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Cryopreservation of oocytes and embryos is a 
fashionable subject of reviews. This is not only 
the subjective impression of the authors, it can 
be justified by a simple PubMed search for ‘cryo-
preservation’ or ‘vitrification’ or ‘freezing’, and 
‘oocyte’ or ‘embryo’, with the additional filters 
for ‘10 years’, ‘humans’ and ‘review’, resulting in 
360 hits, with 87 of them focusing primarily on 
cryopreservation (based on individual evalua-
tion of abstracts performed by authors). The cor-
responding numbers of randomized controlled 
trials during this period were only 69 and 27, 
respectively. Accordingly, the publication of 
another review does not improve the ‘too much 
talk, too few work’ situation, and can only be 
justified by sound reasons.

One of our arguments is that out of the 486 the-
matic papers published in the seven volumes 
of Experts Review of Obstetrics and Gynecology, 
only three (including a short Editorial) is dealing 
with embryo and oocyte cryopreservation. The 
number is disproportionally low, especially if it 
is compared with the 14 articles dealing with the 
undoubtedly interesting but much less practiced 
 preimplantation genetic diagnosis/screening.

Additionally, our review is also addressed 
to infertility doctors and embryologists 

marginally or actively involved in cryopreser-
vation. According to our experience, this spar-
kling subject is still full of controversies, and 
repeated arguments supported with newly 
published sound  evidences may convince those 
who have some doubts regarding the way ahead. 
Moreover, we will also deal with some new, 
exciting developments, that – if confirmed by 
future studies – may further improve the effi-
ciency of  cryopreservation and the whole assisted 
reproduction.

The main purpose of our work is to provide 
a general picture about the state of the art; the 
de facto and potential benefits of the recently 
introduced cryopreservation techniques; what 
are the current limitations and setbacks; and 
how can we accelerate the advancement towards 
a standardized, widely accepted, simple and reli-
able new cryopreservation approach that may 
profoundly change the current practices in 
human assisted reproductive techniques (ART).

The two main approaches
Currently, techniques used for cryopreservation 
of ova or embryos in domestic and experimental 
mammals as well as in humans belong to two 
major groups: the traditional slow-rate freezing 
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or vitrification. For the establishment, theoretical background and 
technical features of these techniques, the authors refer the many 
reviews published recently [1–7]; here the authors only provide a 
short practical summary.

In traditional freezing, after equilibration with a relatively low 
concentration of permeable cryoprotectants, embryos or oocyes 
are loaded into 0.25 ml standard plastic straws and are, typically, 
placed into a freezing machine. The instrument is designed to 
provide very accurately regulated, consistent and repeatable cool-
ing parameters for the samples. The steps of the cooling process 
include a relatively rapid cooling to around −7°C. Because of 
the presence of cryoprotectants and lack of mechanical trauma, 
ice formation does not start spontaneously; it has to be induced, 
typically with a metal tool (forceps) immersed briefly into liquid 
nitrogen. By touching the surface of the straws far away from the 
sample with this tool, a small white spot occurs inside the straw, 
indicating the start of ice formation. The process is called seeding 
and is usually performed manually, although more sophisticated 
machines can already induce the proper seeding automatically. In 
the subsequent period, as the result of a consistent slow cooling 
with 0.3–1.0°C/min, the ice crystal slowly grows and eventually 
reaches the sample. However, at that moment, the growing ice 
removes most of the water from the solution and induces a rapid 
increase concentration of the cryoprotectants around as well as 
inside the sample. Eventually, this high concentration decreases 
the probability of ice crystal formation, and a kind of amorphous 
solidification of the solution occurs on both sides of the cellular 
membrane.

The amorphous solidification is also called vitrification (i.e., 
vitreous, glass-like transformation) because the solution remains 
transparent, although hardly detectable in the minuscule volume 
in and around the sample, surrounded by ice crystals. On the 
other hand, the term itself is reserved already for another approach 
in cryobiology, where the phenomenon is not only presumed, but 
definitely should occur, and in most cases should be easy to detect 
even with naked eye, in the whole solution that holds the sample, 
without any sign of ice crystal formation. Although the process 
also occurs in nature (and not only in water, but in most diverse 
solutions – that of common sugar, silicon dioxide, and so on), its 
induction requires special conditions. In mammalian embryol-
ogy, the most feasible strategy is to increase the concentration of 
both permeable and nonpermeable cryoprotectants to a much 
higher level than used in traditional slow-rate freezing, and the 
application of rapid cooling and warming rates. For the latter, 
the simplest way is the direct immersion of the sample into liquid 
nitrogen (with minimal or no thermo-insulating layer), and the 
use of a small volume of the solution that surrounds the sample.

