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The rate of development and time of transfer play
different roles in influencing the viability of human
blastocysts

Youssef Shoukir, Didier Chardonnens, with a higher implantation potential (Nakayaragal., 1995),
Aldo Campana, Paul Bischof and Denny Sakkas supporting the concept that some embryos with chromosomal
or genetic abnormalities may cleave, but fail to reach the
Collaborating Centre in Human Reproduction, Department of blastocyst stage (Edwards and Hollands,_1988). Mo_reover, the
Obstetrics and Gynaecology, University Hospital of Geneva, transfer of blastocysts may reduce the risk of multiple preg-
Geneva, Switzerland nancy if only one or two better-quality embryos can be selected.
To whom correspondence should be addressed at: Laboratoire de he use of blastocysts, however, has not been widely accepted

Gamies, Clinique de Stéité et d’Endocrinologie Gynecologique, ~[Of two reasons: (i) pregnancies can be established when
Hopital Cantonal Universitaire de Gaves 30 Bd de la Cluse, embryos are transferred to the uterus at the 4- to 6-cell stage,

1211 Genee 14, Switzerland even though they remain in the uterus for ~90-99 h prior to
implantation, and (ii) human in-vitro fertilization (IVF)
embryos can be cultured to the blastocyst stage with only
limited success.

Recently, however, improved embryo culture protocols have
blastocyst development from supernumerary embryos after rendered the possibility of obtaining blastocysts after in-vitro

cp-culture on green monkey kidney epithelial cells and fertilization more feasible. Numerous culture systems, with
(ii) pregnancy rates after transfer of frozen blastocysts. In (Weimeret al, 1989a, b: Ma&zo et al, 1990: Bongsct al.

addition, we have examined the influence of the day of 1991 Birkenfeld and Navot, 1991; Plachital, 1993; Quinn
blastocyst freezing and the day of transfer after the luteiniz- 5 Margalit, 1996) and without feeder cells (Harely al,

ing hormone (LH) peak on pregnancy and implantation  19g9: Dokraset al, 1993; Muggleton-Harriset al, 1995;
rates. Of 423 supernumerary embryos, 200 developed 0 gcholtes and Zeilmaker, 1996; Desaial, 1997), now exist

the blastocyst stage (47.3%). By days 5 and 6, 67% of the \which can support development of human embryos to the
blastocysts had reached the blastocyst stage, and were pjastocyst stage. In our own studies, we have used a co-culture
frozen, compared to 28.5% by day 7. When we compared system with green monkey kidney epithelial (Vero) cells
the cases where only blastocysts frozen on days 5 and 6 (Sakkaset al, 1994). Recently, a number of studies have
were transferred compared to those frozen and transferred  reported the successful culture of human embryos to the
on or after day 7 the pregnancy rates were 7/18 (38.9%) and  blastocyst stage and improved pregnancy rates after the transfer
1/16 (6.2%) respectively. In contrast, when we examined the of fresh (Olivennest al., 1994; Scholtes and Zeilmaker, 1996)
influence of the day of transfer we found that pregnancies and frozen blastocysts (Kaufmae al, 1995). The question
were established from day 5 up to day 9 post LH peak. however remains as to whether the transfer of blastocysts
Based on these results, we suggest that every attempt should conveys an advantage to the infertile couple. In addition, little
be made to increase the development rate of supernumerary is known as to the effect of the time of transfer and the quality
embryos to the blastocyst stage, as it appears that the of blastocysts transferred in the human. One study supporting
quality of blastocysts transferred, as shown in this study the use of blastocysts was that of Bustgral. (1985) who

by rate of development, plays a more crucial role than the recovered in-vivo developed human blastocysts by uterine

Clinic of Infertility and Gynaecological Endocrinology—WHO

Improved embryo culture protocols now render more
feasible the possibility of obtaining human blastocysts after
in-vitro fertilization. In this study we present: (i) results of

timing of transfer. lavage and transferred them to achieve a high implantation
Key words: blastocysts/humdim-vitro fertilization/transfer/ ~ rate (3/5, 60%), well above that currently observed in most
viability IVF cycles.

