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BACKGROUND: Evidence-based morphological embryo scoring models for ranking of implantation potential are
still scarce, and the need for a precise model increases when aiming for singleton pregnancies. METHODS: Prospec-
tively, 2266 IVF/ICSI double-embryo, day 2 transfers were studied. The five variables scored in 3- to 5-step scales for
the embryos transferred are blastomere number (BL), fragmentation, blastomere size variation (‘equality’, EQ),
symmetry of the cleavage and mononuclearity in the blastomeres (NU). The scoring results of embryos with an indi-
vidual traceability from scoring to implantation, i.e. treatments resulting in either no implantation (n = 1385) or twin
implantation (n = 228), were studied for prognostic potential. RESULTS: Although all five variables correlated
highly with implantation potential, only BL, NU and EQ remained independently significant after regression analy-
sis. The equation thus derived formed the basis for a 10-point integrated morphology cleavage (IMC) embryo score.
A table with the scoring point for each possible combination of the embryo variables is presented. The scoring model
was statistically validated on the singleton pregnancy group (n = 653). CONCLUSIONS: We suggest that this IMC
embryo scoring, incorporating cleavage stage and information on the variation in blastomere size and the number of
mononucleated blastomeres, may optimize embryo ranking and selection for day 2 transfers.
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Introduction

Selection of embryos to transfer with the greatest implantation
possibility is largely based on clinical tradition and less
derived from evidence-based medicine. Although there is
general agreement among embryologists as to what morpho-
logical features are characteristic of a top embryo in the
cleavage stage, evidence is still lacking for the ranking of
implantation potential of non-top embryos. The need for
establishing a greater knowledge about embryo quality varia-
bles and thus constructing reliable scoring systems is becom-
ing increasingly more evident. Several studies show that
embryo quality is one of the most important prognostic fac-
tors for pregnancy chance in IVF apart from age (Puissant et al.,
1987; Staessen et al., 1992; Steer et al., 1992; Shulman et al.,
1993; Giorgetti et al., 1995; Van Royen et al., 1999; Hardarson
et al., 2001; Terriou et al., 2001; Hunault et al., 2002). The
increased obstetric and perinatal risks involved in multiple
pregnancies (Bergh et al., 1999; Stromberg et al., 2002) urge
the clinician to aim at singleton pregnancies, which increases
the demands on knowledge of the implantation potential of the
individual embryo.

Other reasons for establishing evidence-based embryo quality
criteria are the needs for providing individualized prognostic
information to the couple, for permitting comparison of
embryo quality between treatment cycles, for the evaluation of
different culture conditions and finally to allow standardizing
embryo grading between embryologists.

The reason for the lacking scientific data is largely the diffi-
culties in following the fate of an individual embryo. The dom-
inating clinical practice of transferring more than one embryo
makes deduction from embryo quality variables unreliable,
when the resulting pregnancy contains fewer sacs than the
number of transferred embryos. Therefore, the available scien-
tific data to date are based on studies containing limited
number of treatments with a traceable association between
embryo and implantation (Giorgetti et al., 1995; Ziebe et al.,
1997; Van Royen et al., 1999, 2001). Nevertheless, such stud-
ies have provided important information on morphological fac-
tors of importance for implantation potential. Among such
factors, cleavage rate clearly provides powerful prognostic
information (Giorgetti et al., 1995; Ziebe et al., 1997; Van
Royen et al., 1999, 2001). Severe fragmentation of the embryo
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is associated with poor prognosis (Giorgetti et al., 1995; Ziebe
et al., 1997; Van Royen et al., 1999, 2001). Other variables,
such as visible mononuclearity (Palmstierna et al., 1998;
Saldeen and Sundstrom, 2005) and absence of multinuclearity
within the blastomere (Ziebe et al., 1997; Van Royen et al.,
1999, 2001, 2003), uniformity in blastomere size (Giorgetti et al.,
1995; Ziebe et al., 1997, 2003; Hardarson et al., 2001),
symmetry of the cleavage (Dor et al., 1986) and variation in
zona thickness (Garside et al., 1997; Palmstierna et al., 1998;
Gabrielsen et al., 2001), also seem to have prognostic power.
However, many variables are interrelated, making it uncertain
which factors have independent prognostic impact. To con-
struct a reliable embryo score, which incorporates only inde-
pendently significant embryo variables and in correct
proportions, we must test all factors of univariate association
with implantation potential against each other in a statistical
multiple regression procedure. Large prospective studies utiliz-
ing this statistical method to construct embryo scoring systems
are still lacking in the literature.

