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Abstract  
Oocyte cryopreservation is a promising adjunct to human assisted reproductive technology. Slow rate 
freezing has been the cryopreservation standard for storage of sperm, embryos and, subsequently, 
oocytes. However, earlier concerns regarding damage to the meiotic spindle, loss of cortical granules and 
the low success rates as compared to the relative success of embryo cryopreservation caused little 
interest until the 1990s. Interest increased when many studies indicated that acceptable oocyte survival, 
in vitro fertilization, normal embryos and adequate blastocyst development can be achieved with oocyte 
cryopreservation.  Recently introduced oocyte vitrification techniques are proving to be more efficient. 
Survival rates are close to 100% and developmental rates are similar to those achieved with fresh 
oocytes. This efficiency opens the way to the widespread application of the technique in various medical, 
legal, and social situations, even to replace embryo cryopreservation with the oocyte cryopreservation. 
Oocyte vitrification has dominated slow freezing to such an extent that it may soon become the exclusive 
cryopreservation choice, especially considering that potential disease transmission problems commonly 
associated with vitrification due to direct exposure of oocytes to liquid nitrogen can be eliminated by using 
the proper techniques and devices. Furthermore, cryopreservation of immature oocytes, ovarian follicles, 
ovarian tissue and whole ovary are other emerging technologies.  Oocyte cryopreservation has 
tremendous opportunity for preserving fertility in cancer patients, for those who may not have sperm 
following oocyte retrieval and for those women who wish to delay their motherhood.  The purpose of this 
article is to review the history of oocyte cryopreservation, its applications, current cryopreservation 
techniques and future trends for fertility cryopreservation, to determine if oocyte cryopreservation is 
proceeding in the right direction. 
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Introduction  
The first pregnancies with frozen–thawed human 
oocytes were reported in 1986 in studies that 
utilized standard insemination (Chen, 1986; Al-
Hasani et al., 1986). Intracytoplasmic sperm 
injection (ICSI) was first used to fertilize frozen–
thawed oocytes in 1997 (Porcu et al., 1997).  
However, during this early period, oocyte 
cryopreservation efficiency was very low, and 
only five live births from frozen–thawed oocytes 
were reported (Oktay et al., 2006).  Causative 
factors regarding this inefficiency were attributed 
to damage to the meiotic spindle (Pickering et 
al., 1990) and loss of cortical granules leading to 
lowered fertilization rates (Schalkoff et al., 1989; 

Vincent et al., 1990).  As a result of the low 
success rates of oocyte freezing/thawing, 
especially compared to the relative success of 
embryo cryopreservation,  interest in the 
approach was minimal until the 1990s (Noyes et 
al., 2010).   At this time, many studies indicated 
that reasonable oocyte thaw survival (Gook et 
al., 1993), fertilization (Bernard et al., 1992), 
embryos with normal karyotype (Cobo et al., 
2001) and hatching blastocyst (Gook et al., 
1995) could be achieved.  This led to 
significantly increased interest in oocyte 
cryopreservation. Reports demonstrating 
improved efficiency and live births following 
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application of oocyte cryopreservation appeared 
soon after (Porcu et al., 2000; Coticchio et al., 
2001).  
 
Controlled-rate freezing was the first technique 
to be applied for oocyte cryopreseravtion. In 
subsequent years, variations of these standard 
slow-rate cryopreservation methods included 
changes in sucrose concentration (Fabbri et al., 
2001; Bianchi et al., 2007; De Santis et al., 
2007a) and replacement of sodium with choline 
in freeze/thaw solutions (Boldt et al., 1993).  The 
vitrification technique that resulted in live birth 
after oocyte vitrification (Kuleshova  et al., 2002) 
and  development of novel cryo-containers 
(Yoon  et al., 2000; Kuwayama et al., 2005; 
Huang et al., 2008; Oakes et al., 2008) have 
combined to provide consistently improved 
survival and pregnancy rates after oocyte 
cryopreservation. Vitrification, in recent years 
has gained high popularity and is rapidly 
becoming the technique of choice for oocyte 
cryopreservation. The purpose of this 
manuscript is to review the history of oocyte 
cryopreservation, its applications, current 
cryopreservation techniques and future trends 
for fertility cryopreservation. 
 
 
History of oocyte cryopreservation 
The first attempt in low-temperature storage of 
mammalian oocytes can be traced back to 
1950s when Sherman and Lin (1958) described 
cooling of unfertilized mouse eggs to -10 ˚C 
using glycerol. Some of these oocytes survived 
exposure. Six out of 10 animals became 
pregnant. Autopsy revealed that 14% of these 
eggs produced apparently normal progeny.  In 
1977, for the first time, live births from mature 
mouse oocytes stored in liquid nitrogen, were 
documented (Whittingham, 1977). Since then, 
mouse oocytes have represented the elective 
model to develop oocyte cryopreservation.  
 
In human, the first reported pregnancy from 
cryopreserved oocytes was reported in 1986 
(Chen, 1986) using slow freezing. Slow freezing 
has been the method of choice for preserving 
oocytes until relatively recently. This approach 
has resulted in thousands of births, many of 
them unreported, and is still being used in 
numerous laboratories. Recent studies 
indicating that slow freezing of oocytes can be 
significantly improved (Edgar et al., 2009) will 
lead to further exploration and enhanced 
efficiency of slow freezing. 

 
The first successful application of mouse 
embryo vitrification (glass-like transformation of 
the whole medium containing the sample) was 
reported by Rall and Fahy (1985). Subsequent 
efforts to improve the technology can be divided 
into four partially overlapping phases: (i) to find 
the optimal solutions for equilibration, cooling, 
warming, and rehydration; (ii) to establish tools 
and techniques to ensure extremely high cooling 
and warming rates under simple conditions; (iii) 
to fine tune parameters (concentrations of 
cryoprotectants; times and temperatures for 
equilibration and dilution); and (iv) to exclude 
possibilities for disease transmission during 
cooling, storage, and warming (Nagy et al., 
2009). 
 
Early experiments indicated that media for 
oocyte vitrification should consist of at least one 
permeable and one nonpermeable 
cryoprotectant, however, further research 
indicated that the use of two permeable 
cryoprotectants instead of one decreases 
individual toxicity of each one (Nagy et al, 2009). 
Ethylene glycol has become a standard 
constituent of vitrification media due to its high 
permeability and low toxicity. Dimethylsulfoxide 
(DMSO), a permeable cryoprotectant, is another 
common choice because equal volume mixture 
of polyethylene glycol and DMSO is more 
permeable than any of the two components 
alone and excellent survival and development 
rates are achieved (O’Neil et al, 1997). As a 
non-permeable cryoprotectant, trehalose or 
sucrose can be used, however, in practical use, 
sucrose is the most common component (Nagy 
et al, 2009). 
 
