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study question: Is there a link between morphometric characteristics measured by a computer-assisted scoring system and clinical
pregnancy outcome?

summary answer: The results confirm that computer-assisted assessment of the total embryo volume is associated with clinical
pregnancy outcome and can be used to complement current procedures of embryo selection.

what is known already: Morphometric analysis of a large group of embryos has revealed the potential to optimize algorithms
for image-analysis systems for the grading of embryos and predicting pregnancy outcomes.

study design, size, duration: Oocytes and embryos were obtained from 458 patients who underwent single embryo transfer
on Day 3 after IVF/ICSI, between September 2006 and December 2010 at the Leuven University Fertility Center, Belgium. In total, the data
set contained 2796 embryos including 458 embryos that were transferred on Day 3. Ongoing pregnancy was defined as the presence of at
least one intrauterine gestational sac at 20 weeks.

participants/materials, setting, methods: Patients included in this study were younger than 36 years, entering their
first (n ¼ 375) or second (n ¼ 83) IVF/ICSI cycle and were only included once. Patients were excluded if the cycle included biopsy for PGD
or if donor sperm/donor oocytes were used. Based on the 26 sequential images of the same embryo taken at one time point in different
planes, the software calculates the total cytoplasmic volume for each time point, from which any reduction or change in the volume with time
can be assessed (which helps interpret the degree of fragmentation) and the size of blastomeres. The diameter of the smallest and largest
blastomere and the total volume of each embryo were extracted from the computer-assisted scoring system database and the coefficient of
diversity was calculated for Days 1, 2 and 3. A logistic regression analysis was performed to determine the range of embryo volume asso-
ciated with an increased chance of pregnancy.

main results and the role of chance: On Day 3, blastomeres of 8-cell stage embryos were less divergent in size than
those of 6-, 7-, 9-cell stage embryos. Although, the coefficients of diversity (ratio of the largest:smallest blastomeres) of implanted
embryos tended to be lower than for non-implanted embryos, the difference was only significant for 6-cell stage embryos (P ¼ 0.02).
After logistic regression, an association between total embryo volume and pregnancy was observed which had a quadratic nature: both
lower and higher volumes were associated with a lower probability of successful pregnancy. A significant association was identified
between total embryo volume and pregnancy rate on both Days 2 (P ¼ 0.003) and 3 (P ¼ 0.0003). Diagnostic measures (sensitivity, spe-
cificity, positive predictive value, accuracy and c-statistics) of the defined volume range were relatively poor. However, results showed a
good negative predictive value [76.86% (95% confidence interval 71.03–82.02) on Day 3].

limitations, reasons for caution: A general disadvantage of studies evaluating the impact of a characteristic on the implant-
ation potential of an embryo is the fact that the best embryo is chosen for transfer. No comparisons can therefore be made with the other
embryos. Moreover, the decision process is currently based on a non-automated, standard scoring system, which means that a ‘bias’ in the
selection process is always present.
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wider implications of the findings: Our results are an important step towards the development of an automated com-
puter-assisted scoring system for the morphological characteristics of human embryos to improve embryo selection for optimizing implant-
ation potential. Total embryo volume appears to be one of the objective characteristics that should be included.

study funding/competing interest(s): None.

trial registration number: Not applicable.
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Introduction
A variety of evaluation techniques have been described to assess the
viability of embryos in assisted reproduction techniques (ARTs). These
evaluations are mostly based on the morphological characteristics of
the embryos (Backzkowski et al., 2004), which are basically evaluated
by an embryologist in a fast but subjective way (Paternot et al., 2009).
Although many studies have been published on different morphologic-
al embryo characteristics (Backzkowski et al., 2004), there is no
‘golden standard’ which reliably predicts embryo viability.