At first glance, traditional freezing seems to be a much more 
professional approach, with sophisticated and expensive com-
puter-regulated machines with multiple displays, various, versatile 
adjustment possibilities and fully automated cooling processes. 
Compared to that, vitrification is a primitive manipulation with 
extremely simple carrier tools, foam boxes that have been used for 
delivery of some sensitive chemicals years ago, sometimes still with 
the old labels and mailing addresses on the external surface and 

with the shockingly simple cooling step. It is only the outcome 
that justifies the existence of this younger approach, and qualifies 
vitrification as the method of choice by an increasing number, 
probably the majority, of human embryology laboratories.

The authors have to admit that the characteristics are not always 
sharply different, and the borders are not always entirely clear 
between the two procedures. Basically, the purpose of both tra-
ditional freezing and vitrification is to decrease or rather totally 
eliminate ice crystal formation inside and around the sample, 
and we just use two different approaches to achieve this goal. 
However, there are many ways for technical realization of both, 
and there is a third, although rarely applied, version of cryo-
preservation between the two major groups called rapid freezing, 
reportedly successful for a great variety of samples in mammalian 
embryology. In rapid freezing, the applied cryoprotectant con-
centration is not enough to achieve vitrification, and the quick 
cooling process does not allow the slow growth of ice crystals that 
absorb water and practically dehydrate the sample. Paradoxically, 
high survival and subsequent developmental rates were reported 
by using this third strategy, as well; however, the consistency and 
reliability is low [8].

Another problem is the definition of vitrification and slow-
rate freezing. The presence or absence of freezing machines and 
foam boxes simply cannot be the basis of scientific categories. The 
presence or absence of ice crystals in the solution is an important 
criterion, but difficult to detect when minuscule amounts of solu-
tions – for example a film layer – are used. We need our imagina-
tion and to trust scientific calculations, but the certainty at the 
given technique may not be directly obtainable. Additionally, 
transitional ice crystal formation, the so-called ‘devitrification’, 
may also occur at warming of vitrified samples, transforming 
the sharp qualitative difference to a hardly measurable quantita-
tive one. Even terms suggested previously to separate the two 
methods, for example, freezing and thawing for the traditional 
slow rate process and cooling and warming for vitrification [9], 
are randomly used now by both scientists and companies, and 
purist attempts to clarify what we are talking about are regarded 
by some scientists as awkward and obsolete.

Accordingly, the best way to tell vitrification from traditional 
freezing is to focus on the different approach. In traditional freez-
ing, our intervention is rather mild and passive. We use the grow-
ing ice to perform water removal and to make crystal formation 
eventually impossible in and around the sample. At vitrification, 
on the other hand, we perform a drastic and active intervention 
by using high cryoprotectant concentration and/or high rates of 
temperature change, and eliminate in this way all possibility of 
ice formation – at least during the cooling and storage phase.

Breaking the monopoly
For approximately two decades, slow-rate freezing was the only 
acceptable method in a human embryology laboratory. Although 
introduced in mammalian embryology in 1986 [10], the exist-
ence of vitrification was neglected and early achievements, both 
in human embryo and oocyte cryopreservation [11–14], were just 
regarded as a scientific curiosity. Retrospectively, many factors 
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contributed in this bias, predominantly the conservative mental-
ity in human assisted reproduction. Although this increasingly 
defensive behavior – supported or rather enforced by authorities 
– is partially understandable, eventually it may seriously hamper 
us in fulfilling our common goal and destiny.

Other factors included the total lack of industrial background.
Commercial companies were less than interested in propagating 
a method that can be performed in a foam box. This approach 
is changing slowly, but not without controversies. We now have 
a large choice of media and carrier tools, but the average price is 
absurd and prohibitive for many IVF units. On the other hand, 
very few steps were taken to improve work safety (discussed later) 
and towards automation of the procedure.