In recent years, vitrification has gained more 
popularity in infertility industry for oocyte 
cryopreservation. It is mainly due to increased 
post storage survival rates and significantly 
higher oocyte developmental ability (Cobo et al., 
2008). Vitrification has dominated slow freezing 
to such an extent that it could soon become the 
exclusive oocyte cryopreservation choice in 
human in vitro fertilization (IVF) (Vajta and Nagy, 
2006).  As discussed later, concerns that hinder 
rapid and wide-spread acceptance of 
vitirification approaches are ease-of-use of 
vitirification devices and possible disease 
transmission during storage. 
 
As techniques improve, oocyte cryopreservation 
is gaining more wide spread clinical acceptance.  
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It is now offered in more than 50% of ART clinics 
in the United States and in a recent study 337 
live births are reported from 857 thawed cycles. 
The pregnancy rate is 39.3% across all centers 
(Rudick et al., 2010).  
 
 
In 2004, the Italian Parliament passed a law on 
assisted reproduction that banned embryo 
cryopreservation but allowed oocyte 
cryopreservation (Fineschi et al 2005).  This law 
allowed creation of only 3 embryos.  The excess 
oocytes, therefore, had to be frozen.  Analysis of 
the impact of this law from 2005 to 2007 
revealed that 193 Italian assisted reproduction 
centres performed 121,708 cycles, of which 
2.4% (2952) were frozen embryo cycles and 
7.1% (8682) frozen/vitrified oocyte cycles. The 
number of oocytes retrieved was 666,599, of 
which 12.3% (81,786) were cryopreserved. Egg 
cryopreservation was performed by 54.0% of 
centres (105 clinics).  In 2007, the requirement 
to report on the cryopreservation methods was 
introduced. Based on these accounts, 81.0% 
(2426) of the cryopreservation cycles were 
performed using slow freezing–thawing and 
19.0% (568) with vitrification–warming. In the 
same period, 42,917 oocytes were thawed of 
which 51.3% (22,005) yielded viable cells 
suitable for insemination. During this period, 
there were 505 deliveries after IVF with 
frozen/vitrified oocytes and 582 babies were 
born (Scaravelli et al, 2010).   
 
 
In some other countries where oocyte donation 
is allowed, oocyte banks now exist, where eggs 
from fertile female donors are obtained following 
ovarian stimulation and frozen for subsequent 
use by recipients.   
 
 
As an indication of approaches used and 
efficacy of the techniques, a review of 58 oocyte 
cryopreservation reports from 1986-2008 
revealed that 609 live births occurred (308 from 
slow freezing, 289 from vitrification and 12 from 
both methods). Additionally, 327 other live births 
were verified. In the total 936 live births, 1.3% 
had birth anomalies. Compared with congenital 
anomalies occurring in naturally conceived 
infants, no difference was noted (Noyes et al., 
2009).  The long-term safety of the technique 
remains to be confirmed, and any relevant 
information regarding the integrity of the oocyte 
is still required. 

Applications of oocyte cryopreservation 
Oocyte cryopreservation has several potential 
benefits compared to embryo freezing, mostly in 
clinical applications, preservation of fertility, and 
in legal and ethical aspects. For example, 
considerable advances in cancer treatment over 
the last two decades have significantly improved 
survival rates. Both radiation therapy and 
chemotherapies are gonadotoxic and can cause 
premature ovarian failure and infertility (Wo and 
Viswanathan, 2009; Reh et al., 2008). As a 
result, both young and reproductive-age cancer 
patients must consider ways to preserve their 
future fertility (Jemal et al., 2008) before 
initiating treatment. Oocyte and ovarian tissue 
cryopreservation may be the only option for 
young girls or unmarried women who are 
unwilling or unable to use sperm to form 
embryos. In countries with very restrictive 
limitations on embryo or zygote freezing, 
cryopreservation of mature or immature eggs 
offers an alternative to embryo preservation.  
Furthermore, oocyte cryopreservation is also a 
valuable backup technique for patients with 
unexpectedly no available sperm on the day of 
oocyte retrieval. 
 
Other common medical conditions for which 
oocyte cryopreservation is recommended are 
polycystic ovarian syndrome, ovarian 
hyperstimulation, premature menopause risk, 
poor response to ovarian stimulation and severe 
symptomatic endometriosis in young women 
(Cha et al., 2000; Lucena et al., 2006; Elizur et 
al., 2009, Nagy et al., 2009).  
 
Following two are controversial clinical 
applications of oocyte freezing. (1) Elective 
oocyte cryopreservation in older professional 
women to delay motherhood.  This is currently a 
growing demand, however, little has been 
investigated to know how well older eggs will 
freeze and thaw and what are the consequences 
of having children in very old age. The current 
research data is mainly on the success of oocyte 
cryopreservation in young women.  ASRM 
Practice Committees Guidelines state that 
oocyte cryopreservation is an experimental 
procedure that should not be offered or 
marketed as a means to defer reproductive 
aging, primarily because data relating to clinical 
outcomes are limited (Practice Committee of the 
American Society for Reproductive Medicine 
and Practice Committee of the Society for 
Assisted Reproductive Technology, 2006). (2) 
Creation of frozen egg banks for third party 
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donation. This typically involves the recruitment 
of young college students as the egg donors. 
There are ethical concerns regarding the 
potential exploitation of these egg donors. 
Further more there are no universally accepted 
guidelines for infectious disease screening of 
donors and sample quarantine as is the current 
practice for sperm donors. 
 
Three core strategies for fertility preservation are 
commonly employed, (i) cryopreservation of 
immature oocytes, mature eggs, or embryos, (ii) 
the removal and cryopreservation of ovarian 
tissue or whole ovary and (iii) mechanical 
displacement of ovaries from their normal 
position so as to minimize direct irradiation effect 
during treatment (Dursun et al., 2009; Bloemers 
et al., 2010). The cryopreservation of mature 
and immature oocytes is a favored strategy 
because high survival rates post-thawing are 
becoming common (Saragusty and Arav, 2011).   
In the case of immature egg freezing, in vitro 
oocyte maturation (IVM), a relatively inefficient, 
but improving approach is also required (Sirard, 
2011; Gilchrist, 2011; Smitz et al., 2011).  Even 
though production of significant numbers of 
mature eggs requires time for a stimulation 
cycle, and can require hormonal stimulation that 
can be incompatible with cancer treatment 
(Rodriguez-Wallberg and Oktay, 2010), mature 
oocyte cryopreservation remains the most 
effective course of action, as women who 
survive their treatment routinely achieve 
pregnancy using their own mature eggs. Early 
counselling on fertility-preserving strategies is of 
utmost importance, so that the fertility-
preserving method can be integrated into the 
oncologic therapy regime. Women who can 
undergo multiple cycles of ovarian stimulation 
and egg retrieval are better candidates for 
fertility preservation because of a larger number 
of oocytes cryopreserved. If oocyte freezing is 
not an option, the removal and cryopreservation 
of ovarian tissue is another reasonable but still 
experimental strategy (Johnson and Patrizio, 
2011) and requires later transplantation, or use 
of IVM. 
 
