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Abstract Vitrification is now the dominant approach for cryopreservation of human oocytes and embryos; however, serious dis-
agreement persists, particularly about biosafety issues. Techniques are categorized as either ‘open’ or ‘closed’ according to occur-
rence of direct contact between the medium and liquid nitrogen during cryopreservation. Advocates of closed systems emphasize
the potential danger of disease transmission mediated through liquid nitrogen, and praise the safety of their approach; those who
use the open systems refer to the lack of evidence of disease transmission and regard their systems as more consistent and effi-
cient. The purpose of this review is to clarify whether open and closed systems are really open and closed; if closed systems are
safe and free of any danger of contamination; if closed systems are equally efficient as open ones for cryopreservation of human
embryos and oocytes by considering overall outcome; and finally, if ethical and legal concerns are sound when risks and benefits are
considered in a broader sense. On the basis of these answers, implementation of rational measures to lower the theoretical danger
of disease transmission are proposed while maintaining the achievements in cryopreservation that have contributed substantially to
the advancement in assisted reproduction techniques during the past decade.
© 2014 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
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Introduction

The application of vitrification considerably improved the in-
vitro and in-vivo development of cryopreserved blastocysts
and oocytes, and opened new perspectives for extended
embryo culture, single blastocyst transfer, blastocyst biopsy,
and alternative ways for fertility preservation or oocyte do-
nation, respectively (Arav and Natan, 2013; Chian et al., 2014;
Schoolcraft and Katz-Jaffe, 2013; Vajta, 2013).

Currently used vitrification techniques, however, differ
from each other in many technical details, including solu-
tions, equilibration and dilution parameters, carrier tools,
cooling, storage and warming methods (Vajta and Nagy, 2006).
The wide variety of methods makes selection of the best
technique difficult, and causes serious problems when
cryopreserved samples are transferred between laborato-
ries. One of the most fundamental differences classifies
vitrification techniques into two methods: ‘open’ and ‘closed’.
Although closed methods are intended to keep the samples
physically separated from liquid nitrogen during the entire
cooling, storage and warming procedure, open systems allow
direct contact between the sample containing medium and
liquid nitrogen (Bielanski and Vajta, 2009).

As liquid nitrogen may contain infective agents, direct
contact could theoretically mean a possibility for infection
and disease transfer. No such disease transfer has yet been
reported, although an estimated 600,000 to 1,000,000 vitri-
fied embryos or embryos derived from vitrified oocytes by using
open systems have been transferred. At present, most embryos
and oocytes are vitrified with open systems worldwide,
indicating a higher overall efficiency and consistency, al-
though only a few comparisons between the two approaches
have been published.

During the past few years, the open versus closed debate
has become the subject of emotionally charged confronta-
tions in many forums, which have included various ethical,
legal and financial issues. We have been active contributors
to these debates, have commercial interests (please see dec-
laration), and have published pioneering results in the field;
therefore, our opinion may be slightly biased and subject to
debate.

The main purpose of this review is not to stimulate debate,
but to focus attention on aspects that have not been consid-
ered so far, facts and arguments that may considerably help
to abandon thinking in rigid categories, and promote the
formation of a consensus in this very important issue.

To achieve this goal, we have attempted to answer the fol-
lowing questions: (i) what is the exact definition of an open
versus closed system? Is the border evident and sharp? Are
devices advertised as ‘closed’ always closed and always safe
(i.e. free of danger of contamination from nitrogen or other
sources)? (ii) what is the theoretical and practical risk of
disease transmission via liquid or vapour phase nitrogen me-
diated infection? (iii) are closed systems as efficient as open
ones for both human blastocyst and oocyte cryopreservation?
(iv) what ethical and legal issues should be considered in
selecting the appropriate procedure? and (v) what mea-
sures can be implemented to minimize sample infection and
eliminate the possibility of cross-contamination to decrease
or disclose even the theoretical danger of liquid or vapour
phase nitrogen mediated disease transfer?

Open versus closed systems: categories
and borders

For most embryologists, the two categories are easily distin-
guishable. Open systems allow and closed systems eliminate
direct contact between the sample-containing medium and
liquidnitrogen.Consequently, fromadisease transmissionpoint
of view, open systems are unsafe, and closed systems are safe.

