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BACKGROUND: The study aim was to investigate the impact of the developmental stage of embryos on pregnancy

outcome of frozen embryo transfer (FET). METHODS: The survival rates of embryos after thawing and pregnancy

outcome following FET were compared retrospectively between three cryopreservation strategies utilizing either

zygote, day 2 or day 3 embryo freezing. RESULTS: A total of 4006 embryos was analysed in 1657 thaw cycles. The

highest (P < 0.0001) survival rate (all cells survived) was observed for zygotes (86.5%), followed by day 2 (61.7%)

and day 3 (43.1%) embryos. FET was performed in 1586 (95.7%) of all thaw cycles, resulting in overall clinical

pregnancy and implantation rates of 20.7 and 14.2% respectively. The delivery rate per transfer was 16.5%, and

live birth rate per transferred embryo 11%. There were no signi®cant differences in clinical pregnancy, implant-

ation, delivery and birth rates between frozen zygote, day 2 and 3 embryo transfers. However, an elevated miscar-

riage rate was observed in the day 3 group (45%) compared with zygotes (21.3%; P = 0.049) and day 2 embryos

(18.3%; P = 0.004). The overall ef®cacy of FET (birth rate per thawed embryo) was 7.3%. The ef®cacy was lower in

day 3 group (4.2%) than in the zygote (7.1%; P = 0.082) and day 2 (7.6%; P = 0.027) groups. CONCLUSIONS: The

developmental stage of embryos at freezing has a profound effect on their post-thaw survival, but seems to have lit-

tle effect on rates of clinical pregnancy, implantation, delivery and birth after FET. The elevated miscarriage rate

for day 3 frozen embryo transfers may be caused by damage during freeze±thaw procedures. The low survival rate

and elevated miscarriage rate were both responsible for a reduced overall ef®cacy for day 3 FET when compared

with zygotes and day 2 embryos.
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Introduction

A well-established frozen embryo transfer (FET) programme

may substantially increase the cumulative pregnancy rates of

IVF and ICSI procedures (Bergh et al., 1995; Lurie et al.,

2001). Freezing and storing of surplus embryos also allows the

number of replaced embryos in both fresh and frozen embryo

transfers to be reduced, thereby diminishing the risk of multiple

pregnancies (Schnorr et al., 2001; Tiitinen et al., 2001).

Additionally, all embryos could be cryopreserved if the woman

has a risk of developing ovarian hyperstimulation syndrome

(Tiitinen et al., 1995). However, careful consideration of all

clinical and embryological factors in¯uencing the outcome of

FET is a prerequisite for a successful programme.

Clinical factors important in the success of FET include the

aetiology of infertility (Wang et al., 2001), the age of the

woman (Schalkoff et al., 1993; Wang et al., 2001), the type of

ovarian stimulation used in the oocyte collection cycle (Van

der Elst et al., 1996) and the outcome of fresh embryo transfer

(Lin et al., 1995). The effects of embryological parameters on

pregnancy rate after FET have also been addressed in several

studies. The pregnancy rate following FET has been shown to

be related to the number of blastomeres and morphological

appearance of embryos prior to freezing (Hartshorne et al.,

1990; Schalkoff et al., 1993), the extent of embryo damage

after thawing ( Edgar et al., 2000), and the resumption of post-

thaw blastomere divisions (Van der Elst et al., 1997). Embryos

have been successfully cryopreserved at zygote (Cohen et al.,

1988), cleavage (Lassalle et al., 1985) and blastocyst (Cohen

et al., 1985; Fehilly et al., 1985) stages, using various freezing

protocols with either dimethylsulphoxide (DMSO) (Mohr and

Trounson, 1985), 1,2-propanediol (PROH) (Lassalle et al.,

1985) or glycerol (Cohen et al., 1985) as cryoprotective agents.

To date, few attempts have been made to compare the success

rates of FET between different cryopreservation strategies

utilizing either zygote or cleavage-stage embryo freezing, but

these have resulted in contradictory conclusions (Demoulin

et al., 1991; Horne et al., 1997; Kattera et al., 1999; Senn et al.,

2000). Therefore, the current retrospective study was devised

to evaluate the impact of developmental stage of embryos on

the pregnancy outcome of FET.
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Materials and methods

Study period and patients

The current study included all patients undergoing IVF or ICSI

treatment at the Infertility Clinic of the Family Federation of Finland

in Helsinki between 1993 and 2001, and with an FET between 1997

and 2001.