There were and still are major concerns regarding the lack of 
basic scientific background and safety of vitrification. These argu-
ments are seemingly sound, at least for laymen. However, in our 
profession that has been established by one of the bravest, and, 
retrospectively, the most praised step in biological sciences, the 
creation of the first test-tube baby, without having any ideas about 
the potential consequences; where the alternative and widely used 
cryopreservation method was introduced earlier with even less 
basic scientific background, the moral and practical meanings 
of such statements are quite different (discussed later). For the 
safety, high cryoprotectant concentrations with potential toxicity 
are always referred, disregarding the fact that the final intracyto-
plasmic concentration of cryoprotectants is much higher in tradi-
tional freezing than in vitrification [15]. Specific toxicity of some 
components, predominantly dimethyl sulfoxide (DMSO) are 
often cited. Some companies and researchers even advertise their 
‘nontoxic,’ that is, DMSO-free, vitrification systems, although 
DMSO is probably the least toxic and most protective cryopro-
tectant compared with other commonly used permeable ones, 
such as propylene glycol [16–19]. Finally, the theoretical danger of 
liquid nitrogen-mediated disease transmission is a most regret-
table and absurd misinterpretation of scientific evidences, leading 
to fruitless arguments and the potential ban of the most efficient 
vitrification techniques (also discussed later).

Fortunately, for some scientists the potential gain outweighed 
these concerns. Again fortunately, their results were published at 
the right moment, when the need for a more efficient technology 
has occurred in relatively new fields: blastocyst and oocyte cryo-
preservation. Traditional slow-rate freezing was efficient for cleav-
age, precompaction stage human embryos, but in vitro survival 
and in vivo developmental rates were compromised after blastocyst 
freezing. Introduction of new systems for extended culture, the 
tendency towards single blastocyst transfer has radically changed 
human ART, but all the potential achievements were pending 
without a highly efficient blastocyst cryopreservation system.

For the oocytes, the strongest pressure was the rapidly grow-
ing market for oocyte donation, and legislation issues of several 
countries also required an efficient cryopreservation system to 
replace embryo freezing. Vitrification has offered a solution for 
both; by applying the right technology, survival rates approached 
100% and further developmental rates were not compromised 
compared with the fresh controls [3,20,21].

A kind of mitigated chain reaction has formed involving more 
and more clinics. Informal personal contacts played a more 
important role than papers and conferences. Publications arguing 
for widespread application of vitrification were widely criticized, 
but the flow of data was unstoppable, and suddenly, the modest 
advancement in application turned to an exponential growth, 
where countries of Latin America and Asia played an even more 
important role than many traditional strongholds of human ART, 
including Scandinavia, Britain and France [22].

An unexpected but very positive consequence of this competi-
tion was the exploitation of the hidden reserves of traditional 
freezing. With slight adjustments of methods, but without modi-
fying the principles, the efficiency increased dramatically, and 
some parameters now approached the level of vitrification after 
oocyte and blastocyst cryopreservation, too [23,24]. Accordingly, 
the game is not over yet, and the winner of this competition will  
not just be either of the approaches, but all of the clinicians and 
patients in the field of assisted reproduction.

Selection of the best technique
An informal survey has been performed to summarize the 
achievements over the past 6 years. A PubMed search performed 
on 14 April 2012 with a starting publication date of 1 January 
2006 and closing date of 31 December 2011 for ‘vitrification’ or 
‘vitrified’ resulted in 996 hits. Based on the title and abstract, pub-
lications dealing with human oocytes and embryos were individu-
ally selected. Reviews were excluded except for those publishing 
data not fully included in the collected research papers. Eventually 
93 papers were collected and analyzed.

The first conclusion that can be drawn from these publications 
was that vitrification was found to be at least as efficient as tradi-
tional freezing. Better survival and developmental rates were expe-
rienced for oocytes in four and seven publications, respectively. 
Results were identical in one and two publications, respectively, 
while none of the 93 papers found a better outcome after cryo-
preservation with traditional slow-rate freezing. Vitrification was 
found to create less morphological and DNA damage than tradi-
tional freezing in human oocytes [25]. Two systematic reviews and 
meta-analyses, based on six and three papers, respectively, also 
found superior results achieved with vitrification [26,27]. Although 
the number of direct comparisons is relatively low, it is in perfect 
accordance with findings in other mammalian species. In some 
papers, in vitro and especially in vivo developmental rates were 
comparable between vitrification and traditional freezing; how-
ever, survival rates after both blastocyst and oocyte vitrification 
were significantly higher, approaching 94–100%, while this value 
was around 70 and 80% when traditional freezing was used.

Vitrification was also found harmless regarding the long-term 
consequences. Births were reported in 26 publications, including 
11 after oocyte and 15 after embryo cryopreservation. None of 
these papers (including two systematic reviews [28,29]) found an 
increase in stillbirths or subsequent developmental of abnormali-
ties. A recent study based on 6623 delivered singletons found an 
85-g increase in the average birth weight, but no increase in birth 
defects and perinatal mortality rates after embryo vitrification 
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compared with freshly transferred controls [30]. It should be noted 
that according to a retrospective review, increased birth weight 
was found typical in singletons after cryopreservation regardless 
of the method used [31]. The same review also states that children 
born after embryo cryopreservation are healthy and have perinatal 
outcomes similar to their naturally conceived peers and better 
than children from fresh-embryo transfer [31].