Computer-assisted scoring systems in combination with automation
of embryo visualization can improve embryo assessment (Paternot
et al., 2011). These systems give additional information on embryo
characteristics that cannot be evaluated by a manual scoring. Multilevel
imaging of the embryo is very helpful for embryo evaluation. In one
study, using computer-controlled multilevel analyses, the mean blasto-
mere size was correlated with the degree of fragmentation and multi-
nucleation (Hnida et al., 2004). In another study, multilevel images
were analyzed to evaluate if nuclear size and number are indicators
of aberrant chromosome content (Agerholm et al., 2008): these
researchers concluded that the mean nuclear size may be a marker
of abnormal chromosomal status in multinucleated but not in mono-
nucleated blastomeres. Advanced imaging methods now allow auto-
matic detection of blastomeres of day 2 embryos (Filho et al., 2004)
and morphological assessment of human 2PN zygotes (Beuchat et
al., 2008). Recently, our group reported that computer-assisted
scoring gave a better prediction of the implantation potential and
live birth rate than manual scoring (Paternot et al., 2011). In addition,
computer-assisted scoring may overcome the subjectivity of currently
used grading systems and images can be evaluated without time re-
striction (Paternot et al., 2011). Finally, a large database of images
can be developed (Paternot et al., 2011).

In order to have an efficient and accurate morphometric scoring
system, it is necessary to evaluate how closely morphometric charac-
teristics of the embryo correlate with the implantation rate. In the
early 1980’s, some studies correlated morphometric characteristics
with embryo viability. In mouse embryos, nutrient uptake was corre-
lated with the surface area to volume ratio (Brower and Schultz,
1982). In human embryos, the surface to volume ratio of the internal
and external limits of the zona pellucida remained unchanged during
the first three divisions (Maneiro et al., 1991).

Other morphometric characteristics that have been evaluated
include the absolute volumes, coefficients of form and the coefficient
of diversity of human oocytes and/or embryos (Goyanes et al., 1990).
No significant changes in the total volume occurred during successive
cleavages nor were there significant differences in the coefficient of
form for normal/abnormal embryos or for implanted/non-implanted

embryos (Goyanes et al., 1990): in this study, blastomeres started as
irregular spheres at the 2-cell stage embryo and became ellipsoid by
the 8-cell stage. Roux et al. (1995) described morphometric character-
istics of human embryos and stated that further experiments on larger
groups and multiple regression analysis of morphometric parameters
would be needed to be certain that these characteristics correlate
with a successful implantation. Optimization of algorithms for image
analysis to improve the embryo grading systems and embryo selection
still needs the evaluation of morphometric characteristics in a large
group of embryos plus the monitoring of pregnancy outcome.

The primary aim of this study was to evaluate morphometric vari-
ables in a large data set and to determine a possible link between
the total volume of a transferred human embryo (calculated by com-
puter) and pregnancy rate. As a secondary aim, we wanted to deter-
mine if there was an optimal range of embryo volume associated with
an increased pregnancy rate.

Materials and Methods

Patients
Oocytes and embryos examined in this study were obtained from 458
patients who received a single embryo transfer on Day 3 between Septem-
ber 2006 and December 2010 at the Leuven University Fertility Center.
Patients were younger than 36 years, entered their first (n ¼ 375) or
second (n ¼ 83) IVF/ICSI cycle and were only included once. The stimu-
lation protocol used in this study has been described before (Debrock
et al., 2010). Patients were excluded if the cycle included biopsy for
PGD or if donor sperm/donor oocytes were used. In total, the data set
contained 2796 embryos including 458 embryos that were transferred
on Day 3. Patients and cycle characteristics are listed in Table I.

ART procedure
After oocyte retrieval, the oocytes were washed four times prior to fertil-
ization in order to minimize the amount of blood/follicular fluid and placed
in a four-well dish containing 500 ml fertilization medium (sequential
medium: COOK medium, Sydney IVF fertilization, Sydney IVF, QLD, Aus-
tralia or single medium GM501 medium, Gynemed, Lensahn, Germany)
(378C, pH 7.25–7.35) per well, under mineral oil (Gynemed). Spermato-
zoa for the IVF procedure were prepared using standard density gradient
procedures (Isolate, Irvine Scientific, USA). Sperm samples for ICSI were
diluted and centrifuged twice at 300g for 10 min. Standard IVF/ICSI pro-
cedures were performed 2–6 h after oocyte retrieval. In the IVF proced-
ure, oocytes were inseminated with 300 000 progressively motile
spermatozoa per well (maximum of five oocytes in 0.5 ml per patient).
In the case of an ICSI cycle, injected oocytes were incubated together in
a 20 ml culture medium droplet under oil. On Day 1 (16–20 h after insem-
ination/injection) fertilization was evaluated. Only normally fertilized
oocytes (2PN) were cultured individually in a 20 ml droplet of culture
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medium (COOK medium, Sydney IVF fertilization, Sydney IVF or GM501
medium, Gynemed) covered with mineral oil.