The situation, however, is much more complicated.
The principle of vitrification in cryobiology is to elimi-

nate totally ice formation in the medium that contains the
sample, in all phases (cooling, storage and warming) of the
procedure (Rall and Fahy, 1985). It can be achieved either
by increased cooling and warming rates, or increasing con-
centration of cryoprotectants; in practical situations, both
approaches are applied. The higher the cryoprotectant con-
centration, the lower the cooling rate required and vice versa.
As highly concentrated cryoprotectants may cause toxic and
osmotic injury, the preferred strategy is to use the highest
possible cooling and warming rates, then to apply the lowest
concentration of cryoprotectants that ensures safe ice-free
solidification under these circumstances (Fuller and Paynter,
2004; Kasai and Mukaida, 2004; Stachecki and Cohen, 2004;
Vajta and Nagy, 2006). High cooling and warming rates may
also help to avoid chilling injury (Ghetler et al., 2005).

The easiest way to achieve high cooling and warming
rates is to use the smallest solution volume and the highest
temperature conductivity between the sample-containing
medium and the cooling or warming agent, preferably liquid
nitrogen for the former purpose (Arav, 1992).

Decreasing the thickness of the wall of the sample-
holding container, for example straw, may be helpful. Ob-
viously, a total elimination of the thermo-insulating layer is
the best solution. However, the seemingly easiest approach
- small droplets freely plunged into the liquid nitrogen (Landa
and Tepla, 1990) - is suboptimal. To form a drop, an exces-
sive amount (>3 µl) of solution is required, and the nitrogen
vapour coat that surrounds the warm medium will keep the
drop for a relatively long period (8–10 s) over the surface of
liquid nitrogen, decreasing considerably the cooling rate. Ac-
cordingly, carrier toolswere introduced to hold small amounts,
and ensure rapid submersion and fast elimination of the vapour
coat (Martino et al., 1996; Steponkus et al., 1990). The small
(>1, > 0.5 µl) amount of solution also helps to minimize the
danger of heterogenous ice formation (Rall et al., 1987).

Most carriers are based on homemade, simple tools, later
modified for industrial production; however, these modifi-
cations did not always increase practical value and safety. At
least 30 different carrier tools have been published, and at
least 15 versions are commercially available. Most of them
are slightlymodified versions of the initially introduced carrier
tools, such as theOpenPulled Straw (OPS) (Vajta et al., 1998a),
the Cryoloop (Lane and Gardner, 2001; Lane et al., 1999), and
the Cryotop (Hamawaki et al., 1999). All these systems are
open in the original form. Most claimed ‘closed’ systems are
the results of the modifications of these open systems.

A thorough structural and functional investigation of the
existing vitrification systems reveals various levels of open-
ness, consequently various levels of biosafety (differences that
are commonly disregarded in the laboratory practice). ‘Safety’
or ‘biosafety’ in the context of this discussion refers to a
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theoretical danger of contamination that has been sup-
ported by some indirect evidence obtained in some analo-
gous situation; it should not be confused with a proven, existing
danger of cross-contamination and disease transmission.

Fully open systems

Fully open systems include the unprotected OPS (Vajta et al.,
1998a); tools using the Cryotop principle (i.e. the original
Cryotop) (Hamawaki et al., 1999), Cryotech (Gutnisky et al.,
2013), Cryolock (Garcia et al., 2011), Cryoleaf (Chian et al.,
2009), Vitri-Inga (Almodin et al., 2010) with unsealed
protective straws; and the Cryoloop stored in cryotubes. By
applying these systems, samples contact liquid nitrogen di-
rectly during cooling, and are not safely protected from further
contact and potential cross-contamination during storage. On
the other hand, both cooling and warming rates can be
extremely high (Bielanski and Vajta, 2009; Parmegiani and
Vajta, 2011; Parmegiani et al., 2012b).

Open cooling and closed storage systems

All systems mentioned in the previous paragraph above may
belong to this group if after cooling, the carrier tool is in-
serted into a pre-cooled sterile container that is heat-
sealed and capable to resists the extreme temperature changes
(Vajta et al., 1998b). Some commercially available systems,
for example the OPS and the recent version of Cryotop
(Cryotop SC; http://www.kitazato.co.jp/biopharma/Cryotop2
.htmld), offer appropriately designed container straws for this
purpose. The cooling and warming rates are as high as in the
previous group; there are no indications that a properly per-
formed wrapping procedure decreases survival or in-vitro or
in-vivo developmental rates.