This study was designed to investigate the impact of cleav-
age stage and four morphological embryo variables for implan-
tation potential of the individual embryo in day 2 transfer
procedures. Only embryo features possible to record with rela-
tive ease during routine real-time investigations were included.
Therefore, among the variables described, zona thickness vari-
ation was omitted because of the necessity for video recording
and, in reality, retrospective analyses for using this variable
(Garside et al., 1997; Palmstierna et al., 1998; Gabrielsen et al.,
2001). To allow the evaluation of each morphological feature
as a continuous variable, which increases the statistical power,
we constructed novel graded scoring systems for the variables
blastomere size variation, symmetry of the cleavage and the
occurrence of blastomeres with a visible single nucleus. The
degree of fragmentation was measured according to estab-
lished scoring procedures. Apart from these morphological fea-
tures of the embryo, the cleavage rate was recorded (number of
blastomeres) as a fifth parameter. The primary end-points were
each variable’s correlation to implantation and the predictive
power of all variables in aggregate, thus resulting in an embryo
scoring model. Two-embryo transfers leading to either twin or
failed implantation, i.e. individual embryos with a known
implantation potential, formed the primary study group. The
derived prognostic model, an integrated morphology cleavage
(IMC) scoring, was subsequently statistically validated on the
remaining treatments in the study population, i.e. two-embryo
transfers leading to a single implantation.

Materials and methods
All (n = 2266) IVF (n = 1338) or ICSI (n = 928) treatments at the Carl
von Linné Clinic during a 3-year period that resulted in the transfer of
two embryos on day 2 after oocyte retrieval were studied. During this
period, 1999–2001, double-embryo transfer was totally dominant in
Sweden, and thus, the material amounts to 91% of the treatments at
the clinic during this time interval. All ovarian stimulations were con-
ducted with recombinant FSH in 98.5% of the cycles during long
GnRH-agonist down-regulation (in 35 protocols, GnRH antagonist
was used). The mean age of the women was 33.8 ± 4.3 years (SD).
Oocytes were aspirated 35–37 h after hCG injection, inseminated (or

injected with sperm after denuadation for ICSI) after 2–6 h of incuba-
tion and cultured in IVF medium (Medicult, Denmark) in a 5% CO2
incubator at 37°C. Fertilization was checked 16–20 h after the insemi-
nation. The embryos were evaluated on day 2 after oocyte retrieval;
scoring and selection for transfer were performed immediately before
embryo transfer. The Petri dish with the embryos was placed on the
heating plate under a stereomicroscope (Nikon SMZ 1500) to maxi-
mal magnification (×110), and the embryos were gently rolled with a
Pasteur pipette to assess the five morphological parameters. Light was
directed obliquely through an angled mirror beneath the microscope to
enable the visualization of the nuclei. This combination of intermedi-
ate magnification and the possibility to turn the embryos around under
oblique light is in our experience a superior technique for the visuali-
zation of nuclei and to score for size variation of the blastomeres as
well as symmetry of the cleavage. Results from a subsequent multi-
centre study support this notion (Holte, 2006). Embryo transfer was
performed at 48–52 h after oocyte retrieval. The following parameters
were recorded for the embryos transferred: number of blastomeres
(‘Blastomeres’, 2, 3, 4, 5 or ≥6 blastomeres), degree of fragmentation
(‘Fragmentation’), variation in blastomere sizes (‘Equality’), symme-
try of the cleavage (‘Symmetry’) and the presence of a single nucleus
within the blastomere (corrected for the number of blastomeres,
‘Nucleus’). The degree of fragmentation was scored as 0 (no frag-
ments), 1 (≤10% fragmentation), 2 (>10 ≤ 25%), 3 (>25 ≤ 50%) and 4
(>50% fragmentation). Equality was scored according to a three-level
system, where 0 denotes uniform size of the blastomeres, 1 denotes
varying size but <50% variation and 2 denotes >50% variation in blas-
tomere size. Similarly, Symmetry was scored as 0, 1 and 2, describing
full symmetry of the cleaved embryo, slightly asymmetric cleavage to
pronounced asymmetry, respectively. The difference between these
two parameters is thus that Equality scores variation in blastomere
size, whereas Symmetry scores the arrangement of the blastomeres
three dimensionally. The parameter Nucleus was defined as the
number of visible mononucleated blastomeres divided by the total
number of blastomeres in the embryo (to correct for cleavage rate); a
ratio of 0–0.25 gives a Nucleus score of 0, >0.25–0.50 gives a Nucleus
score of 1, >0.50–0.75 gives a score of 2 and a ratio of >0.75–1 equals
a Nucleus score of 3. The score –1 denotes that the embryo contains at
least one multinucleated blastomere. The scoring procedure is illus-
trated in Figure 1.

Because the exact fate, i.e. implantation potential, of each single
transferred embryo could only be traced in twin pregnancies (ultrason-
ically identified the presence of two gestational sacs; Group 2, n =
228) or treatments with a negative pregnancy test (Group 0, n = 1385),
these two subgroups formed the main study material (n = 1613). In the
statistical analysis, each embryo in this main study group was treated
as an individual record. Thus, 456 embryos in this material had a
proven implantation, and 2770 had a proven failed implantation. As
the singleton pregnancy group is not included in this data evaluation,
all implantation figures are lower than the corresponding true implan-
tation percentage for each variable. A correction factor of 1.731 (i.e.
the ratio between 456/3226 and the general implantation of 1109/
4532) is therefore used to extrapolate the implantation figures to be
valid for the data in our entire population.

