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Abstract Purpose: The pregnancy outcome and the
chances of birth were assessed according to embryo qual-
ity after IVF or ICSI.

Methods: The implantation rate (IR), the loss of gesta-
tional sacs rate (LGSR), and birth rate (BR) were deter-
mined according to the cleavage stage and the integrity
of blastomeres after day-2 homogeneous embryo transfers
(n = 1812).

Results: The LGSR was higher after transfers of 2–3-cell
or 5–6-cell embryos and was significantly increased when
more than 20% of the embryo volume was fragmented in
4-cell embryos. After transfers of 4-cell embryos without
fragmentation, the BR was significantly higher than the BR
after transfers of 4-cell embryos with 1–20% fragmentation
(16.6% vs 13.1%). The difference was the consequence of
a higher IR (20.4% vs 17.3%) but also of a lower LGSR
(18.9% vs 24.2%).

Conclusions: Not only implantation and the ability to give
a pregnancy, but also the capacity to give a live birth are
dependent on the embryo quality.
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Introduction

Embryo quality has been suggested to be of paramount im-
portance to predict the occurrence of pregnancy after In Vitro
Fertilization (IVF) [1, 2] but only one study reported the im-
pact of embryo fragmentation on pregnancy and perinatal
outcomes [3]. Various morphological factors have been pro-
posed to identify embryos with the best chances of implan-
tation. Embryo fragmentation and cleavage stage have been
described as directly influencing the outcome of IVF [4–6].
However, as most studies analyzed transfers of embryos with
heterogeneous fragmentation and/or cleavage stages, it was
difficult to determine which of the embryos had been im-
planted and thus the respective importance of these two in-
dicators.

The characterisation of embryos with the best chance of
implantation was substantially improved by the analysis of
single embryo transfers or “homogeneous” transfers (HT),
where homogenous transfer is defined as the transfer of em-
bryos with a similar morphology. Overall, the best implanta-
tion rate was observed after transfer of embryos with 4 cells
and less than 10% fragmentation at day 2 [7–18], but the
pregnancy outcome was not analysed according to the
embryo morphology in these studies.

To determine if the morphological aspect of an early em-
bryo affects its capacity to lead to a live birth, data of embryo
homogeneous transfers 2 days after IVF and ICSI were
analysed.
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Materials and methods

All homogeneous transfers of unfrozen embryos (HT), de-
fined as the transfer of embryos with the same number of
blastomeres and the same proportion of fragmentation as de-
scribed below performed two days after the oocyte collection
between January 1997 and October 2003 in Cochin–Saint-
Vincent de Paul Hospital were analyzed in this study.

IVF/ICSI protocol

Multiple follicular growth was induced by various protocols
as described elsewhere [19]. The procedures involved desen-
sitization with GnRH analogues and subsequent administra-
tion of exogenous gonadotropins. After hCG administration,
oocytes were collected transvaginally under ultrasound guid-
ance. Oocytes were fertilized and embryos were developed
in 30 µl of medium covered with mineral oil at 37◦C under
a 5% CO2 humidified gas atmosphere. HTF (Clinisciences,
Montrouge, France) supplemented with serum from the pa-
tient was used as culture medium for 69.3% of the attempts,
Ménézo B2 medium (C.C.D., Paris, France) was used for
22% of the attempts, and Universal IVF (Medicult, Lyon,
France) was used in the 8.7% of the remaining attempts. The
choice of ICSI or conventional IVF as fertilization method
was dependent on semen sample characteristics and couple’s
history. Fresh or frozen-thawed partner (n = 1759) or donor
(n = 53) sperm were used. The results were similar regard-
less of the technique of in vitro fertilization or the culture
medium used. So, the results of transfers were combined for
the following analysis.

Embryo morphology assessment

Oocytes were observed under an inverted microscope
equipped with Hoffman Modulation Contrast r© optics
(Nikon – TE2000-S – Champigny sur Marne – France)
for evidence of fertilization 18 h after insemination or mi-
croinjection. Oocytes exhibiting 2 pronuclei were consid-
ered as normally fertilized. Cleaved embryos from normally
fertilized oocytes were independently assessed for blas-
tomeric fragmentation and for cleavage stage 44 ± 2 h
after insemination or microinjection (day 2) by at least
two observers, using the same inverted microscope at 400X
magnification. Blastomeric fragmentation was scored as fol-
lows: A = no fragmentation; B = 1–20% by volume of
anucleated fragments; C = 21–50% by volume of anucle-
ated fragments; and D = >50% by volume of anucleated
fragments. One to three cleaved embryos were transferred
2 days after IVF or ICSI. The number of transferred em-
bryos was depending on the number and quality of em-
bryos available, female age and number of previous treatment
cycles.