None of the 93 publications have reported in utero infections 
after oocyte or embryo cryopreservation – in full accordance with 
a wider survey that found no infections in human and domes-
tic animal embryology attributable to any  cryopreservation 
procedure.

Wherever applicable, some technical details were also collected 
and summarized. All except for one study used some forms of 
minimum volume vitrification techniques; the vast majority 
of  work was performed with open systems, that is, based on 
direct contact between the sample and liquid nitrogen (70 and 
six studies for open and closed systems, respectively). Closed sys-
tems used for blastocyst cryopreservation resulted in comparable 
results to open systems (4 vs 19 papers, respectively); however, 
for metaphase II (MII) phase oocytes, only two papers presented 
data with closed system vitrification, these data were seriously 
compromised compared with those presented in 23 publications 
referring to the use of open systems. Open systems resulted in 
less ultrastructural damage in MII phase human oocytes [32]. 
Ethylene glycol was the most frequently used permeable cryo-
protectant, usually together with DMSO (55 papers), propylene 
glycol replaced DMSO in four papers, all dealing with blasto-
cyst cryopreservation and with lower survival and developmental 
tendencies.

Neither statistical analyses nor sound conclusions can be 
made from these diverse data, where variables surpassed con-
stant parameters and conditions. However, the high amount of 
similar outcomes obtained in different laboratories by using the 
same technique may outline some tendency. In lack of a sufficient 
number of prospective randomized studies comparing different 
methods, these tendencies may allow some orientation for outlin-
ing the best available technique for both oocyte and blastocyst 
vitrification: however, the best seems to be the minimum volume 
(≤1 µl), open system, with ethylene gycol and DMSO as the 
permeable cryoprotectants.

Status presens
Regarding oocyte cryopreservation, a recent systematic review [20] 
found only five randomized controlled trials, three of them using 
the technique outlined above [33–35]. Survival rates were 97 [35], 
97 [34] and 93% [33], while clinical pregnancy rates achieved after 
intracytoplasmic sperm injection were 39 [35], 65 [34] and 55% 
[33] (the differences in pregnancy data may be explained by the 
different application: while the former study was performed in a 
routine infertility program, the latter two described application in 
oocyte donation). Essentially the same outcome was described in 
retrospective studies, where a similar technique was used [36–41]. 
No increase of embryonic aneuploidy or decrease of implantation 
potential was found after oocyte vitrification [42]. Molecular profiles 

suggested that vitrified oocytes were biologically comparable with 
their fresh counterpart [43].

For preimplantation stage embryos, a recent representative 
work of Cobo et al. based on 3150 warming cycles and 6019 
embryos provides convincing data [21]. The overall survival rate 
was 95% (with 100% blastomere survival in 93 and 95% of day 
2 and 3 embryos, respectively). Implantation, clinical pregnancy, 
ongoing pregnancy and delivery rates were 36, 42, 33 and 38%, 
respectively. Authors did not find difference related to the age of 
the embryo or the method for endometrial preparation.

These results are comparable with those published in 2005 
by Kuwayama et al. about the outcomes of vitrification of close 
to 13,000 embryos in the initial paper, describing mass applica-
tion of vitrification in human embryology, and refer clearly to 
the stability and reliability of the procedure outlined above [44]. 
During the 7 years following 2005, more than 20 papers provided 
detailed statistics by using vitrification techniques based on the 
same principle, and reported roughly similar outcomes. Perinatal 
morbidity after transfer of cryopreserved embryos was found to 
be even lower than in fresh cycles [45].

Most studies agree that the length of storage does not nega-
tively influence pregnancy rates after transfer [46,47]. Births were 
reported after transfer of frozen-thawed pronuclear stage embryos 
and vitrified oocytes 20 and 5 years after  cryopreservation, 
 respectively [48,49]

Cryopreservation-based new ART strategies
MII phase oocytes
Cryopreservation of in vivo matured oocytes has been a demand-
ing task and a frustratingly inefficient procedure for decades, 
accordingly this option was not considered as viable in assisted 
reproduction. Even the theoretical opportunity of a possible 
application was disregarded; accordingly, the occurrence of an 
efficient method was followed by more neglect than enthusiasm. 
During informal discussion, many embryologists asked: ‘Nice 
 achievements, but do we really need it? What for?’

