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Abstract

Oocyte cryopreservation represents a great alternative for many women, becoming a
promising choice especially in cases of patients suffering from cancer malignancy. In these
women, the option to reliably cryopreserve oocytes and store them with the intention to
safeguarding their fertility would be quite welcome. In addition, oocyte cryopreservation is
the most valuable option for women who wish to delay their motherhood, a choice that is
increasingly frequent, especially in developed countries, raising the proportion of women at
advanced ages that desire to get pregnant. Oocyte cryostorage results very useful to over-
come the most common drawbacks involved with ovum donation as currently applied, such
as synchronization between donors and recipients, long-waiting lists subject to the avail-
ability of a suitable donor, and, the most important, the absence of a quarantine period.
Oocyte cryostorage brings additional advantages to ART programs being helpful to solve
different clinical situations as in low-responder patients, unpredictable unavailability of
semen sample collection from the male partner, risk of suffering ovarian hyperstimulation
syndrome, or some other cases in which the embryo transfer is not advisable.
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The essential role of cryopreservation in ART has become
obvious since the commencement of the infertility treatment,
becoming a more flexible and efficient practice. Semen and
embryo cryopreservation has been a successful strategy, rou-
tinely applied in IVF procedure for a long time. However, in
spite of numerous studies conducted over the last 20 years,
the reliability of oocyte cryopreservation is just being con-
firmed currently. All of the efforts that have been made are
clearly justified, mostly because an efficient oocyte cryo-
preservation program would be quite welcome and widely
applied in ART, since there are many other indications for
oocytes cryopreservation different of the abovementioned
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egg banking for ovum donation. Potential beneficiaries of
this technology would be cancer patients who need an option
for fertility preservation before undergoing the potential
sterilizing treatment [1], or women who wish to delay their
motherhood due to a variety of reasons [2], government
restrictions on IVF [3, 4], ethical reasons against embryo
cryopreservation, and practical reasons such us unavailabil-
ity of the male gamete the day of pick up, due to a variety of
reasons [5, 6].

Despite all of this wide diversity of potential applications,
egg banking has not been a routine procedure until very
recently; in fact, there are still very few centers worldwide
that routinely apply oocyte cryopreservation in their clinical
routine. This fact can be explained because the methodology
to cryopreserve human oocytes has been disappointing, with
results that have not always been reproducible. Lately, vitrifi-
cation has proven to be a very efficient method for successful
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oocyte cryostorage. Some fundamental principles of cryobi-
ology would be helpful to understand why it has been
extremely difficult to reach the goal of safely cryopreserved
human oocytes.

Cryobiology Background

There are some reasons that could explain the low rate of
successes that has been traditionally observed. Some of them
include the size, shape, and cell number regarding oocytes.
These gametes are the largest cells of the human body, and
this could explain, at least in part, the great differences in
cryotolerance between them and, for example, the spermato-
zoa. In addition, the spherical shape of the oocyte could dis-
turb the uniform distribution of cryoprotectants (CPAs).
Finally, considering the oocytes as a unique cell, they have
only one chance of success, and there are few possibilities to
restore from a serious damage; this situation is completely
different from the one observed in tissues composed by mil-
lions of cells, in which the damage could be compensated in
different proportions.

Other major factors responsible for the high oocyte sensi-
tivity to cryopreservation include chilling injury and intrac-
ellular ice crystal formation. These factors are related to the
cryopreservation method. There are two main strategies in
cryobiology: slow cooling and vitrification. During the for-
mer, the cells are gradually dehydrated in the presence of
CPAs, and the temperature is lowered at a very slow cooling
rate (—0.3°C) [7]. In this way, the cells are exposed to low
temperatures during an extended period of time, which can
lead to what is known as chilling injury [8]. At the final
stage, water solidifies into ice crystals. Chilling injury can be
defined as the irreversible damage following exposure of
cells to low temperatures, from +15 to —5°C before the
nucleation of ice [9]. This detrimental event affects mainly
the cytoskeleton [10] and cell membranes [11]. The ice crys-
tal formation within the cytoplasm must be avoided at all
cost in order to guarantee the survival and integrity of the
cells when they are later thawed. Chilling injury can be mini-
mized during vitrification by use of high cooling rates.
Moreover, as the sample vitrifies, ice crystal formation is
avoided [12].