IVF and ICSI procedures

The ovarian stimulation regimen and oocyte collection have remained

essentially unchanged during the years 1993 to 2001, and have been

described extensively elsewhere (SoÈderstroÈm-Anttila et al., 1996).

Brie¯y, the patients underwent pituitary down-regulation with a

GnRH agonist which was commenced in the midluteal phase of the

previous menstrual cycle. Between 1993 and 1996, when suppression

was achieved, ovarian stimulation was performed using either hMG or

highly puri®ed FSH. Recombinant FSH was mainly used for ovarian

stimulation between 1997 and 2001. When two or more follicles

reached the size of >17 mm diameter, hCG (Pregnylâ; Organon, or

Profasiâ; Laboratories Serono) was administered, and transvaginal

oocyte pick-up (OPU) was performed 36 h later. A similar ovarian

stimulation regimen was used in patients who had the supernumerary

embryos frozen at either 1, 2 or 3 days after insemination or ICSI.

The culture medium used for oocytes and embryos was Universal-

IVF medium (U-IVF; Medi-cult, Denmark). Semen samples were

prepared with a discontinuous gradient method using Percollâ

(Pharmacia, Sweden) or PureSperm (Nidacon International AB,

Sweden). Insemination or microinjection was carried out 4±6 h after

OPU as described previously (Moilanen et al., 1999; Salumets et al.,

2002). The oocytes were checked for the presence of pronuclei and

polar bodies 16±18 h after insemination or ICSI. Zygotes were

transferred to fresh medium (U-IVF) and incubated in an open-culture

system without oil for a subsequent 24 or 48 h period. The quality of

embryos was evaluated at 44±48 h (day 2 embryo transfers) or 68±72 h

(day 3 embryo transfers) after insemination or ICSI. Routine

examination of embryo quality included the number of blastomeres,

the degree of fragmentation, the uniformity of blastomeres, and the

presence of multinucleated blastomeres. Embryo morphology was

scored as follows: grade 1, no fragments and equal blastomeres; grade

2, <20% fragmentation; grade 3A, unequal blastomeres and/or 20±

35% fragmentation; grade 3B, unequal blastomeres and/or 35±50%

fragmentation; and grade 4, >50% fragmentation. Fresh embryo

transfer was carried out either on day 2 or 3 after insemination or ICSI.

Embryo freezing

The developmental stage of embryos at freezing was dependent upon

the day of OPU as no freezing was performed on Saturdays and

Sundays. Thus, in OPUs performed on Thursdays, fertilization was

checked on Fridays and one or two zygotes were left in culture to be

transferred on Saturday, while surplus zygotes were frozen on Friday

(20±22 h after insemination/ICSI). The cryopreservation of zygotes

did not rely on a quality assessment, but rather all supernumerary

fertilized oocytes were frozen. The majority of OPUs were scheduled

on Mondays, Tuesdays and Wednesdays. In these IVF and ICSI

procedures, both embryo transfer and freezing were accomplished

2 days after oocyte retrieval (44±48 h after insemination/ICSI). For

OPUs performed on Fridays, embryos were cultured for 3 days, and

embryo transfer and freezing carried out on Mondays (day 3; 68±72 h

after insemination/ICSI). The freezing strategy of cleavage-stage

embryos differed from the zygotes as only good quality embryos,

exhibiting morphology grades of 1 to 3A, were selected for freezing.

Cryopreservation was carried out using an automated Kryo 10

series II biological freezer (Planer Products Ltd, UK), following a

slow-freeze protocol using PROH (Sigma, USA) as a cryoprotectant

(Lassalle et al., 1985). An identical freezing programme was used for

zygotes and day 2 or 3 embryos. The freezing solution was made up in

phosphate-buffered saline (PBS) (Gibco, Life Technologies, UK)

supplemented with 20% (v/v) human serum (Finnish Red Cross,

Finland). Embryos were ®rst incubated in 1.5 mol/l PROH freezing

solution at room temperature (RT) for 10 min, and then transferred to a

1.5 mol/l PROH and 0.2 mol/l sucrose (Sigma) freezing solution.

Thereafter, one to three embryos were loaded into plastic ministraws

(0.25 ml; Pailette Souple, Industrie de la MeÂdecine VeÂteÂrinaire,

France) and the freezing programme was executed as follows.

