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ABSTRACT

Scientific Advances in Fertility Preservation In recent years; the results have been of great importance in preserving
fertility in women, especially in patients exposed to conditions harmful to fertility. Thus, cryopreservation of human
gametes, embryos and ovarian tissues has become an essential part of assisted reproduction. This approach limits the
number of embryos transferred, while additional eggs and/or embryos can be used for subsequent treatment cycles.
There are concerns about this and among them; cryopreservation reduces the potential risk of hyperstimulation
syndrome. Cryopreservation is carried out by two techniques; the method of slow freezing, the last of which is a
procedure called the vitrification technique. In recent times due to the success and simplicity of glazing, the balance
between these two methods of glazing has changed. The use of the slow freezing method has become controversial
due to its difficulties, expense, and low success rates in artificial reproduction. Therefore, vitrification always seems
to win meager, without provoking a failure of artificial reproduction and in the future cryopreservation will be the
most interesting method in the world.

Keywords: Ovarian tissue cryopreservation; Vitrification; Oocyte cryopreservation; Blastocyst Stage Cryopreservation

Abbreviation: OTC: Ovarian Tissue Cryopreservation; FDP: Flexipet-Denuding Pipettes; EM: Electron-Microscopic;
ICSI: Intracytoplasmic Sperm Injection; CPAs: Cryoprotectant Agents.

can provide positive results in artificial reproduction with respect
to high cumulative rates of clinical and continuous pregnancy.
Additionally, the cost of a live birth can be reduced and the
chances of a multiple pregnancy also avoided when a single embryo
is transferred given the results of the effectiveness of anticancer

INTRODUCTION

The results of fertility preservation have been adhered to that
cryopreservation methods for both human eggs and embryos are
universally luxurious, and recently, fully ovarian and ovarian tissue,

mandatory, in certain circumstances, and useful tools in advanced
techniques for artificial reproduction [1-3]. It has been emphasized
that the routine use of a good and safe cryopreservation program

therapies, effective early disease diagnosis of gynecological
cancers, increased longterm survival of cancer patients and long-
term complications of anti-cancer therapies. From this point of
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view, fertility preservation is also seen as a viable option where
preservation of gametes in females is fundamental. Fertility
preservation over the excitement of preserving gametes is not a new
idea and has a history of nearly 200 years. In 1776, Spallanzani
et al. first recorded successful cooling and reheating of sperm in
snow [4]. Since then, great progress has been made and two main
methods, slow freezing and vitrification, have been implemented in
cryopreservation of human gametes and embryos. Unfortunately,
initial applications of cryopreservation had low success with poor
cell viability and poor clinical outcomes [5]. Potential cell damage
that occurs during cryopreservation techniques and toxic damage
to antifreeze materials are major limiting factors for clinical
success [6]. Notably, three potential cellular damages during
cryopreservation were previously identified. The first is cryogenic
injury that occurs at higher temperatures such as between +15°C to
-5°C. This injury mainly damages the droplets and the cytoplasmic
lipid microtubules including the meiotic spindle [6,7]. The next
and most common damage is the formation of intracellular ice
crystals, which are the main source of breakage and damage to the
zona pellucida or cytoplasm occurring between -50°C to -150°C
[8-10]. The last one was treated below -150°C, which was defined
as the least severe [11-13]. Better and favorable clinical outcomes
can be achieved through modification of techniques and the
use of both intracellular and extracellular antifreeze materials
combined. Then, after the potential damage and toxic cells are
overcome through laboratory experience and increased success
with each cycle of cryopreservation, the battle for vitrification and
slow freezing will begin. Therefore, this study attempts to compare
and define the cryopreservation technology that will survive in the
future ] Reprod Infertil. 2010.