In a second step, the validity of the prediction model derived from
the Group 0 and 2 material was tested on the singleton pregnancy
group (‘Group 1’, n = 653).

Statistics

Use of Groups 0 and 2

Univariate relations between predictor variables and the outcome
(Group 0 or 2) were described as cross-tabulations and statistically
analysed in logistic regression models. Each predictor variable’s
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functional relation to the outcome was examined, and, if necessary,
the variable was transformed. The interrelations between these predictor
variables were examined using Spearman’s rank correlation coeffi-
cients. Thereafter, a conditional multiple logistic regression model,
with forward selection of variables, was applied to find the predictor
variables with independent impact on the outcome. Conditional
regression means that the model takes into account the dependence
between the two embryo records within the same treatment. In this
model, P values from two-tailed tests <5% were considered statisti-
cally significant. Also, the clinical importance of each predictor varia-
ble’s effect was judged before the variable finally was considered
worthwhile in the prediction model. From this model, estimated prob-
abilities were calculated for each treatment using a weighed sum of
mean embryo variable values where the estimated regression coeffi-
cients were used as weights. This calculated value is the estimated
probability of belonging to Group 2, conditional upon being in Group
0 or 2. For each group, the mean estimated probability was presented.
The relative merits of the predictor variables were illustrated by the
calculation of the estimated probability for a number of combinations
of the predictor values. The aim was to show the impact of each varia-
ble when the others were held constant (to their mean values) and to
show the best and the worst combinations of predictor values and their
associated probabilities.

Use of Group 1

The prediction model estimated from Groups 0 and 2 was applied to
Group 1 by calculating estimated embryo scores using the predictor

variable values from Group 1 and the estimated regression coeffi-
cients from Groups 0 and 2. The assumption was that a valid model
would imply mean estimated embryo scores for Group 1 that were in
between the mean estimated embryo scores from Groups 0 and 2.
These three mean estimated embryo scores were presented with 95%
confidence intervals (95% CIs). Group 1 data were also used for the
construction of a model showing the impact of age and IMC scores on
implantation possibility (Figure 3). In this calculation, Group 1 results
were used according to the assumption that, in general, the embryo
with the highest IMC score was most likely to implant. This assump-
tion is strongly supported by the findings of the above-preformed
analysis. These data were used together with Group 0 and 2 data. The
reason for including Group 1 data was the lack of data in Group 2 in
the extremes of the range for IMC scores (low) and the age groups
(high).

Results

The total clinical pregnancy rate was 39% (881/2266), with
a twin rate of 26% (228/881), corresponding to an implanta-
tion rate of 24.5% (1109/4532). There were no differences
between IVF and ICSI results (implantation rates 25 versus
23%, not significant). Also, the results for morphological
embryo variables did not differ significantly between IVF and
ICSI. Therefore, all results are shown for the two methods in
aggregate.

Figure 1. Embryo variables. Number of blastomeres (BL: 2, 3, 4, 5 or ≥6 blastomeres). Degree of fragmentation (FR): 0, no; 1, ≤10%; 2, >10 ≤ 25%;
3, >25 ≤ 50% and 4, >50% fragmentation. Variation of sizes of the blastomeres (‘Equality’, EQ): 0 = uniform size of the blastomeres, 1 = varying
size but <50% variation and 2 = more than 50% variation in blastomere size. Symmetry of the cleavage (‘Symmetry’, SY): 0 = full symmetry of
the cleaved embryo, 1 = slightly asymmetric cleavage and 2 = pronounced asymmetry. The parameter ‘Nucleus score’ (NU) was defined as the
number of visible mononucleated blastomeres divided by the total number of blastomeres in the embryo (to correct for cleavage rate); Nucleus
score 0 = a ratio of 0–0.25; Nucleus score 1 = ratio >0.25–0.50; Nucleus score 2 = ratio >0.50–0.75 and Nucleus score 3 = ratio >0.75. Nucleus
score –1 denotes that the embryo contains at least one multinucleated blastomere.
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Morphological variables: analysis restricted to Groups 0 and 2

Figure 2 shows univariate implantation percentage for the five
morphological variables, i.e. the relation between each variable
and the implantation percentage. It also shows the distribution
of the different scores for the five variables. All variables could
best be described by linear functions except Blastomere, which
was closer to a two-degree function, a relationship suggested
by the fact that implantation figures increased from 2- to 4-cell
embryos but declined, although less pronounced, when the
embryo exhibited more than four blastomeres at transfer
(Figure 2). Statistical correction for the exact time passed
between insemination and transfer did not affect the results for
any variable significantly (data not shown). Each variable
showed a highly significant degree of correlation with the
percentage of implantation, with a similar span in implantation
figures between the lowest and the highest score in each varia-
ble (Figure 2).

The five variables showed varying degrees of significant
intercorrelations (Table I). Blastomeres correlated only with

fragmentation (inversely), whereas all the other variables
showed significant intercorrelations.