Embryos were placed in the freezing machine at 18.0°C, cooled at

±2.0°C/min to ±8.0°C, held at ±8.0°C for manual seeding (10 min),

cooled at ±0.3°C/min to ±30.0°C, and then at ±30.0°C/min to

±150.0°C, before being plunged into liquid nitrogen.

Embryo thawing and replacement

The straws with frozen zygotes and cleaved embryos were removed

from liquid nitrogen, exposed to RT (30 s) and immersed in a water

bath at 30°C (30 s). Zygotes and cleaved embryos were ®rst incubated

in a series of decreasing PROH concentrations (1.0 mol/l for 5 min and

0.5 mol/l for 5 min) in the thawing solution [0.2 mol/l sucrose and 20%

(v/v) human serum in PBS], next in the thawing solution only

(10 min), and ®nally in sucrose-free thawing solution at 37°C

(10 min), before being transferred to the culture medium.

FET was performed either in a natural or in down-regulated

hormone replacement cycle. In natural cycles, the embryo transfer was

timed by monitoring for spontaneous ovulation using vaginal

ultrasound scanning and urinary LH. Vaginal micronized progesterone

(Lugesteronâ; Leiras, Finland) was used for luteal support.

Zygotes and cleaved embryos were evaluated twice, immediately

after thawing and prior to transfer. The surviving zygotes with

morphologically normal membranes, clear cytoplasm and no breaches

of the zona pellucida were cultured for 24 h before transfer. The

proportion of cleaved zygotes in the present study (94%) was similar

to that observed for fresh zygotes (93.7%) (Salumets et al., 2001).

Cleaved embryos were classi®ed as either fully intact (100% cells

survived), partially damaged (>50% cells survived) or degenerated

(<50% cells survived) after thawing. Cleavage-stage embryos were

predominantly transferred on the day of thawing, and only a small

fraction of day 2 embryos were transferred after 24 h culture.

Cleavage-stage embryos were accepted for transfer if they retained

>50% of blastomeres intact after thawing. A maximum of two frozen

embryos was transferred, irrespective of the number of available

embryos.

A positive serum hCG test (>10 mIU/ml) conducted 16 days after

embryo transfer con®rmed pregnancy. The clinical pregnancy was

documented by the presence of a gestational sac(s) with or without

fetal heart beat on transvaginal sonography, ~3 weeks later. The

clinical pregnancy rate was determined by dividing the number of

clinical pregnancies by the total number of embryo transfers. In the

calculation of implantation rate, the number of gestational sacs was

divided by the number of embryos transferred. Miscarriage was

de®ned as a spontaneous abortion prior to 20 weeks gestation.

Delivery rate was speci®ed as a ratio between deliveries and embryo

transfers, while birth rate was described as the number of children

born per number of embryos transferred. The overall ef®cacy of FET

was represented as birth rate per embryo thawed.

Statistical analysis

Comparisons between proportions were performed using a c2-test.

Data were provided as mean (6 SD) and compared using a two-tailed

unpaired Student's t-test. Correlations were estimated using linear
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regression analysis and characterized by Pearson's correlation

coef®cient (r). A P-value < 0.05 was considered statistically

signi®cant.

Results

Effect of developmental stage on outcome of thawing

A total of 4006 embryos was thawed in 1657 cycles. Among

the thawed embryos, 562 were zygotes and 3444 were cleaved

embryos. The large majority (91%) of cleavage-stage embryos

were frozen on day 2 (n = 3133), and the remainder (n = 311)

on day 3. The effect of the developmental stage of the zygotes

and cleaved embryos on survival after thawing is summarized

in Table I. The zygotes were compared either with fully intact

cleaved embryos (100% cells survived) or degenerated

embryos (<50% cells survived). The highest (P < 0.0001)

survival rate was observed for zygotes (86.5%), followed by

day 2 (61.7%) and day 3 (43.1%) embryos. The proportion of

partially damaged (>50% cells survived) embryos was lower

(P = 0.002) on day 2 (17.6%) than on day 3 (24.8%). A

signi®cantly (P < 0.0001) lower percentage of degenerated

embryos was found for zygotes (13.5%) than for day 2 (20.7%)

and day 3 (32.1%) embryos.

An inverse correlation (Figure 1) was found (r = ±0.9;

P = 0.003) between the proportion of fully intact zygotes or

cleaved embryos and the total number of cells/blastomeres.

