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Abstract:  We evaluated the clinical efficacy of the
transport fresh embryo frozen-thawed embryo transfer
method, whereby fresh embryos are transported from
the satellite center for cryopreservation at the main ART
center.  In the Transport group (T group), surplus
embryos from the satellite center were transported to the
main ART center for frozen-thawed embryo transfer in
28 cycles in 15 patients.  In the Center group (C group),
oocytes were collected for frozen-thawed embryo
transfer at the main ART center in 256 cycles in 165
patients.  The slow freezing method was used.  No
significant differences were seen between groups in
rates of embryo viability, embryo transfer, pregnancy,
IVF embryo viability, ICSI embryo viability, pronuclear
phase embryo viability, and cleavage phase embryo
viability, or the numbers of transferred embryos.  The
transport fresh embryo frozen-thawed embryo transfer
method is suitable for clinical application because there
were no adverse effects from either transport or freeze/
thawing.
Key words:  Blastocyst implantation, Frozen pronuclear
phase embryo, Frozen-thawed embryo transfer,
Transport ICSI, Transport IVF

Introduction

The field of human reproductive medicine has seen
rapid progress since the f irst success of in vitro
fert i l izat ion and embryo transfer (IVF-ET).  The
development and introduction of a variety of related
technologies has contributed greatly to the treatment of
hitherto insurmountable infertility.  This raises, however,
the question of what is the most appropriate way of

delivering the latest reproductive medical techniques to
patients.  Such considerations of patient convenience
led to the development of the transport system, whereby
oocytes are transported between satellite clinics and a
central  assisted reproduct ive technology (ART)
institution for treatment [1, 2].  The results of an
independent  bas ic  s tudy  by  the  au thors  have
demonstrated the efficacy and safety of this method,
including transport of oocytes and embryos.  We went
on to develop the Round Trip method, improving on the
previous One Way method, and began to apply the new
method in clinical practice in 1995 [3�5].

Cryopreservat ion of  embryos has become an
essential part of ART treatments today, as increasing
emphasis has been placed on improving patient
amenity,  and avoiding the problems of mult ip le
pregnancies, low pregnancy rates per oocyte retrieval,
increased sever i ty  of  ovar ian hyperst imulat ion
syndrome (OHSS), and excessive physical, emotional
and financial burdens on patients.  Cryopreservation is
a difficult proposition for most small facilities with small
patient numbers.  The traditional slow freezing method
requires an expensive program freezer, large quantities
of liquid nitrogen, and long operation times.  The
vitrification method requires a considerable level of
experience, as the conditions for the time of exposure of
embryos to the vitrification solution, and the processing
temperatures, are very strict, and at present it is
unrealistic from the cost performance point of view.
With these considerations in mind, we made further
modifications to the transport system for fresh embryo
transfers, devising the transport fresh embryo frozen-
thawed embryo transfer method, in which fresh embryos
are transported from satellite clinics to the main ART
center  for  cryopreservat ion.   In  th is  s tudy,  we
investigated the clinical efficacy of this system.Received: May 17, 2005
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Materials and Methods

Informed consent was obtained from all patients who
attended the satellite facilities and the main ART center
from May 1998 to December 2003.  The satellite center
is located in Kisarazu City in Chiba Prefecture, making
the transport distance some 26 km as the crow flies,
usually taking 60 min travel time.  All procedures at the
satellite center were performed by the same personnel,
using the same equipment and techniques.

 We analyzed 28 cycles in 15 patients in the Transport
group (T group), for whom the satellite center performed
all procedures from ovarian stimulation to insemination
or intracytoplasmic sperm injection (ICSI), with surplus
embryos transported to the main ART center for frozen-
thawed embryo transfer, and 256 cycles in 165 patients
in the Center group (C group), for whom the main ART
center  per formed a l l  p rocedures  f rom ovar ian
stimulation to insemination or intracytoplasmic sperm
injection (ICSI), with surplus embryos used for frozen-
thawed embryo transfer.  All frozen-thawed embryo
transfers were performed at the main ART center.