Semi-closed cooling

Semi-closed cooling connected to either open or closed
storage systems. In these systems, the vitrification is carried
out on the surface of a metal block that is half-submerged
into liquid nitrogen (Cryohook; http://www.cryologic.com
/cvm.htm) or inside of a container straw half-submerged into
liquid nitrogen (Rapid I) (Larman and Gardner, 2011). In both
systems, the presence of nitrogen vapour is unavoidable;
accordingly, the possibility of nitrogen vapour-mediated con-
tamination (Grout and Morris, 2009) cannot be excluded. These
systems, despite some claims, are neither closed nor en-
tirely biosafe. Cooling rates may be high on metal surfaces
and somewhat compromised in vapour cooling; warming rates
may be identical with those achieved in the previous groups.

Closed thin walled, narrow capillaries

In closed thin walled narrow capillaries, including the Cryotip
(Kuwayama et al., 2005a) and the Cryopette (Parmegiani
et al., 2012a), the device is heat sealed before cooling,
and opened only after warming. Safety is compromised

afterwards. At warming, these devices are immersed in a water
bath, then the straws are cut and expelled into the appro-
priate medium. The manufacturer guideance (http://www
.irvinescientific.com/uploads/technical-documentations/
10397R_Cryotip-Tip-and-Tricks_Rev1.pdf; http://www
.youtube.com/watch?v=gJcjdGMkhOY) for Cryotip and
Cryopette, respectively, fail to suggest any decontamina-
tion measures after immersion after warming, and the surface
remains contaminated (theoretically) from the liquid nitro-
gen, and (definitely) from the non-sterile water bath. Ac-
cordingly, when straws are opened with cutting devices
(manuals do not suggest decontamination of these devices,
either), the infection may freely propagate to the content.
Investigators describing work with these devices do not
mention this potential contamination source and do not de-
scribe any measures to prevent infection (Panagiotidis et al.,
2013; Papatheodorou et al., 2013). Although currently avail-
able methods, such as wiping the surface of the capillary with
ethanol or similar agents, decrease the chance of contami-
nation, they are not 100% safe (see discussion below). There-
fore, the safety of these seemingly closed systems is
compromised at the final phase. Additionally, compared with
previous groups of devices, a decrease in cooling and warming
rates may occur, and the dilution of cryoprotectants after
warming is delayed significantly.

Carrier tools sealed into a container

Carrier tools sealed into a container, which separates them
safely during cooling, storage and warming, was first out-
lined by Kuleshova and Shaw (2000), and used later with the
OPS (Isachenko et al., 2006), high security vitrification kit
(Abdelhafez et al., 2011), and Vitrisafe (Vanderzwalmen et al.,
2009). These devices may offer the highest protection during
the entire vitrification process. From a contamination point
of view, they may even be safer than sealed straws used for
traditional freezing. They may, however, seriously compro-
mise cooling rates (Vanderzwalmen et al., 2009).

In summary, of the five currently available groups of
vitrification tools described above, one is usually referred to
as ‘open’ and four as ‘closed’. In contrast, devices in groups
1 to 4 do not prevent liquid nitrogen or contamination me-
diated through nitrogen vapour. Group 4 devices also expose
embryos and oocytes to an additional danger of contamina-
tion from the warming water and cutting devices (Parmegiani
et al., 2011). Only the last group, a relatively rarely used vit-
rification approach, can be regarded as safe from the point
of liquid nitrogen mediated contamination, but the cooling
rate may become compromised in this group.