CRYOPRESERVATION OF OVARIAN TISSUES
AND EMBRYOS

The method of slow freezing is the former first method, which
is also known as equilibrium freezing due to fluid exchange
between the excess spaces and within the cell of cells, allowing
freezing without serious osmotic effects and deforming cells [14-
17]. Hence, it has been accepted to be a safe procedure due to
non-serious toxic and osmotic damage due to the relatively low
concentration of antifreeze solutions. In the past decades, the slow
cooling procedure has been used for cryopreservation, but over the
past few years it has been suggested that the vitrification method
may be a valuable alternative to these procedures [18,19]. When
comparing the principles, procedures, and results of slow cooling
and vitrification protocols, Koleshova and Lobata state that both
methods have resulted in successful preservation of human eggs
and embryos, but the former gave much lower success rates [6]. To
a large extent, it is generally claimed that the low concentration
of antifreeze used in modified slow freezing is insufficient in
preventing the formation of ice crystals. Ice crystals in and out of
the cell are the main sources of fractures and damage to the zona
pellucida or cytoplasm resulting in reduced cell viability. Therefore,
in early 2005, opinion articles as well as studies began to emphasize
that vitrification may be a better alternative to cryopreservation
for inoculated animals and human embryos rather than the slow
rate method. Vitrification was first introduced clinically in the
early 1980s. In 1985, Ral and Fahey reported the effectiveness
of vitrification in cryopreservation of embryos [20]. This method
is an unbalanced method in which cells rapidly sink into liquid
nitrogen at -196 ° C after a short period of equilibrium and
subsequent glass-like hardening. However, the method requires a
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high cooling rate along with higher concentrations of antifreeze,
which may lead to toxic and osmotic effects on cells [17, 19].
Thus, an increased possibility of all other cell injury forms with the
exception of ice crystal formation has been emphasized. However,
contrary to this hypothesis, vitrification offers a new perspective in
attempts to develop optimal cryopreservation, by producing glass
like cell hardening, completely without ice crystallizing inside cells
during the cooling and heating processes [21]. Physically, there is
a close correlation with the rate of cooling and concentration of
antifreeze materials as the higher cooling rate reduces the required
concentration of antifreeze and vice versa, Therefore, establishing
specific balances between the highest reliable cooling rate (and
warming) and a safe concentration of antifreeze without any toxic
effect is critically necessary to prevent cell damage resulting in
vitrification [22-25]. Therefore, vitrification bypasses the severe
cytotoxicity resulting from the high concentration of antifreeze
required by the above techniques, by introducing antifreeze
materials with higher membrane permeability and lower toxicity,
along with an appropriate concentration of impermeable
antifreeze protective. Vitrification can be introduced without
the use of expensive equipment and can be completed by a
single embryologist within a few minutes, providing significant
benefits to any busy IVF program [7]. Notably, groups working
in the field of vitrification have established their own unique
procedures, by making adjustments in antifreeze concentration,
cooling rate and/or carriers, and have attempted to demonstrate
their superiority.

INDICATIONS FOR OVARIAN TISSUE
CRYOPRESERVATION (OTC)

Ovarian tissue cryopreservation (OTC) has a single objective:
maintenance of the ovarian structure and physiology, benefiting
multiple target patients in different situations. OTC has been
indicated mainly to safeguard fertility in cancer patients at risk of
ovarian insufficiency and infertility due to gonadotoxic treatments
[26]. Moreover, this is the only fertility preservation alternative for
prepubertal patients, since in these cases, protocols for ovarian
stimulation and oocyte collection are not possible [27]. However,
patients with benign conditions such as recurrent ovarian cysts,
ovarian torsion, endocrine disorders, and autoimmune diseases
may also benefit from this promising technique [26,28]. The
OTC technique has enabled the birth of more than 130 healthy
babies worldwide [29]. When followed by auto-transplantation,
success rates are high regarding the reestablishment of ovarian
activity (63.9%) and natural live births (57.5%), according to a
meta-analysis performed in 2017 [30]. Yet to be mentioned is the
growing interest of women in postponing their first pregnancy,
owing to education, career planning, or financial instability or even
to possible difficulties in finding a partner. [31]. The mean age
at first pregnancy has increased by 2-4 years in the last 35 years
and now is above 30 years [32]. Since both the quality and the
amount of follicles decrease considerably with age, cryostorage
is an alternative for improving pregnancy outcomes patient, the
possibility of transposing the left ovary and removing the right
ovary in order to freeze ovarian tissue for oocyte cryo-banking.
Counselling covered the issue of freezing methods and future
technologies as well as the ethical considerations. Laparotomy
was carried out and after left ovarian transposition, the right ovary
was surgically removed and washed with saline; the outer 2-4 mm
layer was dissected into cubes and frozen according to the protocol

described by Newton et al. (1996). (Figure 1-3)
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Figure 1: (Left) Computed tomography: Rectal Adenocarcinoma (arrows). (Right) Transposed ovary: Evidence of Follicular development (F) after pelvic

radiotherapy (arrows).
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Figure 2: (Left) Right ovary: cystic formation (C) with intracystic vegetations (arrows) (vaginal ultrasound (resistance index: 0.40). (Right) Left ovary:
borderline tumour (arrows) which occurred 3 months after removal of the right ovary. T=tumour; O=ovary.