The ovarian stimulation technique [6] used for the C
group was the 7-day fixed schedule regimen (7-day
schedule method).   Br ief ly ,  administ rat ion of  a
gonadotropin-releasing hormone agonist (GnRH-a;
buserelin acetate, Suprecur, Aventis Pharma, Tokyo,
Japan), 900 µg/day, was commenced on days 3�5 of
the luteal phase of the previous cycle, and after
withdrawal bleeding human menopausal gonadotropin
(hMG; Humegon, Japan Organon, Osaka, Japan), 300
IU/day, was administered for 7 days, starting 9 days
prior to the scheduled oocyte retrieval day.  On the
eighth day after the commencement of hMG, if two or
more ovarian follicles at least 16 mm in diameter were
confirmed, then GnRH-a was ceased and a single dose
of human chorionic gonadotrophin (hCG; Gonatropin,
Mochida, Tokyo, Japan) 10,000 units was administered
36 h prior to oocyte collection.  Oocyte retrieval was
performed under transvaginal ultrasonic guidance using
modified neuroleptanalgesia (NLA) anesthesia.  For IVF
cases, after preculture of 4�6 h, the oocytes were
inseminated with 10 × 104/mL of sperm with favorable
motility using the swim-up method.  For ICSI cases,
af ter removal of the granulosa cel l  layer of the
precultured oocytes using 80 IU/mL hyaluronidase, they
were placed together with the sperm in 10% polyvinyl
pyrrolidone solution and ICSI was performed.  Embryo
transfers were performed under transabdominal
ultrasonic guidance using an Edwards-Wallace embryo
replacement catheter (REF1816, Portex Ltd, Wallace

Division, Kent, UK).
Surplus embryos at the satellite center were placed in

HEPES buffered human tubal fluid (modified HTF, Irvine
Scientific) with 30% synthetic serum substitute (SSS,
Irvine Scientific, Santa Anna, USA) added, drawn up
into cryopreservation plastic straws (ZA-475; IMV
Technologies, L�Aigle Cedex, France), and transported
to the main ART center in a portable incubator (PI-4,
Nippon Medical & Chemical Instruments, Osaka,
Japan).   The transported embryos ranged from
pronuclear to blastocyst stages.

On arrival at the main ART center, the surplus
embryos were first washed with HTF + 20% SSS, to
which 1.5 M propandiol was added and then 0.1 M
sucrose in two steps to produce the freezing solution.
They were then slowly frozen using a program freezer
(Cryoembryo-HP, Air Water, Osaka, Japan).  The
thawing process involved exposing the embryos to a
solution initially containing 0.1 M sucrose and 1.0 M
propand io l ,  and  p rog ress i ve l y  r educ ing  t he
concentration of these cryopreservatives.  After washing
in culture fluid, embryos were cultured further, then
assessed for viability and growth potential, and used in
embryo transfers.  If the post-thawing blastomere
viability rate was 100%, and there was at least one
embryo with Veeck classification [7] of 2 or better, then
up to two embryos were transferred, otherwise the
number was up to three.  For embryos in the blastocyst
stage, if at least one embryo was undamaged post-
thawing, then in general one embryo was transferred,
otherwise the number was up to two.

In the initial T group, there were a small number of
cases to whom the prenatal course was not confirmed.
Therefore, the pregnancy judgement was done by hCG
positivity at the time.  This is being improved now.

Ovarian stimulation cycle therapy was used for
frozen-thawed embryo transfers as for fresh embryo
transfers.  When a pregnancy was confirmed, luteal
support therapy was continued until the 10th week of
gestation.

Analyses

Comparisons were made between groups in terms of
age and the number of transferred embryos using
Student�s t-test.  Comparisons of rates of blastomere
viability, embryo viability, embryo transfer, pregnancy,
miscarriage, and ectopic pregnancy, were made using
Fisher�s test.  Intergroup comparisons were made of C
vs T, C-IVF vs T-IVF, C-ICSI vs T-ICSI, cryopreserved
pronuclear stage embryos in C group (C-PS) vs � in T
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group (T-PS), cryopreserved cleavage stage embryos in
C group (C-CS) vs � in T group (T-CS), blastocyst
transfer in C group (C-BT) vs � in T group (T-BT), C-
IVF vs C-ICSI, T-IVF vs T-ICSI, C-PS vs C-CS, and T-
PS vs T-CS.  P<0.05 was considered statistically
significant.