Embryo evaluation
Image sequences for each embryo were recorded on Day 1 (16–20 h after
insemination/injection), Day 2 (41–44 h after insemination/injection) and
Day 3 (66–71 h after insemination/injection, the day of transfer) using a
computer-assisted scoring system (FertiMorph, Image House, Copenhagen,
Denmark). This semi-automatic embryo quality assessment system has
been described recently by Paternot et al. (2011). Based on the 26 sequen-
tial images of the same embryo taken at one time point in different planes,
the software calculates the total cytoplasmic volume for each time point,
from which any change in the volume with time can be assessed (which
helps interpret the degree of fragmentation) and the size of blastomeres.
The criteria for distinguishing between a blastomere and a fragment were
based on the findings by Hnida et al. (2005) and Johansson et al. (2003)
who reported that the diameter of a blastomere should be ≥45 mm on
Day 2 and ≥40 mm on Day 3. For this study, the diameters and the
volume of each blastomere were extracted from the database. In addition,
the embryos were evaluated using the manual scoring system of the
Leuven University Fertility Center: this embryo evaluation was based on
the assessment by an embryologist who visually evaluated the number and
size of blastomeres and the degree of fragmentation. On Day 3 the best
embryo available was chosen for transfer based on the manual standard

scoring system. An ongoing pregnancy was defined as the presence of at
least one intrauterine gestational sac after 20 weeks of pregnancy.

Morphometric characteristics of the
embryos
The diameter of the smallest and largest blastomere and the volume of
each embryo were extracted from the database. The size ratio of the
largest/smallest blastomeres, here called the coefficient of diversity, was
calculated. This characteristic is based only on the blastomeres present
in the embryo and excludes the fragments.

As only 26 5-cell stage embryos and 12 10-cell stage embryos were
transferred of which only 3 and 2 embryos, respectively, implanted,
these embryos were excluded from the coefficient of diversity analysis.

Statistics
The analyses were performed using SAS software, version 9.2 (SAS System
for Windows Copyright 2002 SAS Institute, Inc., SAS, Cary, NC, USA).

Descriptive statistics were performed by summarizing the measurements
by Day (days 1, 2 or 3) and according to the final decision (embryos trans-
ferred, cryopreserved or discarded). In addition, for those embryos trans-
ferred on Day 3, the measurements were also evaluated according to
pregnancy outcome and plotted with 95% confidence interval (CI). A logistic
regression was performed using total volume as a continuous variable to test
the association between the total volume and pregnancy outcome. The func-
tional shape of the association was investigated by fitting lines and polyno-
mials and by evaluating the results using Akaike’s Information Criterion
(AIC), whereby lower values indicate a better fit. For each of the three
days (1, 2 and 3) of embryo development, the best fit of the data was
obtained by modeling the association between the volume and pregnancy
outcome as a quadratic curve, with lower chances of pregnancy towards
both lower and higher values of total volume.

When a quadratic shape for the association was obtained, the range of
values with an increased probability of pregnancy was estimated by cutting
off the low and high volumes where the predicted probability was lower
than a certain pre-chosen limit. The cut-off values and their 95% CIs
were estimated by means of bootstrapping whereby the above procedure
was repeated on 1000 bootstrap samples, meaning that 1000 lower and
higher cut-off points were obtained. The final estimate of the lower and
higher cut-off was obtained by averaging the bootstrap results.

