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The effectiveness of blastocyst culture and transfer in
human in-vitro fertilization (IVF) was evaluated in a
prospective randomized trial in patients having a moderate
to good response to gonadotrophin stimulation. Embryos
were transferred either on day 3 after culture to around
the 8-cell stage in Ham’s F-10 medium supplemented with
fetal cord serum, or on day 5 after culture to the blastocyst
stage in the sequential serum-free media G 1.2 and G 2.2.
The pregnancy rates after transfer on day 3 or day 5 were
equivalent, 66 and 71% respectively; however, significantly
more embryos were transferred on day 3 (3.7) than on day
5 (2.2). The number of blastocysts transferred did not
affect the implantation rate, and pregnancy rates when
either two or three blastocysts were transferred were
68 and 87% respectively. The implantation rate of the
blastocysts (50.5% fetal heart beat) was significantly higher
compared to the cleavage stage embryos transferred on
day 3 (30.1%). The percentage of blastocyst development
was not affected by the number of 2-pronuclear embryos, or
by maternal age. Irrespective of the number of blastocysts
formed, pregnancy rates were similar. Furthermore, the
pregnancy rate following blastocyst transfer in patients
with 10 or more follicles at the time of human chorionic
gonadotrophin administration was not affected by patient
age. More than 60% of patients having blastocyst culture
and transfer had supernumerary embryos for cryopreserv-
ation. The establishment of a pregnancy following thaw
and transfer confirmed the viability of cryopreserved
blastocysts cultured in the absence of serum or co-culture.
The ability to transfer just two blastocysts while main-
taining high pregnancy rates will therefore help to eliminate
high order multiple gestations and improve the overall
efficiency of human IVF.

implantation rates between 5 and 30%. Such rates have
remained relatively constant for the past two decades. As a
direct result of the low implantation rate of the cleavage stage
human embryo, clinics transfer more than one embryo in order
to obtain acceptable pregnancy rates. In 1995 in the USA, the
average number of embryos replaced in patients of all ages
was four (Society for Assisted Reproductive Technology and
the American Society for Reproductive Medicine, 1998).
Pregnancy rates do increase with the number of embryos
replaced, but so does the incidence of multiple gestations.

In contrast to the cleavage stage embryo, the implantation
rate of the human blastocyst, developedivo and transferred
to recipients, is>50% (Busteret al., 1985). Should it be
possible to obtain such viable blastocystwitro after culture
from metaphase Il oocytes, then the resultant high implantation
rate would reduce the need for multiple embryo transfers and
thereby eliminate high order multiple gestations (Lopata, 1992).
Furthermore, the routine ability to culture and transfer viable
blastocysts should improve the overall efficiency of assisted
conception in humans.

Recent studies have indicated that it is possible to obtain
viable human blastocysts in defined culture systems, in the
absence of serum and somatic helper cells (Scholtes and
Zeilmaker, 1996). Specifically the development and use of
sequential culture media, designed to cater for the changing
requirements of the embryo as it develops and differentiates,
has been shown to produce blastocysts of high viability
(Gardneret al., 1997, 1998; Jonest al., 1998). In all studies,
the implantation rate of the blastocysts was higher than that
of cleavage stage embryos. We have therefore undertaken a
prospective randomized study to determine the efficacy of
sequential culture media for human blastocyst development
and transfer on day 5.

In January 1998, the Colorado Center for Reproductive
Medicine formed a consultant agreement with IVF Science
Scandinavia, Gothenburg, Sweden.

Materials and methods

Patient selection

Key words:blastocyst/embryo transfer/implantation rate/preg-

nancy/sequential media

Introduction
In human in-vitro fertilization (IVF), the embryo is routinely

The study was open to all patients who consented to enter the
randomized trial between October 1997 and March 1998. The trial
was approved by the Institutional Review Board. Requirements for
IVF included: (i) basal follicle stimulating hormone (FSKL5 mIU/

ml, (ii) female age<45 years, (iii) presence of normal uterine cavity,
(iv) adequate semen parameters for IVF or intracytoplasmic sperm
injection (ICSI), (v) absence of any contraindications to pregnancy.