Results

Embryo transport frozen-thawed embryo transfer
In 256 thaw cycles in 165 patients in the C group

(average age 33.8 ± 4.0 yr), <50% of blastomeres were
viable in 415 out of 946 instances (43.9%), 50%~<100%
in 74 out of 946 (7.8%), and 100% in 457 out of 946
(48.3%), giving an embryo viabi l i ty rate (= 50%
blastomere viability rate) of 56.1% (531/946).  The
number of transferred embryos was 2.0 ± 0.6; the
embryo transfer rate was 68.0% (174/256);  the
pregnancy rate was 21.2% (35/165) per patient, 20.1%
(35/174) per transfer, and 13.7% (35/256) per thaw
cycle; the miscarriage rate was 31.4% (11/35); and the
ectopic pregnancy rate was 2.9% (1/35).

In 28 cycles in 15 patients in the T group (average
age 31.6 ± 5.1 yr), <50% of blastomeres were viable in
43 out of 114 instances (37.7%), 50%~<100% in 11 out
of 114 (9.6%), and 100% in 60 out of 114 (52.6%) giving
an embryo viability rate of 62.3% (71/114).  The number
of transferred embryos was 2.0 ± 0.5; the embryo
transfer rate was 82.1% (23/28); the pregnancy rate
was 53.3% (8/15) per patient, 34.8% (8/23) per transfer,

and 28.6% (8/28) per thaw cycle; the miscarriage rate
was 50.0% (4/8); and the ectopic pregnancy rate was
0% (0/8).

No significant differences were seen between groups
in any parameters, with the exception of age, and
pregnancy rates per patient and per thaw cycle (Table
1).

Embryo viability following freeze-thaw in IVF/ICSI
embryos

In 38 thaw cycles in the C-IVF group (IVF derived
embryos in the C group), <50% of blastomeres were
viable in 65 out of 169 instances (38.5%), 50%~<100%
in 13 out of 169 (7.7%), and 100% in 91 out of 169
(53.8%), giving an embryo viabi l i ty rate (= 50%
blastomere viability rate) of 61.5% (104/169).  In 5
cycles in the T-IVF group, <50% of blastomeres were
viable in 8 out of 25 instances (32.0%), 50%~<100% in
3 out of 25 (12.0%), and 100% in 14 out of 25 (56.0%),
giving an embryo viability rate of 68.0% (17/25).  In 168
thaw cycles in the C-ICSI group (ICSI derived embryos
in the C group), the blastomere viability rate was <50%
in 250 out of 620 instances (40.3%), 50%~<100% in 63
out of 620 (10.2%), and 100% in 307 out of 620
(49.5%), whereas the embryo viability rate was 59.7%
(370/620).  In 22 cycles in the T-ICSI group, <50% of
blastomeres were viable in 33 out of instances (38.8%),
50%~<100% in 7 out of 85 (8.2%), and 100% in 45 out
of 85 (52.9%), whereas the embryo viability rate was
61.2% (52/85).  No significant differences were seen

Table 1. Clinical results of frozen-thawed embryo transfer (May 1998�December 2003)

C group T group

Age (mean ± SD) 33.8 ± 4.0a 31.6 ± 5.1b

No. patients 165   15
Thawed cycles 256   28
Total no. thawed embryos 946 114
Blastomere survival rate (%) <50% 43.9 (415/946) 37.7 (43/114)

50%~<100%   7.8 (74/946)   9.6 (11/114)
100% 48.3 (457/946) 52.6 (60/114)

Embryo survival rate (%) 56.1 (531/946) 62.3 (71/114)
(blastomere survival rate ≥ 50%)
No. transfer cycles 174 23
No. transferred embryos (mean ± SD) 2.0 ± 0.6 2.0 ± 0.5
Embryo transfer rate (%) (/thawed cycles) 68.0 (174/256) 82.1 (23/28)
Pregnancy rate (%) (/patient) 21.2 (35/165)c 53.3 (8/15)d

(/transfer) 20.1 (35/174) 34.8 (8/23)
(/thaw cycle) 13.7 (35/256)e 28.6 (8/28)f

Miscarriage rate (%) 31.4 (11/35) 50.0 (4/8)
Ectopic pregnancy rate (%)   2.9 (1/35)   0 (0/8)

e-f, p<0.05, a-b, c-d, p<0.01.  C group: Center group; T group: Transport group.
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between IVF and ICSI groups in any parameters.
Patients who underwent both IVF and ICSI in the same
cycle were excluded (Table 2).