After a multiple logistic regression analysis, the three varia-
bles Blastomeres, Equality and Nucleus remained significant
predictors for implantation (Table II). The other two morpho-
logical variables, Fragmentation and Symmetry, resulted
insignificant in the logistic regression analysis. The multiple
model indicated the relative impact by Nucleus and Equality
on treatment outcome to be of similar magnitude, whereas the
impact of Blastomere varied depending on cleavage stage.
Thus, the impact of a one-unit increase of Nucleus resulted in
1.42 times increase in implantation rate, and a one-unit
decrease in Equality raised the implantation rate by 1.80
times. For Blastomere, the most pronounced impact on treat-
ment outcome was observed for the step from three to four
blastomeres, which was associated with an increase in implan-
tation rate by 4.5 times.

The logistic regression analysis resulted in the following
equation for the estimated probability of implantation:

Figure 2. Number of observations and corrected implantation rates at different levels for the five embryo variables in Groups 0 and 2. Implanta-
tion figures are corrected to reflect the entire material, i.e. also Group 1, by multiplying the implantation figures of Groups 0 and 2 by 1.731. For
all variables, the association between scores and implantation rate was significant (P for trend: <0.001).
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P = 1.731 × exp(g)/[1 + exp(g)], where g = –4.54 + 0.60 × Blas-
tomeres – 1.04 × abs(Blastomeres-4) – 0.59 × Equality + 0.35 ×
Nucleus (Table II), where the non-linear function of Blastomere
is described by Blastomere (number of blastomeres) and the
term abs(Blastomeres-4), i.e. the deviation from the ideal
number of blastomeres. (The combination of these two terms
describing the variable Blastomere in the multiple model could
thus distinguish the importance of, for example, Blastomere 5
from that of Blastomere 3 on implantation chance.) To
construct the IMC score, we adapted the resulting figure of this
equation to a 10-point scale (by multiplying with 1.53 and
adding 11.64), in which a ‘top’ embryo with four blastomeres
(Blastomere 4), perfect equality in size of the blastomeres
(Equality 0) and a visible single nucleus in each blastomere
(four observed nuclei divided by four blastomeres = Nucleus 3)
gives a score of 10 points, whereas a 2-cell embryo (Blast-
omere 2) with large variation in blastomere size (Equality 2)
and at least one multinucleated blastomere (Nucleus –1) would
give a score of 1. Table III summarizes the embryo scores
given for any combination of blastomere number, equality
score and number of blastomeres with a visible nucleus.

Fit between IMC scores and observed implantation rates 
(Groups 0 and 2)

Table IV summarizes the number of observations in Groups 0
and 2 for IMC scores 1–10 (in full-digit groups) and the corre-
sponding observed implantation rates, ranging from 0 to 40%,
and resulting in a correlation between IMC scores and implan-
tation rate of 0.93 (weighted Pearson’s correlation coefficient;
P ≤ 0.0001). The figures in the lower IMC range should be
interpreted with care because of the low number of observa-
tions. If plotted, the association between scores and implanta-
tion would describe a graph close to the graph shown for age
group 32–35 years in Figure 3, as expected, given the mean age
of the entire population studied (33.8 ± 4.3 SD).

Validation of the prediction model applied on Group 1

The derived prediction model was applied to the treatments
resulting in a single implantation (Group 1). The validation
was tested with three different alternatives: the highest embryo
score, the lowest score and a mean of the two embryo scores.
The results gave predicted mean embryo scores in between
those for failed implantation (Group 0) and full implantation
(Group 2), with increasing levels from the lowest to the highest
embryo scores (Table V), indicating the model to be valid.

Impact of women’s age on the IMC embryo scoring model

Age did not show a significant statistical interaction with the IMC
embryo score, i.e. the effect of age was similar over the entire age
range. Implantation rates for different embryo scores in six age
groups were calculated utilizing the entire study population to
increase statistical power. Group 1 results were included in this
calculation, based on the presumption that the embryo with the
highest embryo score was more likely to implant. The implanta-
tion rates best fitted the following equation: 100 × exp(–4.5265 +
0.4621 × EmbSc – 0.2934 × AgeGr)/[1 + exp(–4.5265 + 0.4621 ×
EmbSc – 0.2934 × AgeGr)], where EmbSc is embryo score from
1 to 10 and AgeGr is age group from 1 to 6.

The resulting graphs are depicted in Figure 3. The impact of
embryo score on implantation is proportionally affected by age
over the entire range of embryo scores. For example, at IMC
score 10, the implantation rate is 45 versus 15% in the young-
est age group compared with the oldest group, i.e. 3 times
higher. At score 8, the implantation rates are 24 and 7, respec-
tively, again a ratio of similar magnitude.

Table I. Spearman’s correlations between the five morphologic variables

r, coefficient of correlation; n = 4532 embryos.