Technical aspects of slow 
cryopreservation of oocytes 
The slow oocyte freezing process requires a 
programmable machine and usually takes 
several hours to complete.  Post thaw survival 
from early slow oocyte freezing methods was 
poor (Gook et al., 1993, Al-Hasani et al., 1987; 

Todorow et al., 1989, Fabbri et al., 2001) and 
resulted in lower pregnancy rates (Porcu et al., 
2000; Borini et al., 2004). These findings can be 
attributed to unique aspects of the oocyte.  The 
cytoplasmic membrane of oocyte, which has 
fewer sub-membranous actin microfilaments, is 
more fragile to cryopreservation than the 
cytoplasmic membrane of embryo. The volume-
to-surface ratio of oocyte is greater than other 
cells, making the dehydration process more 
difficult.  Considering these limitations and 
implementing improved approaches to address 
them, an implantation rate >5% per oocyte, 
approaching a success rate attained with frozen 
embryos, has been reported (Borini and 
Coticchio, 2009).    
 
Further refinements, including substitution of 
sodium with the less toxic choline in freeze/thaw 
media yielded an implantation rate of 5.3% per 
oocyte (Boldt et al., 2006). In a study of sibling 
oocyte cryopreservation in sodium depleted 
media, although similar fertilization rates as in 
the fresh sibling oocytes were noted, the number 
of blastomeres and the embryo quality on day-3 
were superior in embryos originating from fresh 
oocytes when compared to those from the 
frozen sibling oocytes (Esfandiari et al., 2010). 
This indicates that further improvements in the 
slow oocyte cryopreservation are still needed.  
Many other authors noted that despite the 
implementation of modified protocols, alterations 
in the appearance of cytoplasm, mitochondria, 
zona pellucida, meiotic spindle, and cortical 
granules, and impaired intracellular Ca2+ fluxes 
following oocyte slow-rate cryopreservation 
occur (Boiso et al., 2002; De Santis et al., 
2007b; Bianchi et al., 2007; Parmegiani et al., 
2009; Gao et al., 2009). Oocytes after slow 
cryopreservation showed serious disturbances 
of the microtubules immediately after thawing as 
they are vulnerable to the thermal changes and 
easy to depolymerize. Fertilization of these 
oocytes with disorganized spindles led to 
chromosomal aneuploidy, digyny, and 
degradation of the cleavage rate. 
 
A recent study (Gualtieri et al., 2011) on 
ultrastructure and the response to the calcium 
ionophore A23187 of fresh, slow-frozen and 
vitrified human oocytes indicates that a 
noticeably higher proportion of oocytes with 
large vacuoles, inward displacement of 
organelles from the pericortical toward the deep 
cytoplasm, and mitochondrial damage were 
observed in slow-frozen compared with both 
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fresh and vitrified oocytes. The ability of slow-
frozen oocytes to recover to basal levels of 
calcium ions is also significantly reduced 
compared with both fresh and vitrified oocytes. 
 
Technical aspects of oocyte vitrification 
In comparison to slow rate cryopreservation, 
vitrification uses higher concentrations of 
cryoprotectants and a faster cooling rate 
resulting in the formation of an amorphous 
glassy state to reduce ice crystal formation and 
associated damage to cell membranes.  It is a 
quick, time-saving procedure and does not 
require expensive programmable machine.  
 
The advent of vitrification represents a major 
milestone in oocyte cryobiology (Wu et al., 
2001). Improved post-warming survival rates, 
fertilization, implantation, pregnancy, and live 
birth are common in comparison to slow 
cryopreservation (Kuwayama et al., 2005; Yoon 
et al., 2007; Antinori et al., 2007; Cobo et al., 
2008).  Recently, Gualtieri et al. (2011) reported 
that closed vitrification based on DMSO and 
ethylene glycol preserves the ultrastructural 
features and the ability to respond to the calcium 
ionophore A23187 significantly better than does 
slow freezing with 0.3 M sucrose.  
 
In earlier vitrification studies cryoprotectant 
toxicity used to be a concern. Cryoprotectant 
toxicity and osmotic injury are influenced by the 
concentration of cryoprotectants and the time 
and temperature of exposure. Therefore, 
differing cryoprotectant solutions, exposure 
times, and devices have been tested for various 
vitrification approaches. To reduce the toxicity 
the exposure to cryoprotectants is performed 
stepwise and by combining two or more 
cryoprotectants to achieve the desired molar 
strength of approximately 5.0–6.0 mol per litre, 
and to reduce their individual toxicities (Gosden, 
2011). A common cryoprotectant solution is the 
combination of a strong glass-former DMSO with 
weak glass-former ethylene glycol, which results 
in successful vitrification. Increased cooling and 
warming rates have allowed the use of less 
concentrated cryoprotectants without 
compromising the efficiency of vitrification. This 
stepwise adjustment has led to a 15 to 25% 
decrease of DMSO and ethylene glycol and has 
contributed significantly to the increased survival 
of frozen eggs and subsequent development 
rates of embryos. The first report (Rall and Fahy, 
1985) obtained high survival rate of mouse 
embryos using a solution consisting of 20.5% 

w/v DMSO, 15% w/v acetamide, 10% w/v 
propylene glycol and 6% w/v polyethylene glycol 
in a modified Dulbecco’s saline.  Since then 
different combinations of cryoprotectants are 
used with a wide and variable range of 
supplements, including sugars, proteins, serum, 
amines, ice blockers, ice-growth inhibitors, 
polymers, and antioxidants (Gosden, 2011). 
However, a little consensus seems to exist as to 
which solution is optimal for which reproductive 
cell (Mullen and Fahy, 2011). 
 
The effect of warming rate on survival is also 
very important. Embryos warmed at 300 ˚C per 
minute or above show high survival whereas 
embryos warmed at 10 ˚C per minute die. This 
observation has been verified by a recent report 
on mouse oocytes which indicated that higher 
cooling rate required higher warming rate to 
achieve high survival (Mazur and Seki, 2011).  
 
Equilibration times have also been changed. 
Whereas earlier approaches  kept exposure to 
cryoprotectants at the lowest possible level, 
usually a few seconds, the new methods try to 
ensure proper protection of all parts of the 
oocytes, exposing them for longer periods (5 to 
15 minutes) in a diluted solution of 
cryoprotectants. High survival (80% +) is 
observed after exposure for upto 15 minutes, but 
survival decreases rapidly after long exposure 
time. This results in a more user-friendly 
vitrificaiton protocol with added flexibility. To 
further decrease toxicity, the temperature at both 
equilibration steps can be decreased from 37 ̊C 
to 25 ̊C (Nagy et al., 2009). 
 