transferred to the uterus on day 2 or 3 of development, wherm addition, to be included in the study, at least 10 follickes2 mm
it has between 4 and 8 cells. This procedure results iin diameter, visible by transvaginal ultrasound, were required on the
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Controlled trial of blastocyst transfer

was carried out with a 50-70-95 discontinuous gradient or a mini-
Table I. Effect of day of transfer on implantation and pregnancy outcome gradient method using Pure Sperm (Nidacon, Gothenburg, Sweden)
depending on the initial semen parameters. The resulting pellet was

Day 3 Day 5 P washed in Ham’s F-10 and stored in the incubator until insemination.
No. of patients 47 45 Each oocyte was inseminated with 100 000 sperm/ml in Ham's F-10
Age (years) (meart SEM) 345+ 06 336*x0.7 NS + FCS. Fertilization was assessed 15-18 h post insemination.
Age range (years) 26-43 26-43 Cumulus and corona cells were removed by dissection with 27-gauge
Pr;i‘gglfggmc’f cycles 0.2£0.07 062+ 014 <0.05 disposable needles in an organ culture dish. All gamete and embryo
,(:SH @,Ulml))(meam SEM) 77+03 73+04 NS manipulations occurred in a paediatric isolette designed to control
Patients with ICSI (%) 34 33 NS humidity, temperature and pH fluctuations.
No. of pronuclear embryos 109 0.7 11.6*08 NS If ICSI was performed, the oocytes were denuded using hyaluronid-
(mean= SEM) . ase and drawn pipettes. Each mature oocyte was placed ipla 6
?‘n?é;’;imstr{AO)S transferred 8¥01 22x01 <001 droplet of phosphate-buffered saline supplemented with 15% FCS.
Patients with embryo freezing (%) 30 64 <0.01 The partner’s spermatozoa were placed ind éroplet of polyvinyl-
No. of frozen embryos 3.6 07 3.2*05 NS pyrrolidone (PVP; IVF Science Scandinavia). All droplets were
(mean= SEM) overlaid with paraffin oil (BDH, Poole, Dorset, UK). ICSI was
Implantation raté (fetal sac) (%) ~ 37.0 554 <0.01 performed on a Nikon inverted microscope with Narishige micromani-
Implantation rat@ (fetal heart) (%) 30.1 50.5 <0.01 L . .
Clinical pregnancy rate (%) 66 71 NS pulators. The injected oocytes were then rinsed and placed in tubes

of Ham’s F-10 with 15% FCS until fertilization was assessed.
4ncludes two patients in the blastocyst culture group who did not have an Patients having embryo transfer on day 3 had embryos with two
embryo transferred on day 5 due to embryonic arrest at the cleavage stagepronuclei cultured in groups of 3—4 in 1 ml of Ham's F-30FCS
bPer embryo transferred. . .

in pre-rinsed 5 ml Falcon culture tubes, and left for 48 h (to day 3
of development). On day 3, the majority of embryos for transfer

day of human chorionic gonadotrophin (HCG) administration. In ourunderwent assisted hatching. The criteria for assisted hatching were:
experience, this group of patients is most at risk of a high ordefPatients agec=39 years, FSH>10 miU/ml, a previous failed cycle,
multiple gestation. Patients entering the trial were allocated tdOf Spec'f"? embryos where .there wa20% fragmentation or yvhere.
either day 3 transfer or day 5 transfer using a computer-generaté@ere was increased zona thickness. The procedure of selective assisted
randomization table. There were no differences in mean age anfaatching for embryos with thicker zonae pellucidae has been associated
mean FSH concentrations on cycle day 3 (~7.5 mlU/ml by in-hous&Vith an increase in implantation and pregnancy rates after the transfer
assay) between patients having embryo transfer on day 3 or day & cleavage stage embryos (Cohemal, 19?2)- Embryos were then
(Table 1), or in their primary cause of infertility. The primary cause fransferred to the patient in medium Ham's F-£0FCS. The mean
of infertility for patients having transfer on day 3 was: tubal¢  C€ll number of embryos transferred on day 3 was Z90.1 (*
12), endometriosisn(= 8), ovulatory disordersn(= 3), idiopathic/ SEM). For those patients having transfer on day 5, embryos with two
unexplained if = 15) and male factorn(= 9). The primary cause pronuclei were cultured in groups of three or four in 1 ml of medium
of infertility for patients having transfer on day 5 was: tubal¢ G 1.2 in pre-rinsed 5 ml Falcon tubes. Around noon on day 3 all
10), endometriosisn(= 11), ovulatory disorders(= 3), idiopathic/ embryos were transferred to 1 ml of medium G 2.2 for a further 48 h
unexplainedif = 9) and male factorr( = 12). of culture (to day 5 of development). None of these embryos
Ovarian hyperstimulation was initiated with leuprolide acetateUnderwent assisted hatching. On day 5 the percentage blastocyst
(Lupron; TAP Pharmaceuticals, North Chicago, IL, USA) adminis- formation was determined and up to three blastocysts were selected
tered from the midluteal phase at 1.0 mg s.c. daily for 10 days anE,or transfer. Blastocysts were selected bas&_ad on the presence o_f an
subsequently reduced to 0.5 mg daily until the morning of HCcginner cell mass anq atrophegtoderm comprised of many cells which
injection. Human menopausal gonadotrophin was begun after pituitarﬁprmEd a distinct epithelium (Figure 1). The most expanded blastocysts
down-regulation (serum oestradiet35 pg/ml; 128 pmol/l) and within a given cohort were selected for transfer. Blastocysts were
continued until at least 10 follicles reached a mean diameter of 1ransferred in medium G 2.2 5 mg/ml HSA. No embryos in the
mm. HCG was administered when at least two follicles had a meaRlastocyst group underwent assisted hatching or complete zona
diameter of 18 mm. Oocyte retrieval was scheduled for 35 h aftefémoval. The gas phase for all embryo cultures was 5% BQir.
HCG injection.