Fortunately, the situation has changed markedly, although the 
geographical distribution of babies born after oocyte vitrifica-
tion still shows a strange variation, depending mostly – but not 
entirely – on the legal situation. In some countries including Italy, 
where embryo cryopreservation was banned, embryologists turned 
energetically to oocyte cryopreservation, while others have almost 
entirely neglected this possibility. Other countries (especially 
those in Latin America), where financial compensation for oocyte 
donors was legally permitted or tolerated, have adopted vitrifica-
tion methods with great success, and Latin American embryolo-
gists propagated the success to other regions, too. On the other 
hand, the progress in regions including the USA, Australia and 
especially north-western Europe was extremely slow, especially 
compared with the most advanced stage of ART in these countries.

Although lately promising signs show increasing application 
all over the world – for example, according to a recent reports, 
more than half of North American ART clinics offer oocyte cryo-
preservation [50,51] – it is probably worth summarizing the pos-
sible areas and situations where oocyte cryopreservation could be 
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considered as an option or even the only solution. These include 
fertility preservation for medical reasons (treatment of malignant 
diseases, surgical ovary removal, premature menopause, and so 
on), or for social reasons to expand the fertile age [52,53]. This 
latter indication may be the subject of debate, however, consid-
ering the handicapped situation of women in reproduction with 
more suffering but less possibilities (less gametes, shorter fertile 
period), as well as the changing role of females in the modern 
society, any nonmedical restriction in this area may be regarded 
as a dictate of the majority, the neglect of a reasonable need of a 
(rather considerable) minority.

Additional indications may include logistic reasons, for exam-
ple, lack of sperm after successful oocyte aspiration. Oocyte cryo-
preservation can also be part of routine infertility treatments, 
with efficiency comparable to embryo cryopreservation [41,54], 
and may help to overcome legal restrictions, religious concerns 
or problems with the fate of embryos of divorced couples. So 
far, the most exploited application of oocyte cryopreservation 
is oocyte donation [55], where oocyte banks may offer higher 
safety to prevent disease transmission, less waiting, more choice 
and more efficiency to use appropriately the valuable biological 
material [56]

Blastocysts
As already mentioned, a decade ago one important argument 
against blastocyst culture was the low efficiency of cryopreser-
vation in that stage. Introduction of vitrification has not only 
resolved the problem, but according to concordant observations of 
many clinics, considerable improvement in the overall efficiency 
(i.e., pregnancy or birth rates) can be achieved. Apart from the 
very unlikely possibility that vitrification improves the in vivo 
developmental competence of blastocysts, the most feasible expla-
nation is the more appropriate uterine environment. According 
to the unpublished observation of the authors, the improvement 
can be as high as 15% in pregnancy rates. According to other 
groups, higher implantation rates can be achieved with transfer 
of cryopreserved embryos both in normal and high responders. 
Impaired endometrial receptivity can account for most implanta-
tion failures in the fresh group [57,58]. Natural cycle provides better 
results than even mild hormonal preparation [59–61].

Additional benefits of transfer of cryopreserved embryos are the 
decreased risk of ovarian hyperstimulation syndrome [62,63] and 
perinatal morbidity [45], therefore increased safety for mother and 
child [31], although this statement is obviously valid for oocyte 
cryopreservation as well [41,54]. Transfer of cryopreserved single 
blastocysts was also found to decrease the risk of ectopic preg-
nancy [64]. Moreover, blastocyst cryopreservation reduces the 
number of embryos to be cryopreserved [65]. Considering all these 
benefits a new embryo transfer strategy is proposed, cryopreserv-
ing all embryos in the stimulated cycle and performing transfer 
exclusively in the subsequent cycles [59].

Induced blastocyst collapse
Artificial shrinkage of blastocysts, after or especially before cryo-
preservation [66,67], may further improve the overall efficiency of 

cryopreservation. Although this approach was introduced as early 
as 10 years ago, it was mostly disregarded for a long time, pre-
dominantly because the improved outcome could not be detected 
in vitro, where the best methods resulted in up to 100% sur-
vival rates. Recent data, however, confirm the observation of the 
first report, that is, artificial shrinkage increases implantation 
rates, especially when applied at the expanded blastocyst stage 
[68,69]. Two mechanisms are supposed to explain this improve-
ment; first, the large volume of the blastocoel does not allow 
proper equilibration during the short exposition to the concen-
trated cryoprotectant solution, and ice may be formed inside the 
blastocoel causing mechanical damage. The other possibility is 
the prolonged toxic effect of cryoprotectants slowly leaving the 
blastocoel at the highly fragile stage after vitrification. Different 
methods were suggested to induce artificial shrinkage: incuba-
tion in sucrose solution is probably the simplest but least efficient 
approach; microsuction and application of a laser shot on the 
trophectodermal layer may be equally efficient, but the latter one 
is much easier [67,69,70].