Data evaluation

Any increase above 20 IU/ml in the βhCG level mea-
sured 14 days after embryo transfer identified a biochemical
pregnancy. The first ultrasound evaluation was performed
5–6 weeks after the embryo transfer to determine the pres-
ence and the number of intrauterine gestational sacs and to
diagnose any case of extrauterine pregnancy. Pregnancy was
graded as clinical by the observation of at least a gestational
sac and the presence of a beating fetal heart at 5–6 weeks.

Four pregnancy outcomes were recorded: miscarriages,
ectopic pregnancies, medical abortions and deliveries. The
pregnancy rate (PR) was calculated as the ratio between
the number of clinical pregnancies and the number of em-
bryo transfers. The early pregnancy loss (EPL) was the ratio
between the number of biochemical pregnancies without a
gestational sac at the first ultrasound evaluation and the total
number of biochemical pregnancies. The implantation rate
(IR) was defined as the ratio between the number of gesta-
tional sacs detected by the first ultrasound scan and the num-
ber of transferred embryos. The late pregnancy loss (LPL)
represented the ratio between the sum of miscarriages, ec-
topic pregnancies and medical abortions and the number of
clinical pregnancies. The total pregnancy loss (TPL) was the
sum of EPL and LPL. The delivery rate (DR) was defined as
the ratio between the number of deliveries and the number
of embryo transfers. The birth rate (BR) was calculated as
the ratio between the number of children born and the num-
ber of transferred embryos. The loss of gestational sacs rate
(LGSR) was the ratio between the number of intrauterine
gestational sacs that were not followed by the birth of child
and the total number of gestational sacs observed.

Statistical analysis

The χ2 test was used for the comparison of binary vari-
ables, and continuous variables were compared using the
independent Student’s t-test, when appropriate. The signifi-
cance level was set at 5% (P < 0.05).

Results

During the study, 1812 homogeneous transfers were made
after IVF (n = 745) and ICSI (n = 1067) for 1774 couples.
The mean female age was 34.5 ± 0.1 years (23–44) in
the IVF group and 33.1 ± 0.1 years (18–43) in the ICSI
group; the mean male age was 37 ± 0.2 years (23–58)
and 36.8 ± 0.2 years (21–62) in the IVF and ICSI groups
respectively. A total of 3256 embryos were transferred in
548 single embryos transfers (254 IVF and 294 ICSI) for 532
couples (30%), 1084 dual transfers (399 IVF and 685 ICSI)
for 1062 couples (59.9%) and 180 triple transfers (92 IVF
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Table 1 Loss of Gestational
Sacs Rate (LGSR) according to
embryo cleavage stage
(2–3 cells, 4 cells and 5–6 cells)
and blastomeric fragmentation
(A = 0%, B = 1–20%,
C = 21–50% and D = ≥51%)

Fragmentation
A B C + D Total

Cleavage
2–3 cells 3/8 (37.5) 8/30 (26.7) 1/3 (33.3) 12/41 (29.3)
4 cells 31/164 (18.9)a,c 68/281 (24.2)b 3/4 (75)b,c 102/449 (22.7)
5–6 cells 4/5 (80)a 1/10 (10) 0/1 5/16 (31.2)

Total 38/177 (21.5)d 77/321 (24) 4/8 (50)d 119/506 (23.5)

LGSR: Number of lost gestational sacs/Total number of gestational sacs.

Corrected χ2 test: ap < 0.05; b,cp < 0.01.

and 88 ICSI), for 180 couples (10.1%). The mean number of
transferred embryos was 1.9. The transfers resulted in 419
clinical pregnancies (23.1%) and 315 deliveries (17.4%) of
387 children. The implantation rate was 15.5, and 11.9%
of transferred embryos went to birth. The overall rate of
miscarriage was 21%, and the overall loss of gestational sacs
rate (LGSR) was 23.5%.

We found an influence of the embryo quality observed
at day-2 on pregnancy outcome. The loss of gestational
sac rate was 29.3 and 31.2% when 2–3-cell embryos or
5–6-cell embryos were transferred respectively compared
to 22.7% when 4-cell embryos were transferred (Table 1).
Similarly, the loss of gestational sac rate was increasing with
the fragmentation of transferred embryos. It was 21.5% when
embryos without fragmentation were transferred, 24% when
embryos with 1–20% fragmentation were transferred and
50% when embryos with more than 20% fragmentation were
transferred (Table 1). The significant increase of LGSR with
fragmentation was also observed when only 4-cell embryos
were transferred.