Embryo transfer and luteal support
Embryo culture All embryo transfers were performed using a Wallace catheter
Media were prepared weekly in the laboratory. Ham's F-10 (Flow(Edwards—Wallace catheter; Marlow Technologies, Inc., Willoughby,
Laboratories, McLean, VA, USA) was reconstituted with HPLC gradeOH, USA) and ultrasound guidance. Methylprednisolone (16 mg
water (Mallinckrodt, Paris, KY, USA) and supplemented with 15% once per day) and tetracycline (250 mg four times per day) were
fetal cord serum (FCS) (Meldruret al., 1987). Media G 1.2 and G administered to all patients for 4 days beginning on the day of oocyte
2.2 (modifications of the original G 1 and G 2; Gardner, 1994; Barnegetrieval. Luteal support for all embryo transfers comprised 50 mg
et al., 1995) were supplemented with 5 mg/ml human serum albumir-m. progesterone in oil beginning 2 days following oocyte retrieval.
(IVF Science Scandinavia, Gothenburg, Sweden). Modifications to
the original culture media formulations included reduced glutamineEmbryo freezing
EDTA and phosphate concentrations, the inclusion of specific vitamin8lastocysts were cryopreserved using the method ohdee et al.
in medium G2.2, and the use of human serum albumin rather tha(l992a). On day 3 an embryo had to have at least 6 cells<drd®o
bovine serum albumin. The exact formulation of several of the mordragmentation for it to be frozen. The method used was based on
recent culture media used in human IVF have not been disclosed faCohenet al. (1988). For an embryo to be frozen on day 5 or 6, it
commercial reasons. All media were screened prior to use with &ad to have an intact trophectoderm, a blastocoel and a visible inner
mouse embryo bioassay (Gardner and Lane, 1993). Semen preparatiogll mass.
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Figure 2. Patient variation in percentage blastocyst development.

to either arm of the trial on day 8 of their cycle and there
were no cancellations. There were no failed fertilizations.
Implantation rates were calculated using all patients irrespective
of pregnancy outcome. Furthermore, equivalent pregnancy
rates could be obtained with day 3 and day 5 transfer but with
significantly fewer embryos transferred on dayPs< 0.01),

this despite the fact that patients having a transfer on day 3
had undergone significantly fewer previous IVF cycles than
those having a day 5 transfer.