Parameter Spearman’s correlation coefficients

Blastomere Equality Nucleus Symmetry

r P r P r P r P

Equality –0.03 0.65
Nucleus 0.05 0.05 –0.45 <0.0001
Symmetry –0.01 0.31 0.53 <0.0001 –0.42 <0.0001
Fragmentation –0.12 <0.0001 0.46 <0.0001 –0.36 <0.0001 0.41 <0.0001

Table II. Results of a logistic regression analysis for prediction of 
implantation

Blastomere, Equality and Nucleus were significant independent predictors, 
whereas Fragmentation and Symmetry were lost because of non-significance. 
Owing to its non-linear relationship with implantation rate, Blastomere is 
represented by two variables: Blastomere, the total number of blastomeres; 
and A blast, the absolute figure for the deviation from the ideal four 
blastomeres.

Analysis of maximum likelihood estimates

Parameter Estimate SE Wald Chi-square P > Chi-square

Intercept –4.5386 0.8137 31.1113 <0.0001
Blastomere 0.6041 0.1908 10.0221 0.0015
A blast –1.0395 0.2100 24.4931 <0.0001
Equality –0.5929 0.2457 5.8219 0.0158
Nucleus 0.3507 0.1009 12.0772 0.0005

Odds ratio estimates

Effect Point estimate 95% Wald confidence limits

Blastomere 1.830 1.259 2.660
A blast 0.354 0.234 0.534
Equality 0.553 0.341 0.895
Nucleus 1.420 1.165 1.731
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Discussion

The lack of an exact traceability from the individual embryo to
implantation in IVF programmes with more than one embryo
per transfer has long formed a major obstacle for designing
powerful studies on the prognostic impact of various morpho-
logical embryo variables. Most previous embryo scoring mod-
els were therefore derived from retrospective analyses of
limited number of treatments or mainly clinical observations
and thus had the characteristics of aggregates of reasonable
implantation predictors. Furthermore, previously published
embryo scoring algorithms were not based on multivariate
analyses, which is a prerequisite for a balanced integrated
model, in which predicted implantation chance is exactly pro-
portional to the score (Steer et al., 1992; Giorgetti et al., 1995;
Ziebe et al., 1997; Van Royen et al., 1999, 2001). Neverthe-
less, some models, such as the cumulative embryo score (CES)
(Steer et al., 1992), have become widespread and gained appre-
ciation as clinically uncomplicated prediction models with
good accuracy for reducing high-order multiple pregnancies
(Steer et al., 1992; Visser and Fourie, 1993; Copperman et al.,
1995; Moon et al., 2000; Terriou et al., 2001; Child et al.,
2002; Laasch and Puscheck, 2004). However, given the
amounting evidence for increased fetal and obstetric risks also for
twin pregnancies (Bergh et al., 1999; Stromberg et al., 2002), and
not only for triplets and quadruplets, the difficulties in finding the
right embryos and right patients for single-embryo transfer
increase the demands for accurate embryo scoring models.

The design of this study was unique in the sense that it was
large in number and power, was prospective and allowed trac-
ing of the individual embryo. Moreover, not only the number
of blastomeres and the degree of fragmentation but also the

Table III. Integrated morphology cleavage (IMC) embryo score for all 
possible combinations of blastomere number (Blast), equality score (Equality) 
and observed total number of mononucleated blastomeres

Blastomere Equality Number of nuclei IMC score

2 0 M 2.8
2 0 0 3.5
2 0 1 4.1
2 0 2 5.4
2 1 M 1.9
2 1 0 2.6
2 1 1 3.2
2 1 2 4.5
2 2 M 1.0
2 2 0 1.6
2 2 1 2.3
2 2 2 3.6
3 0 M 5.1
3 0 0 5.8
3 0 1 6.4
3 0 2 7.1
3 0 3 7.7
3 1 M 4.2
3 1 0 4.9
3 1 1 5.5
3 1 2 6.1
3 1 3 6.8
3 2 M 3.3
3 2 0 3.9
3 2 1 4.6
3 2 2 5.2
3 2 3 5.9
4 0 M 7.4
4 0 0 8.1
4 0 1 8.1
4 0 2 8.7
4 0 3 9.4
4 0 4 10.0
4 1 M 6.5
4 1 0 7.2
4 1 1 7.8
4 1 2 7.8
4 1 3 8.4
4 1 4 9.1
4 2 M 5.5
4 2 0 6.2
4 2 1 6.2
4 2 2 6.9
4 2 3 7.5
4 2 4 8.2
5 0 M 7.0
5 0 0 7.6
5 0 1 7.6
5 0 2 8.3
5 0 3 8.9
5 0 4 9.6
5 0 5 9.6
5 1 M 6.0
5 1 0 6.7
5 1 1 6.7
5 1 2 7.4
5 1 3 8.0
5 1 4 8.6
5 1 5 8.6
5 2 M 5.1
5 2 0 5.8
5 2 1 5.8
5 2 2 6.4
5 2 3 7.1
5 2 4 7.7
5 2 5 7.7
6 0 M 6.6
6 0 0 7.2
6 0 1 7.2

Table III. Continued

M in the column for number of nuclei denotes that at least one of the blast-
omeres was multinucleated. Please note that in this table, the actual number of 
observed nuclei is given to simplify its practical application. To calculate the 
Nucleus score used in the multiple model, see Material and methods.