Vitrification, in particular by means of methodologies
that use a minimum volume, is altering this situation by pro-
ducing results that have not been achieved with other
approaches [S]. The physical phenomenon of vitrification
takes place when the solidification of the solution occurs not
by ice crystallization but by extreme elevation in viscosity,
which is achieved by using high cooling rates from —15,000
to —30,000°C per minute, therefore avoiding the risk of
chilling injury [12]. This ice-free cryopreservation method
has undergone modifications in order to optimize results.
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One such modification has been to reduce the volume of
the vitrification solution containing oocytes, which allows
the CPA concentration and, consequently, the cytotoxicity to
be decreased [13, 14]. As abovementioned, this procedure
circumvents the two major limiting factors for achieving
optimal cryopreservation: chilling injury [13] and ice forma-
tion [15]. Chilling injury can be minimized during vitrifica-
tion by use of high cooling rates [12]. The velocity of the
process is dependent on the volume of the vitrification solu-
tion. Thus, the smaller the volume of the sample, the higher
the cooling rate. On the other hand, direct contact with lig-
uid nitrogen also contributes to increase the cooling rate. To
avoid ice formation, the vitrification technique makes use of
high CPA concentrations [12] despite the fact that such high
concentrations are considered toxic to cells [16]. Nonetheless,
an appropriate, phased composition of CPA could mitigate
the toxic and osmotic consequences of highly concentrated
CPAs [5]. In this way, a combination of two or three of these
agents can decrease the individual specific toxicity. The
most common mixture employed for this purpose consists of
EG, DMSO, and sucrose [5]. To optimize the results, in
addition to an appropriate selection of CPAs, it is also help-
ful to use these agents at lower concentration while main-
taining the necessary concentration to achieve vitrification.
By dramatically increasing the cooling rate, the CPA con-
centration could be reduced. As a result, a high cooling rate
avoids chilling injury and allows the reduction of the con-
centration of CPA, thereby preserving the cells at nontoxic
concentrations of CPA. Several approaches fit these condi-
tions. The “minimum drop vitrification” method was pro-
posed by Arav, using a very small volume of vitrification
solution placing the samples on a specific device which must
be cooled very quickly [17]. High cooling rates are achieved
when samples are loaded in minimum volume that are
directly immersed in LN. These methods are also known as
open systems. Such high rates are impossible to achieve
with hermetically closed vials, which are used in closed sys-
tems. Nevertheless, it is worth mentioning that the direct
contact of samples with LN has raised some concerns due to
the theoretical risk of cross-contamination mainly because
the LN itself has been considered as a potential source of
pathogen agents. Even though, no any case of cross-contam-
ination has ever been reported in ART in many years of prac-
tice, highlighting that such eventuality could be extremely
unlikely.

On the other hand, the limit imposed by the cooling rate
could be restricted to oocytes since satisfactory results have
been obtained after the vitrification of embryos at different
developmental stages using closed systems. In any case,
there are no formal comparative studies which make possible
to draw definitive conclusions. A wide variety of open
approaches have been reported in the literature [18-23] as
well as closed ones [24, 25].
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Clinical Outcomes

A review on human oocyte cryostorage based on all reports
on vitrification MII oocytes and providing data regarding
implantation and pregnancy outcome depicts the situation of
the clinical application of human oocyte cryopreservation
[26]. It is worth mentioning that nearly all of these studies
assessed employed open systems for vitrification, highlight-
ing the advantage of these systems with regard to oocyte
cryopreservation and its most wide application for clinical
practice in humans. Within this session, we will focus on our
clinical experience using the Cryotop method for vitrifica-
tion [27]. This device consists of a fine transparent polypro-
pylene film attached to a plastic handle and equipped with a
cover straw, into which can be loaded very small volumes of
oocytes (up to ~0.1 pL), 10 times lower than the capacity of
other minimum volume devices [27].

