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Embryo morphology score on day 3 is predictive
of implantation and live birth rates
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Purpose : To determine if embryo cleavage state or morphology on day 3 correlates with
implantation or live birth rates. A retrospective cohort study of all fresh embryo transfers
over 2 years.
Methods : Patients were grouped by the average cleavage state and morphology. Cleavage
state groups were: <6, ≥ 6, <8, and ≥ 8 cells. Morphology groups by average grade were:
group 1 (best) = 1, group 2 = >1 ≤ 2, group 3 = >2 ≤ 3, and group 4 (worst) = >3 ≤ 4.
Results : The overall implantation rate for 158 cycles was 28.1% with a live birth rate of
37.3%. Morphologic state was highly predictive of both implantation rate and live birth rate.
Implantation rates by group were 54.8% (group 1), 30.4% (group 2), 23.8% (group 3), and
11.1% (group 4). Likewise, live birth rates among groups were 61.5, 39, 20, and 21%, respec-
tively. Cleavage state was not predictive of outcome.
Conclusions : Embryo grade is highly predictive of implantation and live birth rate and can
be used to determine the number of embryos to transfer. Cleavage state is not predictive of
outcome.
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INTRODUCTION

The first child was conceived by in vitro fertilization
(IVF), in the United States, in 1983. Since that time,
the success of IVF has steadily increased. In 2002,
45,751 children (0.8% of all live births) were born as
a result of IVF (1). However, the increased probabil-
ity of IVF pregnancy has come at a cost as multiple
gestation is seen in approximately 35% of all IVF-
related births (2), resulting in a 65% increase over
baseline for twins and more than a 400% increase
in higher order multiple births in the United States
(1). This highly significant increase in multiple gesta-
tions is associated with escalating maternal and fetal
morbidity and mortality. Therefore, efforts need to
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be made to decrease this IVF outcome. One solution
for decreasing higher order multiple gestations from
IVF would be to transfer only one embryo. However,
the overall success of IVF is strongly correlated to the
number of embryos transferred and the demand for
successful outcomes is high because the treatment is
expensive and stressful. Therefore, fertility special-
ists and embryologists continue to search for meth-
ods to predict which embryos have the greatest po-
tential for implantation.

The purpose of this study was to evaluate the re-
lationship of embryo morphology and cleavage state
on live pregnancy rates after fresh embryo trans-
fer. We hypothesized that cleavage state and/or em-
bryo morphologic grade would be predictive of im-
plantation and live birth rate. In addition, we de-
sired to establish a predictive score for live birth rate
based on the morphology and/or cleavage state of the
embryo(s) being transferred to assist in counseling
patients regarding the number of embryos to trans-

171

1058-0468/06/0400-0171/0 C© 2006 Springer Science+Business Media, Inc.



172 Dennis, Thomas, Williams, and Robins

fer and the probability of pregnancy. By improving
the prediction of implantation and live birth rate, the
least number of quality embryos can be transferred
to maintain high pregnancy rates.

METHODS

All in vitro fertilization cycles that included a
fresh embryo transfer on postretrieval day 3 at the
Center for Reproductive Health in Cincinnati, Ohio
between January 2002 and December 2003 were
reviewed. Demographic information including age,
gravidity, parity, infertility diagnosis, and number of
previous IVF cycles were collected. IVF cycle in-
formation included the number of embryos trans-
ferred, cleavage state of each embryo transferred,
morphologic grade of each embryo transferred, and
the use of intracytoplasmic sperm injection (ICSI)
and/or assisted hatching (AH). The number of em-
bryos transferred was based on the patient’s pre-
vious history and subjective embryo characteristics.
Outcome measures included: 1) qualitative serum
βhCG on day 14 after embryo transfer, 2) number
of gestational sacs and fetal status (presence of fetal
pole/cardiac activity) by ultrasound on day 28 after
embryo transfer, and pregnancy outcome including
spontaneous abortion and live birth. Implantation
was defined as the presence of a gestational sac on ul-
trasound 28 days after transfer, and implantation rate
was calculated by dividing the number of gestational
sacs by the total number of embryos transferred. Live
birth rate was calculated by dividing the number of
liveborn deliveries by the total number of transfers.