The laser shot may also be accompanied to assisted hatching. 
Although results are still controversial [71], some authors found 
increased survival, implantation and pregnancy rates after opening 
the zona pellucida [72].

Blastocyst biopsy
The two procedures above are intrinsic elements or can be asso-
ciated easily to blastocyst biopsy performed for either preim-
plantation genetic diagnosis or screening. While the former one 
has clear indication and is widely used, the initial enthusiasm 
towards preimplantation genetic screening was not supported 
by clinical data: embryo biopsy, genetic screening and trans-
fer of embryos without detected chromosomal abnormalities 
did not increase implantation, pregnancy and live birth rates 
[73,74]. However, most of these studies were performed on day 
3, precompaction stage embryos, by using fluorescent in situ 
hybridization for sample evaluation, and mostly fresh embryos 
were transferred.

On the other hand, blastocyst biopsy may create less harm; 
the mosaicism, although still existing, is less common than in 
earlier stages [75], and with multiple cells, the molecular analysis is 
safer, especially when performed with more sophisticated methods 
including array comparative genomic hybridization, single nucleo-
tide poly morphism or quantitative PCR. Additionally, blastocyst 
biopsy significantly reduces the number of embryos and samples 
to be biopsied and analyzed, respectively. Although combination 
of these procedures resulted in increased pregnancy rates even 
after fresh transfer [76,77], it may be a better strategy to combine 
the procedures with blastocyst cryopreservation – preferably by 
vitrification [78] – to obtain the possible combined benefits of 
all related procedures: blastocyst biopsy for selection of the best 
embryos, improved embryo evaluation, cryopreservation in an 
unstimulated cycle and increasing the chance of implantation 
and birth with the blastocoel collapse and probably also assisted 
hatching. The study of Schoolcraft et al. clearly demonstrates the 
viability of such approaches [79].
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Setbacks
According to many experts, in contrast to the situation 20 or 
even 10 years ago, setbacks hampering the successful application 
of vitrification are mostly of human and not biological or techni-
cal origin. Problems occur on different levels and for different 
reasons.

Academic environment
As has happened many times in science, applied research – under 
the pressure of the everyday need – has reached a big step ahead, 
while academic science watched the advancement with disbelief, 
criticism and counterarguments, hampering rather than support-
ing the advancement. So far, most techniques and improvements 
have been introduced by using an empirical approach (we have 
to admit, not only in vitrification [2], but also in slow-rate freez-
ing [24]), justifying the statement that these techniques lack the 
required scientific background. On the other hand, providing 
this background is probably the task of basic science, therefore 
those who criticize clinical embryologists, should probably invest 
more work to support – at least retrospectively – the practical 
application.

Industrial support
At least 13 kinds of industrially produced carrier tools and at 
least ten kinds of solutions are available on the world market. 
Approximately two-thirds of the available solutions have hidden 
components or hidden concentrations. Many laboratories (sur-
prisingly mostly in the developed countries; and not too surpris-
ingly some of the best laboratories are among them) work with 
in-house media – may the authors say fortunately, as these groups 
must provide an exact composition of media in their publica-
tions. The variations even in the basic equilibration and dilution 
parameters (temperature, concentration, quantity of media and 
time of exposition) are simply endless, and different parameters 
may be suggested for different developmental stages, as well. The 
description of the methods in research papers are often insufficient 
to reproduce properly the given procedure, and reviews – includ-
ing this one – talk about ‘vitrification’ while citing bulk results 
achieved with the most diverse technologies. On the other hand, 
new techniques are often published as breakthrough, while the 
actual achievements hardly approach the overall efficiency of an 
established, properly applied ‘old’ vitrification system, and the so-
called ‘controls’ of the inventors are below any acceptable level – a 
shame for both authors and reviewers.

Legal & mental barriers
Problems related to the introduction of new techniques are also 
widely known and frequently discussed in assisted reproduction 
[80,81]. Vitrification seems to be an extreme example for these dif-
ficulties. Although the report of the first human pregnancy from 
a vitrified embryo was published in 1997 [11], and in 2005, 2138 
births were reported from a single Japanese clinic after blasto-
cyst vitrification [44], the first English baby born from a vitrified 
embryo created a press sensation in 2008, and the first French 
baby born after embryo vitrification was only reported in 2012. 

