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BACKGROUND: The present study was undertaken to examine the usefulness of both vitri®cation and assisted

hatching (AH) on blastocysts that originate from embryos showing different qualities during their cleavage stage.

METHODS: A total of 281 blastocysts were vitri®ed (93 vitri®cation±warming cycles) in a mixture of ethylene

glycol±dimethylsulphoxide±Ficoll and sucrose using the Hemi-Straw (HS) carrier system. After warming, AH using

the partial dissection technique was performed in 36 cycles. RESULTS: After warming and culture for 24 h, a total

of 168 blastocysts (60%) was suitable for embryo transfers and a total of 25 ongoing pregnancies (27%) was

obtained. Forty-nine transfers of 96 no-AH blastocysts and 36 transfers of 72 AH blastocysts resulted in an implant-

ation rate of 13 and 22% respectively (P < 0.05). The percentage of transfers with at least one hatching blastocyst

was signi®cantly higher after application of AH (69 versus 33%) (P < 0.001). In all, 73 and 38% of blastocysts

showing respectively optimal and non-optimal embryo development during the early stage were available for trans-

fer (P < 0.001). Consequently, implantation rates of 19 and 6% were obtained after transfers of blastocysts showing

respectively optimal and poor embryo development. CONCLUSIONS: Arti®cial opening of the zona pellucida after

warming of vitri®ed blastocysts signi®cantly improved the rate of transfers with hatched blastocysts and the

implantation and pregnancy rates. The percentage of blastocysts that survived the HS vitri®cation procedure and

were available for embryo transfer is related to their previous developmental quality.
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Introduction

Results with conventional slow-freezing methods for blasto-

cysts have been variable, justifying investigation of alternative

approaches. Recently, Kuleshova and Lopata (2002) reported

that vitri®cation can be more favourable than slow cooling and

has to be considered as an alternative to traditional slow rate.

Initially, vitri®cation was performed after loading cleavage

stage embryos (Mukaida et al., 1998) or blastocysts in 0.25 ml

insemination straws (Vanderzwalmen et al., 1997; 2002;

Yokota et al., 2000; 2001). In this manner, the highest cooling

rates were limited to ~2500°C/min.

Recently, particular attention has been paid to the cooling

rate. The success rates of vitri®cation have been increased with

the use of an ultra-rapid vitri®cation procedure. By highly

increasing the cooling and thawing rates, the formation of ice

crystals and chilling injuries are reduced. Ultra-rapid cooling

procedures are based on direct contact between a reduced

volume of cryoprotectant and liquid nitrogen (LN2).

Mammalian blastocysts are loaded on the surface of electron

microscope grids (Martino et al., 1996), in an open pulled straw

(Vatja et al., 1997), in a ¯exipet-denuding pipette (Liebermann

et al., 2002), or in a cryoloop (Lane et al., 1999) before

plunging them in LN2.

Successful human pregnancies were reported after carrying

out high speed vitri®cation methods of blastocysts using the

cryoloop or the electron microscope grids (Choi et al., 2000;

Mukaida et al., 2001; Cho et al., 2002; Reed et al., 2002; Son

et al., 2003).

In order to accomplish vitri®cation of blastocysts, which

requires an extremely fast cooling rate while considering the

amount of space required for storage, we developed the HS

(Vanderzwalmen et al., 2000). Recently, Liebermann and

Tucker (2002) reported that the HS was easy to use and

successful for vitri®cation of different stages of development

(oocytes and day 3 embryos). The tip of the HS is designed to

hold the blastocysts in a very small volume of vitri®cation

solution allowing very fast cooling and warming rates as

compared with those achieved by immersion of sealed 0.25 ml

plastic straws into LN2.

The initial clinical application of blastocyst vitri®cation

using the HS resulted in a pregnancy outcome that was below

our expectation despite acceptable rates of re-expansion 24 h
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