Indeed, the implantation and birth rates were higher when
4-cell embryos were transferred 2 days after fertilization
compared to embryos with more or less blastomeres, trans-
ferred on the same day (Fig. 1A). The IR and BR also reg-
ularly decreased when the embryo fragmentation increased
(Fig. 1B). Only 3.7% of transferred embryos went to birth
when 21 to 50% of the embryo cell volume was fragmented
2 days after fertilization. When more than 50% of the em-
bryo cell volume was fragmented, no embryo went to birth
even if one of them could implant and could induce a preg-
nancy. We also found a significant decrease of implantation
and birth rate when less than 21% of the embryo volume was
fragmented compared to embryos without any fragmentation
(Fig. 1B).

When only 4-cell embryos were transferred 2 days after
IVF or ICSI, the birth rate was significantly higher if embryos
without any fragmentation (top embryos) were transferred
compared to embryos with 1–20% fragmentation (16.5%
vs 13.1%; p < 0.05, χ2 test) or compared to all others em-
bryos (16.5% vs 10.4%; p < 0.05, χ2 test–Fig. 2). The better
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Fig. 1 Implantation (white) and birth (grey) rates according to the
number of cells (picture A) and the rate of fragmentation (picture B)
observed in the embryos, 2 days after IVF or ICSI when they were

transferred. Number represents the number of transferred embryos
(a, b, c, d, e, f, g : p < 0.05; χ2 test)
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Fig. 2 Implantation (white) and birth (grey) rates according to the
quality of embryos transferred, 2 days after IVF or ICSI. Top embryos
were defined as embryos at 4-cell stage without any fragmentation on
the transfer day. Number represents the number of transferred embryos
(a,b: p < 0.05; χ2 test)

birth rate of 4-cell embryos without fragmentation was the
combined consequence of a higher implantation rate (IR:
20.4%) and a lower loss of gestational sac after implantation
(LGSR: 18.9%) compared to 4-cell embryos with 1–20%
fragmentation (IR: 17.3%, LGSR: 24.2%). This result sug-
gests a better implantation but also a better post implantation
development ability of unfragmented 4-cell embryos 2 days
after IVF or ICSI.

We confirmed also that the kinetics of the first two cell
cycles is a better indicator than the presence of cell frag-
mentation for subsequent embryo development, since the
birth rate of 4-cell embryos with 1–20% fragmentation was
significantly higher than the birth rate of embryos without
fragmentation but which did not reach the 4-cell stage 2 days
after IVF or ICSI (13.1% vs 5.1%; p < 0.025, χ2 test).

In our study, the number of transferred embryos was not
the same in all transfers. Only one embryo was transferred in
30.2%, two in 60.0% and three in 9.8% of the cases (Table 2).
During the studied period, single embryo transfer was not a
predefined policy in the centre. In most cases, only one em-
bryo was transferred because no more embryos were avail-
able as demonstrated by the lack of frozen embryo in this
group (2.5% of attempts). Moreover, the decision to transfer
3 embryos was mainly motivated by the age of the woman
and/or the number of previous attempts without pregnancy
and/or the embryo quality. Therefore, the characteristics of
populations and embryo quality differed according to the
number of transferred embryos (Table 2). The mean age
of the women and the mean number of previous IVF at-
tempts were significantly higher when 1 or 3 embryos were
transferred. Early or late embryos and fragmented embryos
were significantly more frequent, when only one embryo was
transferred. Therefore in these cases, the percentage of top
quality embryos was significantly lower and could explain
the significantly decreased implantation and delivery rates

when only one embryo was transferred. When 3 embryos
were transferred, the implantation rate was also significantly
decreased and the pregnancy and delivery rates were lower
but not significantly different. The significantly higher loss
of gestational sac after implantation in this group could be
more related to maternal factors than to embryonic factors
(Table 2). So, to determine whether the influence of embryo
quality on post implantation development and pregnancy is-
sue could not be explained only by the women’s age and
infertility factors, the data were analysed on the subgroup
of 1084 transfers where only 2 embryos were transferred.
Similar results were found on delivery and birth rates ac-
cording to embryo morphology. In this subgroup of transfers,
there was also a significantly lower LGSR when 4-cell em-
bryos without fragmentation were transferred compared to
all other embryos transferred (16.5% vs 33.5% respectively;
p < 0.05, χ2 test). Furthermore, the LGSR was also higher
after implantation of 4-cell embryos with 1–20% fragmenta-
tion compared to LGSR after implantation of 4-cell embryos
without fragmentation (23.5% vs 16.5% respectively).