Embryo Morphology

A single team of experienced embryologists eval-
uated the embryos on postretrieval day 3. Morphol-
ogy of each embryo was determined by criteria as de-
scribed by Veeck (3):

Grade I: blastomeres of equal size and no cytoplas-
mic fragments

Grade II: blastomeres of equal size with minor cyto-
plasmic fragments or blebs

Grade III: blastomeres of distinctly unequal size with
few to no cytoplasmic fragments

Grade IV: blastomeres of equal or unequal size with
significant cytoplasmic fragmentation

Grade V: few blastomeres of any size and severe or
complete fragmentation

Patients were placed into one of four groups by
mean morphology score. The morphology groups
were Group 1 (best) = 1, Group 2 = >1 ≤ 2,
Group 3 = >2 ≤ 3, and Group 4 (worst) = >3 ≤ 4.

The patients were also grouped by the average
cleavage state. These cleavage groups were: group 1
< 6 cells, group 2 ≥ 6 cells and <8 cells, and group
3 ≥ 8 cells. Outcomes were analyzed by groups.

Statistics were analyzed using ANOVA for con-
tinuous variables and chi-square for proportional
data. Correlation analysis was performed using
Spearman’s correlation.

RESULTS

Overview of All IVF–ET Cycles

A total of 158 fresh embryo cycles were included
in this study. Subjects had a mean age of 34.6 years
and 39% were parous. The mean number of previ-
ous IVF cycles was 1.5. On average, 2.77 embryos
were transferred per IVF cycle for a total of 438 em-
bryos replaced. ICSI was performed in 57% (n = 90)
of cycles, and AH was performed in 32% of cycles
(n = 50). The mean implantation rate was 28.1% and
the mean live birth rate was 37.3%.

Demographics by Group Assignment

Analysis of the patient characteristics by both av-
erage morphology group (Table I) and average cleav-
age state revealed no significant difference in age,
gravidity, parity, number of embryos transferred, in-
fertility diagnosis, previous number of IVF cycles,
use of ICSI, or use of AH.

Outcomes by Cleavage State

Cycles were sorted by average cleavage state and
no significant difference in implantation rates or live
birth rates was noted (Fig. 1). The live birth rates in
these groups were 32, 35, and 40%, respectively.

Outcomes by Morphology Group

Cycles were sorted by morphology group, and no
difference in average cleavage state existed between
the four morphology groups (Fig. 2). When the av-
erage morphology groups were analyzed for implan-
tation rate and live birth rate, a significant differ-
ence existed between the two highest quality mor-
phology groups (groups I and II) and the two lowest
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Table I. Subject Demographics by Their Assigned Morphologic Group

Group 1 (n = 30) Group 2 (n = 70) Group 3 (n = 41) Group 4 (n = 17) p value

Age ( ± SD) 33.9 (6.1) 35.4 (4.9) 35.9 (3.0) 33.5 (4.0) ns
% Gravid 38 61 65 64 ns
% Parous 15 41 45 45 ns
Cycle number ( ± SD) 1.5 (0.87) 1.49 (0.75) 1.95 (1.43) 1.55 (0.52) ns
Mean # embryos

transferred ( ± SD)
2.4 (0.87) 2.7 (0.59) 3.15 (1.35) 2.45 (0.93) ns

ICSI (%) 67 58 55 82 ns
Assisted hatching (%) 33 46 55 27 ns

quality groups (groups III and IV) for live birth rate
(Fig. 3). The two higher morphology groups had
significantly improved live birth rates of 61.5%
(group 1) and 39% (group 2), compared to 20%
(group 3) and 21% (group 4) in the lowest two mor-
phology groups. In addition, the patients in mor-
phology group 1 had a significantly increased rate
of implantation compared to group 2 (54% vs. 30%)
(Fig. 3).

