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OPINION Current trends and progress in clinical applications

of oocyte cryopreservation
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Purpose of review

To delineate the current trends in the clinical application of oocyte cryopreservation.

Recent findings

Although the first live birth from oocyte cryopreservation was reported approximately three decades ago,
significant improvement in the clinical application of oocyte cryopreservation took place only over the past
decade. On the basis of the available evidence suggesting that success rates with donor oocyte vitrification
are similar to that of IVF with fresh donor oocytes, the American Society of Reproductive Medicine has
recently stated that oocyte cryopreservation should no longer be considered experimental for medical
indications, outlying elective oocyte cryopreservation. Meanwhile, a few surveys on the attitudes toward
oocyte cryopreservation revealed that elective use for the postponement of fertility is currently the most
common indication for oocyte cryopreservation. Most recently, a randomized controlled trial revealed
important evidence on the safety of nondonor oocyte cryopreservation, and confirmed that the clinical
success of vitrification is comparable to that of IVF with fresh oocytes.

Summary

The evidence suggesting similar IVF success rates with both donor and nondonor cryopreserved oocytes
compared with fresh oocytes will increase the utilization of elective oocyte cryopreservation. Appropriate
counseling of women for oocyte cryopreservation requires the establishment of age-based clinical success
rates with cryopreserved oocytes for various indications.
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INTRODUCTION

Although embryo cryopreservation is the most
established method of fertility preservation [1],
oocyte cryopreservation now represents the most
applicable option for single reproductive-age
women in need of delaying childbearing for any
reason. Due to challenges related to the structure
of the oocyte and the optimization of the freezing
methods, it took more than 20 years for oocyte
cryopreservation to evolve into a technique with
acceptable clinical success rates. This transition was
made possible by three important achievements:
utilization of intracytoplasmic sperm injection
(ICSI), improvements in cryoprotectants, and intro-
duction of vitrification [2–5].

Without any doubt, both the improvements in
the technique and the recent removal of the ‘exper-
imental’ label on oocyte cryopreservation by the
American Society of Reproductive Medicine (ASRM)
Practice Guideline Committee [6

&&

] have opened a
new era for this technology. Oocyte cryopreservation
illiams & Wilkins. Unau
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is expected to take the lead in fertility preservation. In
addition, oocyte cryopreservation is likely to become
a useful adjunct to routine IVF in various clinical
scenarios such as the unavailability of sperm at the
time of egg retrival [7,8], in cases of ovarian hyper-
stimulationsyndrome[9], inpoor responders [10,11],
in patients at risk of losing their fertility potential due
to genetic abnormalities such as BRCA mutation
carrier status [12], Turner syndrome [13], fragile X
premutation, and deletions of the X chromosome
thorized reproduction of this article is prohibited.
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KEY POINTS

� Fertilization, in-vitro embryo development, and
pregnancy rates using vitrified nondonor and donor
oocytes are similar to those achieved with fresh
oocytes; success rates with slow-freezing are lower
compared with vitrification.

� As a result of significantly improved clinical outcomes
reported for vitrified oocytes, oocyte cryopreservation
now represents the most applicable option for single
reproductive-age women in need of fertility
preservation.

� In addition to fertility preservation, oocyte
cryopreservations consititues a valuable adjunct to IVF
in specific situations, such as the unavailability of sperm
at the time of egg retrival, in cases of ovarian
hyperstimulation syndrome, in poor responders, in
patients at risk of losing their fertility potential due to
genetic abnormalities, and for couples who do not wish
to cryopreserve supernumerary embryos for ethical,
legal, or religious concerns.

� EOC is the most common reason for utilization of
oocyte cryopreservation.

� Outcomes using oocyte cryopreservation strongly
correlate with female age at the time of
oocyte retrieval.
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[6
&&

] and for couples who do not wish to cryopreserve
supernumerary embryos for ethical, legal, or religious
concerns [14]. The most applicable indication for
oocyte cryopreservation that has now become a real-
ity [15,16] is the establishment of donor oocyte
banks. In the near future, IVF cycles using frozen-
thawed donor oocytes willmost probably outnumber
those using fresh donor oocytes. In addition to all
these indications, elective oocyte cryopreservation
(EOC) for deferring child bearing remains the most
debatable, however, surprisingly the most common
indication for oocyte cryopreservation. Although the
use of oocyte cryopreservation has been approved for
medical indications by ASRM [6

&&

], two-thirds of
programs currently performing oocyte cryopreserva-
tion in the United States do so for elective indications
[17].

