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Objective: To compare the value of 17 IVF variables, including a new mean score of transferred embryos
(MSTE), in predicting pregnancy rate.

Design: Retrospective study.

Setting: Private IVF unit.

Patient(s): Women who underwent 10,000 embryo transfers.

Main Outcome Measure(s): Duration of infertility, type of infertility, female age, rank of IVF attempt, type
of ovarian treatment, progesterone level, sperm count, sperm motility, sperm morphology, number of retrieved
oocytes, number of mature oocytes, maturation rate, number of embryos obtained, fertilization rate, number
of transferred embryos, cumulative embryo score (CES), mean score of transferred embryos (MSTE), and
pregnancy rate.

Result(s): Outcome of IVF-ET was significantly correlated with female age, type of infertility, number of
retrieved oocytes, number of mature oocytes, maturation rate, embryos obtained, fertilization rate, transferred
embryos, CES, and MSTE. Multivariate analysis demonstrated that MSTE was a better predictor of pregnancy
than the number of transferred embryos and female age.

Conclusion(s): Embryo quality is the best predictor of pregnancy. The embryo score described herein should
be used in IVF-ET programs to choose the best embryos for transfer. (Fertil Sterilt 2001;75:525–31. ©2001
by American Society for Reproductive Medicine.)

Key Words: Cumulative embryo score, embryo quality, embryo score, embryo transfer, in vitro fertilization,
mean score of transferred embryos.

Since the first IVF-ET procedures were per-
formed, many studies have been done to identify
predictors of outcome. The most obvious vari-
ables for this purpose are female age and number
of transferred embryos (1), but other factors have
also been shown to be influential. Indication for
IVF and rank of IVF attempt have been corre-
lated with the outcome of IVF-ET (2). The effect
of progesterone level on the day of hCG admin-
istration is controversial (3, 4). With regard to
embryo quality, several factors have been shown
to influence the pregnancy rate, including pres-
ence of anucleate fragments, presence of irregular
blastomeres, and number of blastomeres. Several
embryo classification systems have been devel-
oped to grade embryo quality (5–7), and a cumu-
lative embryo score (CES) (8) has been proposed
to predict pregnancy.

Most studies of predictors of IVF-ET outcome

have included small or medium-size samples, and
a global analysis comparing all variables has
never been performed. We attempted to deter-
mine the predictive value of 17 parameters in a
series of 10,000 embryo transfers performed in
our IVF-ET center and to assess the efficacy of a
new CES and mean score of transferred embryos
(MSTE) in predicting pregnancy. Both the CES
and MSTE were based on the 4-point embryo
score developed in a previous series of 957 single
embryo transfers (9). We therefore also sought to
assess this embryo score in a multiple embryo
transfers series.

MATERIALS AND METHODS

Patients and Protocol
The first 10,000 embryo transfers performed

in our IVF-ET center from April 1986 to April
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1997 were included in this study. In all cases, ovarian
stimulation followed by administration of hCG was per-
formed. Oocytes were retrieved 35 hours after hCG admin-
istration and were fertilized with husband or donor sperma-
tozoa. Results of fertilization were checked 24 hours after
retrieval, and embryo transfer was performed after a further
24 hours. Pregnancy was defined as an hCG level of$100
IU/mL 14 days after ET.

The variables analyzed in this study were female age,
duration of infertility, type of infertility (female, male,
mixed, unexplained, or donor semen), rank of IVF attempt,
type of ovarian stimulation (no treatment, administration of
gonadotropin-releasing hormone (GnRH) agonist in the
short protocol, or administration of GnRH agonist in the long
protocol), progesterone level on the day of hCG administra-
tion, sperm count, sperm motility, sperm morphology, num-
ber of retrieved oocytes, number of mature oocytes, matu-
ration rate, number of embryos obtained, fertilization rate
(percentage of fertilized mature oocytes), number of trans-
ferred embryos, CES, and MSTE.

The CES and MSTE were based on a 4-point embryo
score (Table 1) in which all cleaved embryos were assigned
1 point and 1 additional point was added for each of the
following features: absence of fragmentation (or fragmenta-
tion involving ,20% of the embryonic surface), absence of
irregularities in blastomere size or shape, and four-cell stage
(regardless of cell morphology). Uncleaved embryos were
assigned a score of zero. The CES was obtained by adding
the individual embryo scores of all transferred embryos, and
the MSTE was obtained by dividing the CES by the number
of transferred embryos. Only IVF without ICSI was per-
formed in this study.