Pronuclear/cleavage phase embryo transport frozen-
thawed embryo transfer

In 20 cycles in 12 pat ients in the C-PS group
(cryopreservation of pronuclear phase embryos,
average age 34.0 ± 3.2 yr), <50% of blastomeres were
viable in 13 out of 65 instances (20.0%), 50%~<100% in
0 out of 65 (0%), and 100% in 52 out of 65 (80.0%),
giving an embryo viability rate (= 50% blastomere
viabi l i ty rate) of 80.0% (52/65).  The number of
transferred embryos was 1.9 ± 0.4; the embryo transfer
rate was 85.0% (17/20); the pregnancy rate was 41.7%
(5/12) per patient, 29.4% (5/17) per transfer, and 25.0%
(5/20) per thaw cycle; the miscarriage rate was 20.0%
(1/5); and the ectopic pregnancy rate was 0% (0/5).  In 6
cycles in 3 patients in the T-PS group (average age 29.0
± 0.6 yr), <50% of blastomeres were viable in 3 out of
16 instances (18.8%), 50%~<100% in 0 out of 16 (0%),
and 100% in 13 out of 16 (81.3%), giving an embryo
viabi l i ty  rate of  81.3% (13/16).   The number of
transferred embryos was 2.0 ± 0; the embryo transfer
rate was 100% (6/6); the pregnancy rate was 66.7% (2/
3) per patient, 33.3% (2/6) per transfer, and 33.3% (2/6)
per thaw cycle; the miscarriage rate was 0% (0/2); and
the ectopic pregnancy rate was 0% (0/2).

In 236 cycles in 162 patients in the C-CS group
(cryopreservation of cleavage phase embryos, average
age 33.8 ± 4.1 yr), <50% of blastomeres were viable in
402 out of 881 instances (45.6%), 50%~<100% in 74
out of 881 (8.4%), and 100% in 405 out of 881 (46.0%),
giving an embryo viability rate of 54.4% (479/881).  The
number of transferred embryos was 2.0 ± 0.6; the
embryo transfer rate was 66.5% (157/236);  the
pregnancy rate was 18.5% (30/162) per patient, 19.1%
(30/157) per transfer, and 12.7% (30/236) per thaw
cycle; the miscarriage rate was 33.3% (10/30); and the

ectopic pregnancy rate was 3.3% (1/30).  In 22 cycles in
14 patients in the T-CS group (average age 32.4 ± 5.7
yr), <50% of blastomeres were viable in 40 out of 98
instances (40.8%), 50%~<100% in 11 out of 98
(11.2%), and 100% in 47 out of 98 (48.0%), giving an
embryo viability rate of 59.2% (58/98).  The number of
transferred embryos was 2.1 ± 0.6; the embryo transfer
rate was 77.3% (17/22); the pregnancy rate was 42.9%
(6/14) per patient, 35.3% (6/17) per transfer, and 27.3%
(6/22) per thaw cycle; the miscarriage rate was 66.7%
(4/6); and the ectopic pregnancy rate was 0% (0/6).
The high miscarriage rate in the T-CS group was
thought to be due to individual factors related to
recurrent pregnancy loss, as 3 of the 4 miscarriages
were the same patient.

No significant differences were seen between groups
in any parameter,  wi th the except ion of age for
pronuclear phase cryopreservation, and pregnancy
rates per patient for cleavage phase cryopreservation.
A significant difference was seen in the C group in
embryo viability rates between pronuclear and cleavage
phase cryopreservation (Table 3).

Pregnancy rates, miscarriage and ectopic pregnancy
rates following frozen-thawed blastocyst transfer

In the C-BT group (blastocyst transfer), the pregnancy
rate was 40.0% (10/25) per transfer, the miscarriage
rate was 40.0% (4/10), and the ectopic pregnancy rate
was 10.0% (1/10).  In the T-BT group, the pregnancy
rate was 50.0% (2/4) per transfer, the miscarriage rate
was 0% (0/2), and the ectopic pregnancy rate was 0%
(0/2).  The cryopreserved embryos ranged from the 4-
cell to the blastocyst (Table 4).