There are many factors that affect the efficiency
of success with oocyte cryopreservation such as
factors related to host (age, donor/nondonor oocyte,
infertility factor), stimulation protocols and IVF
techniques, cryopreservation methods (slow-
freezing and vitrification), protocols, and devices
(cryotop, cryoleaf, cryotip), as well as indications
for oocyte cryopreservation (medical, nonmedical,
or IVF-related reasons). Due to these variables, it is
difficult to reliably estimate the success of oocyte
opyright © Lippincott Williams & Wilkins. Unautho
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cryopreservation from various studies. Only when
the confounding variables are controlled for, can
the specific impact of oocyte cryopreservation on
clinical efficiency be assessed; this can most reliably
be accomplished using a randomized controlled trial
(RCT)studydesign.However,despite threedecadesof
history, the majority of the studies on oocyte cryo-
preservationareobservational,andonlysixRCTswith
clinical outcomes have been published [15,18–20,
21

&&

,22] (Table 1). These RCTs will be detailed in the
forthcoming subheadingsof this review,with the aim
of establishing a framework that can be used to coun-
sel women who are considering oocyte cryopreserva-
tion for various reasons including EOC.
HISTORY OF CLINICAL SUCCESS WITH
OOCYTE CRYOPRESERVATION

The first live birth with oocyte cryopreservation was
reported in 1986 with slow freezing [23], but due to
very low success rates, there were only five live births
reported using this technique for over a decade [24].
In 1997, intracytoplasmic sperm injection (ICSI) was
first used to fertilize frozen-thawed oocytes, circum-
venting zona hardening caused by the cryopreser-
vation process [25]. Although ICSI helped improve
fertilization of cryopreserved oocytes, further
optimization of oocyte cryopreservation required
another decade. In 1999, the first live birth with
oocyte cryopreservation after vitrification was
reported [26] followed by only a few case reports
and clinical studies up until 2005 [24]. At that time,
there were approximately 100 reported live births
from oocyte cryopreservation; these were reviewed
in a meta-analysis [24], which concluded that suc-
cess rates with oocyte cryopreservation using slow
freezing were lower than that of IVF with fresh
oocytes. However, valid comparisons of vitrification
with either slow freezing or fresh oocyte cycles could
not be performed because of the limited number of
reports with vitrification at the time of publication.
Despite this limitation, the success rates of vitrifi-
cation reports showed encouraging results com-
pared with slow freezing [24].

Following the first RCT comparing slow freezing
and vitrification, which showed that vitrification
was more successful in terms of both embryological
and clinical outcomes [18] (Table 1), multiple
groups reported improved clinical outcomes using
vitrification [14–16,19,27–31]. At the same time
efficiency of slow-freezing protocols has also been
improved [32–40]. However, the reported success
rates remained lower for slow freezing compared
with vitrification.

With the improvements in oocyte cryopreserva-
tion technology and associated clinical outcomes,
rized reproduction of this article is prohibited.
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its clinical applications widened, resulting in more
than a thousand live births reported to date [17,41].
Over the past 5 years, oocyte cryopreservation,
especially with vitrification, has proven to be an
efficient technique, resulting in pregnancy out-
comes similar to that of IVF with fresh oocytes
[15]. As a result of this progress, ASRM has stated
that oocyte cryopreservation should no longer be
considered ‘experimental’ for women who are
unable to cryopreserve embryos and are facing infer-
tility due to gonadotoxic therapies [6

&&

].
Most recently, a RCT has concluded that aneu-

ploidy rates in embryos derived from vitrified
oocytes were similar to those derived from fresh
oocytes in young infertile women undergoing IVF
with their own eggs [21

&&

]. This report suggests that
oocyte cryopreservation does not have an adverse
effect on chromosome segregation during meiotic
division.
PROGRESS IN CLINICAL APPLICATION OF
OOCYTE CRYOPRESERVATION

Almost all clinical studies reporting IVF outcome
parameters using oocyte cryopreservation fall into
one of two main categories: studies assessing donor
oocyte cryopreservation/thaw cycles representing
young fertile women, studies assessing infertile
women with failed IVF attempts, who have super-
numerary oocytes for cryopreservation. Studies on
oocyte cryopreservation for poor responders [11]
and for IVF cycles with failed sperm retrieval [8]
constitute exceptions. Therefore, we will discuss
the progress of oocyte cryopreservation by
opyright © Lippincott Williams & Wilkins. Unautho