Statistical Analysis
The database of 10,000 embryo transfers was randomly

split into two databases, each containing 5,000 records. To
avoid the confounding effect of technical and medical

changes during the 10-year study period, the split took into
account the year of transfer and the pregnancy rate. Multi-
variate analyses were done using the first database, and the
characteristics of the model were explored by using the
second database.

Statistical analysis was performed by using SPSS soft-
ware, version 7.5.1 (SPSS, Inc., Chicago, IL). Univariate
analysis was performed to define the most probable predic-
tive factors of pregnancy rate;x2 tests or Fisher exact tests
were used for qualitative variables and parametric or non-
parametric analysis of variance was used for the quantitative
variables. Factors for whichP#.25 were retained for the
multivariate analyses.

Two multivariate analyses were conducted. The first one
(MA1) included all the retained variables but excluded
MSTE. In the second one (MA2), the MSTE replaced the
CES. Logistic regressions were done by using forward,
backward, and stepwise techniques to define the best predic-
tor of pregnancy. We also conducted several supplementary
analyses to validate the predictions.

RESULTS

Study Population
In this series of 10,000 embryo transfers, 2,425 pregnan-

cies (24.3%) were obtained; this number included 144 bio-
chemical pregnancies (5.9%), 73 ectopic pregnancies
(3.0%), 435 miscarriages (17.9%), 22 abortions (0.9%), and
1,728 deliveries (71.3%). The outcome of pregnancy was
unknown in 23 cases (0.9%). A total of 2,326 infants were
born, including 1,189 single births (68.8%), 481 sets of twins
(27.8%), 57 sets of triplets (3.3%), and one set of quadruplets
(,0.1%).

Variables That Did Not Influence
Pregnancy Rate

Sperm count, sperm motility, sperm morphology, dura-
tion of infertility, progesterone level on the day of hCG
administration, rank of IVF-ET attempt (Table 2), and type
of female treatment before ovarian stimulation did not influ-
ence the pregnancy rate. Progesterone level was assessed
with or without a cut-off value of 2 ng/mL. No effect was
observed on pregnancy rate in either case (P5.44 and
P5.17, respectively).

With regard to IVF attempt, the pregnancy rate varied
from 23.6% on the first attempt to 27.1% on the ninth
attempt. Because of a possible biasing effect of higher CES
and number of transferred embryos in successive IVF at-
tempts, the influence of rank of IVF attempt was also studied
in a homogenous series of 1,288 triple-embryo transfers with
a CES of 9, 10, or 11 points. The pregnancy rate was 33.4%
for first attempts, 33.3% for second attempts, 34.9% for third
attempts, 36.8% for fourth attempts, and 31.9% for fifth or
higher attempts (P value not significant).

T A B L E 1

Calculation of the 4-point embryo score.

Uncleaved embryos 0 point

Cleaved embryos 1 point
1

Division stage
Four-cell embryos 1
Other stages 0

Irregular cells (size and/or shape)
Absence 1
Presence 0

Fragmentation ($20% of embryonic surface)
Absence 1
Presence 0
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Pregnancy rates did not differ statistically in women who
received no treatment (25.9%), short-protocol GnRH agonist
treatment (24.8%), or long-protocol GnRH agonist treatment
(24.5%) (P value not significant).

Variables That Influenced Pregnancy Rate
The pregnancy rate increased with the number of re-

trieved oocytes, number of mature oocytes, maturation rate,
fertilization rate, and number of embryos obtained (Table 2).

Type of Infertility

Pregnancy rates were always significantly lower in cases
involving female infertility (39% of cases; pregnancy rate,
21.2%) than in cases involving all other types of infertility:
male infertility (25% of cases; pregnancy rate, 25.1%),
mixed infertility (10% of cases; pregnancy rate, 26.4%),
unexplained infertility (8% of cases; pregnancy rate, 26.5%),
donor semen (18% of cases; pregnancy rate, 29.9%)
(P,.001).

Female Age

The pregnancy rate decreased with female age, and a
sharp decline was seen after 38 years of age. The pregnancy
rates were 27.2% in women,30 years of age, 26.2% in
those 30–34.9 years of age, 24.2% in those 35–37.9 years of
age, 20.0% in those 38–39.9 years of age, 16.7% in those
40–41.9 years of age, and 7.3% in those$42 years of age
(P,.001).