Blastocyst development and pregnancy rate

The mean percentage blastocyst development from 2-pro-
nuclear embryos for all patients was 46.5%. The majority of
blastocysts were obtained on day 5 (43%; i.e. 92% of all
blastocysts formed), the remaining 3.5% being formed by day
6. The mean number of blastocysts formed per patient was
5.4. Eighty percent of patients had two or more blastocysts
transferred on day 5, while two-thirds of patients had super-
numerary blastocysts frozen (Table ). Blastocyst development
varied significantly from patient to patient, and the embryos
Figure 1. Photomicrographs of human blastocyse. uman from four patients of the 45 in the study failed to form any
blgstocy.st on the mo?nin% of day 5 after cultu?/e in. medium G 1.2 blastocysts (Figure 2). However, in two of these, the patl_ents
for 48 h from the pronucleate stage, followed by culture in mediumhad morulae that were transferred on day 5. Both patients
G 2.2 for 48 h from the 8-cell stage. Note the thinning of the zona have ongoing pregnancies as a result. So in all, only 4.5% (2/
pellucida. A dense group of cells, the inner cell mass (ICM), can  45) of patients having blastocyst culture did not have a transfer.
gﬁf :feenrl % §§|nd|§22 GTE,SIOC(::II\(/I F;gsciﬂeoat:l) U\?;—‘i l;:cn)](?l' E('aafrtgczzgtgt @&  Despite the variation in blastocyst development (Figure 2),
derm of the blgstocyst can be seen to{)e made up of mgny cells. the _pregnancy r.ate when blastocysts were transferr.ed- was
Bar = 35 um. similar, irrespective of the percentage of embryos within a
cohort forming blastocysts (Figure 3). Although there was a
significant linear relationship between the number of pronucle-
ate embryos from a given patient and the total number of
blastocysts (Figure 4aP < 0.01), this did not correspond

to an increase in the percentage of blastocyst development
(Figure 4b). Age had no significant effect on either the number
Results of blastocysts obtained (Figure 4c) or the percentage of
The data show that the transfer of human embryos on day pronucleate embryos becoming blastocysts (Figure 4d). The
of development results in a significant increase in implantatiopregnancy rate was equivalent across all age groups (Table II),
rate compared to embryos transferred on day3<(0.01), although such a general comparison necessitated small
when assessed as both fetal sac and fetal heart developmeiatmple sizes.

per embryo transferred (Table ). The patients were allocated The majority of patients (89%) received either two or three
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Statistical analysis of results was performed using unpaitedts.
Percentage data were compared using Fisher’s exact test.
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blastocysts. The effect of the number of blastocysts transferreeimbryo, pregnancy rates were higher when more blastocysts
on pregnancy outcome is shown in Table Ill. The implantationwere replaced. Ten of the first 13 patients having blastocyst
rate was not affected whether two or three blastocysts werkansfers received three embryos. When the high implantation
transferred. Consistent with observations on the cleavage stapecame evident, the majority of the remainder of the patients
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Figure 3. Pregnancy rate as a function of percentage blastocyst
development. Data include only those 43 patients who had an

embryo transfer.

Table II. Effect of patient age on pregnancy rate after blastocyst transfer

Age (years)

No. of patients
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<30 14 9 64
30-34 13 11 85
35-39 13 8 62
=40 5 4 80
15
a)
.| >
e

g o e

= e oe o o

% . //( .o

E 6 '(‘/

g A

= 3F o//oo oo

e . 0. .
00 10 20 30
Number of 2PN
C) 15

g‘u : . .

8

g9 .

o . . .

b . . oo

'g 8 o oo ‘ :

z 3+ : : . ¢ . * oe

.
LX) .
025 30 35 40 45

Age (years)

received only two blastocysts at transfer.

Effect of ICSI on blastocyst development and pregnancy rate

There was no apparent effect of ICSI on either implantation
rate or pregnancy rate. The percentage blastocyst and pregnancy
rates for 30 patients who had conventional IVF were 47 and
73% respectively. For the 15 patients having ICSI, the respect-
ive figures were 45 and 67%.

Frozen—-thawed blastocyst transfers

Of the 12 patients who did not conceive with fresh blastocyst
transfers, three returned for the replacement of thawed blasto-
cysts. Ten blastocysts were thawed, of which nine survived
and re-expanded and two of these started hatching. One of the
three patients subsequently conceived and has an ongoing
pregnancy.