Theoretical and practical risks of disease
transmission through liquid and vapour phase
nitrogen-mediated infection

The risk of disease transmission via liquid and vapour phase
nitrogen-mediated infection has been discussed in detail
(Bielanski and Vajta, 2009). As no new relevant data have since
been published, the most important points are summarized

ARTICLE IN PRESS

Please cite this article in press as: Gábor Vajta, Laura Rienzi, Filippo Maria Ubaldi, Open versus closed systems for vitrification of human oocytes and embryos, Reproduc-
tive BioMedicine Online (2015), doi: 10.1016/j.rbmo.2014.12.012

3Open versus closed vitrification systems

http://www.kitazato.co.jp/biopharma/Cryotop2.htmld
http://www.kitazato.co.jp/biopharma/Cryotop2.htmld
http://www.cryologic.com/cvm.htm
http://www.cryologic.com/cvm.htm
http://www.irvinescientific.com/uploads/technical-documentations/10397R_Cryotip-Tip-and-Tricks_Rev1.pdf
http://www.irvinescientific.com/uploads/technical-documentations/10397R_Cryotip-Tip-and-Tricks_Rev1.pdf
http://www.irvinescientific.com/uploads/technical-documentations/10397R_Cryotip-Tip-and-Tricks_Rev1.pdf
http://www.youtube.com/watch?v=gJcjdGMkhOY
http://www.youtube.com/watch?v=gJcjdGMkhOY
http://dx.doi.org/10.1016/j.rbmo.2014.12.012


here; for details and sources we refer to the above men-
tioned paper.

Exposure to low temperatures, with or without the use of
cryoprotectants and sophisticated cryopreservation strate-
gies, may or may not decrease the viability of infective agents.
Survival depends on the species, complexity and size, and the
way these agents are exposed to low temperatures. Unfor-
tunately, methods purposely developed for cryopreservation
of mammalian oocytes and embryos may also support
cryosurvival of different kinds of microorganisms.

Liquid nitrogen, and also vapour phase nitrogen (Grout and
Morris, 2009) may act as a vector between two contaminated
samples. The phenomenon has been observed in the food in-
dustry, in dermatology, and also, under experimental con-
ditions, during storage of semenpellets and artificially infected
samples stored in an open vitrification device. The only pub-
lished human infection clearly attributable to liquid nitrogen
mediatedcross-contaminationoccurredbetween largeamounts
of blood samples stored in leaky plastic containers (Tedder
et al., 1995). In reproductive biology, including mammalian
and human assisted reproduction, no disease transmission
caused by liquid nitrogen mediated cross-contamination, or
other cryopreservation-related source, has been reported. This
finding is even more surprising in view of the following facts:
• collection of semen is not a sterile procedure;
• oocytes are contaminated with blood during collection;
• many containers are inappropriately sealed or closed by

non-hermetical methods;
• the outer surface of straws and vials is always infected;
• storage tools (canisters, holders) are not sterilized;
• openings of dewars mix air with LN2 vapour and may cause

infection;
• factory derived LN2 is usually not transported under aseptic

conditions, and, accordingly, cannot be regarded as sterile,
even if during production the infective agents are usually
destroyed;

• contaminated samples (sperm cells, oocytes) cannot be
decontaminated;

• in most IVF laboratories, dewars are not decontaminated
regularly;

• acordingly, LN2 tanks and LN2 in tanks should always be re-
garded as contaminated.
Obviously, hermetically sealed containers may provide

appropriate protection against infection during (and as a con-
sequence of) storage. In practice, however, this protection
is insufficient for most stored samples, regardless of the
method used (traditional freezing or vitrification) and re-
gardless of the applied devices (except for those belonging
to Groups 2, 3 and 5, see the previous chapter). The reasons
for potential cross contamination are as follows:
• The only completely safe method for hermetical closing

of containers is heat-sealing. Cotton plugs, beads com-
monly used for sperm, seemingly waterproof mechanical
closures including screwed caps of cryovials or protec-
tive caps of several vitrification devices do not provide ap-
propriate protection.

• Heat sealing, even with purpose-developed professional
equipment is a demanding procedure, and the outcome
depends on many factors including the material, wall thick-
ness and diameter of the straw, temperature, power of
pressure and length of heating. Both insufficient and ex-
tensive melting may result in leaks that are hard to detect,

or damage of the wall that is prone to leak or explosion
during the extreme temperature changes the material is
exposed to.

• Seemingly compact and impermeable materials of con-
tainers and straws may allow passage of some infective
agents. An indirect but remarkable evidence for this
concern is the special product family, Cryo Bio System
developed by the largest manufacturer in the field, IMV,
France. In their product description they state ‘guaran-
teed leak-proof and shatter-proof container all the way
down to LN2 temperatures’, suggesting that their other
product (used by majority of costumers) as well as product
of other companies may not meet these - for an average
costumer obvious - requirements.