Number of Transferred Embryos

A significant correlation was observed between preg-
nancy rate and number of transferred embryos. The preg-
nancy rates were 8.2%, 18.7%, 27.5%, 31.6%, 27.8% and
13.6% for transfers involving 1, 2, 3, 4, 5, or 6 embryos,
respectively (P,.001); the corresponding number of trans-
fers were 1,437, 2,270, 3,590, 2,430, 227, and 22. The
MSTE values were similar in all types of transfers (2.6, 2.6,

2.7, 2.6, 2.6, and 2.7, respectively). The implantation rate
(fetal heart per cleaved transferred embryo) was 10.5%.

Cumulative Embryo Score

As shown in Figure 1, pregnancy rate was strongly cor-
related with CES (P,.001). A linear increase in pregnancy
rate was observed as scores increased from 1 to 11 points; a
plateau was reached at 12 points. A total of 2,967 fetal hearts
were observed after transfer of embryos with a collected
score of 74,072 points; thus, each CES point corresponds to
a theoretical pregnancy rate of 4.0%. In MA1, CES was the
variable that was most predictive of pregnancy (Table 3),
better than female age and number of retrieved oocytes. The
correlation between pregnancy rate and CES was observed
throughout the study (data not shown).

Mean Score of Transferred Embryos
As shown in Figure 2, the pregnancy rate was strongly

correlated with MSTE for single, double, triple, quadruple,
and quintuple embryo transfers (P,.001). Figure 3 shows
that MSTE was significantly correlated with pregnancy rate
(P,.001) in all age groups. This correlation was particularly
strong in the oldest age group. The pregnancy rate was
threefold higher in older women with higher MSTE than in
women with a lower MSTE (22% vs. 7%). In younger
women, the pregnancy rate was only two times higher
among those with a higher MSTE than those with a lower
MSTE (30% vs. 15%). The distribution of MSTE did not
differ in the various age populations (Figure 4).

Multivariate Analyses
Table 3 shows the most predictive model obtained in

MA1 and MA2. In MA1, which included all variables except
MSTE, three factors were selected: CES, female age, and
number of retrieved oocytes. The percentage of correctly
predicted pregnancies was 62%. In MA2, which included
MSTE instead of CES, four factors were selected: MSTE,
number of transferred embryos, female age, and number of

T A B L E 2

Influence of 15 quantitive IVF-ET variables on pregnancy in a series of 10,000 embryo transfers.

Nonpredictive variables Pregnant women Nonpregnant women Predictive variables Pregnant women Nonpregnant women

Sperm count (106/mL) 57.46 56.6 55.36 54.0 Female age (y) 32.76 4.4 33.76 4.9
Progressive motility (%) 27.76 16.9 27.76 16.7 No. of retrieved oocytes 10.16 5.6 9.36 5.9
Morphology (%) 54.86 17.9 54.56 18.2 No. of mature oocytes 8.16 4.6 7.16 4.5
Duration of infertility (y) 6.66 3.3 6.76 3.7 Maturation rate (%) 82.26 26.1 79.16 18.0
Rank of IVF attempt (N°) 3.86 5.2 3.56 4.8 No. of embryos obtained 5.96 3.6 4.76 3.7
Progesterone level (ng/mL) 0.66 2.1 1.16 21.2 Fertilization rate (%) 75.56 25.8 70.16 32.8

No. of transferred embryos 3.16 0.9 2.76 1.1
CES 8.96 3.3 6.96 3.6
MSTE 2.96 0.8 2.56 0.9

Note: Values are means6 SD. CES5 cumulative embryo score; MSTE5 mean score of transferred embryos.
a P,.001.
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retrieved oocytes. The percentage of correctly predicted
pregnancies was 61%.

DISCUSSION

The purpose of this study was to determine the value of
17 IVF variables in predicting pregnancy and to assess the
usefulness of CES and MSTE in a large series of multiple
embryo transfers (n5 10,000). Many of these variables have
been evaluated in small series, but this is first time that they
have been studied together in a large series. Similarly, the
embryo score that we used was assessed in a series of 957
single embryo transfers (9) but never in a series of multiple
embryo transfers. To avoid bias due to treatment changes
that have occurred during the 10 years of the study, the
database of 10,000 embryo transfers was randomly split into

two databases, each containing 5,000 records; the split took
into account the year of transfer and the pregnancy rate.

