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Cryopreservation of human female gametes may represent a concrete solution to several problems in
Assisted Reproduction.

It might be an alternative to embryo cryopreservation, which probably presents less technical
problems but much more ethical implications. In addition, it may be a precious tool which permits
to preserve women fertility in case of ovarian damage (Porcu et al.,, 2004).

latrogenic sterility which follows chemo- or radiotherapy in neoplastic patients and pathologies of
the reproductive system (premature ovarian failure, endometriosis, cysts and pelvic infections) can be
considered the main indications for preventive human oocytes cryopreservation.

Oocyte storage may contribute to increase IVF routine flexibility. Unexpected failure to produce
sperm or to retrieve testicular spermatozoa are events that may find in egg freezing a possible rescue
of that cycle of therapy. In particular cases, cryopreservation of both male and female gametes makes
it possible to do IVF in the physical absence of patients.

The risk of developing ovarian hyperstimulation syndrome may also benefit from egg storage with
insemination and embryo transfer postponement. This strategy avoid the production and
cryopreservation of the huge number of embryos frequently present in these patients.

In addition, oocyte cryopreservation can be included in programs of oocyte donation and the
creation of donor oocyte cryo-banks could reduce costs and improve convenience of these treatments.
Finally, a possible application of egg storage for family planning has been proposed. According to
this hypothesis, young women wishing to defer reproduction because of work or personal reasons,
would benefit of oocyte cryopreservation stopping the aging process of a pool of gametes which
might become a sort of reproductive insurance for the future.

The first pregnancy with human frozen oocytes was reported by Chen in 1986. The years after two
additional pregnancies were reported (Van Uem 1987; Chen 1988).

However, in the subsequent ten years, only a handful of pregnancies and no births were reported.
Oocytes cryopreservation were then considered a low efficiency technique.

The enthusiasm for the announcement of the first pregnancies in the eighties was not followed by
a rapid incorporation of the technique in the IVF clinical routine. Human oocyte cryopreservation is
still relegated in the research area and is regarded as an experimental technique while other

procedures underwent a rapid and early incorporation into the clinical routine even before the
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unequivocal evidence of their safety.

The failure to reproduce the early clinical success occurred in the eighties with the first pregnancies
led a large part of researchers to consider human egg freezing as an inefficient and unreliable
procedure. A reason for these poor results may be found in the generally low number of oocytes
used in the experiments and in the bad quality of the eggs, mainly excess, discharged, aged oocytes
responsible for the low survival, low fertilization and cleavage.

Survival rate seems to depend on the quality of frozen oocytes. Chen (1986) reported survival rate
of 76% with mature oocytes of very good quality, while a lower survival rate was obtained by Al
Hasani (1987) in excess oocytes, usually of poor quality and immature.

Fertilization rate of cryopreserved oocytes with IVF is extremely variable ranging from 13% (Kazem
1995) to 71% (Chen 1986). However, in most studies, variability is between 30 and 55% being on
average lower than fertilization rate obtained with fresh oocytes.

Intracytoplasmic sperm injection (ICSI) has been proposed (Kazem 1995; Gook 1995; Tucker 1996} as
a solution to possible damage of the zona pellucida and of the cortical granules.

After a preliminary experience with IVF of frozen oocytes which gave 46% of fertilization rate, also
our Center undertook a study associating ICSI and oocytes cryopreservation which resulted in a
normal fertilization rate ranges above 70%. Our abnormal fertilization rate (7%) resembles that found
in IVF and ICSI of fresh oocytes. Most embryos are of good quality and cleave regularly.

With the introduction of ICSI, the results in terms of fertilization and embryo cleavage greatly
improved. In 1997 we reported the first birth of a healthy female from intracytoplasmic sperm
injection of oocytes frozen with propanediol (Porcu 1997) followed by several other pregnancies
(Porcu 1998, 1999a-b; 2000 a-b; 2001 a-b). Shortly after several Authors shared the same experience
with good results (Polak de Fried 1998; Young 1998; Nawroth 1998; Antinori 1998; Yang 1998; Fosas
2003; Borini 2004; Chen 2005). Interestingly, in Chen (2005) experience, the same pregnancy rate
could be obtained by both cryopreserved eggs and embryos. ‘
Technical variations such as the use of low sodium content medium resulted in 2 normal children
reported by Quintans (2002) and 5 healthy infants published by Boldt (2003).

The first birth after cryopreservation of immature human oocytes has been announced in 1998 by
Tucker and prompt caution optimism despite concern raised by some studies about possible
chromosomal abnormalities in immature frozen oocytes. Additional pregnancies with immature
frozen oocytes have been published in the following years by Cha (2000).

The first birth with vitrified human eggs was announced in 1999 by Kuleshova. Other Authors chose
that alternative. With vitrification Yoon (2003) obtained appreciable results: in 474 thawed oocytes,
the survival rate was 68.6, the fertilization rate 71.4, the pregnancy rate was 21.4 and 7 healthy
children were born. Good results were also published by Katayama (2003) and Kuwayama (2005).

The first births of normal children from frozen eggs inseminated with epididymal (Porcu 1999a) and
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testicular (Porcu 1999 b) spermatozoa were published in 1999. The following year the birth of a child
coinceived with frozen eggs and frozen sperms was announced (Porcu 2000 a). Recently the
combination of both frozen eggs and frozen sperms either ejaculated, epididymal or testicular was
successfully adopted by some authors (Azambuja 2005; Ching Ching Tjer 2005; Levi Setti 2005). Levi
Setti (2005) published a case report of an extreme form of reproductive cryopreservation where the
child were conceived with a frozen embryo deriving from frozen eggs and frozen testicular
spermatozoa. These cases document that reproductive storage increase the flexibility of assisted
reproduction routine and, even in the most complex combination, is apparently safe.

Finally, the application of oocyte cryopreservation to store the reproductive potential in cancer
patients (Porcu 2004) appear promising.

In our opinion, oocytes cyopreservation is now improving its efficiency and consistency (Porcu 2005).
Taking together the clinical results published in the past ten years, it possible to calculate an overall
mean survival rate of about 67%. The birth rate per thawed oocyte is around 4%. No individual
freezing methodology demonstrated to be superior so far.

In the past, the main concern was related to the possible damage to the meiotic spindle and the
induction of aneuploidia. However, basic investigations are reassuring and show normal karyotypes
and absence of stray cromosomes in cryopreserved oocytes.

The few children born twenty years ago after oocytes freezing were healthy. The children born after
oocytes cryopreservation and ICSI in the past ten years are also healthy and normal.
Insemination of frozen eggs by ICSI has solved one of the major problems of oocyte freezing, that

was the low fertilization rate. Survival and implantation rates should be further improved.
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