Discussion

Favorable results have been reported from western
countries with one-way transport ART, entailing the
transport of oocytes from satellite facilities to the central

Table 2. Embryo survival rates following freeze-thawing according to IVF/ICSI (May 1998�December 2003)

C-IVF group T-IVF group C-ICSI group T-ICSI group

No. thaw cycles 38 5 168 22
Blastomere survival rate (%) <50% 38.5 (65/169) 32.0 (8/25) 40.3 (250/620) 38.8 (33/85)

50%~<100%   7.7 (13/169) 12.0 (3/25) 10.2 (63/620)   8.2 (7/85)
100% 53.8 (91/169) 56.0 (14/25) 49.5 (307/620) 52.9 (45/85)

Embryo survival rate (%) 61.5 (104/169) 68.0 (17/25) 59.7 (370/620) 61.2 (52/85)
(blastomere survival rate ≥ 50%)

C-IVF group: embryos derived by IVF in the C group; T-IVF group: embryos derived by IVF in the T group.  C-ICSI
group: embryos derived by ICSI in the C group; T-ICSI group: embryos derived by ICSI in the T group.
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ART center, where they are utilized in fresh embryo
transfers [8�14].  There have been reports of embryo
quality being affected by transport ICSI [15], however,
our own study showed a decline in pregnancy rates
[16].  This suggests the possibility of some factor that
affects ICSI, but not IVF.  Hardarson et al. found that in
ICSI, the spindle in MII oocytes is not always adjacent
to the first polar body, so the denuding procedure may
cause displacement (mean deviation of spindle from
first polar body: 41.7°) [17].  Shaking or some other
physical factor is the likely cause, so the transport
process itself may well cause increased displacement,
and affect the clinical results.  If this is the case, the
position of the spindle should be confirmed before
performing ICSI.

In recent years, widespread uptake of ICSI has seen
a rapid increase in the number of institutions offering
this service, making cryopreservation of surplus

embryos essential.  With the aim of resolving some of
the concerns raised over transport ICSI, we developed
a new method, whereby IVF or ICSI is performed at a
satel l i te center,  and surplus fresh embryos are
transported to the main ART center, where they are
used in frozen-thawed embryo transfers.  As this
method involves dual stresses to the embryos, both
transport and freeze-thaw, we investigated the possible
effects on rates of embryo viability, embryo transfer and
pregnancy.

In our previous comparison of frozen-thawed embryo
transfers, derived from earlier transport ART methods
(oocyte transport) and derived from embryo transport
(as in the T group in this study), with a non-transport
group (as in the C group in this study), we found no
differences between groups in terms of age, embryo
damage following freeze-thaw, number of embryos
transferred, or pregnancy rates.  We concluded that
transport of oocytes or embryos does not influence the
clinical results of frozen-thawed embryo transfers [18].
Reexamination of patients undergoing embryo transport
frozen-thawed embryo transfers did reveal significant
differences in age, and pregnancy rates per patient and
per thaw cycle, however, the age difference was
thought to be due to the high proportion of repeaters
with refractory infertility in the C group.  Pregnancy
rates were in fact higher in the T group, reflecting lower
levels of age factors and severe male infertility than in
the C group.  Bias of the same sort affecting embryo

Table 3. Frozen-thawed embryo transfer of pronuclear and cleavage phase embryos (May 1998�December 2003)

C-PS group T-PS group C-CS group T-CS group

Age (mean ± SD) 34.0 ± 3.2a 29.0 ± 0.6b 33.8 ± 4.1 32.4 ± 5.7c

No. patients 12   3 162 14
No. thaw cycles 20   6 236 22
Total no. thawed embryos 65 16 881 98
Blastomere survival rate (%) <50% 20.0 (13/65)d 18.8 (3/16) 45.6 (402/881)e 40.8 (40/98)