Table 2. Indications of oocyte cryopreservation

A. Nondonor oocyte cryopreservation

Medical indications

IVF related

Elective oocyte cryopreservation

B. Donor oocyte cryopreservation

250 www.co-obgyn.com
subgrouping it as nondonor (or autologus) oocyte
cryopreservation representing infertile patients
and donor oocyte cryopreservation. The results of
success for other indications outlined in Table 2 are
mostly based on case reports.
Nondonor or autologus oocyte
cryopreservation

Most of the reports on cryopreservation of nondo-
nor oocytes are observational studies, with only a
few RCTs (Table 1) performed in infertile women
undergoing IVF who prefer cryopreservation of their
surplus oocytes, as they decline embryo cryopreser-
vation due to ethical or legal concerns. In addition,
there are also studies that compare the efficacy of
oocyte cryopreservation by temporarily cryopreserv-
ing oocytes under an institutional review board
approval [21

&&

]. Importantly, only a single study
to date assessed the efficiency of nondonor oocyte
cryopreservation when applied to young fertile
women [42].

Nondonor oocyte cryopreservation:
randomized controlled trials
There are four published RCTs on nondonor oocyte
crypreservation; all four report the outcomes of IVF
using vitrified/warmed nondonor oocytes from
infertile patients [18–20,21

&&

] (Table 1). At present,
there are no RCTs evaluating IVF outcomes of slow
frozen oocytes compared with fresh oocytes.

Of the four RCTs investigating the use of
vitrified/warmed nondonor oocytes from infertile
patients, only one study compared slow freezing
rized reproduction of this article is prohibited.

Cancer patients receiving gonadotoxic therapies or undergoing surgery

Noncancer patients receiving gonadotoxic therapies for various reasons

Sickle-cell anemia

Rheumatologic diseases

Myelodysplastic syndrome

Patients at risk of losing their fertility potential because of genetic abnormalities

BRCA mutation carriers

Turner syndrome

Fragile X premutation

Deletions of the X chromosome

Twins of patients with premature ovarian failure

Oocyte cryopreservation for those unable to cryopreserve embryos

Poor responder patients

Ovarian hyperstimulation syndrome (OHSS)

Failure to obtain sperm for IVF

Deferring child bearing

Volume 25 � Number 3 � June 2013
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and vitrification, reaching the conclusion that vit-
rification is superior to slow-freezing in terms of
oocyte survival, fertilization, implantation, and
clinical pregnancy rates. This remains the only
RCT comparing the two techniques [18] (Table 1).

Two RCTs were conducted in infertile couples
with supernumerary oocytes available to vitrify and
warm only if pregnancy was not achieved in the
fresh cycle [19,20]. In other words, fresh sibling
oocytes were transferred in the first cycle and if
pregnancy failed to occur, than the cryopreserved
sibling oocytes were thawed, fertilized, and trans-
ferred to the same patient in a subsequent cycle.
With this design, the authors were able to compare
the fertilization and embryo developmental rates of
vitrified and fresh sibling oocytes but not clinical
pregnancy outcomes. Both studies concluded that
similar fertilization and embryo development rates
were achieved with fresh and vitrified oocytes
[19,20] (Table 1).

In the most recently published RCT, Forman
et al. [21

&&

] adopted a unique and innovative design,
which allowed the comparison of clinical outcomes
with nondonor vitrified and fresh oocytes. In this
study, the authors divided retrieved oocytes from
infertile patients less than 35 years of age. One group
of oocytes underwent temporary vitrification while
their counterparts remained in culture. Sub-
sequently, vitrified oocytes were thawed, vitrified
and nonvitrified oocytes were fertilized with ICSI,
and resulting embryos were cultured to the blasto-
cyst stage. Embryos of sufficient quality to transfer
or cryopreserve underwent trophectoderm biopsy
for genotyping and a karyotype was assigned to each
embryo. Blastocysts obtained from vitrified and
fresh oocytes were then transferred in pairs and
embryonic aneuploidy was assessed in each one.
To determine the identity of the implanted
embryos, DNA fingerprinting was performed on
cell-free fetal DNA enriched from maternal serum
specimens drawn at 9 weeks of gestation or on
newborn DNA taken from a buccal swab. The
authors detected no differences between the two
groups regarding aneuploidy. In addition, the
ongoing pregnancy rate per transferred embryo
was similar for vitrified and fresh oocytes. However,
it is noteworthy that the fertilization and embryo
development rates were lower in vitrified compared
with fresh oocytes. This finding is in contrast with
the previous trials reporting similar fertilization and
embryo develoment rates for both nondonor [19,20]
and donor cryopreserved oocytes [15,22] compared
with fresh oocytes. Importantly, the findings of
Forman et al. suggest that oocyte vitrification does
not increase the rate of aneuploidy or diminish the
implantation potential of viable blastocysts. The
Copyright © Lippincott Williams & Wilkins. Unau

1040-872X � 2013 Wolters Kluwer Health | Lippincott Williams & Wilki
authors demonstrate that clinical success rates with
nondonor vitrified oocytes from young infertile
women are similar to their sibling fresh oocytes.