• Warming and expelling materials from hermetically
closed containers after cryostorage is a problem that has
not been resolved yet since the introduction of the very
first cryopreservation procedures. Vessels used for water
baths are not sterilized, and not filled with sterile water.
The suggested wiping with 70% ethanol-soaked tissue is
banned by many laboratories that have concerns regard-
ing the potential toxicity of alcohol. There is no standard
procedure offered by using other disinfectant; and none
of the possible agents (including 70% ethanol itself) can
be regarded as completely safe. The procedure is to quickly
wipe vitrification carriers with 70% ethanol for disinfec-
tion after warming in water has been described by
Kuwayama et al. (2005a). However, de-activation of all -
or nearly all - microorganisms can only be obtained by a
5-minute-contact between ethanol and carrier, and but this
prolonged contact time can damage the sample which
remain inside the carrier in the warmed vitrification so-
lution rich in potentially toxic cryoprotectants (Parmegiani
et al., 2011). Scissors or blades used to cut the straws are
usually not sterilized between straws and patients, and in
many clinics, the cut end of the straw is immersed into the
medium during expelling. During all these manipula-
tions, the possible contamination from the liquid nitro-
gen may be one of the potential dangers, but not the most
significant one.
Taking into consideration all the possibilities of infection

of the cryostored sample, the fact that no infection attrib-
utable to the cryopreservation procedures has yet been re-
ported is rather surprising. The low incidence of infections,
however, is applicable to all assisted reproduction tech-
niques, independently of cryopreservation, and has been ob-
served in both humans and domestic animals. No evidence is
available that reproductive samples, including sperm, eggs,
or embryos, can retain any blood-born pathogens by the time
they are cryopeserved. Semen wash and IVF is a standard tech-
nique for procreation in couples discordant for a blood-born
infection. No single infection after assisted reproduction
techniques with processed reproductive samples has been
reported to date (Savasi et al., 2013; Vitorino et al.,
2011).

The most feasible explanation is that the threshold level
required to cause a clinical infection is high in the female
reproductive tract (probably as a natural protection against
infective agents relatively abundant in the semen), and
washing–dilution procedures during routine assisted repro-
duction techniques usually dilute the infective agents far below
this level.
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Even if the probability is extremely low (the estimated
>500,000 transfers after the use of fully open (Group 1)
vitrification systems did not result in a single detected
infection, ie. the probability seems to be less than 0.0002%),
measures to eliminate even the theoretical possibility should
be implemented, by carefully considering the appropriate
balance between the risks and benefits.

The efficiency of open versus closed systems
for vitrification in human embryology

As traditional freezing has been successfully applied for
decades for pre-compaction stage human embryos, the
introduction of vitrification has resulted in breakthroughs in
two main areas: cryopreservation of blastocysts and MII phase
oocytes. These initial successes have been achieved with fully
open systems belonging to Group 1, predominantly with the
Cryotop (Kuwayama et al., 2005b) and Cryoloop (Lane and
Gardner, 2001). Methods belonging to the closed systems
(Groups 2, 3, 4 and 5) were mostly introduced 4–6 years later,
except for the Cryotip, but were never really designed to be
used for MII phase oocytes by the inventor (Kuwayama et al.,
2005a), and most vitrification work is still carried out with the
use of fully open systems.

Concerns about disease transmission related to vitrifica-
tion were published as early as in the 1990s, and producers
of various ‘closed’ or ‘safe’ systems have claimed no com-
promised results compared with the open counterparts; it is,
however, surprising that, to date, the number of prospec-
tive randomized clinical trials proving these statements is ex-
tremely low (as far as we know two, from the same research
group, listed below), and no multicentre studies have yet been
published.

In 2013, two papers from the same group (Panagiotidis
et al., 2013; Papatheodorou et al., 2013) have published two
progressive randomized-controled trials comparing open
and closed (Vitrisafe, Group 5) vitrification systems for
cryopreservation of human blastocysts and oocytes, respec-
tively. For blastocysts, no difference was found between the
two systems in any parameters, including live birth rates. After
oocyte vitrification, the only difference was the signifi-
cantly lower survival rate by using the fully closed system (83
versus 91%). This difference, however, may have consider-
able consequence to overall efficiency.