As mentioned earlier, the basic scientific knowledge regarding the 
effect of various vitrification techniques did not rapidly increase 
during these years. Almost all existing successful vitrification 
techniques, solutions and tools were available 12–15 years ago, 
and the latecomers profited from the empirical experience of the 
pioneers proving the harmlessness and efficiency of the procedure. 
We are all responsible for the delay in proper application of effi-
cient techniques for human oocytes and blastocysts worldwide. 
This delay has resulted in many missed opportunities, and many 
families who could not obtain their ultimate goal. For many of 
them, it is too late now. We may refer many factors, but it was 
our fault as well, and we have to make much more effort to avoid 
such delays in the future.

Scientists’ performance
According to the rough estimation of authors – based on their 
extensive laboratory and international experience – approximately 
95% of problems that occur during vitrification outcomes is 
related to technical failures and human factors. In fact, none 
of the existing vitrification methods are perfectly standardized 
and minor deviations may result in profound differences in the 
outcome. There are dozens of almost negligible small details that 
should be acquired with careful learning or through a series of 
frustrating fiascos.

Vitrification is seemingly a primitive procedure consisting of the 
transfer of samples from one solution to the other, then loading on 
or in a simple tool and immersing this tool into liquid nitrogen. 
Warming is just mirroring the vitrification procedure; the carrier 
tool is removed from the liquid nitrogen, immersed quickly into 
a warm solution, then the samples are expelled and transferred 
into a series of diluent mixtures before culture. As tools have to be 
vitrified and warmed individually, and the maximum number of 
loaded oocytes or embryos is one, two or three, depending on the 
supposed need at a single warming, in an average-sized embryo 
laboratory, long series of identical manipulations – 3–15 or more 
repeats a day, for 15–20 min each – are required. In contrast 
to the fascinating and highly respected intracytoplasmic sperm 
injection, vitrification is often regarded as boring for a senior 
embryologist and the work is soon passed to the least experienced 
young beginner, with all-negative consequences.

According to the experience of the authors, problems that occur 
in this situation are quite varied; inaccurate information (includ-
ing primitive mistakes, such as wrong order number, inappropri-
ate storage or wrong concentration of chemicals, misreading of 
instructions, and so on), low level of theoretical and practical 
preparedness (either that of instructors or students or both) and 
low level of motivation and attention may amplify the effect of 
previously mentioned problems. The technical support provided 
by most companies is less than basic and embryologists are just left 
alone. They are surrounded by competitor clinics, without hope 
to consult about details and have very few chances to approach 
the level published in international journals. The few experts on 
the field may resolve the problem at the very first glance, but most 
of the on-field workers are completely unable to troubleshoot or 
maintain a consistently high efficiency.
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In summary, quite in contrast with its importance, our impres-
sion is that in parallel with the confusion of terms and definitions, 
the whole area is more or less disorganized and lacks the supposed 
and expected professionalism. It is probably the robustness of 
the approach and the tolerance of the oocytes and embryos that 
helps to overcome the challenges created by the frequent improper 
application.

Perspectives
Pretreatment for better cryotolerance
During the past decades, several attempts have been made to 
apply treatments to improve the general condition and the specific 
tolerance of oocytes and embryos to ensure better survival and 
developmental competence after cryopreservation, including the 
application of diverse chemicals, such as cytoskeleton relaxants 
or antifreeze proteins. So far, only one treatment seems to have 
had a positive effect for all reproductive cells, all developmental 
stages and all species tested, the application of sublethal stress 
before the intervention. The stress may induce changes in the 
gene function, protein conformation, metabolism or in other 
structures and functions in the cells, and after a recovery period 
oocytes, spermatozoa or embryos become more tolerant to the 
subsequent injury (i.e., cryopreservation). Various stressors may 
be used including heat treatment, toxic chemicals, osmotic agents 
and high hydrostatic pressure. The latter intervention provides the 
most consistent injury, as the pressure can be perfectly regulated, 
and the effect starts and at each point of each sample at exactly 
the same time – unlike chemical and osmotic injuries.

As oocytes and embryos are surprisingly tolerant to high hydro-
static pressure, a special device is required to produce a sublethal 
(200–800 bar) effect for approximately 1 hour, with both param-
eters depending on the species, sample and stage of development. 
After a subsequent recovery period for another hour, cryopreser-
vation (alongside other manipulations, including fertilization, 
somatic cell nuclear transfer or just embryo transfer) shows sig-
nificantly better outcome. Alongside numerous research papers, 
extensive reviews of the application of high hydrostatic pressure 
in reproductive biology have been published recently [82–84], based 
almost exclusively on domestic or experimental animal results. As 
the procedure has been found harmless in many species – in some 
of them with a follow-up to many generations – human application 
seems to be a feasible possibility in the not too far future.