Discussion

This prospective randomized trial has demonstrated that it is
feasible to culture human embryos to the blastocyst stage in
serum-free sequential culture media. Furthermore resultant
blastocysts have a significantly higher implantation rate than
embryos transferred on day 3 of culture at the 4- to 8-cell

stage after culture in Ham'’s F-10 and fetal cord serum. It is

therefore possible to attain high pregnancy rates without having
to transfer three or more embryos, at least in patients who
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Figure 4. Effect of the number of pronuclear embryos and age on blastocyst developajehhefe was a significant linear relationship
between the number of pronuclear embryos and the number of blastocysts fétrme6.01). ) Percentage blastocyst development was
not related to the number of pronuclear embryos, i.e. ~50% of pronuclear embryos formed blastocyststg was no significant
relationship between age and the numberd)rpercentage of blastocysts formed.
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Table Ill. Effect of number of blastocysts transferred on implantation and pregnancy rates

No. of blastocysts Age (years) Implantation rate  Pregnancy  SingRetoffsving® Tripletd
transferred (meart SD) (% fetal heart) rate (%) (%) (%) (%)
(no. of patients)

2 (25) 33.3= 0.8 52 68 47 53 -

3 (15) 347+ 15 49 87 61 8 31

80f the 45 patients in the blastocyst group two did not have an embryo transfer. Two patients received
morulae; both became pregnant. One patient received one blastocyst and did not conceive.
bpPercentage of ongoing pregnancies.

have a moderate to high response to gonadotrophins. OngoingThe experimental data supporting the use of a two-step
investigations will determine the efficacy of extended cultureculture system have been discussed extensively (Gardner and
in sequential media for patients with a low response toLeese, 1990; Gardner and Lane, 1993; 1997; Gardner and
gonadotrophins. Sakkas, 1993; Gardner, 1998). It is evident that the culture

There are two reasons for the higher viability of blastocystsconditions that support the highest rates of cleavage in the
compared to cleavage stage embryos; first, the human cleavag®muse zygote do not support optimum blastocyst development
stage embryo normally resides in the oviduct and does naind differentiation. Conversely, those conditions that best
enter the uterus until after compaction (Croxatal., 1978).  support blastocyst development and differentiation from the
The oviduct and uterus provide different nutritional environ-8-cell stage actually reduce mouse zygote development and
ments for the embryo (Gardnet al., 1996), so it is therefore subsequent viability. The latter point is a most important
plausible that development of cleavage stage embryos isoncept, as it helps to explain the study of Bol&iral (1991),
compromised by premature transfer to the uterus. In supporh which 40% blastocyst development was obtained, but the
of this hypothesis, in other mammalian species, the transfaresultant implantation rate was only 7%. The culture system
of cleavage stage embryos to the uterus results in lowensed by Boltoret al. (1991) was Earle’s balanced salt solution
pregnancy rates than the transfer of morulae or blastocyssupplemented with pyruvate and 10% maternal serum. Clearly
(Bavister, 1995). Secondly, by culturing the embryo for 4 dayssuch simple media are not suitable for the extended culture of
to the blastocyst, embryos with limited, if any, developmentalthe human embryo. In contrast, co-culture systems have
potential may be identified and avoided (Boltehal,, 1989; employed more complex media resulting in implantation rates
Dawsonet al, 1995). Certainly at this time, embryos are of ~20% (Olivennest al., 1994). Interestingly, Mgezo et al.
assessed after the initiation of embryonic genome activatiofil992b) calculated the blastocyst implantation rate from only
(Braude et al, 1988). Furthermore, some chromosomallythose women who became pregnant and did not take into
abnormal embryos fail to develop in culture (Munaetal, account the number of embryo transfer procedures that failed
1995). to give rise to a pregnancy. With this approach,nd et al.

The percentage of blastocyst development from all pro{1992b) found that the implantation rate of human blastocysts
nucleate embryos was 46%, with90% of blastocysts being after co-culture with Vero cells was 52.8%. Similarly,
formed by day 5. However, there was considerable inhererBertheussest al. (1997) who used sequential media (Universal
patient variation with respect to blastocyst formation. SuchVF Medium and M3; MediCult) reported an implantation rate
percentage blastocyst development is similar to that reporte@ber successful pregnancy) of 36%. Using the same criterion
when co-culture has been used o et al., 1990; 1992b; to calculate implantation rate, using sequential culture media
Wiemer et al., 1993; Bongscet al., 1994; Olivennest al., in this study the fetal sac rate would be 71% per embryo
1994), and to those obtained when a single culture mediurtransferred in pregnant patients only, with a fetal heart rate
was employed (Hardet al., 1989; Boltonet al., 1989; 1991; of 66%.