Earlier publications include an observational study in an
oocyte donation programme conducted in Cryo Bio System
closed straw vitrification system (Group 5) versus open device.
Stoop et al. (2012) found 90% survival; of those, 78% fertil-
ized, and of those 34% found of excellent quality on day 3.
Only these embryos were transferred, with high ongoing preg-
nancy and implantation rates. Although the investigators evalu-
ated their results as excellent, the experimental design
(transfer on day 3, with strongly selected group of embryos)
did not allow comparison with those of other groups, neither
in vitro, nor in vivo.

Earlier publications have been summarized in a recent
review (Vajta, et al., 2013). Of the 93 papers analysed, 14
dealt with and blastocyst vitrification using open systems, and
three used closed systems. The overall tendency was a slightly
compromised outcome with closed systems, but the diverse
approaches did not allow statistical analysis. For human

oocytes, however, the 18 papers dealing with open systems
reported obviously higher overall efficiency than the two using
closed systems.

According to the impression of authors, most human IVF
laboratories use open vitrification systems for embryos, and
the overwhelming majority of those performing oocyte vit-
rification successfully use exclusively open systems (Groups
1 or 2). Many of these laboratories have tested closed systems
(including those now reported by the above papers as
successful), but the inferior results discouraged them. Some
of these laboratories are concerned about publishing any
comparisons because they do not want to be regarded as
advocates of open systems and bear the possible financial
and legal consequences (discussed later). None of these
laboratories, however, use open systems to deliberately or
inadvertently expose embryos, oocytes and patients (and in-
directly their team) to potential harm, but use them because
they are unable to find an appropriate alternative for the given
purpose.

Both papers claiming clinically acceptable results after the
use of a closed system for oocyte vitrification (Papatheodorou
et al., 2013; Stoop et al., 2012) used completely closed (Group
5), (i.e. safe systems for the purpose). The cooling rate in these
systems is compromised, whereas the warming rate is the
same as that of an open system, indicating the principal im-
portance of the latter. The experimental evidence cited by
both papers to support this opinion, however, seems to be
insufficient, so far. Seki and Mazur (Mazur and Seki, 2011; Seki
and Mazur, 2008, 2009) used mouse oocytes that may have
different cryobiological features from the eggs of humans.
Moreover, the best survival rates reported in these studies
were between 70 and 85%, whereas survival of 98% or above
was reported after mouse oocyte vitrification by others (Gomes
et al., 2008; Wang et al., 2009; Yan et al., 2010); limited
efforts have been made to follow up developmental compe-
tence in vitro and in vivo, and most analysis is based on mor-
phological survival. Accordingly, these achievements cannot
be used as arguments against the need for open systems for
human oocyte cryopreservation.

In summary, evidence supporting the suitability of closed
systems for oocyte vitrification is scarce compared with the
vast amount of published and unpublished excellent results
with open systems. Studies of closed systems have been
published by isolated research groups, resulting in only 13
reported births and 20 ongoing pregnancies in total
(Papatheodorou et al., 2013; Stoop et al., 2012), whereas tens
of thousands of healthy babies have been born worldwide
during the past 8 years with the open systems. Right now,
closed systems should be regarded as experiemental, and ex-
tensive work including multicentre prospective randomized
trials, are still required to explain why these procedures are
successful when applied in one laboratory and inefficient in
others, and to prove that the suggested methods are really
competitive alternatives to open systems.

The recent Guideline of the American Society for Repro-
ductive Medicine regarding human metaphase II phase oocyte
cryopreservation (2013) states that ‘there also are theo-
retic infectious disease concerns with the use of open vitri-
fication methods. However, infectious transmission has never
been observed in reproductive tissues from this technique’.
The guideline concludes that ‘this technique (i.e. mature
oocyte vitrification) should no longer be considered
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experimental’. As cited results were achieved by using open
systems, the guideline supports their application.

Ethical and legal considerations

In most countries, including many US states, and most Euro-
pean Union member countries, infertility is regarded as a
medical condition. This is recognized by funding treatment,
or by providing other benefits; even the lack of support,
however, does not mean lack of acknowledgement, as illus-
trated by the lack of support of an obvious medical condi-
tion, dental care. Infertility is a medical problem that should
be treated by health professionals and the procedures
supervised by health authorities.

