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Recently the blastocyst stage transfer (BST) has been
applied with several kinds of sequential media and good
results have been achieved.  The technique made it
possible to select embryo potential for implantation and
to prevent multiple pregnancies, especially triplets.
Several reports [1] have been published on the efficacy
of BST.  One paper reported an improved pregnancy
rate compared with Day 3 transfer and another [2]
reported a very high conception rate and statistically
better results than Day 2/3 transfer in cases of recurrent
failure and aged women [3].  Several studies have
described, however, the rate of conception to be
app rox ima te l y  equa l  c ompared  t o  t ha t  o f  the
conventional method [4, 5].  It would be therefore
important to choose cases to apply BST to, such as
recurrent unsuccessful or aged cases.

Since BST has been developed, most IVF centers
have adopted the technique, but there would be more
room to improve the clinical results. 

In the present study, the choice of the medium in BST
was discussed.  And the efficacy of the two-step embryo
transfer method that is one of the techniques developed
to apply BST was estimated.

Choice of Medium

Firstly a comparison of Cleavage medium and
Blastocyst medium (COOK IVF Co. LTD, Australia;
COOK group) and IVC-1 and IVC-2 (In Vito Care, Co.ltd
U.S.A; IVC group) was done.  The parameters were
estimated with COOK medium in 71 periods and IVC
medium in 48 periods of treatment cycles from October
2001 to  March 2002.   Ovar ian s t imulat ion was
performed by a long or ultrashort protocol.  Follicle
s t imu la t i ng  ho rmone  o r  human menopausa l

Received: January 12, 2003
Accepted: February 10, 2003
*To whom correspondence should be addressed.
gonadotrophin was administered from Day 3 and
oocytes were picked up 36 hours after an injection of
hCG 5000 IU in  the  20 mm diameter  fo l l i c les .
Conventional IVF or ICSI was selected according to the
condition of the semen.

HTF (Irvine Scientific, Co. LTD, U.S.A.) medium
supplemented with 10% SSS was used for insemination
and after ICSI.  One milliliter of HTF (Irvine Scientific,
Co. LTD, U.S.A.) medium supplemented with 10% SSS
in a NUNC four-well dish was used for insemination
after ICSI, and the medium was changed to IVC-1 or
Cleavage medium, respectively, after a fertilization
check on Day 1 and to IVC-3 and the Blastocyst
medium on Day 3.  Embryos were observed only on
Days 3 and 5.  If only morula was acquired on Day 5,
they were cultured until the next day and transferred at
the blastocyst stage in the case of successful blastocyst
achievement.

The background of each case is shown in Table 1.
There was no difference between the groups in age,
number of IVF/ICSI trials or the number of blastocyst
transferred.  The rate of blastocyst formation was 44.7%
in the COOK group and 43.4% in the IVC group per
cycle and 43.8% in the COOK group and 42.7% in the
IVC group per embryo.  There was no signif icant
difference between the result for two kinds of medium.
The pregnancy rate was 38.7% (24/62) in the COOK
group and 40.0% (18/45) in the IVC group, there being
no statistically significant difference.  Similarly, there
was no difference between the cancellation rates
(12.7% and 6.3%) (Table 2).

Next, a comparison was made between IVC-1, IVC-2
and Medium 1 and 2 (Medicult Co.LTD, Denmark).
Thirty-five cases in which at least more than eight
oocytes were obtained and it was planned to be used in
BST were selected as materials.  All oocytes in each
case were divided into two groups and used for each
medium.
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Several parameters such as embryo growth at Day 3,
the rate of blastocyst formation, the morphology of
blastocysts, pregnancy rate and implantation rate were
estimated.

The culture up to the blastocyst stage was done by
the same method as in the foregoing experiment.

There was no significant difference between the two
groups in the number of blastomere and in the embryo
morphology at Day 3, and there was no difference in the
rate of blastocyst formation.  The grade score for
blastocysts calculated on the basis of the method of
Gardner at Day 5 was significantly better in the Medicult
group (Fig. 1).