In this study, we present our results of blastocyst develop-
ment from supernumerary embryos. In the first part of the
. study, we examined the influence of the day of blastocyst
Introduction freezing and day of transfer after the luteinizing hormone (LH)
The embryo enters the uterus during the later stages qfeak on pregnancy and implantation rates. In the second part
preimplantation embryo development. It has therefore beenf the study, we investigated whether development to the
argued for some time that it would be more appropriate tdlastocyst stage could be used as an indicator of the overall
transfer in-vitro fertilized human embryos to the uterine cavityviability of a patient’s embryos in the initial treatment cycle.
at the blastocyst stage (Olivennes$ al, 1994; Kaufmann
et al, 1995). This would provide a better synchrony betweenMaterials and methods
the uterine endometrium and the embryo. The other advantagese present study was performed on patients entering the IVF
of such a procedure include the possible selection of embryosogramme at the Clinic of Infertility and Gynaecologic Endo-
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Factors influencing human blastocyst viability

crinology, Department of Obstetrics and Gynaecology, University

Hospital of Geneva, Geneva, Switzerland between April 1992 and
March 1997. In all, 90 cycles were assessed where the patient
underwent a routine IVF treatment with transfer and development of
supernumerary embryos. All patients without supernumerary embryos
were excluded. The stimulation protocol adopted by our group has
been previously described (Sakketsal., 1994).

Collected oocytes (day 0) were fertilized using our standard culture
medium, Whittingham’s T6 (Quinet al, 1982) supplemented with
10% maternal serum. Serum was prepared from blood taken on the
first day of stimulation. Oocyte retrieval took place between 0830
and 1030. Insemination was performed between 1530 and 1630 10— - —
(~1600) in tubes. The following morning (day 1) the oocytes were
removed from the tubes, washed and placed imuR@ulture drops 0
under oil (Light white mineral oil; Sigma Pharmaceuticals, Buchs,
Switzerland) in Petri dishes and the presence of pronuclei assessed.
Embryo transfer was routinely performed on day 2; however, when
a patient had had three or more failures to achieve pregnancy aftéfgure 1. The percentage of expanded and early blastocysts frozen
transfer, the embryos were placed in co-culture from the 2 PN stag relation to the number of days in culture.
and the transfer was performed on day 3. Routinely, a maximum of
three embryos was transferred to the patient and the transfers were

- W Expanded blastocyst
[ Early blastocyst

304 S I S

% Blastocyst

20 |-

5 6 7 8
Days in culture

normally performed between 1000 and 1400. Table I. Results of the transfer of frozen blastocysts

On the day of transfer, all embryos were assessed for the number
of cells per embryo, to ascertain their cleavage rate, and given Blumber of cycles with frozen blastocysts %64
quality score based on the presence of fragments and clarity of thB’ta: ”Umge’ OI ?'asmcgfts (mean SD) < 202 (S-gf 2-2)
cytoplasm of the blastomeres, similar to that previously described b%%t;brgﬁngf fr;gsf;(:zsgl e:StocyStS (meanSD) 17 Ai 5t 2.1)
Cumminset al. (1986). The ratings given to embryos for cell number Nymber of transferred blastocysts (measD) 84 (1.9+ 0.9)
were 1 for 1-cell, 2 for 2-cells, 3 for 3-cells, 4 for 4-cells, 6 for Mean number of days after the LH peak $D) 59+ 1.0
between 4- and 8-cells and 8 for8-cells. The ratings given to ?:AI'ea'n Tumbef of days iﬂ(oth)e cycle=ED) 19-52—“ g-;)

; ; inical pregnancy rate (% 18.

embryos for quality were the same as those used by Cumetiak Implantation rate (%) 10

(1986) except that the values of 0 for poorest and 3 for best embryo (fetal hearts/number of blastocysts transferred) (11.9)
were given. Peripheral levels of human chorionic gonadotrophin
(HCG) were measured 14 days after transfer (total HCG: IMX,20f the 64 cycles with frozen blastocysts, 20 have yet to have embryos
Abbot, Abbot Park, USA). Patients with three consecutive HCGhawed for transfer. _

values >5 mlU/ml and in which the fetus or fetuses displayed aLﬁlElellj:gicn)sitﬁgsEgvrlr\;%crl];hawmg and were transferred.

heartbeat by ultrasound examination 4-5 weeks after transfer were

considered to have achieved a clinical pregnancy.