An extensive area of active research regarding 
vitrificaiton involves the containers or devices 
that hold the oocytes.  Two different types of 
devices are used to vitrify oocytes; namely 
closed and open devices. There are two main 
issues with the use of these devices; cooling 
rate and possible disease transmission through 
liquid nitrogen during storage.   Closed-devices 
have been designed to provide protection 
against cross contamination during storage in 
liquid nitrogen, though concrete proof of disease 
transmission is lacking (Pomeroy et al., 2010; 
Bielanski and Vajta, 2009) and greater insulation 
slows the rate of cooling (Gosden, 2011).  
However, ultrastructural evaluation of vitrified 
and warmed oocytes suggests that the open 
devices provide better preservation than the 
closed system (Bonetti et al., 2011), possibly 
due to increased cooling rate.   
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Because a problem related to open devices 
might be liquid nitrogen cross-contamination by 
viruses (Bielanski and Vajta, 2009), future 
studies should attempt to provide the efficacy of 
open devices with the safety of closed ones.   
Towards this goal, Lee et al., (2010) used 0.3 
mm quartz micro-capillaries to have a cooling 
rate of about 250,000 ̊C /minute and to reduce 
the cryoprotectant concentration. The small 
internal diameter of the capillary and the high 
conductivity of quartz compared with the plastic 
used in open pulled straw or in the CryoTip 
device make quartz micro-capillary ideal 
containers for vitrification. The thermal 
conductivity of quartz glass is significantly higher 
than of the plastic container (Risco et al., 2007). 
The internal diameter of open pulled straw is 
0.800 mm and wall thickness is 0.075 mm; 
quartz micro-capillary has an internal diameter 
of 0.3 mm and a wall thickness of 0.01 mm. This 
produces an efficient heat transfer and reduces 
the volume of the solution by about 20 times 
(Risco et al., 2007).    
 
Some of the common closed vitrification devices 
are: CryoTip (Irvine Scientific, USA) Cryopette 
(Origio), Rapid Eye (Vitrolife), S3 vitrification 
(IVF Online), and High Security Vitrification 
Straw (Cryo Bio System, France). However, 
Stachecki et al. (2008) described a safe and 
simple vitrification method using 0.25 ml straws. 
 
Examples of commonly used commercial open 
vitrification devices are; Cryotop (Ketazato 
Biopharma, Japan), McGill Cryoleaf (Medicult, 
Denmark), Vitro Loop (Vitrolife, Sweden) and 
Cryo-loop (Hampton Research Corporation, 
USA). While these simple devices ensure 
consistently reliable results, their future use may 
not be permissible as FDA and other regulatory 
agencies are becoming more involved in 
inspection of IVF laboratories. 
 
The ultravitrification technique 
Adopting some of the prior mentioned 
improvements in vitrification approaches, Criado 
et al. (2011) reported a modified vitrification 
technique for human oocyte cryopreservation 
adapted from the method developed by He et al. 
(2008). High survival rates were achieved using 
the lower temperatures obtained with slush 
nitrogen than with liquid nitrogen (-210 ˚C vs. ~ -
196 ˚C) and using 2M PrOH + 0.5 M sucrose, as 
compared to the commonly used 4-6 M in other 

vitrification approaches.  Using this 
ultravitrification approach, authors were able to 
obtain survival rates of mature and immature 
oocytes of 92% (23 of 25) and 88% (22 of 25), 
respectively.  
 
It should be mentioned that the lower 
temperature of slush nitrogen requires a 
specialized vacuum pump (Telstar TOP-3; 
Telstar S.A., Terrassa, Spain) which solidifies 
part of the liquid nitrogen in few minutes. On 
return to normal atmospheric pressure, the 
nitrogen collapses, and the sub-cooled liquid 
nitrogen has solid particles in it referred to as 
‘‘slush’’. The advantage of slush nitrogen lies not 
only in the temperature difference but also in the 
reduction of the Leiden frost effect, which is the 
formation of a layer of vapours around the 
sample when immersed in the cryogenic liquid 
from room temperature decreasing the cooling 
rate (Steponkus et al., 1990).  Though 
promising, the safety and practicability of 
ultravitrification technique for routine use in 
human assisted reproductive technology 
remains to be tested. 
 
 
Oocyte refrigeration for short term 
storage 
As mentioned earlier, under some 
circumstances a fresh semen sample is not 
available for oocyte insemination. The risk can 
usually be predicted and circumvented by 
storage of the sperm in advance. However, if the 
risk has not been predicted, the laboratory has 
to make a decision either to prolong the 
insemination period or to preserve the oocytes.  
However, as discussed, long term storage 
approaches may be technically challenging or 
inefficient.  In these rare instances, short term 
storage at cooler temperatures may offer an 
alternative to slow rate and vitrification protocols.   
 
In mice, the metabolism of oocytes can be 
slowed up to 36 hours by refrigeration at 4 ̊C 
and subsequently high blastocyst yield can be 
obtained (Sakurai et al., 2005).  Recently, 
because of unavailability of sperm, Coban et al. 
(2010) refrigerated cumulus free human oocytes 
for 12 hours in a bicarbonate-buffer solution 
supplemented with proteins. By that time, the 
sperm from the male partner were retrieved 
surgically.  Fourteen of the 17 oocytes injected 
displayed two pronuclei. At day 5, two 
blastocysts were transferred to the patient and 
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six blastocysts were frozen. The patient 
delivered a healthy boy at 38 weeks gestation. 
 
Future trends in fertility preservation 
 
Cryopreservation of GV oocytes 
Cryopreservation of germinal vesicle (GV 
oocytes) obtained from natural cycles or after 
surgery is an advantage in preserving fertility for 
women at risk of cancer. The survival rate of 
vitrified GV oocytes after warming is in the range 
of 55 to 75 % (Al-Khtib et al., 2011; Chung et al., 
2000). Cryopreservation of GV oocytes will 
further alleviate the need of high dose hormonal 
stimulation of ovaries to obtain large number of 
mature oocytes. 
 
The vitrified immature oocytes derived from 
ovarian stimulation can achieve maturation in 
vitro after thawing at a high rate (75.5%) and the 
vitrification has no apparent impact on meiosis 
resumption as these oocytes can achieve full 
nuclear maturation up to metaphase II post 
warming and carry a normal maternal imprint 
(Al-Khtib et al., 2011). Vitrified and thawed 
oocytes from un-stimulated or stimulated cycles 
develop to the blastocyst stage with normal 
number of chromosomes, regardless of the 
stage they were vitrified (Chung et al., 2000). It 
should be noted however, that clinical results for 
the unfrozen in vitro matured oocytes are still 
low. A novel technique for in vitro maturation is 
required to bring this patient-friendly treatment 
into routine practice. Current approaches to in 
vitro maturation report a 10 to 15% implantation 
rate per embryo transferred, which is two to 
three times lower and early pregnancy losses 
are higher than in conventional IVF/ICSI (Smitz 
et al., 2011). 
 