Figure 3: (Left) Vaginal Echography: large ovarian cystic tumour with numerous thick septa. (Right) Computed tomography: cystic structure appeared
within 3 months, indicating rapid growth of the left ovarian borderline tumour. K=cyst; U=uterus.

This case, as well as case report 3, highlighted the possibility of the
rapid occurrence of a borderline tumour of the contralateral
ovary even if a biopsy had previously demonstrated the absence
of any suspected lesions. In this case, the rapid occurrence
and growth of the ovarian tumour led to an overdue removal of
ovarian cortex with almost no oocytes. In these four case studies,
the indications and patients’ desire for cryopreservation of ovarian
tissue is clear. Case reports 3 and 4 strongly suggest removing a large
ovarian cortex biopsy (1 cm long, 4 mm wide) at the time of firstlook
surgery, that is at the time of the initial surgery for a unilateral ovarian
borderline tumor Donnez and Bassil et al 1998.

VITRIFICATION

More recently, human ovarian tissue has also been cryopreserved
by means of vitrification. So far, only 2 live births have been
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reported after cryopreserving human ovarian tissue using this
procedure [33,34]. Vitrification is a process of converting a
supercooled liquid into a glass-like amorphous solid, preventing
ice crystal formation [33]. Vitrification processes are based on
an ultrafast cooling rate combined with a high concentration of
CPAs [35]. However, high concentrations of CPAs have toxic
effects on the cells [33]. Because of this, vitrification methods
usually use a combination of two or more CPAS [33-36], so
that the sum of their concentrations supports vitrification,
while the low concentration of each CPA reduces their toxic
effects [37]. In theory, any permeating CPA may be used for
vitrification. However, ethylene glycol is being established
as the best choice [38], because of its low toxicity and rapid
diffusion into cells. Another factor that influences vitrification
is the volume of the sample. The smaller the sample, the less
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liquid is required to be cooled, and the lower the probability
of ice crystal formation [39]. To achieve low volumes of liquid,
different approaches are used, such as medium droplets [39,40],
a solid surface, a silver closed vitrification system, and plastic
straws. Cryopreservation by vitrification is attractive because it
is a quick and easy procedure and does not require special and
expensive equipment. Although it seems simple to perform, if
cooling rates are not fast enough, crystallization may occur. In
a successful vitrification, the tissue and surrounding solution
become transparent, whereas failed vitrification is characterized
by an opaque white sample, meaning ice crystals have formed.
Despite the growing popularity of this type of preservation, it is
still rarely used for ovarian tissue preservation. Unlike the slow
freezing procedure, there is no standard vitrification protocol for
ovarian tissue. Apart from the 2 babies reported by the Japanese
group [40,41], promising results using vitrified ovarian tissue were
also reported by Kiseleva et al. [42]. In their case study, vitrified
ovarian tissue showed recovery of its reproductive potential after
auto transplantation [43].

OOCYTE CRYOPRESERVATION

Cryopreservation of human gametes and embryos has been known
to result in different success rates based on the developmental
stages of cells [12]. Mainly, the immature cells seem to be more
sensitive than the latter stages, concerning clinical and laboratory
applications or procedures. The methods of cryopreservation,
especially vitrification, surely affect cells and cause damages due
to harmful non-physiological conditions. The human oocyte
ultra-structure is quite sensitive to changes of temperature and
extracellular osmotic pressure. Thus, during freezing and thawing
human oocyte can undergo several types of cellular damage such as
cytoskeletal disorganization, chromosomal or DNA abnormalities,
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spindle disintegration, premature cortical granule exocytosis,
related hardening of the zona pellucida and plasma membrane
disintegration [44,45]. (Figure 4-6)

Qocyte cryopreservation is technically challenging due to the
biological characteristics of the metaphase II (MII) oocyte. These
include large cell size, high water content and a delicate, active
meiotic spindle structure. Oocyte cryopreservation by vitrifica-
tion is the standard practice to maximize the probability of oocyte
survival Lew et al 2019.