Supernumerary embryos were co-cultured on Vero cells until thgreezing. In most cases, blastocysts were frozen at the earliest
blastocyst stage using T6 medium supplemented with vitamins angpnortunity once they reached the expanded blastocyst stage.
amino acids as previously described (Saklasal, 1994). The |, gome cases early blastocysts were frozen for laboratory
blastocysts were then frozen using the protocol described tnehte convenience. In total, of 423 supernumerary embryos, 200
et al. (1992) except that T6 medium was used in place 6hi#e’s developed tc.) the ble{stocyst stage (47.3%). A total o,f o8
B2. At the time of transfer the blastocysts were thawed rapidly at ' ) .
room temperature. The cryoprotectant was removed using seven steps, bryos were not frozen as they vaf:uolated gfter forming a
with decreasing concentrations of glycerol and each step |astinBIastocoeI|c cavity and were not considered suitable for freez-
5 min. After thawing, the blastocysts were allowed to recover for 3-INg. Of 172 frozen blastocysts, 57.0% had reached the blasto-
4 h in co-culture before transfer. In normally ovulating patients, theCyst stage on day 6 and were frozen on that day compared to
transfer was performed during a natural cycle monitored by ultrasoun80.2% on day 7. Of the spare embryos initially cultured in
echography and hormone assay. The transfer was timed according 6 + 10% serum until day 2, 85/173 (49.1%) formed blasto-
the LH peak. In patients with anovulation, ovarian stimulation wascysts, while 115/250 (46.0%) of the spare embryos that were
performed using human menopausal gonadotrophin and ovulatiogo.-cyltured from the 2 PN stage formed blastocysts. Therefore
was triggered by HCG. Plasma HCG was measured 14 days aftghe medium used to culture embryos initially did not have a
LH peak 0 qetermme W.hether pregnancy had. occurrgd. gignificant bearing upon blastocyst development of the spare

The statistical evaluations used were analysis of variance followe
by Scheffés F-test for comparisons of mean values and Fisher’sembryos‘
exact test for comparison of pregnancy rates. _ The results of the transfers of thawed blastocysts are shown

in Table I. In 44 cycles, 84 frozen—thawed blastocysts were
transferred, resulting in a pregnancy rate and implantation rate
of 18.2% and 11.9% respectively. When one, two, three or
four blastocysts were transferred, the incidence of clinical
Blastocyst development and viability after freezing pregnancy per transfer was 2/17 (11.8%), 3/16 (18.8), 2/9
Figure 1 presents the number of early and expanded blastocyg22.2%) and 1/2 (50.0%) respectively. Our current policy is to
frozen in relation to the number of days in culture prior to limit the number of the transferred thawed blastocysts to two.
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The pregnancy and implantation rates are shown in Table Ill.
Table Il. The influence of the day of freezing and the day of transfer (after The clinical pregnancy rate in the fresh cycle was not affected
LH peak t : o

peak) on pregnancy rate by the day of transfer. When comparing the clinical pregnancy

Day of transfer Day of freezing Total (%) and implantation rates between groups of patients who did
from LH peak bav 5and 6 Dav 7 and 8 and did not have blastocysts, there was no significant difference.
bla);tocysts blaﬁtocysts To evaluate whether the cohort of embryos on the day of
the transfer can affect the development of the supernumerary
g gﬁ (1)52 gg ggé) embryos to the blastocyst stage, we calculated the mean cell
6 4/10 0/7 4117 (23.5) number and quality for all embryos, transferred embryos and
7 11 0/2 1/3 (33.3) supernumerary embryos on the day of the transfer (Table V).
9 1 - 1/1 (100) When comparing the supernumerary embryos of patients who
Total (%) 7/18 (38.9) 1/16 (6.2) 8/34 (23.5) did and did not have blastocysts, we found that on day 2 there
was no significant difference in the mean cell number/embryo;

8 = 0.04 comparing day 7-8 blastocysts to day 5-6 blastocysts. . - .
LH = |uteimzing ho?mon);. Y Y Y however the mean quality/embryo was significantly different.