Blastomere Equality Number of nuclei IMC score

6 0 2 7.9
6 0 3 7.9
6 0 4 8.5
6 0 5 9.1
6 0 6 9.1
6 1 M 5.7
6 1 0 6.3
6 1 1 6.3
6 1 2 6.9
6 1 3 6.9
6 1 4 7.6
6 1 5 8.2
6 1 6 8.2
6 2 M 4.7
6 2 0 5.4
6 2 1 5.4
6 2 2 6.0
6 2 3 6.0
6 2 4 6.7
6 2 5 7.3
6 2 6 7.3
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three variables equality, mononuclearity in the blastomeres and
symmetry of the cleavage were scored as semi-continuous in
3- to 5-step scales. This strategy allows graded information and
increases the statistical power compared with the more com-
monly applied dichotomous scoring (‘even–non-even’, ‘visible
nucleus–not visible nucleus’). Finally, the statistical procedure
with multiple regression analysis is necessary to find out which
variables have independent power and thus are not merely pas-
sively associated with one or several other variables and to find
the correct power balance between such independent variables.

It could be argued that the ideal approach to study the mor-
phological determinants of a single embryo’s implantation
potential would be to analyse exclusively single-embryo trans-
fers. However, in most single-embryo transfer programmes,
only ‘top’ embryos are transferred, and thus, an optimal span in
variables for statistical evaluation cannot be reached by this
approach. Alternatively, data from treatments, which result in
only a single embryo available to transfer, could be analysed.

This has been done, indeed producing important information,
but the evaluation of such data is hampered by the fact that
these treatments mainly involve women with poor response,
poor embryo quality and low implantation figures, thus again
not allowing a wide span of morphological variation (Giorgetti
et al., 1995). The strategy of our study was close to those
applied in the retrospective analyses published by Ziebe et al.
(1997) (cycles in which the two or three transferred embryos
were of identical morphological score) and by Van Royen et al.
(1999, 2001) (all pregnancies of equal implantation number as
the number of embryos transferred). In the present study, the
prospective design and the large number of embryos with a
completely known fate (3226) made it possible to produce
statistics with great power.

The five variables in the present study have never been
tested together before, although for each variable, there are
indications on its usefulness as a marker for embryo compe-
tence (Dor et al., 1986; Giorgetti et al., 1995; Ziebe et al.,

Table IV. Number of observations in Groups 0 and 2 and implantation figures for different integrated morphology cleavage (IMC) scores

aImplantation figures are corrected (multiplied by 1.731) to give an estimate of the corresponding implantation figures for the entire popula-
tion. The figures in the lower IMC range should be interpreted with care because of the low number of observations. A weighted Pearson’s 
correlation coefficient (taking into account the varying number of observations for each score) for the correlation between IMC scores and the 
observed implantation rates is 0.93, P < 0.0001.

IMC score 1–1.9 2–2.9 3–3.9 4–4.9 5–5.9 6–6.9 7–7.9 8–8.9 9–9.9 10

0 12 25 44 55 332 229 277 546 351 887
2 0 0 2 1 10 8 21 76 68 262
Implantationa (%) 0 0 8 3 5 6 12 21 28 40

Figure 3. Mean implantation rates at integrated morphology cleavage embryo scores from 1 to 10 points in different age groups. These graphs
were derived from analysis of all treatments (Groups 0, 2 and 1; the latter analysed with the presumption that the embryo with the highest embryo
score implanted). The observed implantation rates best fitted the following equation: 100 × exp(–4.5265 + 0.4621 × EmbSc – 0.2934 × AgeGr)/[1 +
exp(–4.5265 + 0.4621 × EmbSc – 0.2934 × AgeGr)], where EmbSc is embryo score from 1 to 10 and AgeGr is age group from 1 to 6.
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1997, 2003; Palmstierna et al., 1998; Van Royen et al., 1999,
2001; Fisch et al., 2001; Hardarson et al., 2001; Saldeen and
Sundstrom, 2005).

The cleavage rate turned out to be the most powerful marker
for implantation potential, corroborating other reports on this
variable’s importance (Giorgetti et al., 1995; Ziebe et al.,
1997; Van Royen et al., 1999, 2001). The ideal cleavage rate
on day 2 was four blastomeres, with a markedly lower implan-
tation potential for embryos with a cleavage stage below that
and, to a lesser degree, above that. This finding of an optimal
cleavage rate is in general agreement with previous observa-
tions (Cummins et al., 1986; Claman et al., 1987; Staessen et al.,
1992; Giorgetti et al., 1995; Ziebe et al., 1997; Van Royen et al.,
1999; Magli et al., 2001). In contrast to the other variables
tested in the study, the cleavage rate variable was thus not lin-
ear, which must be taken into account when using it in an
embryo scoring model. This knowledge could therefore be
used for modifying existing models in which the number of
blastomeres is incorporated as a linear factor (Steer et al.,
1992; Visser and Fourie, 1993; Copperman et al., 1995; Dean
et al., 2000; Fisch et al., 2001; Child et al., 2002; Laasch and
Puscheck, 2004) or as a dichotomous factor (Terriou et al., 2001).