The fraction of partially damaged embryos showed a positive

correlation (r = 0.8; P = 0.014) with the cell number, while the

incidence of totally degenerated embryos did not show any

signi®cant relationship (r = 0.2; P = 0.718) with the number of

cells.

Effect of developmental stage on pregnancy outcome of
FET

Between 1997 and 2001, a total of 1586 FETs was performed

from 697 IVF and 322 ICSI cycles. Signi®cantly more oocytes

were recovered from patients who had supernumerary embryos

cryopreserved on day 2 (15.3) than on day 1 (zygote stage)

(13.4; P = 0.005) or day 3 (12.8; P = 0.002). Embryos were

successfully thawed and transferred in 95.7% of all freeze±

thaw cycles. The average age of all patients was 34 6 4.3 years

(range 22.2±44.3). With an average transfer of 1.7 embryos, the

overall clinical pregnancy and implantation rates were 20.7%

(329/1586) and 14.2% (373/2635) respectively. All FETs

resulted in 262 deliveries (16.5% per embryo transfer) and the

birth of 291 children (11% per embryo transferred).

The analysis included 234 transfers with zygotes, 1243

transfers with day 2 embryos, and 109 transfers with day 3

embryos. The clinical parameters and pregnancy outcome of

FET in all three groups are detailed in Table II. There were no

signi®cant differences between groups in mean patient age and

number of embryos transferred, nor in the clinical pregnancy or

implantation rates. A signi®cantly elevated miscarriage rate

was, however, observed in the day 3 transfer group (45%)

compared with zygotes (21.3%; P = 0.049) and day 2 embryos

(18.3%; P = 0.004). The delivery rate for frozen zygotes

(15.8%) was similar to that observed for day 2 frozen embryos

(17.2%). Although a lower delivery rate was found for day 3

transfers (10.1%) than for zygotes and day 2 embryos, these

differences were not statistically signi®cant. The birth rates per

embryo transferred were comparable in all three groups.

The overall ef®cacy of cryopreservation procedure for each

developmental stage was expressed as the birth rate per embryo

thawed (Table II ). A similar overall ef®cacy was observed for

zygote (7.1%) and day 2 (7.6%) embryo freezing. The birth rate

per embryo thawed for day 3 (4.2%) freezing was signi®cantly

(P = 0.027) lower when compared with day 2 freezing.

Discussion

There are two embryological key factors that contribute to the

success of FET, namely the survival of embryos after thawing

and the developmental competence of frozen±thawed embryos.

In the present study, the effect of the developmental stage of

embryos on FET outcome in an unselected group of patients

attending the authors' clinic between 1997 and 2001 was

analysed.

Table I. Effect of developmental stage of embryos on their cryosurvival

Proportion of
cells survived (%)

No. of zygotes
(%)

No. of day
2 embryos (%)

No. of day
3 embryos (%)

100 486 (86.5)a,b 1935 (61.7)c 134 (43.1)
>50 ± 550 (17.6)d 77 (24.8)
<50 76 (13.5)a,b,e 648 (20.7)c 100 (32.1)

Zygotes and day 2 or 3 embryos were categorized into three classes based on
the proportion of cells which survived: fully intact (100% cells survived);
partially damaged (>50% cells survived); and degenerated (<50% cells
survived).
a Difference between zygotes and day 2 embryos (P < 0.0001).
bDifference between zygotes and day 3 embryos (P < 0.0001).

cDifference between day 2 and day 3 embryos (P < 0.0001).
dDifference between day 2 and day 3 embryos (P = 0.002).
eDegenerated zygotes.

Figure 1. The impact of cell number of zygotes and cleaved
embryos on their cryosurvival. (®lled square), fully intact (100%
cells survived): y = 81.2 ± 5.4x; r = ±0.9; P = 0.003; (®lled circle),
partially damaged (>50 cells survived): y = 2.4 + 4.4x; r = 0.8; P
= 0.014; (open circle), degenerated (<50% cells survived): y = 19.8
+ 0.4x; r = 0.2; P = 0.718.
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The present study included 4006 frozen zygotes and cleaved

embryos from 1657 freeze±thaw cycles. The highest rate of

embryo survival (all cells survived) was shown for zygotes

(86.5%), followed by day 2 (61.7%) and day 3 (43.1%)

embryos, while the opposite was found for degenerated (<50%

cells survived) embryos. Traditionally, embryos have been

considered as surviving if they retain at least half of their initial

number of blastomeres intact after thawing (Mandelbaum et al.,

1998). Using this criterion, a signi®cantly (P < 0.0001) higher

survival rate was still observed for zygotes (86.5%) than for

day 2 (79.3%) and day 3 (67.9%) embryos.