Our first approach with the vitrification of donor oocytes
using the Cryotop method was carried out through the simul-
taneous comparison of the outcome of both vitrified and fresh
oocytes from the same ovarian stimulated cycle; we con-
firmed the potential of vitrification of oocytes using this
methodology [28]. We obtained a 96.7% survival rate and
detected no significant difference in fertilization rates (76.3
and 82.2%), day 2 (94.2 and 97.8%) or day 3 embryo cleav-
age rates (77.6 and 84.6%), or blastocyst formation rates
(48.7 and 47.5%) for vitrified and fresh oocytes, respectively.
In that study, either vitrified or fresh oocytes belonging to the
same cohort were simultaneously inseminated using the same
semen sample. In this way, we were able to analyze the poten-
tial of vitrified and fresh oocytes under exactly the same con-
ditions. The ratios of good quality embryos on day 3 and at
blastocyst stage were similar in both groups. Pregnancy,
implantation, miscarriage, and ongoing pregnancy rates
(OPRs) per transfer were 65.2, 40.8, 20, and 47.8%, respec-
tively. The potential use of this approach for fertility preser-
vation in cancer patients as well as in other clinical situation
in ART has also been highlighted [1, 29].

Although these evidences have been encouraging, the
need of a controlled clinical trial to test the efficiency of
oocyte vitrification was mandatory. A randomized, prospec-
tive, triple-blind, single-center, parallel group controlled
clinical trial, including 600 recipients from our ovum dona-
tion program, aimed to compare the outcome of vitrified-
banked oocytes to the gold standard procedure employing
fresh oocytes that has been published by our group [30]. The
study was designed to establish the superiority of the OPR of
fresh oocytes over that of vitrified oocytes. The primary end
point, the OPR per intention-to-treat (ITT) population, was
43.7% for vitrified oocytes, over 41.7% for fresh ones. As
shown by the OR, we failed to prove the superiority of fresh
oocytes over the vitrified oocytes, and moreover, we were
able to assume the noninferiority of the vitrification group.
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Additionally, the proportion of top-quality embryos obtained
either by inseminated oocyte (30.8% vs. 30.8% for day 2 and
36.1% vs. 37.7% for day 3, for vitrified and fresh oocytes,
respectively) or by cleaved embryos (43.6% vs. 43.8% for
day 2 and 58.4% vs. 60.7% for day 3, respectively) was simi-
lar between groups.

The outcome achieved in this controlled randomized clin-
ical trial confirmed demonstrates that cryobanking by apply-
ing the vitrification technology can provide successful
clinical outcome in oocyte donation programs helping to the
validation of this strategy. With no doubt, it is of great impor-
tance to ovum donation procedures, as it allows traditional
drawbacks associated with the use of fresh oocytes to be
overcome. Supported by all this evidence, we have estab-
lished an oocyte bank that currently operates to meet the
basic needs of our donation program contributing greatly to
improve the logistics of the program and, what is also rele-
vant, allowing us to keep the quarantine period. To date, we
have performed 1,856 ovum donation cycles involving
23,000 cryostored oocytes with an overall survival rate over
90%. A mean number of 1.6+0.7 embryos have been
replaced, and an OPR of 47.7% has been achieved. A 63.6%
of the patients were able to vitrify surplus embryos; there-
fore, the cumulative OPR after cryotransfers has been over
60%. Additionally to ovum donation, we have applied oocyte
cryopreservation in cases of infertile patients with own
oocytes due to the risk of suffering ovarian hyperstimulation
syndrome (OHSS), no available semen sample the day of
ovum pick-up or many other situations in which the embryo
transfer was not advisable. In nearly 450 cycles (mean age
47.4+4.5), the overall survival rate was 84% with a clinical
pregnancy rate of 41.5% and 32.8% of implantation rate.
Oocyte vitrification has been applied for fertility preserva-
tion in cancer patients (N=70; mean age 32.7+5.7) and for
social reasons (N=158; 35.2+5.8), however no warming
procedures have been performed to date.

Other authors have confirmed the excellent profile of
oocyte vitrification either with autologous or donated oocytes.
Rienzi et al. showed in a prospective, randomized sibling
study conducted with autologous oocytes that oocyte vitrifi-
cation procedure is not inferior to fresh insemination proce-
dure achieving comparable ongoing clinical pregnancy rates
[31]. A very recent study has prospectively compared an
open vs. closed system between fresh and sibling vitrified
oocytes [32]. These authors have observed an impairment of
embryo quality after employing the closed system. In con-
trast, the parameters analyzed were similar between fresh
and sibling oocytes vitrified using the open system. Other
authors have also endorsed the suitability of oocyte vitrifica-
tion by the Cryotop method in an oocyte donation program
[33]. These authors recommend this approach to be applied
in infertile patients with different indications within a routine
IVF program. All these evidences strongly support the effi-
ciency of oocyte vitrification.