Overall, RCTs investigating the use of cryopre-
served nondonor oocytes from infertile patients
suggest that vitrification is more successful com-
pared with slow freezing [18]; fertilization and
embryo development rates of vitrified oocytes are
comparable to fresh oocytes [19,20]; at least for
women less than 35 years, pregnancy rates and
embryo aneuploidy rates of vitrified oocytes are
similar to fresh oocytes [21

&&

].

Nondonor oocyte cryopreservation:
observational studies
As there are no RCTs comparing slow-frozen oocytes
to fresh oocytes in women undergoing IVF, a
brief review of recent, large observational studies
is warranted.

Many observational studies on the efficacy of
oocyte cryopreservation have been reported and
most of these studies (almost 90% of slow freezing
and 50% of vitrification studies to date) were con-
ducted in centers located in Italy. This is because the
earlier Italian legislation prohibited insemination
of more than three oocytes and banned embryo
cryopreservation, which inevitably forced oocyte
cryopreservation into routine clinical practice.

In the largest of these studies, supernumerary
oocytes from infertile women were cryopreserved
using slow freezing, and 940 thaw cycles were per-
formed in eight centers [38]. The overall survival
rate of thawed oocytes was 55.8%. The fertilization
rate (72.5 versus 78.3%), implantation rate (10.1
versus 15.4%), pregnancy rate per transfer (17 versus
27.9%), and delivery rate per transfer (11.6 versus
21.6%) were all significantly lower for cryopreserved
oocyte cycles compared with fresh cycles. Despite
the reported lower success rates the latter protocol is
still evolving [39]. Recently, Azambuja et al. [40]
using a Na-depleted media and Bianchi et al. [39]
using a modified slow-freezing protocol reported
higher encouraging success rates with slow freezing.

Nondonor oocyte cryopreservation: studies
on novel indications
Although the proposed application of oocyte cryo-
preservation is for preserving fertility in women
with cancer, the data on clinical success of oocyte
cryopreservation in cancer patients are limited.
Consequently, for the purposes of counseling,
success rates might be extrapolated from other
populations.

Cancer patients are treated with the assumption
that their reproductive potential is similar to that of
age-matched healthy individuals. However, studies
thorized reproduction of this article is prohibited.
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evaluating oocyte yield in cancer patients report
conflicting results, some suggesting comparable
results with nondonor patients [43–46], whereas
others suggesting diminished oocyte yield [47–50].
If further studies with larger sample size confirm that
women with cancer have diminished ovarian reserve,
appropriate counseling of these women will be
crucial as women with diminished ovarian reserve
are expected to be more susceptible to gonadotoxic
agents.

More recently, oocyte cryopreservation is used
in poor responders [11], and in situations when
sperm cannot be obtained for IVF [7,8]. Recently,
Cobo et al. [11] reported a new strategy with vitri-
fication for managing poor responder patients. They
suggest that for poor responders, accumulation of
oocytes by vitrification and simultaneous insemina-
tion yields live birth rates comparable to those
in normoresponders.
Donor oocyte cryopreservation

There are two RCTs with vitrified donor oocytes
[15,22] (Table 1). The largest RCT including 600
recipients of donor oocytes demonstrated the non-
inferiority of ongoing pregnancy rates with vitrified
donor oocytes compared with fresh donor oocytes
[15]. This study reported implantation and clinical
pregnancy per embryo transfer rates of 39.9 versus
40.9% and 55.4 versus 55.6% for vitrified donor and
fresh donor oocytes, respectively. Oocyte donors are
women under the age of 35; therefore, the results of
these studies may be extrapolated to young patients
seeking fertility preservation.