50%~<100% 0 (0/65)f 0 (0/16) 8.4 (74/881)g 11.2 (11/98)
100% 80.0 (52/65)h 81.3 (13/16)i 46.0 (405/881)j 48.0 (47/98)k

Embryo survival rate (%) 80.0 (52/65)l 81.3 (13/16) 54.4 (479/881)m 59.2 (58/98)
(blastomere survival rate ≥ 50%)
No. transfer cycles 17 6 157 17
No. transferred embryos (mean ± SD) 1.9 ± 0.4 2.0 ± 0 2.0 ± 0.6 2.1 ± 0.6
Embryo transfer rate (%) (/thaw cycle) 85.0 (17/20) 100 (6/6) 66.5 (157/236) 77.3 (17/22)
Pregnancy rate (%) (/patient) 41.7 (5/12) 66.7 (2/3) 18.5 (30/162)n 42.9 (6/14)o

(/transfer) 29.4 (5/17) 33.3 (2/6) 19.1 (30/157) 35.3 (6/17)
(/thaw cycle) 25.0 (5/20) 33.3 (2/6) 12.7 (30/236) 27.3 (6/22)

Miscarriage rate (%) 20.0 (1/5) 0 (0/2) 33.3 (10/30) 66.7 (4/6)
Ectopic pregnancy rate (%) 0 (0/5) 0 (0/2) 3.3 (1/30) 0 (0/6)

b-c, f-g, i-k, n-o, p<0.05, a-b, d-e, h-j, l-m, p<0.0001.  C-PS group: cryopreserved pronuclear stage embryos in C group; T-
PS group: cryopreserved pronuclear stage embryos in T group.  C-CS group: cryopreserved cleavage stage embryos in C
group; T-CS group: cryopreserved cleavage stage embryos in T group.

Table 4. Pregnancy rates, miscarriage rates and ectopic
pregnancy rates following frozen-thawed blastocyst
transfer (May 1998�December 2003)

C-BT group T-BT group

Pregnancy rate (/transfer) (%) 40.0 (10/25) 50.0 (2/4)
Miscarriage rate (%) 40.0 (4/10) 0 (0/2)
Ectopic pregnancy rate (%) 10.0 (1/10) 0 (0/2)

C-BT group: Blastocyst transfer in C group; T-BT group: Blas-
tocyst transfer in T group.
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viability rates cannot be excluded, but no significant
difference was seen between C and T groups, and this
was thought to rule out any influence from embryo
transport.

Our earl ier study did not take into account the
di f ferent fert i l izat ion processes, or the stage of
development of the transported embryos.  In this study
we divided embryos into IVF vs ICSI, and pronuclear vs
cleavage stage, as well as transport vs non-transport,
for our comparisons.  The results showed no significant
differences in embryo viability rates between C-IVF and
T-IVF, or C-ICSI and T-ICSI.  This tends to rule out any
effect from the above mentioned dual stresses on
embryos derived from either IVF, that follows a similar
fertilization process to that in vivo, or from ICSI, that
uses an artificial fertilization process.  As there were
also no significant differences seen in embryo viability
rates between C-IVF and C-ICSI, or T-IVF and T-ICSI,
the ability to endure the stress of freeze-thaw did not
vary between IVF and ICSI embryos, irrespective of
transport.

No significant differences were seen in embryo
viability rates between C-PS and T-PS, or C-CS and T-
CS, so transport did not affect embryos in either the
pronuclear or cleavage stages.  Comparison of C-PS
and C-CS embryos conf irmed the superior i ty of
cryopreserved pronuc lear  s tage embryos.   No
significant difference was seen between the T-PS and
T-CS groups, but patient numbers were small, and
favorable results were achieved with cryopreserved
pronuclear stage embryos even after transport.  The
reason that cryopreserved pronuclear phase embryos in
the transport group were more common in younger
patients was thought to be that more oocytes were
harvested, producing more embryos.  A similar trend
was not seen in the non-transport group, however.  This
may have been due to the higher incidence of severe
male infertility, in particular cases requiring testicular
sperm extraction (TESE)-ICSI, so the number of
embryos was affected by male factors rather than the
number of oocytes.  Excluding cases where all embryos
go in to cryopreservat ion due to  OHSS or  poor
endometrial development, because pronuclear phase
embryo cryopreservation occurs on Day 1, it is difficult
to perform fresh embryo transfers in the oocytes
collection cycle if embryo numbers are insufficient.
When a reasonable number of embryos has been
produced, the best course is to transport  some
pronuclear stage embryos to the main ART center for
cryopreservation, and culture some early embryos at
the satellite facility for use in embryo transfers.  Any

surplus embryos are then transported to the main ART
center  as  c leavage phase embryos ,  inc lud ing
blastocysts, for cryopreservation.