The often emphasized ‘primum nil nocere’ principle, al-
though not part of the Hippocratic Oath, is one of the basic
laws of medicine. As all medical intervention means a certain
risk to the patient, this principle should only be applied with
great consideration to a given situation; and should not be
an excuse to abstain from providing the required help. In con-
trast, it is the duty of the health service provider to make the
right decision between the possible benefits and the chances
of harm.

The US Preventive Services Task Force lists 5 levels of
Strength of Recommendations for a medical intervention
(http://www.uspreventiveservicestaskforce.org/3rduspstf
/ratings.htm) (Table 1).

With vitrification of human oocytes, there is little doubt
that the most used open systems (Group 1 and 2) applied
worldwide with great success (in many laboratories the
results are equal with those with fresh oocytes) substan-
tially outweigh potential risk, and fall into Level A (strongly
recommended).

Obligation to provide the best available treatment,
however, is not restricted to life-treatening conditions; it is
not just a moral duty, but a legal responsibility. According
to the definition of medical malpractice or medical negli-
gence, it occurs (among others) when a healthcare provider
fails to provide adequate treatment for his or her patient. The
consequences may be serious: loss of the possibility of having
children.

The legal status of vitrification is controversial world-
wide. In most developed countries, a general law has
prevented the use of any procedures and tools that may
cause infection or disease transmission. In these countries,

authorities may have the right to enforce a full ban of any
open vitrification systems because of the experimentally
proven danger of disease transmission. According to a world-
wide informal survey, with contributions from 41 scientists
from 30 countries through Embryo Mail in 2011 (Vajta, un-
published), no definite law has been enforced in any of these
countries, although scientists may feel the Sword of Damocles
over their head.

Exmples of the relative tolerance and inactivity of au-
thorities are as follows: (i) in many countries, including the
USA, it is not entirely clear which authority is entitled to in-
tervene; (ii) in many countries, authorities do not want to
apply a general rule to a specific method that is working
without problems in many laboratories, because they feel their
duties fulfilled with declaration of the general rule (in case
an infection happens), but do not want to interrupt a
successful medical intervention; and (iii) the debate between
scientists, companies, systems, tools, arguments, theoreti-
cal and real dangers is confusing, and many authorities do not
want to destroy their reputation by making unreasonably strict
restrictions; they are also influenced by the opinion of leading
scientists in the field. According to the abovementioned survey,
only three scientists of the 41 wanted a strict legal ban for
the direct contact between the sample and liquid nitrogen.
The majority have suggested tolerance, and authorities may
accept this opinion.

One important legal and practical aspect of present-day
vitrification methods is almost always disregarded: work safety
issues in the embryo laboratory. Although hundreds of papers
have been published on the theoretical possibility of cross-
contamination, the potential hazard for scientists when
working with currently available vitrification methods has been
neglected. The issue has been summarized in a recent review
(Vajta, et al., 2013). In fact, the primitive tools and ap-
proaches developed by vitrification pioneers 2 or 3 decades
ago are still in use. Some companies offer more attractive
looking, slightly increased practicality, but almost un-
changed low safety. The actual way embryologists perform
vitrification in all embryo laboratories does not meet any work
safety regulations describing extreme (and fully justified)
caution when working with liquid nitrogen. Injuries includ-
ing superficial skin irritation, deep and irreversible tissue freez-
ing, loss of sight, or even death caused by large amounts of
liquid nitrogen stored in an unventillated room may occur any
time, and some – including death – have already occurred in
embryo laboratories. Unfortunately, currently available tech-
niques simply cannot be performed in a safe way, but it is our

Table 1 The US Preventive Services Task Force levels of strength of recommendations
for a medical intervention.

Level A Good evidence that the benefits substantially outweigh potential risks
(strongly recommended).

Level B Evidence that the service improves important health outcomes and benefit
outweigh harms (recommended).

Level C At least fair scientific evidence suggests that the balance of benefits and
harms is too close to justify a general recommendation.