Standardization
So far, the most distressing consequence of the confusion 
described earlier regarding various tools, solutions and parameters 
is the problem with transportation of vitrified samples from one 
laboratory to another – a common practice that has been applied 
for traditionally frozen embryos for decades. Embryologists 
of the recipient laboratory have to use tools and methods they 
are not familiar with, resulting in a considerable chance of 
decreased survival, compromised quality or even loss of the sam-
ple. Considering that warming is supposed the most important 
step of the whole vitrification procedure, the responsibility of 
the recipient laboratory is disproportionally high. Each situation 

may require individual technical solution, ordering of special kits, 
using media of unknown composition and seeing features during 
warming that may be completely different of those seen in the 
technique the laboratory is experienced in.

There were some successful attempts to find a ‘general warming 
procedure’ after vitrification [85] but deviation from the standard 
procedure is risky and the responsibility, including legal responsi-
bility, may be enormous. Authors do not expect a rapid and radical 
solution to resolve this problem, but the process of standardiza-
tion should be started now. Apart from resolving the problem 
with transportation, it may help to find the best procedure, the 
best parameters and to achieve the best possible outcome. This 
process has happened rather rapidly in traditional slow-rate freez-
ing  decades ago, it should happen even more rapidly now with 
vitrification.

Work safety issues
The authors do not want to focus the attention on authorities 
of this problem, but this rarely discussed aspect should also be 
part of a review dealing with vitrification. In contrast to the 
most disputed and never proved danger of disease transmission, 
where hundreds of thousands of transferred embryos have never 
resulted in a single infection – proving that open vitrification is a 
less dangerous intervention for the patient than a blood pressure 
measurement – present vitrification methods impose a continuous 
and real health hazard for embryologists.

Decades ago, pioneers of the field had to find homemade tools 
and equipment including the iconic foam box and simple carri-
ers. These scientists were fully aware of and acknowledged the 
danger and risked their health for the advancement of science, 
for the improvement of assisted reproduction. This situation is 
not entirely acceptable, but tolerated in many fields of research. 
However, today, vitrification is a routine procedure used world-
wide in many, probably most, human ART laboratories, and it 
is the duty of the staff to perform vitrification every day, in large 
series, by using exactly the same tools and foam boxes. The indus-
trial design provided by some producers may be attractive and 
may help to increase the price, but with very rare exceptions not 
at all the safety. Almost all laboratories use some homemade or 
ad‑hoc techniques to fill these boxes with liquid nitrogen, trans-
port them to the lab bench, immerse the carrier tools, prepare and 
transport these tools for storage and discard or collect the used 
liquid nitrogen. Each step of this procedure is a definite hazard, 
with strict work safety standards to be applied.

In an embryology laboratory, none of these standards are used; 
liquid nitrogen is usually handled like tap water. Really protective 
heavy cryogloves are useless for delicate manipulations, and really 
protective safety goggles hamper parallel microscopic observa-
tion. Heavy rubber boots, face masks and protective clothing 
that are suggested or required in other workplaces are not only 
regarded as unnecessary, but are mostly unknown by embryolo-
gists. Moreover, the danger of storing liquid nitrogen dewars in 
a small under-ventilated room is often underestimated or disre-
garded, although this neglection has already resulted in deaths 
in at least one embryo unit.
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A sudden implementation of the highest safety standards would 
result in catastrophic consequences on reproductive cryobiology 
and in general to human ART. However, the absurdity of the 
situation should be realized and definitive steps should be made 
by researchers, industrial producers and authorities to ensure a 
reasonable progress towards a safe solution, preserving the present 
efficiency of vitrification, but increasing consistently and rapidly 
the safety standards in the laboratories, before serious accidents 
force us to do so.

Automation
The final solution for standardization, consistency, high effi-
ciency and also work safety should be the automation of the 
whole vitrification procedure including equilibration, cool-
ing, preparation for storage, as well as removal from the stor-
age container, warming and dilution of cryoprotectants. The 

task is difficult and would require considerable intellectual 
and financial investment. However, science and technology of 
the 21st century has already resolved more complicated issues. 
Automation of vitrification is not just a commercial possibil-
ity, but a kind of categorical imperative, a duty that should be 
accomplished as soon as possible, to provide an ultimate and 
relaxing stage for this complicated, controversial, but extremely 
promising issue.
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