Discussion

Embryo quality is a major determinant of pregnancy and im-
plantation rates after IVF [17, 20]. However, the influence
of early embryo quality on embryo development after im-
plantation and pregnancy outcome is poorly known. In this
study, we provide evidence that the pregnancy outcome and
the ability to give a live birth are also dependent on the em-
bryo cleavage stage and the integrity of blastomeres on the
second day of development.

As previously reported, our results confirm that embryos
cleaving too quickly or too slowly during the first two days of
development have lower chances to implant. We also clearly
demonstrate that such embryos have a lower ability to de-
velop after implantation as the LGSR was higher for embryos
with abnormal development kinetics (29.8%) compared to 4-
cell embryos (22.7%) 2 days after IVF or ICSI. This is in
accordance with the findings published in a recent study [21].
The rate of fragmentation also strongly influences post im-
plantation development. We found that 4 out of 8 embryos
(50%) that implanted did not reach birth when the incidence
of cell fragmentation was over 20% compared to a LGSR of
21.5% when no fragmentation was observed on the second
day of development. A low rate of fragmentation (<21%)
weakly affects the ability to develop after implantation even
if the loss of gestational sac of 4-cell embryos with <21%
fragmentation is higher as compared to LGSR of 4-cell em-
bryos without fragmentation. As demonstrated by the works
of Van Blerkom et al. [22] and Hardarson et al. [23], frag-
mentation of early embryos is a dynamic and sometimes
temporary phenomenon. However, our results suggest that it
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Table 2 Patients’, transferred embryos characteristics and transfer outcomes according to the number of transferred embryos 2 days after IVF
and ICSI

No. of transferred embryos
1 2 3 P-value

Number of transfers (%) 548 (30.2%) 1084 (60.0%) 180 (9.8%)
Female age

Mean 35.1 ± 3.9a,b 32.6 ± 3.6a,c 37.4 ± 3.2b,c a,b,cp < 0.001
≥38 years (%) 25.8a,b 7.2a,c 53.4b,c a,b,cp < 0.001

Rank of attempts
Mean 2.1 ± 1.3a,b 1.7 ± 1a,c 2.7 ± 1.5b,c a,b,cp < 0.001
≥3 attempts (%) 30.2a,b 19a,c 50b,c a,c,bp < 0.001

Main causes of infertility (%)
Female 31.8a 31.4b 42.5a,b a,bp < 0.01
Male 45.3a,b 54.1a,c 31.3b,c a,b,cp < 0.001
Mixed male and female 13.5a 7.5a,b 16.8b a,bp < 0.001
Unknown 9.4 7.1 9.5

Sperm source (%)
Fresh ejaculated partner 82.1 83.3 88.9
Frozen-thawed
ejaculated partner

6.4 8.4 2.8

Testicular or epididymal 7.8 5.9 6.9
Donor 3.7 2.3 1.4

No. of embryo cells
2 (%) 26.4a,b 10.9a 15b a,cp < 0.001; bp < 0.01
3 (%) 15.6a,b 3.4a 1.2b a,bp < 0.001
4 (%) 44.6a,b 82.4a 82.8b a,bp < 0.001
5 (%) 9.4a,b 2.8a 0.5b a,bp < 0.001
6 (%) 4 0.5 0.5

Embryo fragmentation
0 (%) 19.7a 32.9a,c 21.7c ap < 0.001; cp < 0.01
1–20 (%) 63.7b 65.5c 76.2b,c b,cp < 0.01
21–50 (%) 12a 1.4a 1.6 ap < 0.001
≥51 (%) 4.6a,b 0.2a 0.5b ap < 0.001; bp < 0.025

Top embryos∗ (%) 10.2a,b 29.3a,c 20.5b,c a,b,cp < 0.001
PR (%) 9.7a,b 29.7a 24.4b a,bp < 0.001
IR (%) 9.5a 18.6a,b 9.6b a,bp < 0.001
LGSR (%) 26.9 21.8a 35.2a ap < 0.05
DR (%) 7.1a,b 22.8a 16.6b a,bp < 0.001
BR (%) 6.7a 14.5a,b 6.5b a,bp < 0.001

PR: Clinical Pregnancy Rate; DR: Delivery Rate; IR: Implantation Rate; LGSR: Number of lost gestational sacs/Total number of gestational sacs;
BR: Birth Rate.
∗Top embryos were defined as embryos at 4-cell stage without any fragmentation when transferred at day-2 after IVF or ICSI.

can be an indicator of lower developmental ability even after
implantation.