High implantation rates have been reported for
blastocyst transfers, raising the possibility of single
embryo transfers [19�24].  We achieved favorable
results in the transport group in our study, although the
patient numbers were extremely small.  An unresolved
question is whether embryos should be transported at
the pronuclear or cleavage stage (Day 2�3 embryos),
cryopreserved, and transferred at the blastocyst stage,
or transported, cryopreserved, and transferred at the
blastocyst stage.  Transport at the pronuclear stage is
regarded as superior from the point of view of embryo
viability, but the rate of progression to the blastocyst
stage must also be considered.  Embryo viabil ity
fol lowing transport  and cryopreservat ion at  the
blastocyst stage is another question requiring further
study.  The vitrification method is most appropriate for
cryopreservation following transport at the blastocyst
stage, so consideration of the stress to the embryos
makes t ranspor t  a t  the pronuclear  s tage more
appropriate i f  technically feasible.  Rienzi et al.
compared Day 3 and Day 5 fresh embryo transfers, with
combined evaluation at the pronuclear and cleavage
stages, in patients where at least eight 2 pronuclei
embryos had been obtained using ICSI, finding no
difference in the rates of pregnancy, clinical pregnancy,
delivery, implantation, or birth [25].  Similar results were
achieved for cryopreserved embryo transfers.  Day 3
embryo transfers were, however, superior in terms of
pregnancy, clinical pregnancy, and delivery rates per
oocyte retrieval.  The greatest drawback to embryo
transport frozen-thawed embryo transfer is the stress it
places on the embryo; so all possible steps should be
taken to reduce this stress.  This means that the in vitro
incubation period should not be prolonged any more
than is absolutely necessary.

In choosing the method of cryopreservation of
transported embryos, in consideration of potential
cytotoxicity from high levels of cryoprotectant agents
(CPAs) associated with the vitrification method, we
opted for the slow freezing method.  Superior rates of
embryo viability, implantation, and clinical pregnancy
have been reported for human embryos cryopreserved
after slow freezing with ethylene glycol (EG) than for
vitrification using 1,2-propanediol (PROH) as the CPA
[26].  Modified HTF is used as the transport culture fluid,
but it is preferable to use sequential culture fluids suited
to the stage of the transported embryos.  Further study
is needed into the development of culture f luids
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containing HEPES buffer, etc., that stabilize the pH
during transport, and the use of piezo-ICSI, which is
said to provide superior oocyte viability [27].  It is also
preferable to transfer embryos without damaged
blastomeres, although there have been reports of
improved implantation rates after laser-assisted
removal of necrotic blastomeres from partially damaged
embryos prior to transfer [28, 29].

In this study, we found no adverse effects on rates of
embryo viability, embryo transfer, or pregnancy, so we
consider the embryo transport frozen-thawed embryo
transfer method to be clinically applicable.  The field of
transport ART has recently seen a variety of new
developments, with different applications departing
significantly from the original objectives.  These are
noted in earlier reports by the authors as well as
Langley et al. of embryo biopsies and genetic analysis
[30], a report of transport of testicular tissue in addition
to oocytes and testicular tissue [31], and transport of
genetic materials by car and train, as well as by air as
dictated by long distances or time restrictions [30, 32].

In our case, we are considering enlargement of our
transport area to overcome regional differences in
infertility treatments.  Our hospital is located very close
to a major airport, and we plan to meet the demand for
services from isolated islands such as Izu Oshima and
Hachijojima using the air postal service, although we
will need to make arrangements in advance to avoid X-
ray screening.  A number of variations such as these
are possible to meet patient needs, and these will be
applicable to almost all forms of ART.  We should also
be able to satisfy any future patient demands.
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