The overall pregnancy rate was 45.7% (16/35) and
the implantation rate was 30.2% (23/76) in 35 periods.
The pregnancy rate and implantation rate were 23.1%
and 22.2% in the IVC group (cultured only in IVC
medium), 45.5% and 31.8% in the IVC and Medicult
mixed group and 72.7% and 37.0% in the MediCult
group (cultured only in MediCult  medium).  The
pregnancy and implantation rates were significantly
higher in the Medicult group than in the IVC group
(Table 3).

Table 1. Clinical background of exper

CO

No. of periods
Age 36.2
No. of IVF trial   3.1
No. of retrieved oocyte   9.2
Fertilization rate (%) 83.5
Endometrial thickness (mm)* 10.9
No. of transferred embryo   1.8

a: Student�s t-test.  *Endometrial thickn

Table 2. Blastocyst formation rate and pregn

COO

Blastocyst formation rate* 44.7 ±
Blastocyst formation rate** 43.8 (1
Pregnancy rate per period 33.8 (2
Pregnancy rate per transfer 38.7 (2
Cancellation rate of ET 12.7 ( 

a: Student�s t-test.  b: χ2 test.  *Average 
**Blastocyst formation rate of all embryos.
Effectiveness of Two Step Embryo Transfer

Recently the concept of a receptivity induction
mechanism of the embryo to implantation has been
described, and a high rate of pregnancy has been
reported in a two-step transfer method applying this
concept [10].  In this method second and third quality
embryos are transferred at Day 2 and the best quality
embryos reaching the blastocyst are transferred at Day
5.  We apply this method to cases in which success was
not acquired even if advanced good quality blastocyst
was transferred, because it seemed likely to be due to
the lack of ability of receptivity in endometrium.  It could
be expected to reduce the cancellation rate in two-step
embryo transfer more than that in BST.  In this method
the selection of embryos for longer culture would be
essential.  The rate of formation rate to the blastocyst
stage was high in embryos over grade 3 and over 7
cells at Day 3 in our study.  We therefore selected
embryos with fewer than 30% fragmentation and with
rapid growth for BST.

This method was applied to 77 cases in 83 periods.
The average IVF/ICSI trial before two-step embryo
transfer was 3.5 times and the average numbers of
retrieved eggs and the fertilization rate were 11.7
oocytes and 86.4%.  And 29.6% of embryos reached

iment 1

OK IVC P valuea

71 48 NS
 ± 3.7 37.2 ± 4.1 NS
 ± 2.0   2.9 ± 1.9 NS
 ± 6.2   9.5 ± 6.6 NS
 ± 25.6 77.8 ± 23.0 NS
 ± 2.1 10.7 ± 2.0 NS
 ± 1.9   1.7 ± 1.0 NS

(mean ± SD)
ess on the day of embryo transfer.

ancy rate in experiment 1

K IVC P value

 29.0 43.4 ± 34.5 NSa

59/363) 42.7 (144/337) NSb

4/71) 37.5 (18/48) NSb

4/62) 40.0 (18/45) NSb

9/71)   6.3 ( 3/48) NSb

(mean ± SD, %)
blastocyst formation rate in each period.
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the blastocyst stage and pregnancy and implantation
rate were 40.7% and 16.6%, respectively.  Moreover
those two parameters were 27.0% and 14.1% even in
the limited number of cases with more than 4 failures
(Table 4).  The cancellation rate (2.4%) was lower than
in BST as already mentioned.

Conclusion and Discussion

One new medium for BST has been developed after
another, and, fortunately many kinds of medium are

Fig. 1. Quality and cleavage speed of embryos at 
between the IVC and the MediCult group. (
of Gardner.  Each point from one to five w
commercially available now, so that higher quality
blastocysts have consequently been acquired.  Each
medium has its characteristics and it is important to
choose from the point of view of not only the rate of
achievement to blastocysts, but the acquirement of
growing potential to a fetus.  Some reports have
described embryo morphology on Day 3 rather than that
of blastocysts as related to the success rate [6, 7] and
the selection of the medium should be taken into
consideration of the condition of the embryo at Day 3.

We have noticed the action of Glutathionine which is

Day 3 and Day 5.  Comparison of each parameters
Grade scores were calculated based on the method
as assigned to each grade.)
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related to the embryo growth and which is a constituent
of IVC-1 medium (In Vitro Care, Co. LTD, USA).
Glutathionine is thought to contribute to embryo
development [8] to high quality blastocysts and a higher
implantation rate.

