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�Mini Review�

Evidence-based Embryo Cryopreservation
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Abstract:  In 1972, cryopreservation of mammalian
animal embryos was developed using mouse embryos.
To utilize surplus embryos for in vitro fertilization
programs, this technique was applied to human embryos
by the slow freezing method in the first half of the 1980�s,
and by vitrification in the 1990�s.  Recently, the protocol
of vitrification of human embryos has been improved by
the ultra-rapid vitrification method in which the rate of
cooling is highly improved.  It is mainly used as an
effective basic technique for cryopreservation of human
embryos in current clinical IVF programs due to the
extremely high embryonic survival rate after storage.
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Vitrification, Human embryo, IVF

Cryopreservation of mammalian animal embryos
facilitates the storage of the genetic resources of
specific animals or species.  This technique is essential
for the improvement of breed and husbandry of
domestic animals, and is required for maintaining zoo
and wild animal species that are in danger of becoming
extinct.  In the medical field, as a basic technique for
infertil ity treatment programs, cryopreservation of
embryos has commonly been employed to util ize
surplus embryos for in vitro fertilization (IVF)s.  In this
study, we review the development of cryopreservation
of mammalian animal embryos, it�s application in human
IVF programs, and recent aspects of vitrification.

Text

Smith et al. [1, 2] initially stored rabbit embryos
successfully in glycerol, which had been reported to
protect sperm in freezing [3], for implantation studies.
Twenty years later, Whittingham et al. [4] and Wilmut [5]
employed dimethyl sulfoxide (DMSO), with a molecular

s t ruc tu re  resemb l i ng  t ha t  o f  g l yce ro l ,  as  a
cryoprotectant, and reported that mouse embryos
frozen and stored by slow freezing showed a high
survival rate after fusion.  Based on their successful
resu l ts ,  s tud ies  regard ing cryopreservat ion o f
mammalian animal embryos rapidly accelerated, and
this procedure was applied to the cryopreservation of
the ova and embryos of small laboratory animals (rats
[6, 7], rabbits [8�10]).

For domestic animals, Wilmut & Rowson [11] initially
reported the application of procedure in cows, then
sheep [12�14] and goats [15].  Since the publication of
these reports, the research and development of
cryopreservation of embryos, as a basic technique for
embryo implantation, have been extensively performed
for storing and transporting bovine embryos with a good
hereditary disposition.  The advances in embryo
implantation-associated techniques were driven by
global commercial factors [16�28].

Based on these studies, Trounson, who managed the
Animal Reproduct ion and Human Reproduct ion
Sections in Monash University, based on bovine
cryopreservation methods, developed an optimal
protocol for slow freezing of human embryos, and a
frozen embryo-derived neonate was born, which was
the first case of IVF treatment after cryopreservation in
g lycero l  [29 ] .   Thereaf ter ,  th is  procedure was
standardized using propandiol, which was reported as
effective in bovine embryos was reported by Suzuki
[30], and sucrose, which has marked osmotic pressure-
buffering effects as reported by Leibo [23, 24], and it
has been employed in infertility hospitals throughout the
world with the widespread use of a programmable
freezer.

Vitrification was theoretically proposed by Luyet [31].
An intracellular/extracellular solution is solidified with no
ice crystals like glass by rapid cooling, and living cells
are in liquid nitrogen.  As embryos are rapidly cooled
without an expensive cooling system, this procedure
was considered an ideal technique; however, actual
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successful results were not obtained for a long while
[32�35].  Procedures using a high concentration of
cryoprotective agents facilitated vitrification of vegetable
cells [36] and insect cells [37].  Subsequently, Rall and
Fahy [38] reported the vitrification of mouse 8-cell stage
embryos was successful ,  leading to the current
v i t r i f i ca t ion  techn iques  o f  embryos  wh ich  a re
characterized by a high survival rate, simplicity and
short time procedure.

After the success of Rall and Fahy, many studies
investigated the vitrification technique in embryos from
various animal species, Sheffen et al. [39] reported the
successful vitrification of mouse embryos using a
vitrification solution with a simpler composition.  In
addition, vitrification was successful in mice [40, 41],
rats [42, 43],  and rabbits [44�47],  among small
laboratory animals, as well as in sheep [48] and pigs
[49�51], among domestic animals.  In cows, Massip et
al. [52] applied the method described by Sheffen et al.
[39] in mice, and they were the first to achieve survival
after vitrification using in vivo morula.  Also, Kuwayama
[53] was successful using IVF-derived blastocysts.
Furthermore, Kuwayama [54] first showed electron
microscopy that germinal intracellular/extracellular
solutions were completely vitrified by in the freeze
replica method.