Ovarian follicle cryopreservation 
Human ovarian follicles can be cryopreserved, 
thawed, and analyzed noninvasively, making 
follicle preservation an additional option for 
young cancer patients (Barrett et al., 2010). 
There are two key features of follicle 
development relevant to fertility preservation: 
primordial follicle growth activation and 
subsequent growth and survival. Ensuring that 
primordial follicles in a given piece of ovarian 
cortex productively grow, and that growing 
follicles survive and reach the pre-ovulatory 
stage, will be required to treat patients in need. 
(Johnson and Patrizio, 2011). The clinical 
application of this technique in human fertility 

cryopreservation requires extensive 
investigations. 
 
Ovarian tissue/whole ovary cryopreservation 
The ovarian cortex has abundant quantities of 
primordial and primary follicles; therefore, its 
cryopreservation has been a successful strategy 
for fertility preservation in cancer patients. The 
cortex is removed surgically via laparoscopy or 
laparotomy and cut into thin strips to allow 
proper penetration of cryoprotectants. The 
patients can opt for re-implantation (auto-
transplantation) after chemo or radiation 
therapy. However, the success of all 
transplanted tissue depends on time to re-
establish revascularization to prevent ischemia. 
Although follicular function appears normal after 
transplantation, the follicular reserve is 
significantly compromised by the long period of 
time required for full neovascularization to occur. 
There is also a risk of reintroduction of cancer if 
cancerous tissue is transplanted. The risk of 
cancer cell reintroduction can be potentially 
higher with whole ovary transplantation. The 
safety and efficacy of the new procedure should 
be proven before any further clinical applications 
take place. However, research on whole ovary 
cryopreservation should not be discouraged 
(Kim, 2010). 
 
To cryopreserve ovarian tissue, both slow 
cooling (Oktem et al., 2011; Li et al., 2007; 
Hovatta, 2005) and vitrification (Rahimi et al., 
2003; Li et al., 2007; Oktem et al., 2011; Amorim 
et al., 2011) have been applied. As compared 
with fresh and slow-frozen ovaries, vitrified 
ovaries produced significantly fewer primordial 
follicles and produced significantly less 
antimüllerian hormone in vitro (Oktem et al., 
2011). Estradiol production from slow-frozen and 
vitrified ovaries was similar but significantly 
lower compared with fresh cultured strips. 
However, Li et al. (2007) did not find any 
significant difference between slow frozen or 
vitrified ovarian tissue in the proportion of both 
primordial and primary follicles, and the 
concentrations of estradiol and progesterone. 
Amorim et al. (2011) tested different vitrification 
solutions and 2 containers, namely straws and 
100 µL droplets. Vitrification solution containing 
ethylene glycol, trehalose and fetal bovine 
serum protected follicular morphology better 
than the other vitrification solutions. When 
ovarian tissue was vitrified using this solution 
and the droplet system, 60% of the pre-antral 
follicle population exhibited normal morphology. 
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The first report of freezing and thawing of whole 
human ovary using liquid nitrogen and an 
accessible cryopreservation protocol has been 
described by Martinez-Madrid et al. (2004). High 
survival rates of follicles, small vessels, and 
stromal cells and a normal histological structure 
in all of the ovarian components were observed 
after thawing. The percentage of live follicles 
was 99.4% in fresh tissue, 98.1% after 
cryoprotectant exposure, and 75.1% after 
thawing. There are now several published 
reports of whole ovary cryopreservation in 
humans (Bedaiwy and Falcone, 2010; Bromer 
and Patrizio, 2009). Given the significant 
improvement over the ischemic loss of follicles 
that is seen with cortical strip, cryopreservation 
of the whole ovary could potentially provide a 
superior alternative to patients requiring this 
method of fertility preservation. 
 
Conclusions 
Increased survival rate following cancer 
treatment, delayed childbearing age, and 
increased use of assisted reproductive 
technologies have increased the need for 
methods of fertility preservation in women.  
Developing in the frontline of these methods is 
oocyte cryopreservation.  Oocyte survival after 
slow cryopreservation has improved significantly 
over the past few years however, vitrification 
technique seems to be more efficient. 
Vitrification success rates are highly technician 
dependent, because exposure to 
cryoprotectants, cooling, and thawing have 
relatively narrow limits of tolerance and must be 
executed precisely. In hands of a good 
technician, oocyte survival rates are close to 
100% and developmental rates similar to those 
achieved with fresh oocytes. Vitrification has 
dominated slow freezing to such an extent that it 
may soon become the exclusive 
cryopreservation choice. Cryopreservation of 
immature oocytes, ovarian follicles, ovarian 
tissue and whole ovary are other emerging 
technologies. From the exciting results achieved 
in many recent studies and clinical application of 
oocyte cryopreservation in a wide variety of 
situations, it appears that oocyte 
cryopreservation is proceeding in the right 
direction. 
 
References 
Al-Hasani S, Diedrich K, van der Ven H, Krebs 

D. Preliminary results of cryopreservation of 

human oocytes. Geburtshilfe Frauenheilkd. 
1986;46:643-4. 

Al-Hasani S, Diedrich K, van der Ven H, 
Reinecke A, Hartje M, Krebs D. 
Cryopreservation of human oocytes. Hum 
Reprod. 1987;2:695-700. 

Al-Khtib M, Perret A, Khoueiry R, Ibala-
Romdhane S, Blachère T, Greze C, 
Lornage J, Lefèvre A. Vitrification at the 
germinal vesicle stage does not affect the 
methylation profile of H19 and KCNQ1OT1 
imprinting centers in human oocytes 
subsequently matured in vitro. Fertil Steril. 
2011;95:1955-60. Epub 2011 Mar 21.  

Amorim CA, David A, Van Langendonckt A, 
Dolmans MM, Donnez J. Vitrification of 
human ovarian tissue: effect of different 
solutions and procedures. Fertil Steril. 
2011;95:1094-7. Epub 2010 Dec 18. 

Antinori M, Licata E, Dani G, Cerusico F, 
Versaci C, Antinori S. Cryotop vitrification of 
human oocytes results in high survival rate 
and healthy deliveries. Reprod Biomed 
Online. 2007;14:72-9. 

Barrett SL, Shea LD, Woodruff TK.  Noninvasive 
index of cryorecovery and growth potential 
for human follicles in vitro. Biol Reprod. 
2010;82:1180-9. Epub 2010 Mar 3. 