On day 3 the differences between patients with and without
] ] blastocysts were significantly different for both cell number
The influence of the day of blastocyst freezing and day of 3ng quality. The appearance of a significant difference when
transfer on the pregnancy rate embryos were cultured until day 3 is indicative that the longer
When the clinical pregnancy rate was assessed in relation ®mbryos remain in culture the more pronounced is the effect of
the day of transfer after the LH peak, we found that thethe culture on embryo development and blastocyst formation.
pregnancy rate when thawed blastocysts were transferred on
day 4, 5, 6, 7 and 9 post LH peak, irrespective of the day on
which the cryopreservation was performed, was 0/6, 2/11, 4
22, 1/3 and 1/1 respectively. These results suggest that thEhe cryopreservation of human embryos fertilizediitro has
transfer of thawed blastocysts early in the cycle, e.g. day #ecome an established clinical procedure since the initial
post LH peak, gives the least successful results, while implantasregnancy was established in the early 1980s (Trounson and
tion can occur from day 5 up to day 9 post LH peak. Mohr, 1983). Subsequently, pregnancies have been achieved
Table Il presents the influence of the day of freezing anddy the transfer of thawed embryos at various developmental
the day of transfer on pregnancy rate. At the time these datstages (Trounson and Mohr, 1983; Lasszlal, 1985; Testart
were collected, it was not known that the timing of blastocystet al, 1986; Coheret al,, 1988). Cryopreservation allows the
development was crucial and transfers were being done ostorage of supernumerary embryos such that the cumulative
different days according to weekends. Therefore the transfgiregnancy rate increases for every cycle of successful ovarian
dates varied. However, Table Il includes only those casegecovery and transfer.
where transfer of blastocysts frozen on day 5-6 or day 7-8 o
was performed but excludes cases where, for example, day@jastocyst development in vitro
and 7 or day 5 and 8 blastocysts were transferred. Although number of improvements in culture techniques have taken
the number of the transferred blastocysts in the different groupglace over the last decade that allow acceptable rates of
is low, it is apparent that the majority of pregnancies takedevelopment of human embryos to the blastocyst stage.
place when day 5-6 frozen blastocysts are transferred. Although the question of which is the best culture method
remains unanswered, it is clear that several culture techniques
Development of supernumerary embryos to the blastocystare aple to provide a good percentage of blastocysts after
stage culture. In this study and our prior reports (Sakketsal.,
In the second part of the study, we investigated whethel994) we have used Vero cells in a co-culture system. In the
development to the blastocyst stage could be used as dmuman, various types of co-culture systems have been used
indicator of the overall viability of a patient's embryos in the and it seems that the cell type used is not species-specific.
initial treatment cycle. We therefore compared the pregnancyVeimeret al. (1989a, b) used fetal bovine fibroblast, Mgo
rates in patients who had and did not have blastocysts developetlal. (1990) Vero cells, Bongset al. (1991) human ampullary
from their supernumerary embryos (Table IIl). In cycles incells, Birkenfeld and Navot (1991) homologous endometrial
which the embryos were transferred on day 2 or day 3 thereells, Plachotet al. (1993) granulosa cells and Quinn and
were 85 blastocysts out of 173 spare embryos (49.1%) anMlargalit (1996) proposed the use of cumulus cells. When
115 blastocysts out of 250 spare embryos (46.0%) respectivelgomparing the percentage of blastocysts obtained with culture
There was no significant difference in the age of the couplegnedia alone and co-culture in the same study, Borgjsal.
number of oocytes, number of 2 PN embryos, embryog1989) found the proportion was 33% with T6 medium versus
transferred and spare embryos between the patients with at®% with ampullary cells. Me&zo et al. (1990) reported 3%
without blastocysts. In addition, when examining if there waswith B, medium versus 61% with Vero cells and Plachkbal.
an influence of the husband’s semen parameters we found th@t991) had 9% with Bversus 40% when using granulosa cells.
there was no significant difference in sperm concentrationA number of studies have also reported excellent blastocyst
motility and morphology between the groups (data not shown)development rates using complex medium only without the
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Table Ill. Development of spare embryos and pregnancy rates in patients receiving embryo transfer on days 2 or 3

Day 2 transfer with

no blastocyst

Day 2 transfer
with blastocyst

Day 3 transfer with

no blastocyst

Day 3 transfer
with blastocyst

No. of cycles 10 35 10 35
No. of patients 10 33 10 29
Age of female 35.4+ 4.0 33.2+ 3.1 342+ 42 32.8+ 4.3
Age of male 38.0+ 104 38.0+ 7.8 376+ 7.6 36.6+ 6.1
No. of oocytes 85 426 138 492
(mean* SD) (8.5+ 2.84) (12.2+ 6.3) (13.8+ 8.2) (14.1%= 7.3)
2 PN 59 288 67 327
(mean* SD) 5.9+ 1.4) (8.2+ 3.6) 6.7+ 2.5) 9.3+ 3.7)
Embryos on day of transfer 51 255 66 317
(mean* SD) (5.1+ 1.52) (7.3 2.8) 6.6+ 2.6) 9.1+ 3.7)
No. of embryos transferred 30 103 30 103
(mean+ SD) (3.0+ 0.0) 2.9+ 0.2) (3.0+ 0.0) (2.96= 0.2)
No. of spare embryos 21 152 36 214
(mean= SD) (2.1+ 1.5) 4.3+ 27) (3.6 2.6) (6.1%= 3.7)
No. of blastocysts 0 85 0 115
(mean= SD) (2.44+ 1.6) (3.3= 2.6)
Number of clinical pregnancies 2 8 1 10
(%) (20.0) (22.8) (10.0) (28.6)
Implantation rate 2/30 10/103 1/30 14/103
(%) (6.7) 9.7) (3.3 (13.6)

2PN = 2 pronuclei.