Seven variables had no predictive value in this series. The
lack of influence of male factors on pregnancy rate per
transfer, including sperm count, sperm motility, and sperm
morphology, was probably due to their lack of influence on
embryo quality, as shown in cases involving ICSI (10) and
teratozoospermia (11). Male factors decrease fertilization
and transfer rates but not the implantation rate.

With regard to rank of IVF attempt, our findings disagree
with those of the FIVNAT study (2), in which the pregnancy
rate decreased as more IVF-ET attempts were made. This
discrepancy could have been due to two factors. First, we
always calculated the pregnancy rate after transfer, whereas
in FIVNAT, the pregnancy rate was calculated per retrieval

F I G U R E 1

Influence of cumulative embryo score on pregnancy rate in a series of 10,000 embryo transfers.

Terriou. Embryo score and IVF. Fertil Steril 2001.

T A B L E 3

Variables selected as predictive of pregnancy in multivariate analysis 1 (MA1) and multivariate analysis 2 (MA2).

MA1 MA2

Factor
Odds ratio
(95% CI) Factor

Odds ratio
(95% CI)

CES 1.18 (1.15–1.20) MSTE 1.67 (1.49–1.87)
Female age 0.96 (0.94–0.97) No. of transferred embryos 1.56 (1.41–1.72)
No. of retrieved oocytes 0.98 (0.97–0.99) Female age 0.96 (0.94–0.98)

No. of retrieved oocytes 0.98 (0.96–0.99)

Note: CES5 cumulative embryo score; MSTE5 mean score of transferred embryos.

Terriou. Embryo score and IVF. Fertil Steril 2001.
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with or without transfer. In addition, like many IVF teams,
we used more embryos with higher CES in successive trans-
fers to enhance the chances of success. To assess the possible
biasing effect of the second factor, we studied the pregnancy

rate in a homogenous series of 1,288 triple embryo transfers
with a CES of 9, 10 or 11. No significant difference in
pregnancy rate according to rank from the first to fifth or
higher attempt was observed (33.4%, 33.3%, 34.9%, 36.8%,
and 31.9%, respectively). This finding further supports the
lack of correlation between pregnancy rate and rank of IVF
attempt (12).

We found no correlation between pregnancy rate and
progesterone level on the day of hCG injection. Previous
findings in this regard have been contradictory (3, 4). Again,
it is important to emphasize that all couples reached transfer
time, and progesterone level at that time seems to have no
effect on the implantation rate. Ten variables were found to
have good predictive value for pregnancy. Female age is the
most widely recognized predictive factor (1). Our finding of
a decrease in implantation rate after 38 years of age is in
agreement with previously published findings. As expected,
the pregnancy rate was significantly correlated with number
of retrieved oocytes, mature oocytes, maturation rate, num-
ber of embryos obtained, fertilization rate, and number of
transferred embryos (Table 2).

With regard to the number of transferred embryos, we
observed that the pregnancy rate increased from single to
quadruple embryo transfers but decreased for quintuple em-
bryo transfers (Fig. 2). This decrease was not related to
embryo quality, since the MSTE was similar regardless of
the number of transferred embryos. The most likely expla-
nation for this finding is that quintuple embryo transfers
were performed only in cases of multiple implantation fail-

F I G U R E 2

Influence of mean score of transferred embryos on preg-
nancy rate in a series of 10,000 embryo transfers. The preg-
nancy rate was strongly correlated with MSTE in all catego-
ries of number of transferred embryos. Open bars represent
MSTE ,2.0; striped bars represent MSTE of 2.0–2.9; solid
bars represent MSTE of 3.0–4.0.

Terriou. Embryo score and IVF. Fertil Steril 2001.

F I G U R E 3

Influence of mean score of transferred embryos on preg-
nancy rate in a series of 10,000 embryo transfers. The preg-
nancy rate was strongly correlated with MSTE in all catego-
ries of female age. Open bars represent MSTE ,2.0; striped
bars represent MSTE of 2.0–2.9; solid bars represent MSTE
of 3.0–4.0.

Terriou. Embryo score and IVF. Fertil Steril 2001.

F I G U R E 4

Distribution of mean score of transferred embryos in four
female age categories. Quality of the transferred embryos
was not age-dependent. Open bars represent MSTE ,2.0;
striped bars represent MSTE of 2.0–2.9; solid bars represent
MSTE of 3.0–4.0.