Level D At least fair evidence that is ineffective or that harms outweigh benefits.
Level E Evidence that the [service] is effective is lacking, is of poor quality, or the

balance of benefits and harms is conflicting and cannot be determined.
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duty to alert embryologists to take extreme care, and to draw
the attention of companies to consider very seriously these
aspects in their future products.

Available measures to minimize the
theoretical danger of cross-contamination

Disease transmission (which has not occurred to date) may
theoretically be the result of contamination at cooling, storage
and warming.

Storage is the most dangerous part from this perspec-
tive. Fortunately, it is the issue that has been mostly re-
solved, at least to the level of traditional freezing. Also, both
open and closed vitrification systems may completely elimi-
nate cross-contaimination by hermetically (heat-) sealed con-
tainers as described for Groups 2, 4, 5 and some systems
belonging to Group 3. Some carriers from Group 1 have been
upgraded by manufacturers to ensure hermetical cryostorage
after vitrification, including OPS (Vajta et al., 1998b), or
Cryotop SC. Alternatively, a double bagging hermetical system
for safe storage can be conducted for any carrier (Parmegiani
and Rienzi, 2011). Vapour phase storage systems with open
devices (Cobo et al., 2010) may decrease, but cannot com-
pletely eliminate the risk of cross-contamination.

Warming can be also safely carried out without any danger
of liquid nitrogen or nitrogen vapour contamination when
Groups 2, 5, and hermetically stored Group 3 systems are used.
In fact, the safety of warming with these tools is much higher
than that in traditional freezing, as there is a secure way
to avoid any contact between the contaminated surface of
the outer container and the holding device. Additionally, the
warming rate is not compromised and can be maintained
optimally. As previously mentioned, for Group 4 devices, the
warming means a definite and considerable infection hazard,
and the procedure is prolonged by delaying dilution, and ex-
posing fragile post-vitrification embryos and oocytes to the
concentrated vitrification solution for a disproportionally long
period.

The most critical phase is the cooling. The only safe
way to avoid this danger is to use devices from Group 4 and
5, which also means compromised cooling rates, controver-
sial consequences for Group 5, and problems with warming
for Group 4.

In Groups 1, 2 and 3, there is a slight danger of contami-
nation at cooling. This danger, however, can be easily mini-
mized using the following methods: (i) if factory-derived liquid
nitrogen is stored separately and used exclusively for cooling,
the danger of infection is minimal, and human immunodefi-
ciency virus and hepatitis B infection is negligible, as these
are not airborne viruses (Bielanski and Vajta, 2009); (ii) if liquid
nitrogen (or vapour phase liquid nitrogen) is sterile filtered
with disposable filters (Vajta et al., 1998b), large-capacity
industrial devices, or by exposure to ultraviolet light
(Parmegiani et al., 2009); and (iii) tools or vessels that contact
liquid nitrogen (but not with the samples or sample-containing
solutions) can be decontaminated easily by chemical agents,
and flushed repeatedly with sterile distilled water (Bielanski
and Vajta, 2009). According to a recent report, there is also
an option of decontaminating samples with repeated flush-
ing in sterile liquid nitrogen before warming (Parmegiani et al.,
2012a).

Many leading laboratories have implemented one or two
of these measures to prove their devotion towards mea-
sures to avoid liquid nitrogen or nitrogen vapour mediated
cross-contamination. With the lack of any documented disease
transfer, it is difficult to evaluate the need and efficiency of
these measures, but they may help to maintain awareness and
high laboratory standards.

In conclusion, the introduction and widespread applica-
tion of vitrification is one of the most important achieve-
ments in human assisted reproducton techniques during the
past decade, despite controversy and unclarified issues, mostly
related to concerns about disease transmission. Thorough
analysis of existing techniques has revealed that only a
fraction of the so-called closed methods is really free of any
possible sources of contamination, that neither open nor closed
systems have so far resulted in any disease transmission.
Overwhelming evidence shows that open systems are effi-
cient for both blastocyst and oocyte vitrification; relevant
data on closed systems, however, are sporadic, especially in
the case of human oocytes, and far from convincing. A
pragmatic approach in both legislation and scientific evalu-
ation is suggested; in other words, consider the facts instead
of theories, and acknowledge the value of methods that are
used in thousands of clinics and have helped many infertile
couples.
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