Dokraset al, 1993; Desai, 1997). However, it appears that Of the 45 patients in the blastocyst group, two produced
blastocysts obtained in this study had a higher viability tharembryos which did not develop past the 8-cell stage, and two
those in previous studies. It is proposed that the high viabilityproduced embryos which compacted but failed to form a
of the blastocysts in this study is due to the use of sequentidilastocoel on day 5. The latter two patients had morulae
culture media in combination with optimal laboratory andtransferred on day 5 and subsequently became pregnant,
clinical procedures, demonstrated by the relatively highconfirming the observations of Huismaet al (1994) and
implantation rate of the embryos in the control group. One oBertheusseret al. (1997) that morulae have a high viability.
the key findings of research on mouse embryos is that it i$n studies using either co-culture (Mezo et al., 1992b) or a
possible to obtain morphologically good-looking blastocystssingle culture medium with serum (Scholtes and Zeilmaker,
using different culture conditions; however, the resultant blasto1996), 8.5 and 28% of patients respectively produced embryos
cysts have very different viabilities when transferred to recipi-which failed to form a blastocyst. In the present study, 8.9%
ents, i.e. an expanded blastocoelic cavity may coexist witlof patients produced embryos that failed to reach the blastocyst,
poor inner cell mass development (Gardeeal., 1997; Lane  while only 4.5% of patients did not have a transfer. Eighty-nine
and Gardner, 1997). This reinforces the fact that blastocystger cent of patients had two or more blastocysts transferred, the
developed in culture may not necessarily be viable. mean number of blastocysts formed per patient being 5.4. This
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figure is in contrast to Scholtes and Zeilmaker (1998) who intracytoplasmic sperm injection and assisted hatchihgn Reprod, 10,
observed that only 59% of cases had two blastocysts fo 3243-3247.
Igavister, B.D. (1995) Culture of preimplantation embryos: facts and artifacts.

transfer. However, in the latter study, only a single medium Hum Reprod Update 1, 91-148.

was used for embryo culture and the study was based on &egrtheussen, K., Forsdahl, F. and Maltau, J.M. (19@7yitro fertilization.
unselected group of patients. New media for embryo culture to the blastocyst stage. In Gomel, V. and

. . . Leung, P.C.K. (eds)Jn Vitro Fertilization and Assisted Reproduction
In the present study it appeared that, provided a patient had ;onguzzi Editoire, Bologna, pp. 199204

blastocysts to transfer, she had the same chance of becomiBgiton, V.N., Hawes, S.M., Taylor, C.T. and Parsons, J.H. (1989) Development
pregnant no matter how many embryos reached the blastocystof spare human preimplantation embryds vitro: an analysis of the

e : : :+ correlations among gross morphology, cleavage rates, and development to
stage. Initially patients received three blastocysts. However, it blastocystJ. In Vitro Fertil. Embryo Transfer, 30-35.

5_00n became apparent that the blaStOCyStS had a high inn'pl":m@o'lton, V.N., Wren, M.E. and Parsons, J.H. (1991) Pregnancies iaftgtro
tion rate and the number transferred was subsequently reducedertilization and transfer of human blastocystertil. Steril,, 55, 830-832.

to two, irrespective of patient age. The implantation rate wa8ongso, A., Fong, C.Y., Ng, S.C. and Ratnam, S.S. (1994) Blastocyst transfer
not affected by the reduction although the pregnancy rate in humanin vitro fertilization: the use of embryo cocultur€ell Biol. Int.,

18, 1181-1189.
0 i .
decreased from 87 to 68% respectlvely. Braude, P.R., Bolton, V.N. and Moore, S. (1988) Human gene expression

Although the absolute number of blastocysts obtained from first occurs between the four- and eight-cell stages of preimplantation
a given patient was related to the number of pronucleate developmentNature 332 459-461.

TE ; - Buster, J.E., Bustillo, M., Rodi, |.Aet al. (1985) Biologic and morphologic
embryos, a flndmg preVIOUS|y reported by Janny anchtde development of donated human ova by nonsurgical uterine laveagel.