Table IV. Mean cell number and quality of all embryos on the day of the transfer, the transferred embryos and the supernumerary embryos. The number of
embryos for each group is in parentheses

Day 2 transfer Day 2 transfer P value Day 3 transfer Day 3 transfer P value
with no blastocyst with blastocyst with no blastocyst with blastocyst
Mean cell number{SD) of:
all embryos on the day of 29 1.0 34+ 12 0.09 4.7+ 1.9 54+ 15 0.005
transfer (51) (239) (66) (317)
embryos transferred 3t 11 3.8+ 12 0.01 5.5+ 1.0 6.0+ 0.8 0.09
(30) (103) (30) (103)
supernumerary embryos 270.8 32+ 12 0.48 41+ 2.3 51+ 1.6 0.003
(21) (136) (36) (214)
Mean quality ¢SD) of:
all embryos on the day of 2308 2.6+ 0.6 0.01 2.1+ 0.7 2.4+ 0.7 0.02
transfer (51) (239) (66) (317)
embryos transferred 26 0.6 28+ 05 0.5 25+ 0.5 28+ 04 0.03
(30) (103) (30) (103)
supernumerary embryos 180.8 25+ 0.6 0.0001 1.7 0.7 21+ 0.7 0.0001
(21) (136) (36) (214)

use of co-culture. For example, Desdial. (1997) reported development. While we found no difference in sperm concen-
that 45.1% of spare embryos developed to the blastocyst stagetion, motility and morphology between both groups, Janny
in alpha minimal essential medium supplemented with aand Maezo (1994) found that when the usual parameters of
synthetic serum substitute. In addition, more promising resultsperm quality are good, there is a strict linear relationship
of over 50% blastocyst development and implantation ratebetween cleavage and blastocyst formation rates. For sperm-
of >40% have been reported using medium G1 and Gatozoa with both poor motility and poor morphology, the
supplemented with human serum albumin (D.K. Gardnercleavage rate did not correlate with further embryonic develop-
personal communication). ment. Most importantly, we noted that the strongest indicator
that a patient would achieve blastocyst formation was the
Factors influencing blastocyst development difference in the mean cell number and quality of super-
Development to the blastocyst stage is influenced by a numbeumerary embryos on day 3, pointing to a selection process
of factors. Although Janny and Mézo (1996) reported a during the culture of embryos. The fact that we found no such
reduction in both blastocyst formation and expansion rateslifference in the mean cell number of supernumerary embryos
with increasing age, contributing to the age-related decline irat day 2 transfer indicates that the longer the embryos remain
female infertility, we did not find a difference in maternal age in culture, the greater the selection pressure. There was however
between those patients with and without blastocyst developa significant difference in the mean quality of supernumerary
ment. The same applies to a paternal effect on blastocygmbryos on day 2 in patients with and without blastocyst
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formation, supporting the report by Dokras al. (1993) who stage by day 6 indicates that these embryos have a reduced
found that the probability of an embryo developing to theviability.
blastocyst stage varied with the grade of that embryo on day 2.

It has also been previously suggested that only the ‘hardierThe timing of blastocyst transfer
embryos would reach the blastocyst stageitro, and therefore  The question arises as to whether an implantation window exists
would have an increased implantation potential (Edwards anhen transferring human blastocysts. When the pregnancy rate
Hollands, 1988). In this study, blastocysts were not transferre@er transfer was assessed in relation to the day of transfer of
in fresh cycles; however, we wanted to investigate whether &esh blastocysts, Olivennext al. (1994) found a pregnancy
difference in pregnancy rate between patients with and withoutate of 41.0% and 36.1% for day 5 and day 6 post-retrieval
blastocyst formation existed. We hypothesized that the abilityespectively, while no pregnancies were obtained when blasto-
of a patient to achieve blastocyst formation could be arcysts were transferred on day 7. When we sought a relationship
indicator of an overall higher viability of the cohort of embryos between the pregnancy rate and synchrony between the day
from a single patient. However, there was no significantof freezing of the transferred blastocysts and number of days
association between whether a patient became pregnant afigsist LH peak endometrium, we found no difference, but this
transfer of sibling embryos and whether a fully expandedmay have been influenced by the small number of cases. Our
blastocyst developed from her supernumerary embryos left iresults do, however, show that the implantation window is
culture. A similar observation was reported by Quinn andwide, as pregnancies were established after transfer of frozen—
Margalit (1996). thawed blastocysts from day 5 to day 9 after the LH peak.