DISCUSSION

Recent guidelines published in September 2004
by the American Society for Reproductive Medicine
(ASRM) recommend the number of embryos trans-
ferred to be limited to two or less embryos in women
under 35 and only one embryo in women with the
“best prognosis” (4). The most favorable prognosis
is defined as a woman undergoing her first IVF cycle
or with a previously successful IVF cycle, with good
embryo quality, and with excess embryos available
for cryopreservation. These recommendations are a
reflection of the nationwide and worldwide aware-
ness for the need to reduce the higher-order multiple
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Fig. 1. Mean cleavage state is not associated with pregnancy out-
come. There were no statistical differences in implantation rate
or live birth rate when the cycles were sorted by the average cell
number.

pregnancy rate from IVF. By limiting the quantity of
embryos transferred per cycle, the quality of the em-
bryo becomes of paramount importance.

A general consensus exists that better quality em-
bryos lead to improved pregnancy rates. Many inves-
tigators have tried to delineate the properties of an
embryo that make it more likely to lead to a success-
ful pregnancy. Properties that have been investigated
include cleavage state, fragmentation, cytoplasmic
pitting, compaction, and equality of cell size. Cleav-
age state is likely an important characteristic of an
embryo because data suggest that embryos with ei-
ther lagging or rapid cleavage have high rates of chro-
mosomal abnormalities and decreased rates of im-
plantation (5). Morphology, based on fragmentation
and blastomere size, is also an important property of
embryo development because embryo fragmentation
is theorized to occur as a result of apoptosis with sub-
sequent loss of regulatory proteins (6). The loss of
these regulatory proteins may ultimately affect the
developmental competency of the embryo and its
ability to implant. Significantly higher rates of con-
genital malformations have been described in preg-
nancies derived from highly fragmented embryos (5).
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Fig. 2. Mean cleavage state did not differ by morphology group.
The number of cells in the transferred embryos were examined in
each morphologic group and found to be statistically the same.
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Fig. 3. Mean morphology score is predictive of implantation and
live birth rates. A morphology score of 2 or less was statistically
predictive of pregnancy ( ∗ denotes a p > 0.05 when compared to
groups with a score greater than 2).

The criteria for choosing optimal embryos re-
main controversial. Several investigators suggest that
cleavage state is a superior predictor for embryo im-
plantation (7–9) and that embryo morphology anal-
ysis adds little to prediction of implantation. These
studies conclude that cell number should always
be used when selecting embryos; however, a “good
prognosis” patient generally has multiple embryos in
the six- to eight-cell stage on postretrieval day 3 lim-
iting the predictive value of the cell number alone.
Morphology may be a better indicator for success in
patients with appropriately growing embryos. How-
ever, the selection of the morphologically best em-
bryos by experienced embryologists on day 3 has
only a 23% predictive value for day 5 blastocyst for-
mation in vitro, suggesting to some investigators that
day 3 morphology may be an inaccurate predictor
of an embryo’s implantation capability (10,11). How-
ever, other studies also have shown that moderately
fragmented embryos (grade II) implant with simi-
lar rates to higher quality (grade I) embryos, but
highly fragmented embryos (grade III and grade IV)
have significantly decreased implantation rates (8).
Because of these discrepancies, several authors pro-
mote using a “combined” or “cumulative” embryo
score based on combined cleavage states and mor-
phologies of all embryos being transferred (12–16).
Unfortunately, these combined or generalized trans-
fer scores can underestimate the potential of a single
higher quality embryo to implant.

In this study, the average morphologic grade of
the embryos on postconception day 3 was highly
predictive of implantation rate and live birth rate.

The embryo cell number on postconception day 3
was greater than six in the majority of transfers and,
therefore, was not predictive of pregnancy outcome.
This is the first study to demonstrate the superior pre-
dictive value of embryo morphology over blastomere
number (cleavage state) for the outcome of live birth
within a cohort of women undergoing IVF.
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