The prognostic importance of equally sized blastomeres has
previously been observed clinically (Giorgetti et al., 1995;
Ziebe et al., 1997; Hardarson et al., 2001) and in studies show-
ing an increased prevalence of chromosomal abnormalities in
embryos with unevenly sized blastomeres (Hardarson et al.,
2001; Magli et al., 2001; Ziebe et al., 2003). Previous investi-
gators applied a dichotomous scoring system for blastomere
size, and the independent importance of this variable has not
been tested in multivariate analyses. In fact, many clinically
used embryo scoring systems do not permit scoring of both
blastomere size variation and fragmentation in a single
embryo, because the system through its rigidity forces the
embryologist to score for either one or the other variable, but
not both simultaneously. In the present study, we made an
attempt to grade the equality variable into three degrees and
test its validity in competition with the other four variables.
The highly significant linear correlation of the equality varia-

ble with implantation rate suggests that such scoring in three
steps for blastomere size variation is useful, and this is further
underlined by the variable’s qualification as the second most
important independent variable for implantation potential.

According to the present results, visible mononuclearity in
the blastomeres is another independent sign of embryo compe-
tence, qualifying as the third component in the IMC score. The
strong negative impact on the implantation potential of multi-
nucleated blastomeres, previously observed (Van Royen et al.,
1999, 2001, 2003), was illustrated by our findings of multinu-
clearity as the least favourable marker in this variable, with a
lower implantation potential than that observed for embryos
with a complete absence of visible nuclei. The positive impact
of visible mononucleated blastomeres was previously observed
(Palmstierna et al., 1998) and has been recently corroborated
(Saldeen and Sundstrom, 2005). Our findings suggest that
implantation potential increases linearly with the number of
blastomeres with a visible single nucleus and thus that this var-
iable preferably should be recorded as a type of continuous
variable, and not dichotomously, or indeed merely as the
absence of multinuclearity. A previous study on a limited
number of embryos also concluded that the number of mono-
nucleated blastomeres scored higher than most conventional
markers of embryo quality (Palmstierna et al., 1998). Indeed,
the findings of that study suggested the nucleus variable to be
superior to cleavage stage, although in that study, the nucleus
variable was not corrected for the number of blastomeres. This
makes it difficult to draw solid conclusions from the analysis,
because such a variable then incorporates cleavage stage. More
recently, another Swedish study found the presence of a single
nucleus within each blastomere in 4-cell embryos to predict a
higher implantation rate than if one or more blastomeres did
not show a nucleus. Interestingly, similar to our results, degree
of fragmentation was insignificant, whereas in contrast to our
findings, equality of the blastomeres did also result insignificant
in the multiple analysis. In that study, however, equality was
scored only in two and not in three degrees. Furthermore, the
material consisted exclusively of 4-cell embryos in elective
single-embryo transfers and thus embryos of a generally higher
quality and less morphological variation than in the present
study (Saldeen and Sundstrom, 2005).

The degree of fragmentation and symmetry of the cleavage,
although highly significant in univariate analyses, did not
retain significance in the multiple model. This suggests that
fragmentation degree, an established marker, could be substi-
tuted by scoring for blastomere size variation and visible sin-
gle-cell nucleus when attempting for an optimal multivariate
prognostic power. This might raise questions about the true
biological relevance of slight-to-moderate fragmentation at the
early cleavage stage for embryo competence. Several authors
have previously observed that slight fragmentation has no neg-
ative impact on implantation (Giorgetti et al., 1995; Ziebe et al.,
1997, 2003; Van Royen et al., 1999), and small fragments may
disappear through lysis or resorption during culture (Hardarson
et al., 2001; Van Blerkom et al., 2001). Fragmentation was not
associated with chromosomal abnormality rate in a recent
study (Ziebe et al., 2003). A superiority of cleavage stage over
degree of fragmentation for judging embryo competence has

Table V. Statistical validation of the integrated morphology cleavage (IMC) 
embryo score model on Group 1, i.e. the treatments resulting in a single 
implantation

Lowest, mean and highest embryo scores for the groups with 0, 1 and 2 
implanted embryos. The mean embryo score for a single implantation (Group 1) 
was between the mean score values for completely failed (Group 0) and twin 
implantation (Group 2), indicating the model to be valid.

Group n Embryo
score

Mean SD Lower 95% 
confidence interval 
(95% CI) for mean

Upper 95%
CI for mean

0 1385 Lowest 7.5 2.2 7.4 7.6
Mean 8.2 1.7 8.1 8.2
Highest 8.8 1.6 8.7 8.9

1 653 Lowest 8.3 1.8 8.2 8.4
Mean 8.8 1.4 8.7 8.9
Highest 9.3 1.1 9.2 9.4

2 224 Lowest 9.0 1.4 8.8 9.2
Mean 9.3 0.9 9.2 9.4
Highest 9.7 0.7 9.6 9.8
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also been suggested by several investigators (Giorgetti et al.,
1995; Ziebe et al., 1997, 2003; Van Royen et al., 1999). Fur-
thermore, in two studies when fragmentation was tested in a
multivariate way, it lost significance in comparison with zona
pellucida variation (Palmstierna et al., 1998) and the number of
mononucleated blastomeres (Palmstierna et al., 1998; Saldeen
and Sundstrom, 2005).

