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Introduction:-

Cryopreservation techniques especially slow freezing were initially practised in cattle and subsequently were applied
in other domestic animals. However, the first attempt at embryo vitrification was reported in 1985 [1]. Vitrification
avoids the ice formation and establishes a glassy state in which the translational motions of the molecules are
arrested without structural reorganisation of the liquid in which embryos are suspended. High cooling rates and high
concentration of the cryoprotectants are used to achieve glass like solidification of embryos. The vitrification
solutions donot freeze at high cooling rates to very low temperature. The success of vitrification depends upon the
very small amount of vitrification medium that must be cooled with very low temperatures (-192 to  -196°C) in
various types of cryostorage devices. Thus, vitrification is the solidification of a solution at low temperature by
extreme increase in viscosity [2]. The rapid temperature change can cause disruption of cellular skeleton and has a
damaging effect on the plasma membranes of the embryos. The main limitation of vitrification is the high
concentration of cryoprotectants used and the fears of their embryotoxicity. It has been proved that the use of 15%
ethylene glycol used in an equimolar mixture of dimethyl sulfoxide in a frozen embryo transfer had no adverse
effects on embryo development as compared to afresh embryo transfer [3]. Vitrification has proved to be a simple,
inexpensive, robust and consistent method of cryopreservation in comparison to slow freezing [4]. Vitrification of
pronuclear stage embryos has shown cleavage rates on day2 greater than 80% and blastocyst formation rates of 31%
[5, 6, 7]. Vitrification has proved to be a better choice in comparison to slow freezing with higher survival rates of
cleavage stage embryos[8]. A meta-analysis and systemic review was done by Loutradi et al by comparing
traditional and cleavage stage embryos found a survival rate of 97% for vitrification and 84% for slow freezing [9].
Higher clinical pregnancy rates and implantation rates were reported with vitrification, thus proving its superiority
over the slow freezing methods [10, 11].
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Material and Methods:-

A number of studies have been carried on the vitrification of Day 3 human embryos and on the blastocysts.
However, there is a dearth of research studies on the vitrification of Day 2 embryos.This is a retrospective study is
an attempt to share our experience with the vitrification of Day 2 embryos which was carried in the tertiary care
hospital setting. Data from all patient records whose embryos underwent vitrification-warming cycles from
January2010 to December 2014 were analyzed. A total of 1,684 warming cycles were subject to analysis. Embryo
cryopreservation had been performed on day 2. Data was generated in the form of total vitrification-warming cycles
carried out, patients age, no of embryos vitrified, no of thawed embryos transferred, biochemical pregnancies,
clinical pregnancies, implantation rate and the ongoing pregnancy rate. All the patients undergoing vitrification-
warming cycle for severe OHSS and for any uterine factor were included in the study. Patients with HIV, hepatitis B
and HCV infections were excluded from the study.Vitrification of embryos was carried outusing a two-step protocol
with DMSO, ethylene glycol and sucrose as thecryoprotectant agents. Cryoloops (vitrolife) were covered witha film
of cryoprotectant and loaded with 2-3 embryos. Cleavage stage embryoswith less than 20% fragmentation were
cryopreserved on Day 2 atthe 4-cell stage. Upon warming embryos were transferred the same after culture in same
IVF medium. Patients were prepared for frozen embryo transfer using hormone replacement therapy. All embryos
were photographed immediately upon thawing. Embryos were monitored for overall survival of blastomeresand
continued development in culture. Other outcome measures included clinical pregnancy and implantation rate.
Eighteen days after the embryo transfer beta hCG values were estimated, with values >501U/ml taken as the
positive. This was confirmed by the presence of the gestational sac on transvaginal sonography 21 days after the
embryo transfer.

Results:-
Human embyros vitrified at the 4- cell stage had excellent post-warming survival rates. Only 6% of embryos showed
any overt indication of cell damage or loss. In a total of 1684 transfers, the clinical pregnancy rate was 48%
(808/1684).

Clinical pregnancy was confirmed when an intrauterine gestational sac was revealed by transvaginal ultrasound scan
done 5 weeks after embryo transfer [12]. Ongoing pregnancy was defined as a clinical pregnancy with a fetal
heartbeat (FHB) at 12 weeks [13] and implantation rate referred to implantation per transferred embryo. Survival,
delivery, and live birth rates were determined according to the embryo's developmental stage and morphologic
quality at vitrification.

Table 1:-Vitrification on Day 2 at the 4-Cell Stage.

Age of patient 23-39 years
Thaws 1684
Transfers 1684
Embryos thawed 3257
Number of embryos transferred 1-3
Positive beta hCG 65%
Clinical pregnancy 48%
Implantation rate/embryo 25%
Discussion:-

Vitrification technique using cryoloop device is an established method of human embryo cryopreservation and has
significantly reduced the time taken for cryopreservation [1]. The cryoloop method of vitrification significantly
reduces the volume of the cryoprotectant solution. This minimizes the cryoinjury but allows higher rates of cooling.
However, this method requires gentle handling of the embryos. Vitrification using cryotop container kit was
advocated by Kuwayama et al as a simple and rapid method of cryopreservation with better survival rate of thawed
embryos [14]. Previous studies showed vitrification using cryoloop device as an effective means of cryopreservation
[15]. The use of the nylon mesh also reduces the volume of the cryoprotectant solution and reduces the ice crystal
formation by increased cooling rates. This method was shown to be rapid, inexpensive and effective method of
embryo cryopreservation. However, there is a chance of few embryos being lost when immersed in the thawing
solution [16]. Though the biochemical pregnancy rate shown by beta hCG values more than 501U/ml was 65%, the
acceptable clinical pregnancy rate of 48% in our study reinforces the fact that vitrification is a simple, rapid and
effective method of embryo cryopreservation in an ART programme. Due to the warming of the embryos in the
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thawing solution and dilution of the cryoprotectants surrounding the embryos, there occurs a sudden uptake of water
by the blastomeres leading to rapid expansion of the embryos. There have been published reports of embryo cell
damage and poor survival of thawed embryos [17, 18, 19]. Experiments have shown that there is a theoretical risk of
bacterial and virological contamination of cryopreserved embryos in the liquid nitrogen during cryostorage, though
no such risks have been demonstrated in humans [20, 21]. Studies on cryopreserved embryos demonstrated that the
cryoloop device can be used for embryo cryostorage by supercooling the air inside the cryovial. Use of both the
conventional and the pulled sealed straws is a standard, sterile cryopreservation technique for cryostorage of
embryos in liquid nitrogen [22]. Cryotips were advocated as the safe device options for cryostorage [23]

Conclusion:-

In this study we report retrospective data of four years of experience with day2 vitrification. To the best of our
knowledge this study represents one of the largest studies till date in India with Day 2 vitrification and clinical
pregnancy. It is concluded that embryo vitrification on day 2 at 4- cell stage using cryoloop device is a practical and
proven method of cryostorage of human embryos in an ART programme.
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