The effectiveness of zygote (Veeck et al., 1993; Damario

et al., 2000) and cleavage-stage embryo (Mandelbaum et al.,

1998; Edgar et al., 2000; Wang et al., 2001) cryopreservation

in terms of embryo survival has been the subject of several

studies. However, only a few studies have directly compared

the results of different freezing strategies utilizing either zygote

or cleavage-stage embryo cryopreservation, and these have

yielded highly controversial results (Demoulin et al., 1991;

Horne et al., 1997; Kattera et al., 1999; Senn et al., 2000). The

®ndings of the present study support the conclusions of others

(Senn et al., 2000), who reported a better survival rate for

zygotes (80.4%) than for day 2 embryos (71.8%). Other studies

comparing the survival rates of zygotes and day 2 embryos

have, however, demonstrated either similar results for zygotes

(74.4%) and day 2 embryos (77.4%) (Horne et al., 1997) or

better results for day 2 embryos (73.9%) than for zygotes

(64.4%) (Kattera et al., 1999). The present results are in

agreement with those of othersÐthat the post-thaw survival of

day 2 embryos is better than that of day 3 embryos

(Mandelbaum et al., 1987).

The view that the survival of embryos after thawing is highly

related to their developmental stage was further con®rmed by

the inverse correlation between the extent of cryodamage after

thawing and the number of blastomeres (see Figure 1). Lower

survival rates with increasing cell number have also been

demonstrated by others, and have been thought to be due to the

increased total surface area of all cells (Hartshorne et al.,

1990). In the present study, embryos were cultured only in

Universal-IVF medium. Therefore, the question of whether the

cryosurvival of day 3 embryos can be improved by using

sequential culture media remains to be answered by future

studies.

In the present study, the rates of clinical pregnancy (20.1%),

delivery (15.8%) and birth (10.2%) for frozen zygotes were

comparable with those reported previously (Miller and

Goldberg, 1995; Senn et al., 2000). The combined clinical

pregnancy (20.9%), delivery (16.6%) and birth (11.2%) rates

for day 2 and 3 embryos were also comparable with those of

other studies (Mandelbaum et al., 1998; Wang et al., 2001).

The comparison of pregnancy and implantation rates revealed

no signi®cant differences between zygote, day 2 and day 3

frozen embryo transfers. Although a lower delivery rate per

embryo transferred (10.1%) and birth rate per embryo trans-

ferred (7.4%) were reported for day 3 embryos than for zygotes

(15.8%, 10.2%) and day 2 embryos (17.2%, 11.5%) the

differences were not statistically signi®cant.

In the present study, no differences were found in the

pregnancy and implantation rates between zygotes and day 2

embryos. In contrast to this, others have reported better

pregnancy and implantation rates after zygote than day 2 FET

(Demoulin et al., 1991; Senn et al., 2000). In one of these

studies (Demoulin et al., 1991), the pregnancy and implant-

ation rates for zygotes were 17.9 and 10.7%, and for day 2

embryos 5.5 and 4.7% respectively. The surprisingly low

pregnancy and implantation rates for day 2 FET reported in

these studies might indicate that factors other than the

developmental stage of the embryos were responsible for

such results. By contrast, another group (Kattera et al., 1999)

showed that supernumerary IVF embryos frozen on day 2

yielded a signi®cantly higher pregnancy rate (22.8%) than did

frozen zygotes (14.8%). To date, a comparison has been made

between the outcome of day 2 and 3 FET in only one small

study which included 185 FETs, and a signi®cantly better

pregnancy rate was demonstrated for day 2 than for day 3 FET

(Mandelbaum et al., 1987). The differences between the results

Table II. Effect of developmental stage on pregnancy outcome after frozen±thawed embryo transfer (FET)