The ability to evaluate the viability of blastocysts accuratelyThis finding is further supported by a pregnancy reported when
is important for increasing the pregnancy rate with blastocysthe embryo transfer was carried out 10 days after the onset of
transfers. Hartshornet al. (1991) reported that no morpho- the luteal phase (Edwards, 1988). Interestingly, in the limited
logical markers of frozen-thawed human blastocysts wer@umber of cases when the transfer was carried out early in the
identified which were prognostic for their survival or implanta- cycle (day 4 from the LH peak) no pregnancies were obtained.
tion. According to their report, assessing morphological criterigData from a number of studies (Hartshoree al, 1991;
after thawing may not be sufficient to determine the viability Olivenneset al, 1994; Lelaidieret al, 1995) suggest that
of blastocysts. However, Cohet al. (1985) and Fehilyet al.  a synchrony may exist between blastocyst formation and
(1985) suggested that only blastocysts with a distinct inneendometrial receptivity. The results presented in this study,
cell mass should be selected for cryopreservation and onljiowever, indicate that the day of transfer is probably less
those where the blastocoelic cavity re-expanded after thawingnportant than the rate of blastocyst formation.
should be transferred. This morphological selection of blasto- This further supports the theory that culture to the blastocyst
cysts might contribute to the high implantation rate observedtage allows, firstly, selection against poorer embryos, i.e.
in their studies. Weimeet al. (1995), however, proposed that those that cannot reach the blastocyst stage. Secondly, when
when evaluating blastocysts from sub-optimal embryos, mora time limit is put on development to the blastocyst stage, a
emphasis should be placed on criteria other than the visualizdarther selection of high quality embryos is made. Hence if
tion of the inner cell mass, such as the length of time in culture.an expanded blastocyst is obtained by day 7 it indicates that

the embryo may have an irregular pattern of growth but one

Rates of blastocyst development and pregnancy that is not as poor as embryos that are not able to form
Although we observed no association between the ability oblastocysts. Hardgt al. (1989) have previously reported that
patients’ supernumerary embryos to become blastocysts anthy 6 or 7 blastocysts may display abnormalities, particularly
pregnancy rates, we did see an association when examining their cell number.
the rate of development of blastocysts in culture. The rate of
blastocyst development is perhaps more important than the )
percentage of embryos that attain this stage. We found th&tonclusion
seven out of 18 pregnancies, following the transfer of frozenThe transfer of thawed blastocysts is now a well established
thawed blastocysts, were obtained when blastocysts frozen grocedure in assisted reproductive technologies. Every attempt
day 5 and 6 were transferred, compared to only one out of 16hould be made to increase the development rate of the
pregnancies for blastocysts frozen on day 7 and 8. Lelaidiesupernumerary embryos to the blastocyst stage, and to improve
et al. (1995) found that when pregnancy rates were comparethe results of the transfer of blastocysts in fresh cycles and
with the duration of embryo development in co-culture requiredafter freezing. Here, we have shown that the viability of
to reach the blastocyst stage, an inverse correlation was foundlastocysts is compromised when their development is retarded.
indicating that the faster the embryos reached the blastocy#tappears that the rate of blastocyst development plays a more
stage, the higher were their chances of implantation. Theicrucial role than that of the timing of transfer. Consequently,
transfers were performed on day 19 (on the 5th day ofrom our results, a good quality blastocyst is not only the one
progesterone supplementation) whereby the pregnancy rate piat has a well expanded blastocoelic cavity and well defined
transfer of blastocysts frozen on day 5, 6 and 7 were 25%nner cell mass, but in addition, it should have attained this
14% and 0% compared to our results of pregnancy rate oftage by day 5 or 6. Further investigation of the faster and
50%, 44% and 7% respectively. The observation that pregnanctower developing human blastocysts by assessing either cell
rates were lower when embryos had not reached the blastocystimbers or metabolic parameters is warranted.
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