526

A. Cobo

Practical Aspects of Oocyte Vitrification
Laboratory Procedure

Aspirate the oocytes from the culture dish and keep them
at the tip of the capillary or Pasteur pipette and transfer
them within minimum drop volume to 20 pL of buffer
solution (BS) supplemented with 20% serum substitute
into a reproplate well (Kitazato, Biomedical Supply,
Tokyo, Japan) (Fig. 57.1).

Add 20 uL of equilibration solution (ES) containing 7.5%
ethylene glycol (EG) and 7.5% dimethyl sulfoxide
(DMSO) surrounding the previous drop containing the
oocytes (Kitazato, Biomedical Supply, Tokyo, Japan).
Wait for 3 min at room temperature (Fig. 57.1).

Add another drop of 20 puL of ES in the same way as in the
previous step and wait for 3 min more.

Add 240 pL of ES slowly circling the previous drops and
wait between 6 and 9 min. At the end of this step, the
oocytes should be re-expanded and should recover their
original appearance (Fig. 57.1).

Vitrification

ES

!

6 120r15min

Fig.57.2 Vitrification procedure

After equilibrium, aspirate the oocytes at the tip of the
pipette. Afterward, place them on the surface of the vitri-
fication solution (VS) containing 15% EG plus 15%
DMSO in BS solution (Fig. 57.1). Try to carry a mini-
mum volume of ES solution. Note that the oocytes will
float due to the high density of the VS media.

Dispense 300 pL of VS solution into two well of the
reproplate (Kitazato, Medical Supply, Tokyo Japan).
Remove the ES medium just placed together with the
oocytes (it will be noted clearly due to the difference in
density) and wash the pipette outside the VS well. Keep
removing continuously and keep on discarding the
medium outside the plate. Repeat this operation as many
times as possible within 30 s (Fig. 57.2).

Aspirate the oocytes and bring them to the bottom of the
plate (the floating will stop as soon as they start to equili-
brate with the medium).

Repeat the same procedure in the next VS well. Place the
oocytes in the bottom of the plate and move them many
times around the well, repeating the washing process
during 30 more seconds.

Aspirate the oocytes and maintain them at the tip of the
pipette within minimum volume of VS.

Place the Cryotop under the microscope.

Proceed to load the oocytes onto the Cryotop within mini-
mum volume.

Aspirate excess medium to make sure they are contained
within minimum volume.

Immerse the Cryotop directly into the liquid nitrogen con-
tainer (Fig. 57.2).

Place the plastic protector Cryotop.

Transfer the oocytes to the storage tank.

D) )

Cryotop

!/Q

LN2 container
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Warming
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Imin, 37°C

Fig. 57.3 Warming and dilution procedure

Warming Procedure

¢ Remove the Cryotops from the storage tank and handle them
submerged into liquid nitrogen. Avoid temperature changes.

* Remove the protective straw maintaining the Cryotops
immersed in liquid nitrogen.

* Remove Cryotop from the liquid nitrogen container and
submerge it instantly (straight and quick movement) into
1.5 mL of a solution containing 1.0 M sucrose (TS)
(Kitazato, Medical Supply, Tokyo, Japan) (Fig. 57.3).

e Visualize the oocytes and immediately start the count-
down to 60 s.

* Do not manipulate the oocytes within the first 40 s.

e Retrieve the oocytes from the Cryotop with very gentle
manipulations within a minute in TS solution.

e Transfer the oocytes to the DS well in the reproplate
(Fig. 57.3). Aspirate the oocytes very gently and continue
to aspirate TS until the column reaches approximately
2 mm in length (Fig. 57.3).

» Take the pipette to the DS well and immersed it to the bot-
tom. Dispense the 2-mm column at first. The column of
TS within DS will be clear due to the difference in density
of both (Fig. 57.3). Leave the oocytes on the “top” of this
column. Wait for 3 min.

e Transfer the oocytes to well WS (BS supplemented with
20% SSS) exactly as in the previous step. Wait for 5 min.

» Transfer the oocytes to the next well of WS well. Leave
the oocytes on the surface of this media; they will drop
down immediately due to the absence of differential den-
sity between media. Wait for 1 min.

e Transfer the oocytes to the regular culture dish and place
them in the incubator at 37°C Wait for 2 h before ICSI.

WS1 WS2

61min

65min
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