The lack of independent significance (although strongly sig-
nificant univariately) for fragmentation in the present study
should not, however, be interpreted as the evidence for a lack
of biological significance, but rather that as a marker of
embryo competence in the present scoring scale, it loses power
when being challenged by a ‘new’ set of strong markers. It is
possible that scoring of fragmentation should take into account
also the localization of fragments (Alikani et al., 1999; Ebner
et al., 2001; Van Blerkom et al., 2001) and that the occurrence
of fragmentation at later cleavage stages has more biological
relevance (Alikani et al., 1999; Ebner et al., 2003). Severe
fragmentation was associated with increased occurrence of
malformations (Ebner et al., 2001), which might suggest that
an embryo model for birth of a healthy child, instead of
implantation, which was the end-point in the present study,
would upgrade the importance of fragmentation.

Symmetry of cleavage is the variable in this study with the least
previous scientific support (Dor et al., 1986; Hill et al., 1989;
Fisch et al., 2001), and earlier studies discussing embryo symme-
try usually incorporated this variable with size variation of the
blastomeres. It is probable that slight asymmetry is normal and has
no negative impact when observed in an embryo at the process of
cleaving, whereas it may otherwise signal increased risk of chro-
mosomal abnormalities. These characteristics are shared with the
equality variable, with which symmetry was closely correlated,
but only equality resulted significant in the multiple analysis.

It should be underlined that all visual real-time scoring pro-
cedures are affected by varying inherent difficulties, i.e. the
intra- and inter-observer variations are likely to be larger for
some variables than others. Such qualities in a parameter may
diminish its prognostic power, even if the variable is of signifi-
cant biological importance. Presumably symmetry is the least
precise variable in this sense. On the other extreme among the
tested variables is cleavage rate. The low risk of mis-scoring
cleavage rate is probably one of the factors that put this varia-
ble into the best scoring position. Thus, it should be kept in
mind that the scoring model derived from the present study
should be regarded primarily as a clinical tool for selecting
embryos to transfer. The biological significance of the findings
must be supported and tested in further studies.

The embryo score that was derived from the regression anal-
ysis was validated on the group with a single implantation, i.e.
the treatments in which the exact fate of the individual embryo
was not traceable, as one implantation resulted from two trans-
ferred embryos. The mean embryo score in that group was in
between the estimated levels for the groups with completely
failed implantation and twin implantation, respectively. As
expected, also, the mean score for the best embryo (i.e. the
embryo most likely to have implanted) in Group 1 was in the
range of the scores for embryos in the twin group (with proven
implantation), whereas the mean score for the lowest scoring

embryo (most likely the embryo that generally did not implant)
in Group 1 was in the range of the embryos in the group with
completely failed implantation. The most likely scenario pre-
dicted for group 1 was thus observed, lending further support
to the validity of the scoring model. Another indication of the
model’s validity is the strong correlation found between IMC
scores and the observed implantation rates in Groups 0 and 2.
Naturally, a more powerful validation of the IMC scores is to
perform independent prospective validation studies. This has
subsequently been performed in a study comprising 1950 treat-
ments in the clinic, showing excellent congruence with these
results (Holte, 2006).

Age did not interact with any of the variables, i.e. the model
can be applied to any patient independent of age. An attempt to
fit the age-specific results to an algorithm (Figure 3) showed
that implantation figures decrease proportionally with age, sim-
ilarly at all embryo scores. However, for the purpose of a full
clinical prediction model for implantation chance, the embryo
scoring model must be combined with other relevant clinical
data, similarly tested multivariately, in analogy with the design
of other studies in this field (Roseboom et al., 1995; Terriou
et al., 2001; Hunault et al., 2002; Peterson et al., 2004; Thurin
et al., 2005). When constructing such a model, we found the
embryo score to qualify as one of the few independent variables
among many univariately significant variables. Such variables
were, apart from age and IMC score, a measurement of ovarian
sensitivity to FSH (reflecting ovarian age) and the number of
previous successful/failed treatments. Prospective application
of that model to select for single- or double-embryo transfer
showed the model to be highly efficient as a means to reduce
twin implantation rates (from 28 to 2%) at preserved pregnancy
rates (Holte et al., 2004). A subsequently performed multicentre
validation study, comprising another ∼4000 treatments, further
supports the power of that model (Holte, 2006).

In conclusion, the findings of this large prospective study of
the ability of five real-time visual embryo scoring variables to
predict implantation potential in the individual embryo suggest
that cleavage stage (in a non-linear manner), scoring for equal-
ity of blastomere size and the percentage of mononucleated
blastomeres (both linearly) have independent prognostic
power. It is suggested that applying this IMC score model
incorporating the three independent variables, as presented
here, should form the basis for ranking and selecting embryos
for transfer and thus optimize implantation figures.
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