No relationship between the abortion rate and the em-
bryo quality defined according to the number of embryo
cells, the percentage of fragmentation and the evenness of
the cleavage, had been reported previously [9, 18]. However,
significant differences in the number of biochemical preg-
nancies (defined by the only elevation in hCG without any
gestational sac) and in the number of early pregnancy loss
were shown, with low chances that a pregnancy obtained
after the transfer of embryos with >10% fragmentation or
with five or fewer blastomeres at day-3 would lead to the
birth of a child [18, 21].

In our series, the 4-cell stage embryos with <21% frag-
mentation had a higher chance of developing after implanta-
tion compared to unfragmented embryos with less or more
blastomeres at day 2 (24.2% vs 54% of LGSR respectively)
confirming that a change in the kinetics of early cleavage is
more detrimental for embryo development than blastomere
fragmentation.

The differences of pregnancy outcome and birth rate found
in this study could not be explained by the changes of culture
media since a similar relation between the embryo quality
and pregnancy outcome was observed regardless of the cul-
ture media. Furthermore, we did not find any difference on
the embryo implantation potential, pregnancy outcome and
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birth rate according to the fertilization method, IVF or ICSI.
The impact of the fertilization method, IVF or ICSI, is poorly
documented and contradictory results have been published,
with either a better pregnancy rate after ICSI than after IVF
[11] or no difference between the two methods of fertilization
after the transfer of top quality embryo [8, our series]. Ad-
ditionally, when analysing data according to the number of
transferred embryos and the causes of infertility, similar re-
sults of the effect of embryo quality on the pregnancy out-
come and birth rate were observed (data not shown).

The lower post implantation development of fragmented
embryos may be due in part to a higher rate of chromosomal
aneuploı̈dy in blastomeres [24]. Indeed, the embryo fragmen-
tation observed 68 h after fertilization is known to be cor-
related with chromosomal abnormality rates [24–28]. Sim-
ilarly, embryos with a slow cleavage rate resulting in fewer
than 6 cells 68 h after fertilization, as well as embryos with
a cleavage rate in an abnormal time frame, were shown to be
often associated with chromosomal abnormalities [24, 25].
Recently it has been suggested that the lower embryo devel-
opment might also be the consequence of changes of gene
expression in fragmented embryos [29]. Blastomere frag-
mentation may also be associated with a genetic program of
cell death [30], but the relevance of apoptosis in fragmented
embryos remains controversial [31].

In this study, only the number of blastomeres and the
incidence of cell fragmentation were studied. However,
other indicators of embryo quality could also influence the
chances of pregnancy. The pronuclear morphology [32–36],
the oocyte cytoplasmic halo [37, 38], the blastomere mor-
phology and evenness [17, 23, 39], the presence of mult-
inuclear blastomeres [40–42] and the moment of the first
cleavage [14, 43] could also influence the pregnancy rates
and could be important factors for the selection of embryos
for transfer. Although the results are improved by cumulating
various factors [44–46] the relative importance of each fac-
tor to the probability of implantation and birth is not known.
Only the analysis of very large series of homogeneous em-
bryos transfers could evaluate the respective influence of
each embryonic characteristics. Such studies are in progress
in our center.

Finally, our study provides useful information to evaluate
the probability to obtain a pregnancy, embryo development
and delivery and to predict more precisely the real chances
of birth in a policy of single embryo transfer in a selected
population. In our series when two 4-cell embryos without
fragmentation were transferred in women who were less than
38 years old and who had ≤1 previous IVF attempts (203
transfers), the clinical pregnancy rate per transfer was 36.4%
and the delivery rate was 31.5%. The implantation rate and
birth rate were 23.9 and 20.7% respectively. We can therefore
speculate that the delivery rate would have been over 20% if
only one embryo had been transferred. Indeed, the delivery

rate would have been 10% lower after the first cycle of single
embryo transfers, but the remaining non transferred embryo
could then have been frozen and been transferred later with
a good chance of implantation and birth. We can therefore
speculate that the overall delivery rate would not be lower
after single embryo transfer in such selected population and
that the very high multiple delivery rate which had been
31.2% in this subgroup of women in our series, could have
been avoided.

In conclusion, our results show that the morphological
aspect of the early embryo not only affects the implantation
rate but also the pregnancy outcome, with higher chances
that the pregnancy could lead to the birth of a child after
transfer of 4-cell stage embryo with low fragmentation.
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