With the current reported success with cryopre-
served donor oocytes, it is now possible to justify
and establish oocyte cryobanking. This strategy will
also allow quarantine of oocytes, although donors
are tested and retested to establish absence of sex-
ually transmitted diseases.
TRENDS IN CLINICAL APPLICATIONS OF
NON-DONOR OOCYTE
CRYOPRESERVATION

There are numerous nonrandomized studies inves-
tigating IVF outcome parameters associated with
oocyte cryopreservation. As there are differences
between these studies in design, cryopreservation
protocols, indications for cryopreservation, age of
the patients, number of oocytes thawed and
embryos transferred, it is not appropriate to com-
pare the success between different studies. However,
these studies show that while the clinical success
rates with slow freezing have an increasing trend
with time, vitrification has been more successful
opyright © Lippincott Williams & Wilkins. Unautho
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than slow freezing and stable since the introduction
of this technique irrespective of confounding vari-
ables. Since 2006, implantation and live birth rates
increased from 2 to14% and 2 to 27% [39,40,51] for
slow freezing, whereas they were ranging from 13 to
20% and 23 to 35%, respectively, following a more
closer trend for vitrification [19,20,29,52].
Age trends in clinical application of
nondonor oocyte cryopreservation

Most of the studies published to date reported
results according to the mean ages of the patients,
which range from 29.9�2.3 [21

&&

] and 35.7�5.7
[36]. However, it is not appropriate to use the
reported success rates when counseling patients
individually, as the success of IVF using cryopre-
served oocytes is likely to be affected by the patient’s
age. According to an individual patient data meta-
analysis, live-birth success rates with cryopreserved
oocytes show an age-related decline regardless of the
freezing technique used, and an aged-based prob-
ability of live birth may be calculated for cryopre-
served oocytes [53].

Estimated age-based success rates may also
change according to the indication for oocyte cry-
opreservation, such as elective oocyte cryopreserva-
tion or oocyte cryopreservation in poor responders.
For example, in poor responders, accumulating
cryopreserved oocytes in consecutive cycles fol-
lowed by thaw, ICSI, and embryo transfer is reported
to yield comparable success rates to those observed
in normoresponders [10,11]. In addition, when this
strategy was applied to poor responders over 40, live-
birth/patient success rates were higher (15.8%) for
the vitrified oocyte group compared with the fresh
oocyte group (7.1%) [11].

Recently Melzer et al. [54] reported a similar
approach for patients undergoing EOC. In that
study of 132 patients undergoing multiple cycles
of EOC with an average age of 38.4 at first and 39 at
subsequent cycles, when more than one cycle was
applied, subsequent cycles resulted in greater oocyte
yield, albeit with the implementation of a higher
dose. Although it seems reasonable to accumulate
more oocytes for women over the age of 38, the
ethical implications of the application of higher
cumulative dose of gonadotropins without estab-
lishing whether these oocytes will be used, remains
debatable.
Age trends in elective oocyte
cryopreservation

According to a study reporting on the status of
oocyte cryopreservation in the United States up
rized reproduction of this article is prohibited.
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until mid-2009, among the programs offering EOC,
half accepted women aged 38–40 years, and about
one-third accepted women above 40 years [17].
Supporting this observation, a recent study analyz-
ing 491 women reported that mean age of the
patients undergoing EOC was 38 [55] in accordance
with two other studies [56,57]. Importantly, more
than 80% of women undergoing EOC were over
35 years old (range: 36–41) [56]. Despite the
reported interest of older reproductive-age women
toward oocyte cryorpeservation [55–57], one of
these studies found that the mean age of women
inquiring about this procedure was 35.2�5.4 years
[57]. The same study reported that the age for the
application of EOC decreased from 39þ1.4 years in
2005 to 37.4þ2.3 years in 2011.

The above-mentioned findings show that EOC is
primarily utilized by older reproductive-age women,
although women inquire about the procedure ear-
lier. However, to achieve higher success rates with
IVF, both the age of inquiry and application of EOC
should be at an age younger than 35 years.
CONCLUSION

Following the first live birth with cryopreserved
oocytes in 1986, and a very slow progress for 20
years, clinical outcomes using cryopreserved
oocytes showed significant improvement during
the past decade. Recent RCTs suggest that fertiliza-
tion, embryo development, and pregnancy rates
with vitrified nondonor and donor oocytes are
similar to fresh oocytes, whereas the overall success
rates with slow freezing remain lower compared
with vitrification.

The improvements in the cryopreservation tech-
nique and clinical outcomes are likely to result in an
increased utilization of oocyte cryopreservation in
clinical practice. In order to provide appropriate
counseling to women considering oocyte cryopre-
servation for fertility preservation, as an adjunct to
IVF, or as an elective procedure for deferring child
bearing, it is necessary to delineate age-specific and
indication-specific success rates for this promising
technology.
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