(1996), the percentage of blastocyst development was notobstet Gynecol, 153 211-217.
dependent upon the initial number of embryos. Furthermoregohen, J., De Vane, G.W., Elsner, C.\&t al. (1988) Cryopreservation of
the number of blastocysts obtained was not affected by patient2ygotes and early cleaved human embryeestil. Steril, 49, 283-289.

age, nor was the percentage of blastocyst formation. It has t%ohen, J., Alikani, M., Trowbridge, J. and Rosenwaks, Z. (1992) Implantation
! ’ enhancement by selective assisted hatching using zona drilling of human

be remembered, however, that the patient base in this studyembryos with poor prognosisium Reprod, 7, 685-691.
consisted of patients with a moderate to good response toroxatto, H.B., Ortiz, M.E., Diaz, St al. (1978) Studies on the duration of
gonadotrophins. It has been shown that in women over 40 €99 transport by the human oviduém J. Obstet Gynecol, 132, 629-634.

; ; ; PRI awson, K.J., Conaghan, J., Ostera, GeRal (1995) Delaying transfer to
years, a gOOd ovarian response Is consistent with Improvela the third day post-insemination, to select non-arrested embryo, increases

outcome in IVF (Roestet al, 1996; Widraet al, 1996). development to the fetal heart stagdum Reprod, 10, 177—182.
Therefore the findings reported here are not necessarily iDesai, N., Kinzer D, Loeb, K. and Goldfarb, J. (1997) Use of synthetic serum
contrast to those of Janny and Mo (1996), who observed substitute andx-minimum essential medium for the extended culture of

a significant decrease in blastocvst formation with patient a human embryos to the blastocyst stagem Reprod, 12, 328-335.
ignim I y lon with patl geDokras, A., Sargent, I.L. and Barlow, D.H. (1993) Human blastocyst grading:

This emphasizes the need to extend prospective studies Ohan indicator of developmental potentiaiiim Reprod, 8, 2119-2127.
blastocyst culture and transfer, using sequential media, to oth&ardner, D.K. (1994) Mammalian embryo culture in the absence of serum or
patient groups. somatic cell supportCell Biol. Int., 18, 1163-1179.

Finall it is important that supernumerary blastoc StsGardner, D.K. (1998) Changes in requirements and utilization of nutrients
y: P p y y during mammalian preimplantation embryo development and their

developed using sequential culture media can be adequatelysignificance in embryo cultur&heriogenology49, 83-102.
cryopreserved. This is especially true as the number of blast@ardner, D.K. and Lane, M. (1993) Embryo culture systems. In Trounson, A.
Cysts requ|red for transfer is decreasn']g'm et al. (1992a) and Gardner, D.K. (edsHandbook of In Vitro Fertilization CRC Press,

. Boca Raton, pp. 85-114.
and Kaufmanret al. (1995) have concluswely demonstrated Gardner, D.K. and Lane, M. (1997) Culture and selection of viable blastocysts:

that it is possible to freeze human blastocysts, which can a feasible proposition for human IVA#um Reprod Update 3, 367-382.
subsequently give rise to viable pregnancies. Gardner, D.K. and Leese, H.J. (1990) Concentrations of nutrients in mouse
In conclusion, an acceptable percentage of bIastocyst devel-oviduct fluid and their effects on embryo development and metabatism

. . . ._yitro. J. Reprod Fertil., 88, 361-368.
opmentcan be obtained using appropriate serum free sequent a}llrdner, D.K. and Sakkas, D. (1993) Mouse embryo cleavage, metabolism

CUlturPT m'e.dia- Importantly, the viability of such blaStOC'yStS and viability: role of medium compositiotdum Reprod, 8, 288—295.
was significantly higher than cleavage stage embryos in theardner, D.K., Lane, M., Calderon, 1. and Leeton, J. (1996) Environment of

group of patients entering the prospective randomized trial. the preimplantation human embry vivo: metabolite analysis of oviduct

. . . and uterine fluids and metabolism of cumulus ceRertil. Steril., 65,
The efficacy of blastocyst culture and transfer in patients who 349-353.

exhibit a poor response to gonadotrophins needs evaluating &hrdner, D.K., Lane, M., Kouridakis, K. and Schoolcraft, W.B. (1997) Complex
further prospective trials. physiologically based serum-free culture media increase mammalian embryo
development. In Gomel, V. and Leung, P.C.K. (eds)Vitro Fertilization
and Assisted ReproductioMonduzzi Editoire, Bologna, pp. 187-191.
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