To evaluate how well the obtained ranges estimated the outcomes, we
assessed the sensitivity (proportion of embryos that resulted in a positive
clinical outcome and had a volume within the range), specificity (propor-
tion of embryos that resulted in a negative clinical outcome and had a
volume out of the range), positive predictive value (probability that
embryos with a volume within the range result in a positive clinical
outcome), negative predictive value (probability that embryos with a
volume out of the range result in a negative clinical outcome), accuracy
(degree of veracity) and c-statistic. The c-statistic was used as a
measure of discrimination to determine how accurately total blastomere
volume could differentiate between embryos that would lead to pregnancy
and embryos that would not.

Models with a c-statistic .0.80 are generally assumed to provide suffi-
cient discrimination for predictive use (Harrell , 2001). A P value of ,0.05
was considered statistically significant.

Results

Morphometric characteristics
In total, 2796 embryos were evaluated on Days 1, 2 and 3 of devel-
opment. A total of 458 embryos were transferred (single embryo

........................................................................................

Table I Characteristics of the patients and IVF/ICSI
cycles.

Patients n 5 458

Female age (years) 30.55 + 3.44

Causes of subfertility

Tubal factor (%) 61 (13)

Ovulation (%) 100 (22)

Endometriosis (%) 67 (15)

Implantation (%) 9 (2)

Other (%) 13 (3)

Male factor (%) 318 (69)

Cycles (n ¼ 458)

ICSI cycles (%) 277 (60)

IVF cycles (%) 181 (40)

Oocytes per retrieval 10.47 + 4.72

Mature oocytes per retrieval 9.18 + 4.21

Fertilization rate per oocyte (%) 65 + 21

Fertilization rate per mature oocyte (%) 75 + 20

Clinical outcome

Positive hCG (%) 173 (38)

Biochemical pregnancies (%) 21 (5)

Implanted embryos (%) 152 (33)

Extra-uterine sacs (%) 3 (1)

Intrauterine sacs (%) 149 (33)

Early spontaneous abortion (%) 2 (0)

Late spontaneous abortion (%) 16 (3)

Ongoing pregnancy (%) 131 (29)

Values are the mean+ SD or n (%).
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transfer), 1000 embryos were cryopreserved and 1338 embryos were
discarded on Day 3. The total volume of the embryo and the diameter
of the smallest and largest blastomere of embryos on Days 2 and 3 are
summarized in Table II.

In Table III, the data of the transferred embryos are summarized
based on the implantation outcome. A total of 131 transferred
embryos resulted in an ongoing pregnancy. As no difference was
found between the pregnancy rates in the first [28% (104/375)] or
second [33% (27/83)] (P ¼ 0.386) IVF/ICSI cycle, both groups
were combined and analyzed as one group.

In Table IV, the coefficients of diversity (¼ ratio of largest/smallest
blastomere) are listed for the total group of embryos on Day 3, and
separately for implanted and non-implanted embryos. Analyzing the
total group of embryos on Day 3, the lowest coefficient of diversity
was found for the 8-cell stage embryos (1.29+0.14). Although the
coefficients of diversity of implanted embryos were lower than
those of non-implanted embryos, this difference was only significant
for 6-cell stage embryos (P ¼ 0.02).

Impact of culture medium on embryo
volume
Embryos were cultured in two types of culture media. In total 1472
embryos were cultured in the sequential medium and 1324
embryos in the single culture medium and no difference was found
in total volume (P ¼ 0.86). The pregnancy rate was not influenced
by the embryo culture media [sequential medium: 28% (78/276);

single medium: 29% (53/182); P ¼ 0.92], indicating that the
embryos can be evaluated as one group.

Impact of volume of the embryo on
pregnancy
The logistic regression analysis included pregnancy as the dependent
variable and total volume as a continuous independent variable. Inves-
tigation of the shape of the association indicated that the best fit was
provided when using a quadratic function. The results of the logistic
regression analysis are presented in Table V. An overall test of the
effect of volume, simultaneously testing the linear and quadratic
term of the association, was performed by means of a likelihood
ratio. In addition, the resulting AIC value was added to the table. In-
spection of the results showed no significant association between the
total volume on Day 1 and pregnancy. However, a significant associ-
ation was identified between total embryo volume and pregnancy
rate on both Day 2 (P ¼ 0.003) and Day 3 (P ¼ 0.0003). Inspection
of the AIC values revealed that the total volume measured on Day
3 is the best predictor of pregnancy outcome. Despite statistical signifi-
cance, discrimination of the models at each of the days was relatively
poor, as measured by the c-statistic (,0.80) (Table V).

