence the fate of a cryop-

reserved blastocyst after thawing/warming and

transfer. It is important to realize that survival

rates in literature are hardly comparable due to the

fact that some embryologists focus on immediate

survival while others suggest an additional waiting

period of 24 hours to facilitate control of growth

(2). Differences in implantation rates may also be

attributed to the fact that not all working groups

apply assisted hatching to the thawed blastocysts

(whilst shrunk), though this was found to improve

outcome (2).

In detail, re-expansion of the blastocoele (and con-

sequently the blastocyst) after thawing is expected

within 24 hours after thawing (2, 52). However,

immediate re-expansion, e.g. within the first two

hours after warming, has not been used for prog-

nostic purposes in vitrified blastocysts. Since in

slow-freezing, approximately half of the frozen

blastocysts turned out to re-expand immediately

after 2-4 hours in culture (53) it is indicated that

using vitrification a higher rate of re-expansion

might be observed (54).

Even if it can be assumed that all viable blasto-

cysts will re-expand after several more hours, any

delay in this process could be the manifestation of

altered osmotic and/or metabolic conditions (com-

parable to the situation found during blastocoele

development when water enters the blastocoelic

cavity via tight junctions either diffusing passively

or being pumped actively). 

To conclude, a fast re-expansion post warming is

the best signal of blastocyst viability.

Conclusions

If we look back 15 years, a patient had to undergo

several oocyte retrievals to achieve one pregnancy.

As a result of our accomplishments regarding sin-

gle blastocyst transfer in combination with the

very efficient aseptic vitrification technique, we

are now able to achieve higher cumulative preg-

nancy rates. From one oocyte retrieval, a woman

may conceive several babies after transfer of one

vitrified blastocysts at a time. It is now proven that

aseptic vitrification with the closed vitrisafe® car-

rier is effective for blastocysts at different stage of

development and quality.

Vitrification has to be adapt to the cooling/warm-

ing conditions. More intra and extracellular CP to

keep the solution in a vitrification state is manda-

tory in case of a reduction in the cooling as well in

the warming rate. However the fear about expo-

sure of blastocyst to higher concentration of CPs is

not justified.

Even though lower cooling rate, aseptic vitrifica-

tion is an effective procedure if higher warming

rates are achieved. Critical warming rates are typi-

cally two or more orders of magnitude greater than
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critical cooling rates. Finally the speed of re-expan-

sion after warming is a good sign of viability.
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