Terriou. Embryo score and IVF. Fertil Steril 2001.
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ure (2.5% of transfers in our center). Prognosis in such cases
is poor, and increasing the number of transferred embryos
had only marginal effect. Figure 1 shows that the CES
reached a plateau for embryo transfers in which the CES was
12 or more.

The pregnancy rate was significantly lower in cases in-
volving female infertility than in cases involving male,
mixed, or unexplained infertility or donor semen. The preg-
nancy rate did not differ statistically between other types of
infertility. This finding emphasizes the importance of the
female genital tract in terms of the implantation rate.

Embryo quality based on embryo scoring had the best
predictive value in both multivariate analyses. In MA1, CES
was a better predictor than female age and number of re-
trieved oocytes, and in MA2, MSTE was a better predictor
than number of transferred embryos, female age, and number
of retrieved oocytes. Of note, in both MA1 and MA2, an
inverse relation was observed between pregnancy rate and
number of retrieved oocytes. This finding is not in contra-
diction with the positive correlation between number of
retrieved oocytes and pregnancy rate observed in the univar-
iate analysis. It simply means that the choice of the best
embryo to transfer is better when more oocytes are obtained.
Results of MA2 indicate that when MSTE is high and female
age is low, better results are achieved with a low number of
retrieved oocytes: that is, when few retrieved oocytes pro-
duce a high proportion of good embryos. These findings
underscore the importance of oocyte quality on embryo
quality and IVF outcome.

On the basis of the findings shown in Figure 2, we suggest
that the CES used in this study is preferable to the one
proposed by Steer et al. (8), who studied 390 women
younger than 36 years of age who achieved embryo transfer
on the first attempt. In contrast with Steer et al.’s CES, which
was based on an embryo score obtained by multiplying the
grade of each embryo by the number of blastomeres, our
embryo score was based on a retrospective series of 957
single embryo transfers (9) in which two-cell embryos,
three-cell embryos, four-cell embryos, and embryos with
more than four cells resulted in respective implantation rates
of 8.7%, 6.1%, 15.6%, and 6.2%. The greater suitability of
the four-cell stage for embryo scoring compared with num-
ber of blastomeres is in agreement with the findings of
Cummins et al. (5), who noted that slowly or rapidly grow-
ing embryos were underrepresented in cycles preceding
pregnancy.

The number of transferred embryos was not selected as a
predictive variable in MA1, probably because this variable is
strongly correlated with CES. To assess embryo quality
more specifically and the role of number of transferred
embryos more equitably, CES was replaced by MSTE in
MA2. As shown in Table 3, this switch resulted in selection
of number of transferred embryos as a better predictive
factor than female age but a worse one than MSTE. Our

study is the first to show that embryo quality, as assessed by
the embryo score that we propose, has better predictive value
than the number of transferred embryos and female age. We
thus suggest that this embryo score be used to select the best
embryos for transfer when day-2 transfers are performed.

Figure 4 clearly shows that MSTE is not age-dependent.
Figure 3 shows that the pregnancy rate is lower in the oldest
women for each studied MSTE. These findings suggest that
the decrease in pregnancy rate observed in women older than
38 years of age is not related to poor embryo morphology.
Rather, this decrease could be due to a decline in uterus
receptivity or to genetic defects that do not interfere with
embryo morphology 48 hours after oocyte retrieval. Figure 3
shows that even if the success rate of IVF-ET decreases with
increasing female age, IVF-ET outcome is even more influ-
enced by embryo quality in the oldest population. The preg-
nancy rate was threefold higher in older women with higher
MSTE than in women with lower MSTE (22% vs. 7%). In
younger women, the pregnancy rate was only two times
higher among those with higher MSTE than those with lower
MSTE (30% vs. 15%). This finding emphasizes the impor-
tance of embryo selection in all cases but particularly in the
oldest women.

Many previous studies using embryo classifications have
been done to determine the optimal number of embryos to
transfer in order to avoid multiple pregnancies (13, 14). In
the next phase of our research, we will study the influence of
CES and MSTE on the rate of multiple pregnancies. Our
goal will be to develop guidelines for determining the num-
ber of embryos to be transferred to avoid multiple pregnancy
as a function of age in day-2 embryo transfer.
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