Bedaiwy MA, Falcone T. Whole ovary 
transplantation. Clin Obstet Gynecol. 
2010;53:797-803. 

Bernard A, Hunter JE, Fuller BJ, Imoedeme D, 
Curtis P, Jackson A. Fertilization and 
embryonic development of human oocytes 
after cooling. Hum Reprod. 1992;7:1447-50. 

Bianchi V, Cottichio G, Distratis V, Di Giusto N, 
Flamigni C, Borini A. Differential sucrose 
concentration during dehydration (0.2 Mol/L) 
and rehydration (0.3 Mol/L) increases 
theimplantation rate of frozen human 
oocytes. Reprod Biomed Online. 
2007;14:64-71. 

Bielanski A, Vajta G. Risk of contamination of 
germplasm during cryopreservation and 
cryobanking in IVF units. Hum Reprod. 
2009;24: 2457-67. 

Bloemers MC, Portelance L, Legler C, Renaud 
MC, Tan SL. Preservation of ovarian 
function by ovarian transposition prior to 
concurrent chemotherapy and pelvic 
radiation for cervical cancer. A case report 
and review of the literature. Eur J Gynaecol 
Oncol. 2010;31:194-7. 

Boiso I, Marti M, Santalo` J, Ponsa` M, Barri PN, 
Veiga A. A confocal microscopy analysis of 
the spindle and chromosome configurations 



Human oocyte cryopreservation               117 

 
of human oocytes cryopreserved at the 
germinal vesicle and metaphase II stage. 
Hum Reprod. 2002;17:1885-91. 

Boldt J, Cline D, McLaughlin D. Human oocyte 
cryopreservation as an adjunct to IVF-
embryo transfer cycles. Hum Reprod. 
1993;18:1250-5. 

Boldt J, Tidswell N, Sayers A, Kilani R, Cline D. 
Human oocyte cryopreservation: 5-year 
experience with a sodium depleted slow 
freezing method. Reprod Biomed Online. 
2006;13:96-100 

Bonetti A, Cervi M, Tomei F, Marchini M, 
Ortolani F, Manno M. Ultrastructural 
evaluation of human metaphase II oocytes 
after vitrification: closed versus open 
devices. Fertil Steril. 2011;95:928-35. 

Borini A, Bonu MA, Coticchio G, Bianchi V, 
Cattoli M, Flamigni C. Pregnancies and 
births after oocyte cryopreservation. Fertil 
Steril. 2004;82:601-605. 

Borini A, Coticchio G: The efficacy and safety of 
human oocyte cryopreservation by slow 
cooling. Semin Reprod Med. 2009;27:443-
449. 

Bromer JG, Patrizio P. Fertility preservation: the 
rationale for cryopreservation of the whole 
ovary.  Semin Reprod Med. 2009;27:465-
471. Epub 2009 Oct 5. Review. 

Cha KY, Han SY, Chung HM, Choi DH, Lim JM, 
Lee WS, Ko JJ, Yoon TK. Pregnancies and 
deliveries after in vitro maturation culture 
followed by in vitro fertilization and embryo 
transfer without stimulation in women with 
polycystic ovary syndrome. Fertil Steril. 
2000;73:978-83. 

Chen C. Pregnancy after human oocyte 
cryopreservation. The Lancet. 1986;327 
(8486), 884-886 

Chung HM, Hong SW, Lim JM, Lee SH, Cha 
WT, Ko JJ, Han SY, Choi DH, Cha KY. In 
vitro blastocyst formation of human oocytes 
obtained from unstimulated and stimulated 
cycles after vitrification at various 
maturational stages. Fertil Steril. 
2000;73:545-51. 

Coban O, Hacifazlioglu O, Ciray HN, Ulug U, 
Tekin HI, Bahceci M. Birth after 12 hours of 
oocyte refrigeration. Fertil Steril. 
2010;94:2769.e5-7. Epub 2010 Jun 9. 

Cobo A, Kuwayama M, Pe´rez S, Ruiz A, 
Pellicer A, Remohı´ J. Comparison of 
concomitant outcome achieved with fresh 
and cryopreserved donor oocytes vitrified by 
the Cryotop method. Fertil Steril. 
2008;89:1657-64. 

Cobo A, Rubio C, Gerli S, Ruiz A, Pellicer A, 
Remohi J. Use of fluorescence in situ 
hybridization to assess the chromosomal 
status of embryos obtained from 
cryopreserved oocytes. Fertil Steril. 
2001;75:354-60. 

Coticchio G, Garetti S, Bonu MA, Borini A. 
Cryopreservation of human oocytes. Hum 
Fertil. 2001;4:152-7. 

Criado E, Albani E, Novara PV, Smeraldi A, 
Cesana A, Parini V, Levi-Setti PE. Human 
oocyte ultravitrification with a low 
concentration of cryoprotectants by ultrafast 
cooling: a new protocol. Fertil Steril. 
2011;95:1101-3. Epub 2010 Dec 3. 

De Santis L, Cino I, Rabelloti E, Papaleo E, 
Calzi F, Fusi F, Brigante C, Ferrari A. 
Oocyte cryopreservation: clinical outcome of 
slow-cooling protocols differing in sucrose 
concentration. Reprod Biomed Online. 
2007a;14:57-63. 

De Santis L, Coticchio G, Paynter S, Albertini D, 
Hutt K, Cino I, Iaccarino M, Gambardella A, 
Flamigni C, Borini A. Permeability of human 
oocytes to ethylene glycol and their survival 
and spindle configurations after slow cooling 
cryopreservation. Hum Reprod. 
2007b;22:2776-83. 

Dursun, P, Ayhan A, Yanik FB and Kuscu, E. 
Ovarian transposition for the preservation of 
ovarian function in young patients with 
cervical carcinoma. Eur J Gynaecol Oncol. 
2009;30:13-15. 

Edgar, DH, Karani J, Gook DA. Increasing 
dehydration of human cleavage-stage 
embryos prior to slow cooling significantly 
increases cryosurvival. Reprod Biomed 
Online. 2009;19,521-525. 

Elizur SE, Chian RC, Holzer HE, Gidoni Y, 
Tulandi T, Tan SL. Cryopreservation of 
oocytes in a young woman with severe and 
symptomatic endometriosis: a new 
indication for fertility preservation. Fertil 
Steril. 2009;91:293,e1-3. Epub 2007 Oct 24. 

Esfandiari N, Javed M, Nazemian Z, Casper R. 
Fertilization and embryo development of 
fresh and cryopreserved sibling oocytes. Int 
J Fert Steril. 2010;4:98-103 

Fabbri R, Porcu E, Marsella T, Rocchetta G, 
Venturoli S, Flamigni C. Human oocyte 
cryopreservation: new perspectives 
regarding oocyte survival. Hum Reprod. 
2001;16:411-6. 