In the present invest igation, we achieved high
pregnancy rates by using the medium of MediCult
medium which resulted from several trials.  However it
is not clear which ingredient was responsible for
increasing the potential for implantation.  The optimal
conditions for blastocyst culture include growth factors
and cytokines which are arranged in vivo, but it should
be necessary to decide on the positive addition of those
components for the more development of new media.

The damage to embryos should be considered in the
long culture and the problem of laboratory space might
be involved in laboratory management.  Moreover as
care should be taken not to make cultures long in order
to take advantage of ingredients in bioavailable forms
such as in L-Glutamine, the laboratory work might be
more complicated if  i t  involves frequent medium
change.  We have tried to prepare the medium at night
for the next morning to reduce time for equilibriation to
the minimum.  And we also tried to reduce the time for
microscopical observation by checking only at Day 3

Table 3. Pregnancy rate and implantatio

IVC only

No. of periods 13
Pregnancy rate (%)* 23.1 (3/13)a

Implantation rate (%) 22.2 (6/27)
a, bP<0.05, χ2 test.  *Pregnancy rate per pe

Table 4. Result of two step embryo tran

A

No. of cases
No. of periods
No. of IVF Trial   3
No. of retrieved oocytes 11
Fertilization rate (%) 86
Blastocyst formation rate (%) 29
No. of transferred embryos   2
Endometrial thickness (mm)** 11
Pregnancy rate per transfer (%) 40
Pregnancy rate per period (%) 39
Implantation rate (%) 16

*In the case of more than four IVF fai
day of embryo transfer.
and Day 5 to maintain a better culture environment.
In this study there was no significant difference in the

embryo development at Day 3 and achieved a uniform
rate to the blastocyst stage in all medium groups, but
there were morphologically better quality blastocysts
obtained with the medium of MediCult  medium,
consequent ly there were higher  pregnancy and
implantation rates.  Hence, it would be desirable to use
such approaches as chromosomal analysis, not only
from the morphological point of view.

It would be of great benefit to reduce the number of
embryos in order to prevent multiple pregnancies
espec ia l l y  t r i p l e t s ,  by  us ing  t h i s  t echn ique .
Nevertheless it has such demerits as cancellation of
embryo transfer in some cases.  According to Alper [11],
implantation might be achieved if an embryo in which
cleavage is arrested before the blastocyst stage was
transferred at the four to eight cell stage.  Thereafter, it
was concluded the relevant evaluation of the merits of
this method is s t i l l  d i f f icul t  in spi te of  the wide
application due to the progress of cryopreservation
technique of blastocysts.

In the application of two step embryo transfer,
success was achieved even in difficult cases with more
than four recurrent failures.  The usefulness of BST was

n rate in each group in experiment 2

IVC+MediCult Medicult only

11 11
45.4 (5/11) 71.7 (8/11)b

31.8 (7/22) 37.0 (10/27)

riod and transfer (no cancellation case).

sfer method

ll cases Multiple failure cases*

77 32
83 36

.5 ± 2.2   5.4 ± 1.9

.7 ± 5.4 11.3 ± 5.4

.4 ± 14.1 85.0 ± 13.7

.6 ± 19.6 27.0 ± 19.5

.8 ± 0.5   2.8 ± 0.5

.0 ± 2.3 10.7 ± 2.3

.7 (33/81) 36.1 (13/36)

.8 (33/83) 36.1 (13/36)

.6 (38/229) 14.1 (14/99)

(mean ± SD)
lures.  **Endometrial thickness on the
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reported based on the different origin.  Fanchin [12]
showed that contractility of the uterus had been reduced
day by day after hCG administration and disappeared at
Day 7 of blastocyst transfer.  In view of this fact, it might
be advantageous to transfer after long culture.

One report pointed out a relationship between the
condition of sperm and blastocyst formation.  Miller [13]
has reported low development to blastocysts and poor
quality of blastocysts observed in cases of impaired
semen condition.  Moreover, Balaban [14] reported a
low rate of blastocyst formation and implantation in
cases of non-obstruct ive azoospermic pat ients.
Improvement of c l inical resul ts in BST could be
expected if patients were selected on the basis of
semen condition.
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