Initial vitrification was developed using embryos
derived from different animal species or embryos at
different developmental stages in the 1990�s, using
vitrification solutions in which 50% v/v or more of
cryoprotect ive agents were added,  and a tox ic
vitrification solution with an osmotic pressure of 8,000
mosmol or more was used.  Furthermore, this protocol,
involving insufficient equilibrium and dilution, was
applied to human embryos without optimization, and it�s
effectiveness was compared with the results of slow
freezing.  However, survival rates exceeding those
obtained using the conventional method, that is, a
survival rate of more than 90% after preservation, could
not be obtained [55�60].

Vajta et al. [61, 62], developed the open pulled straw
(OPS) method, which employs rapid vitrification using a
plastic straw finely processed after heating the end.
Kuleshova et al. [63] achieved neonates derived from
human oocytes that had been vitr i f ied using this
method.  However, as was demonstrated for the gel
loading tip method using a commercially available tip
[64], and for the microdroplet method [65] in which
microdroplets are dropped into liquid nitrogen, these
rapid cooling methods did not achieve a sufficient rate
of cooling to obtain a high survival rate; at issue was the

cellular survival after vitrification.
In 1996, Martino et al. [66] prevented chilling injury in

the ice temperature range by the ultra-rapid cooling
vitrification procedure, in which a bovine ovum after
equilibrium of vitrification solution was placed on the
grid of an electron microscope, and directly added to
liquid nitrogen for cooling, and they reported a high
surv ival  rate af ter  preservat ion.   Since then,  a
procedure in which the rate at which specimens are
cooled is accelerated by minimizing the volume of the
vitrification solution to be cooled, has been mainly
employed, and a high survival rate is obtained by
promoting intracellular vitrification.  Improvement in the
rate of cooling may promote vitrification, decreasing the
vitrification fluid level of a cryoprotectant, and inhibiting
toxicity to the minimum.  The nylon loop method
reported by Lane and Gardner [67] achieves vitrification
of a micro volume of vitrification solution and embryos in
a small nylon thread ring.  A Cryoloop [68] (proprietary
name) was used for vitrification of human blastocysts
and achieved post-thaw survival rates corresponding to
those for the conventional slow freezing.  Similarly,
using bovine embryos, the minimum volume cooling
(MVC) straw method [69], in which an embryo is applied
to the external straw wall, or the internal wall of a cut-
opened st raw for  u l t ra- rap id v i t r i f icat ion,  af ter
equilibrium with vitrification solution was developed.
This method decreases the concentration of membrane
permeable cryoprotective agents to 30%, and the
osmotic pressure to 4,000 mosmol, which corresponds
to 50% of the values found in conventional vitrification
solutions.  The minimization of the only negative factor
in the protocol of vitrification, solution toxicity, achieved
a markedly high post-thaw survival rate for human
embryos.  The ultra-rapid vitrification procedure has
been clinically applied using a special vitrification
container (CryoTop, Kitazato Supply Co., Ltd.), which
was developed for the clinical application of the MVC
method [70].  This procedure is beginnings to be
common l y  u t i l i zed  as  ex t reme l y  e f f ec t i ve
cryopreservation techniques for human embryos which
maintains embryonic viability after storage and thawing.

Conclusion

The CryoTop method, a vitrification method in which
the protocol was optimized is the most effective
cryopreservation method for human embryos, and has
been employed in approximately 230 IVF hospitals in 8
countries over the past 5 years.  Regardless of the
pronucleus, cleavage, and blastocyst stages, a high
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survival rate of approximately 100% after vitrification is
achieved, and cryo-blastocyst 1-embryo transfer, in
which transfer is performed in the cycle with a better
uterine condition, not in the cycle of ovum collection,
achieves a high rate of pregnancy (42%).  As a way of
solving the serious issue of multiple pregnancies
induced by conventional ART, the necessity of this
procedure has recently been emphasized.  In the future,
in a large number of additional studies, this procedure
should be investigated as a cryopreservation method
essential for cryo-blastocyst 1-embryo transfer, without
significant reduction of embryonic activity.
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