Fineschi V, Neri M, E Turillazzi E. The new 
Italian law on assisted reproduction 



Human oocyte cryopreservation               118 

 
technology (Law 40/2004).  J Med Ethics 
2005;31:536-539 

Gao S, Li Y, Gao X, Hu J, Yang H, Chen ZJ. 
Spindle and chromosome changes of 
human MII oocytes during incubation after 
slow freezing/fast thawing procedures. 
Reprod Sci. 2009;16:391-6. 

Gilchrist RB. Recent insights into oocyte-follicle 
cell interactions provide opportunities for the 
development of new approaches to in vitro 
maturation. Reprod Fertil Dev. 2011;23:23-
31. Review. 

Gook DA, Osborn SM, Johnston W. 
Cryopreservation of mouse and human 
oocytes using 1,2 propanediol and the 
configuration of the meiotic spindle. Hum 
Reprod. 1993;8:1101-9. 

Gook DA, Schiewe M, Osborn SM, Asch RH, 
Jansen RP, Johnston WI. Intracytoplasmic 
sperm injection and embryo development of 
human oocytes cryopreserved using 1, 2- 
propanediol. Hum Reprod. 1995;10:2637-
41. 

Gosden R. Cryopreservation: a cold look at 
technology for fertility preservation. Fertil 
Steril. 2011;96:264-8. Epub 2011 Jun 30. 

Gualtieri R, Mollo V, Barbato V, Fiorentino I, 
Iaccarino M, Talevi R. Ultrastructure and 
intracellular calcium response during 
activation in vitrified and slow-frozen human 
oocytes. Hum Reprod. 2011;26:2452-2460. 
Epub 2011 June 29. 

He X, Park EYH, Fowler A, Yarmush ML, Toner 
M. Vitrification by ultra-fast cooling at a low 
concentration of cryoprotectants in a quartz 
micro-capillary: a study using murine 
embryonic stem cells. Cryobiology. 
2008;56:223-32. 

Hovatta O. Methods for cryopreservation of 
human ovarian tissue. Reprod Biomed 
Online. 2005;10:729-34. 

Huang JY, Tulandi T, Holzer H, Tan SL, Chian 
RC. Combining ovarian tissue cryobanking 
with retrieval of immature oocytes followed 
by in vitro maturation and vitrification: an 
additional strategy of fertility preservation. 
Fertil Steril. 2008;89:567-72. 

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray 
T, Thun MJ. Cancer statistics, 2008. CA 
Cancer J Clin. 2008;58(2):71-96. Epub 2008 
Feb 20. 

Johnson J, Patrizio P. Ovarian cryopreservation 
strategies and the fine control of ovarian 
follicle development in vitro. Ann N Y Acad 
Sci. 2011;1221:40-6. 

Kim SS. Time to re-think: ovarian tissue 
transplantation versus whole ovary 
transplantation. Reprod Biomed Online. 
2010;20:171-4. Epub 2009 Nov 29. 

Kuleshova L, Gianaroli L, Magli C, Ferraretti A, 
Trounson A. Birth following vitrification of a 
small number of human oocytes: case 
report. Hum Reprod. 2002;14:3077-9. 

Kuwayama M, Vajta G, Kato O, Leibo SP. Highly 
efficient vitrification method for 
cryopreservation of human oocytes. Reprod 
Biomed Online. 2005;11:300-8. 

Lee H, Elmoazzen H, Wright D, Biggers J, 
Rueda BR, Heo YS, Toner M, Toth TL. 
Ultra-rapid vitrification of mouse oocytes in 
low cryoprotectant concentrations. Reprod 
Biomed Online. 2010;20:201-8. 

Li YB, Zhou CQ, Yang GF, Wang Q, Dong Y. 
Modified vitrification method for 
cryopreservation of human ovarian tissue. 
Chin Med J. 2007;120:110-4. 

Lucena E, Bernal DP, Lucena C, Rojas A, 
Moran A, Lucena A. Successful ongoing 
pregnancies after vitrification of oocytes. 
Fertil Steril. 2006;85:108-11. 

Martinez-Madrid B, Dolmans MM, Van 
Langendonckt A, Defre`re S, Donnez J. 
Freeze-thawing intact human ovary with its 
vascular pedicle with a passive cooling 
device. Fertil Steril. 2004;82:1390-1394. 

Mazur P, Seki S. Survival of mouse oocytes 
after being cooled in a vitrification solution 
to -196°C at 95° to 70,000°C/min and 
warmed at 610° to 118,000°C/min: A new 
paradigm for cryopreservation by 
vitrification. Cryobiology. 2011;62:1-7. Epub 
2010 Nov 3. 

Mullen SF, Fahy GM. Fundamental aspects of 
vitrification as a method of reproductive cell, 
tissue and organ cryopreservation. In: 
Donnez J, Kim SS, editors. Principles and 
practice of fertility preservation. Cambridge, 
UK: Cambridge University Press; 2011:145–
63. 

Nagy ZP, Chang CC, Shapiro DB, Bernal DP, 
Kort HI, Vajta G. The efficacy and safety of 
human oocyte vitrification. Semin Reprod 
Med. 2009;27:450-5. Epub 2009 Oct 5. 
Review. 

Noyes N, Boldt J, Nagy ZP. Oocyte 
cryopreservation: is it time to remove its 
experimental label? J Assist Reprod Genet. 
2010; 27::69-74. Epub 2010 Feb 6. 

Noyes N, Porcu E, Borini A. Over 900 oocyte 
cryopreservation babies born with no 



Human oocyte cryopreservation               119 

 
apparent increase in congenital anomalies. 
Reprod Biomed Online. 2009;18:769-76. 

O’Neil L, Paynter SJ, Fuller BL, Shaw RW. 
Vitrification of mature mouse oocytes: 
improved results following addition of 
polyethylene glycol to a dimethyl sulfoxide 
solution. Cryobiology. 1997;34:295-301. 

Oakes MB, Gomes CM, Fioraventi J, Serafini P, 
Motta EL, Smith GD. A case of oocyte and 
embryo vitrification resulting in clinical 
pregnancy. Fertil Steril. 2008;90:(2013).e5-
8. 

Oktay K, Cil AP, Bang H. Efficiency of oocyte 
cryopreservation: a meta-analysis. Fertil 
Steril. 2006;86:70-80. 

Oktem O, Alper E, Balaban B, Palaoglu E, Peker 
K, Karakaya C, Urman B. Vitrified human 
ovaries have fewer primordial follicles and 
produce less antimüllerian hormone than 
slow-frozen ovaries. Fertil Steril. 
2011;95:2661-4.e1. Epub 2011 Feb 5. 

Parmegiani L, Bertocci F, Garello C, Salvarani 
MC, Tambuscio G, Fabbri R. Efficiency of 
human oocyte slow freezing: results from 
five assisted reproduction centers. Reprod 
Biomed Online. 2009;18:352-9. 