BLASTOCYST STAGE CRYOPRESERVATION

Blastocyst freezing has three major rationales: 1* the superiority of
blastocyst-stage over earlier stage freezing in terms of implantation
per thawed embryos which improves the overall expectations for
cryopreservation programmes; 2* maximizing the cumulative
pregnancy rates per oocyte retrieval; and 3*extended in-vitro culture
of human embryos is becoming more common, encouraging the
routine use of blastocyst transfer in IVF programs which is of
reduced chances for multiple pregnancies [46]. Blastocysts and
further stages of human embryos have different physiological
requirements than early stage embryos. These requirements affect
the survival rate of the organism exposed to harmful conditions
like ultra-rapid freezing. A major factor that affects the survival rate
of blastocyst is the fluid-filled cavity called blastocoele. As expected,
the formation of intracellular ice crystals is directly proportional
to the volume of blastocoele. Vanderzwalmen et al. initially
encountered low survival rates after vitrification of blastocysts
[19,25]. However, they were able to overcome the problem by
reducing the size of the blastocoelic cavity through puncturing
it with a special pipette before the procedure Reprod [47], by
kewise, Mukaida et al. reported artificial shrink-age in blastocyst
vitrification with increased success of the technique [48, 49].

Oocyte Cryopreservation is a Mainstream
Treatment

Qocyte cryopreservation is an option for women
and may provide future opportunities to

Level of evidence:  Level 4 Expert Opinion

GRADE: Strong, high

conceive. .
Level of consensus: alpha
Figure 4: Oocyte cryopreservation is a mainstream treatment.
Method of freezing: Level of evidence: Level 1A

Vitrification is currently the most effective
method for mature (MII) oocyte
cryopreservation.

GRADE: Strong, high

Level of consensus: alpha
Figure 5: Method of freezing.
Qocyte Survival: Level of evidence: Level 1A

‘Women should be made aware that not all
oocytes will survive warming.

GRADE: Strong, high

Level of consensus: alpha

Figure 6: Efficacy related parameters in both study groups.
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Nonetheless, nowadays, without artificial shrinkage or puncturing,
blastocyst vitrification has tended to be extremely successful with
increased clinical outcomes.

CONCLUSION

Cryopreservation of both ovarian tissue and the whole organ
has been proved a feasible technique in fertility preservation.
Nevertheless, transplantation of ovarian tissue or cortex is precisely
working whereas some advances in improving follicular survival
in the whole ovary transplantation is necessary. However, in the
near future the cryopreservation of ovarian tissue and the whole
ovary seems to replace oocyte banking for fertility preservation. On
the other hand, oocyte banking should be the selected method in
fertility preservation and artificial reproductive techniques where
absolute follicular depletion or loss is not expected, especially in
the ethical point of view. Nonetheless, great opportunities have
been witnessed in cryopreservation and all developmental stages
of gametes or generated embryos, as well as tissue, and the whole
ovary could be cryopreserved with amazing success. OTC has
been increasingly applied to preserve fertility of cancer patients
and women with benign conditions and, more recently, has been
discussed as a strategy for postponing pregnancy and menopause
in healthy women. While more robust results have been reported
for slow freezing procedures, various centers worldwide have
started to test vitrification protocols. Nevertheless, optimization of
both cryopreservation strategies and thawing/warming protocols
is necessary to improve the survival of follicles in cryopreserved
ovarian tissue. vitrification seems to have replaced the former
slow rate freezing protocols by improved survival and clinical
outcomes. Although different stages of human gametes and
embryos show different physiological needs and features that can
affect the survival rate, especially, upon laboratory procedures.
Undoubtedly, outcomes of vitrification of human embryos at
different developmental stages are quite encouraging. Therefore,
vitrification should be accepted as a real, viable and a more efficient
alternative for cryopreservation of human embryos.

REFERENCES

1. Trounson A, Mohr L. Human pregnancy following cryopreservation,
thawing and transfer of an eight-cell embryo. Nature. 1983; 305: 707-
7009.

2. Chen C. Pregnancy after human oocyte cryopreservation. Lancet.

1986; 1: 884-886.

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

4. Spallanzani L. Opuscoli di Fisica Anamale e Vegitabile Opuscola I1.
Observationi e sperienze intorno ai vermi celli spermatica dell homo e

degli animali; Modena: 1776.

5. van Uem JF, Siebzehnriibl ER, Schuh B, Koch R, Trotnow S, Lang
N. Birth after cryopreservation of unfertilized oocytes. Lancet. 1987;
1: 752-753.

6. Kuleshova LL, Lopata A. Vitrification can be more favorable than slow

cooling. Fertil Steril. 2002; 78: 449-454.
7. Katayama KP, Stehlik ], Kuwayama M, Kato O, Stehlik E. High

survival rate of vitrified human oocytes results in clinical pregnancy.

Fertil Steril. 2003; 80: 223-224.
8. Testart J, Lassalle B, Belaisch-Allart ], Forman R, Frydman R.