Parameter Developmental stage

Zygotes Day 2 embryos Day 3 embryos

Mean (6 SD) age (years) 34.1 6 3.8 34 6 4.3 33.3 6 4.2
No. of embryo transfers 234 1243 109
No. of embryos transferred 393 2066 176
Average (6 SD) number of embryos transferred 1.7 6 0.5 1.7 6 0.5 1.6 6 0.5
No. of clinical pregnancies (% per embryo transfer) 47 (20.1) 262 (21.1) 20 (18.3)
No. of implantations (% per embryo transferred) 55 (14) 296 (14.3) 22 (12.5)
No. of miscarriages (% per clinical pregnancy) 10 (21.3)a 48 (18.3)b 9 (45)
No. of deliveries (% per embryo transfer) 37 (15.8) 214 (17.2)c 11 (10.1)
No. of twin deliveries (% per delivery) 3 (8.1) 24 (11.2) 2 (18.2)
No. of children born (% per embryo transferred) 40 (10.2) 238 (11.5) 13 (7.4)
Birth rate per embryo thawed (%) 7.1d 7.6e 4.2

aDifference between zygotes and day 3 embryos (P = 0.049).
bDifference between day 2 and day 3 embryos (P = 0.004).
cDifference between day 2 and day 3 embryos (P = 0.056, not signi®cant).
dDifference between zygotes and day 3 embryos (P = 0.082, not signi®cant).
eDifference between day 2 and day 3 embryos (P = 0.027).
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of these studies could be attributed to a range of factors

including: the type of ovarian stimulation regimen used; the

criteria applied for embryo selection for freezing; and, most

importantly, the embryo freezing and thawing protocols used.

In the present study, a higher miscarriage rate (45%) was

found in the day 3 FET group compared with other groups. In

general, the rate of miscarriage has been suggested to be higher

in frozen than in fresh embryo transfer pregnancies (Aytoz

et al., 1999). On the other hand, the miscarriage rate for fresh

day 2 and 3 embryo transfers has been shown to be similar

(Dawson et al., 1995; Carrillo et al., 1998). One explanation for

an elevated miscarriage rate observed in the day 3 FET group

might be that patients who had OPU on Fridays were the poor

responders and therefore exhibited lower IVF performance

(Toner et al., 1991). However, the high numbers of oocytes

retrieved from those patients (mean 12.8 per woman) excludes

this possibility. Furthermore, the analysis of fresh day 2 and 3

embryo transfers performed in the present authors' clinic

between 2000 and 2002 revealed similar rates for pregnancy

(29.3 versus 29.6%) and miscarriage (19.5 versus 16.7%) in

these two groups. When this evidence is combined, it seems

much more likely that the elevated miscarriage rate for day 3

FET group observed in the present study was caused by the

embryos being damaged during the freeze±thaw procedure.

The high proportion (24.8%) of partially damaged (>50% cells

survived) embryos may be a reason for the increased level of

pregnancy losses after day 3 FET, though this ®nding should be

elucidated by further studies.

The overall ef®cacy of FET can be expressed as the birth rate

per embryo thawed (Van der Elst et al., 1995), and this was

lower in the day 3 group (4.2%) than the day 2 group (7.6%).

Although there was a trend towards a better birth rate per

embryo thawed for zygotes (7.1%) than for day 3 embryos, the

difference was not statistically signi®cant (P = 0.082). The low

survival rate and elevated miscarriage rate were both respon-

sible for a reduced overall ef®cacy for day 3 FET when

compared with zygotes and day 2 embryos. According to

previously published reports, PROH is most frequently used in

embryo cryopreservation (Mandelbaum et al., 1998; Edgar

et al., 2000), though others have indicated better survival and

implantation rates after cleavage-stage embryo cryopreserva-

tion with DMSO rather than PROH (Van den Abbeel et al.,

1988; Van der Elst et al., 1995). In the present authors' clinic,

PROH is used to cryopreserve both zygotes and cleavage-stage

embryos. Thus, it might be speculated that the results would

differ had DMSO rather than PROH been used for the freezing

of cleavage-stage embryos.

To the best of the present authors' knowledge, this is the ®rst

study to compare the outcome of zygote, day 2 and day 3

embryo cryopreservation in which identical freezing and

thawing protocols were used for both zygotes and cleaved

embryos. The results suggest that the developmental stage of

an embryo has a major impact on its survival after freezing and

thawing, with the best survival rate being found for zygotes,

followed by day 2 and day 3 embryos. In addition, the number

of cells in an embryo was inversely correlated with its survival.

By contrast, the developmental stage did not in¯uence rates of

clinical pregnancy, delivery and birth after FET. The higher

incidence of miscarriage found after the transfer of day 3

frozen embryos may have been related to damage caused to the

embryo during the cryopreservation process. Taking into

consideration the higher survival and lower miscarriage rate,

a better overall ef®cacy was observed for zygotes and day 2

embryos compared with day 3 embryos.
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