Pickering SJ, Braude RP, Johnston MH, Cant A, 
Currie J.Transient cooling to room 
temperature can cause irreversible 
disruption of the meiotic spindle in the 
human oocyte. Fertil Steril. 1990;54:102-8. 

 
Pomeroy KO, Harris S, Conaghan J, Papadakis 

M, Centola G, Basuray R, Battaglia D. 
Storage of cryopreserved reproductive 
tissues: evidence that cross-contamination 
of infectious agents is a negligible risk. Fertil 
Steril. 2010;94:1181-8. Epub 2009 May 29. 

 
Porcu E, Fabbri R, Damiano G, Giunchi S, 

Fartto R, Ciotti P, Venturoli S, Flamigni C. 
Clinical experience and applications of 
oocyte cryopreservation. Mol Cell 
Endocrinol. 2000;169:33-7. 

Porcu E, Fabbri R, Seracchioli R, Ciotti PM, 
Magrini O, Flamigni C. Birth of a healthy 
female after intracytoplasmic sperm 
injection of cryopreserved human oocytes. 
Fertil Steril. 1997;68:724-6. 

Practice Committee of the American Society for 
Reproductive Medicine and Practice 
Committee of the Society for Assisted 
Reproductive Technology. Ovarian tissue 
and oocyte cryopreservation. Fertile Steril 
2006;86 (Suppl 5): S142-47. 

Rahimi G, Isachenko E, Sauer H, Isachenko V, 
Wartenberg M, Hescheler J, Mallmann P, 
Nawroth F. Effect of different vitrification 
protocols for human ovarian tissue on 
reactive oxygen species and apoptosis. 
Reprod Fertil Dev. 2003;15:343-9. 

Rall WF, Fahy GM. Ice-free cryopreservation of 
mouse embryos at -196 degrees C by 
vitrification. Nature. 1985;313(6003):573-
575 

Reh, A, Oktem O and Oktay K. Impact of breast 
cancer chemotherapy on ovarian reserve: a 
prospective observational analysis by 
menstrual history and ovarian reserve 
markers. Fertil. Steril. 2008; 90:1635-1639. 

Risco R, Elmoazzen H, Doughty M, He X, Toner 
M. Thermal performance of quartz 
capillaries for vitrification. Cryobiology 
2007;55:222-9. 

Rodriguez-Wallberg KA, Oktay K. Fertility 
preservation in women with breast cancer. 
Clin Obstet Gynecol. 2010;53:753-62. 

Rudick B, Opper N, Paulson R, Bendikson K, 
Chung K. The status of oocyte 
cryopreservation in the United States. Fertil 
Steril. 2010;94:2642-6. Epub 2010 Jun 18. 

Sakurai T, Kimura M, Sato M. Temporary 
developmental arrest after storage of 
fertilized mouse oocytes at 4 degrees C: 
effects on embryonic development, 
maternal mRNA processing and cell cycle. 
Mol Hum Reprod. 2005;11:325-33. 

Saragusty, J and Arav A. Current progress in 
oocyte and embryo cryopreservation by 
slow freezing and vitrification. Reproduction. 
2011;141: 1-19. 

Scaravelli G, Vigiliano V, Mayorga JM, Bolli S, 
De Luca R, D'Aloja P. Analysis of oocyte 
cryopreservation in assisted reproduction: 
the Italian National Register data from 2005 
to 2007. Reprod Biomed Online. 
2010;21:496-500. 

Schalkoff ME, Oskowitz SP, Powers RD. 
Ultrastructural observations of human and 
mouse oocytes treated with cryoprotectants. 
Biol Reprod. 1989;40:379-93. 

Sherman JK, Lin TP. Effect of glycerol and low 
temperature on survival of unfertilized 
mouse eggs. Nature. 1958;181:785-6.  

Sirard MA. Follicle environment and quality of in 
vitro matured oocytes. J Assist Reprod 
Genet. 2011. Epub 2011 Mar 11. 

Smitz JE, Thompson JG, Gilchrist RB. The 
promise of in vitro maturation in assisted 
reproduction and fertility preservation. 



Human oocyte cryopreservation               120 

 
Semin Reprod Med. 2011;29:24-37. Epub 
2011 Jan 4. Review. 

Stachecki JJ, Garrisi J, Sabino S, Caetano JP, 
Wiemer KE, Cohen J. A new safe, simple 
and successful vitrification method for 
bovine and human blastocysts. Reprod 
Biomed Online. 2008;17:360-7. 

Steponkus PL, Myers SP, Lynch DV, Gardner L, 
Bronstheyn V, Leibo SP, Rall WF, Pitt RE, 
Lin TT, MacIntyre RJ. Cryopreservation of 
Drosophila melanogaster embryos. Nature. 
1990;345:170 -2. 

Todorow SJ, Siebzehnrübl ER, Spitzer M, Koch 
R, Wildt L, Lang N. Comparative results on 
survival of human and animal eggs using 
different cryoprotectants and freeze-thawing 
regimens. II. Human. Hum Reprod. 
1989;4:812-6. 

Vajta G, Nagy, ZP. Are programmable freezers 
still needed in the embryo laboratory? 
Review on vitrification. Reprod Biomed 
Online.  2006;12,779-796. 

Vincent C, Pickering SJ, Johnson MH. The 
hardening effect of dimethylsulphoxide on 
the mouse zona pellucida requires the 
presence of an oocyte and is associated 
with a reduction in the number of cortical 
granules present. J Reprod Fertil. 
1990;89:253-9. 

Whittingham DG. Fertilization in vitro and 
development to term of unfertilized mouse 
oocytes previously stored at -196 degrees 
C. J Reprod Fertil. 1977;49: 89-94. 

Wo, JY and Viswanathan AN. Impact of 
radiotherapy on fertility, pregnancy, and 
neonatal outcomes in female cancer 
patients. Int J Radiat Oncol Biol Phys. 
2009;73:1304-1312. 

Wu J, Zhang L,Wang X. In vitro maturation, 
fertilization and embryo development after 
ultrarapid freezing of immature human 
oocytes. Reproduction. 2001;121:389-93. 

Yoon TK, Chung HM, Lim JM, Han SY, Ko JJ, 
Cha EY. Pregnancy and delivery of healthy 
infants developed from vitrified oocytes in a 
stimulated in vitro fertilization-embryo 
transfer program. Fertil Steril. 2000;74:180-
1. 

Yoon TK, Lee DR, Cha SK, Chung HM, Lee WS, 
Cha KY. Survival rate of human oocytes 
and pregnancy outcome after vitrification 
using slush nitrogen in assisted 
reproductive technologies. Fertil Steril. 
2007;88:952-6. 

 