Cryopreservation does not affect future of human fertilised eggs.

Lancet. 1986; 2: 569.

] Fertil In vitro IVF Worldw Reprod Med Genet Stem Cell Biol, Vol. 9 Iss.1 No: 224

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

OPEN aACCESS Freely available online

Ménézo Y, Nicollet B, Herbaut N, André D. Freezing cocultured
human blastocysts. Fertil Steril. 1992; 58: 977-980.

Fabbri R, Porcu E, Marsella T, Rocchetta G, Venturoli S, Flamigni C.
Human oocyte cryopreservation: New perspectives regarding oocyte

survival. Hum Reprod. 2001; 16: 411-416.
Fosas N, Marina F, Torres PJ, Jové I, Martin P, Pérez N, et al. The

births of five Spanish babies from cryopreserved donated oocytes.

Hum Reprod. 2003; 18: 1417-1421.

Veeck LL. Does the developmental stage at freeze impact on clinical

results post-thaw? Reprod Biomed Online. 2003; 6: 367-374.

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

Kuwayama M, Vajta G, Kato O, Leibo SP. Highly efficient vitrification
method for cryopreservation of human oocytes. Reprod Biomed

Online. 2005; 11: 300-308.

Vajta G, Nagy ZP. Are programmable freezers still needed in the
embryo laboratory? Review on vitrification. Reprod Biomed Online.

2006; 12: 779-796.

Fuller B, Paynter S, Watson P. Cryopreservation of human gametes
and embryos. In: Fuller B, Lane N, Benson E, editors. Life in the
frozen state. Boca Raton: CRC Press; 2004; 505-541.

Mazur P. Equilibrium, quasi-equilibrium and non-equilibrium freezing

of mammalian embryos. Cell Biophys. 1990; 17: 53-92.

Aman RR, Parks JE. Effects of cooling and rewarming on the meiotic
spindle and chromosomes of in vitro-matured bovine oocytes. Biol

Reprod. 1994; 50: 103-110.

Fuller B, Paynter S. Fundamentals of cryobiology in reproductive

medicine. Reprod Biomed Online. 2004; 9: 680-691.

Kuleshova L, Gianaroli L, Magli C, Ferraretti A, Trounson A. Birth
following vitrification of a small number of human oocytes: Case

report. Hum Reprod. 1999; 14: 3077-3079.
Yoon TK, Kim TJ, Park SE, Hong SW, Ko ]JJ, Chung HM, et al. Live

births after vitrification of oocytes in a stimulated in vitro fertilization-

embryo transfer program. Fertil Steril. 2003; 79: 1323-1326.

Yoon TK, Chung HM, Lim JM, Han SY, Ko J]J, Cha KY. Pregnancy
and delivery of healthy infants developed from vitrified oocytes in a
stimulated in vitro fertilization-embryo transfer program. Fertil Steril.

2000; 74: 180-181.

Johnson MH, Pickering SJ. The effect of dimethylsulphoxide on the
microtubular system of the mouse oocyte. Development. 1987; 100:

313-324.
Vanderzwalmen P, Bertin G, Debauche Ch, Standaert V, van

Roosendaal E, Vandervorst M, et al. Births after vitrification at morula
and blastocyst stages: Effect of artificial reduction of the blastocoelic

cavity before vitrification. Hum Reprod. 2002; 17: 744-751.

Mukaida T, Nakamura S, Tomiyama T, Wada S, Kasai M, Takahashi K.
Successful birth after transfer of vitrified human blastocysts with use of a
cryoloop containerless technique. Fertil Steril. 2001; 76: 618-620.

Gellert SE, Pors SE, Kristensen SG, Bay-Bjorn AM, Ernst E, Yding
Andersen C. Transplantation of frozen-thawed ovarian tissue: An
update on worldwide activity published in peer-reviewed papers and

on the Danish cohort. ] Assist Reprod Genet. 2018; 35: 561-570.

Donnez ], Dolmans MM. Fertility preservation in women. N Engl ]

Med. 2018; 378: 400-401.

Donnez J. Fertility preservation in women, focusing on cancer, benign
diseases and social reasons. Minerva Ginecol. 2018; 70: 385-386.

Donnez J, Dolmans MM. Fertility Preservation in Women. N Engl ]
Med. 2017; 377: 1657-1665.



Zarqaoui M, et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

] Fertil In vitro IVF Worldw Reprod Med Genet Stem Cell Biol, Vol. 9 Iss.1 No: 224

Pacheco F, Oktay K. Current success and efficiency of autologous
ovarian transplantation: A meta-analysis. Reprod Sci. 2017; 24: 1111-
1120.

Hammarberg K, Clarke VE. Reasons for delaying childbearing—A
survey of women aged over 35 years seeking assisted reproductive

technology. Aust Fam Physician. 2005; 34: 187-188.

Organisation for Economic Co-operation and Development. Paris:
OECD Family Database: Age of mothers at childbirth and age-specific
fertility. Retrieved from: http://www.oecd.org/els/family/database.
htm.

Kawamura K, Cheng Y, Suzuki N, Deguchi M, Sato Y, Takae S, et al.
Hippo signaling disruption and Akt stimulation of ovarian follicles
for infertility treatment. Proc Natl Acad Sci USA. 2013; 110: 17474-
17479.

Suzuki N, Yoshioka N, Takae S, Sugishita Y, Tamura M, Hashimoto
S, et al. Successful fertility preservation following ovarian tissue
vitrification in patients with primary ovarian insufficiency. Hum

Reprod. 2015; 30: 608-615.

Yavin S, Arav A. Measurement of essential physical properties of
vitrification solutions. Theriogenology. 2007; 67: 81-89.

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: 1094-1097.
Kagawa N, Kuwayama M, Nakata K, Vajta G, Silber S, Manabe N, et

al. Production of the first offspring from oocytes derived from fresh
and cryopreserved pre-antral follicles of adult mice. Reprod Biomed

Online. 2007; 14: 693-699.
Li YB, Zhou CQ, Yang GF, Wang Q, Dong Y. Modified vitrification

method for cryopreservation of human ovarian tissues. Chin Med J.

2007; 120: 110-114.

Xiao Z, Zhang Y, Fan W. Cryopreservation of human ovarian tissue
using the silver closed vitrification system. ] Assist Reprod Genet.

2017; 34: 1435-1444.

40.

41.

42.

43.

4.

45.

46.

47.

48.

49.

OPEN aACCESS Freely available online

Wusteman M, Robinson M, Pegg D. Vitrification of large tissues with
dielectric warming: Biological problems and some approaches to their

solution. Cryobiology. 2004; 48: 179-189.

Huang L, Mo Y, Wang W, Li Y, Zhang Q, Yang D. Cryopreservation
of human ovarian tissue by solid-surface vitrification. Eur J Obstet

Gynecol Reprod Biol. 2008; 139: 193-198.

Gandolfi F, Paffoni A, Papasso Brambilla E, Bonetti S, Brevini
TA, Ragni G. Efficiency of equilibrium cooling and vitrification
procedures for the cryopreservation of ovarian tissue: Comparative

analysis between human and animal models. Fertil Steril. 2006; 85:
1150-1156.

Kiseleva M, Malinova I, Komarova E, Shvedova T, Chudakov K. The
Russian experience of autotransplantation of vitrified ovarian tissue to
a cancer patient. Gynecol Endocrinol. 2014; 30: 30-31.

Veeck LL, Amundson CH, Brothman LJ, DeScisciolo C, Maloney
MK, Muasher SJ, et al. Significantly enhanced pregnancy rates per
cycle through cryopreservation and thaw of pronuclear stage oocytes.

Fertil Steril. 1993; 59: 1202-1207.
Chen CK, Wang CW, Tsai W], Hsieh LL, Wang HS, Soong YK.

Evaluation of meiotic spindles in thawed oocytes after vitrification
using polarized light microscopy. Fertil Steril. 1993; 82: 666-672.

Youssry M, Ozmen B, Zohni K, Diedrich K, Al-Hasani S. Current
aspects of blastocyst cryopreservation. Reprod Biomed Online. 2008;
16: 311-320.

Zech NH, Lejeune B, Zech H, Vanderzwalmen P. Vitrification of hatching
and hatched human blastocysts: Effect of an opening in the zona pellucida
before vitrification. Reprod Biomed Online. 2005; 11: 355-361.

Mukaida T, Nakamura S, Tomiyama T, Wada S, Oka C, Kasai M, et al.
Vitrification of human blastocysts using cryoloops: Clinical outcome

of 223 cycles. Hum Reprod. 2003; 18: 384-391.

Mukaida T, Takahashi K, Kasai M. Blastocyst cryopreservation:
Ultrarapid vitrification using cryoloop technique. Reprod Biomed
Online. 2003; 6: 221-225.