As the overall chance of pregnancy in the data set was 29%, we
determined the range of volumes that could predict a pregnancy
rate of least 30%. The resulting estimates of the lower and upper
limit of these ranges (and their 95% CIs) together with the observed
pregnancy rates for total volumes within and outside the estimated
range are presented in Table VI. Once the ranges were determined,

.............................................................................................................................................................................................

Table II Morphometric data (mean+++++SD) for human embryos on Days 2 and 3 of development after IVF/ICSI, obtained
using computer-assisted analysis.

Total cytoplasmic embryo
volume (mm3)

Minimal blastomere
diameter (mm)

Maximal blastomere
diameter (mm)

Day 2

Embryo transfer (n ¼ 458) 672 555 (+116 933) 63.11 (+8.88) 76.57 (+7.61)

Cryopreservation (n ¼ 1000) 674 019 (+124 822) 62.56 (+10.34) 77.17 (+8.18)

Discard (n ¼ 1338) 577 730 (+150 750) 66.09 (+16.72) 80.72 (+11.97)

Day 3

Embryo transfer (n ¼ 458) 644 503 (+115 023) 48.28 (+4.54) 61.92 (+5.64)

Cryopreservation (n ¼ 1000) 636 942 (+102 756) 47.48 (+3.99) 62.68 (+5.44)

Discard (n ¼ 1338) 539 429 (+147 749) 53.93 (+12.63) 70.93 (+10.82)

.............................................................................................................................................................................................

Table III Summary of measurements (mean+++++SD) over time for human embryos which did or did not implant.

Total cytoplasmic volume (mm3) Minimal diameter (mm) Maximal diameter (mm)

Day 2

No implantation (n ¼ 327) 664 713 (+122 243) 62.88 (+8.95) 76.61 (+7.83)

Implantation (n ¼ 131) 692 128 (+100 265) 63.71 (+8.70) 76.49 (+7.04)

Day 3

No implantation (n ¼ 327) 633 218 (+118 773) 48.09 (+4.79) 62.36 (+5.95)

Implantation (n ¼ 131) 672 670 (+100 066) 48.76 (+3.81) 60.84 (+4.61)
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the usefulness of these ranges in predicting pregnancy was assessed.
The results showed a poor sensitivity and specificity. The positive pre-
dictive value was just .30% and a discriminatory power (c-statistic) of
,0.6 for Days 1, 2 and 3. However, the results also indicate a fairly
high negative predictive value on Day 3: 76.86% (95% CI: 71.03–
82.02) (Table VI).

Discussion
The aim of this study was to describe a number of morphometric
characteristics in a large data set. A total of 2796 embryos were

included of which 458 embryos were transferred on Day 3 and
their implantation potential examined, as assessed by a pregnancy at
20 weeks.

When investigating the influence of the difference in blastomere
size, the lowest coefficient of diversity was found for 8-cell stage
embryos on Day 3. This finding confirmed the results described by
Goyanes et al. (1990) who found a higher coefficient of diversity for
asynchronous divisions (6-cell stage embryos). In contrast, Goyanes
et al. (1990) reported that successfully implanted embryos had a
higher coefficient of diversity between sister blastomeres. It should
be mentioned that the study of Goyanes et al. (1990) included a

.............................................................................................................................................................................................

Table V Results of the logistic regression for association between total human embryo volume and outcome and
c-statistic.

Day Coefficient Estimate 95% CI P-value Overall P-value AIC value C-statistic

Day 1 Intercept 25.175 (211.46; 1.113) 0.1067 551.00 0.556
Linear 0.922 (20.634; 2.477) 0.2454 0.1945
Quadratic 20.046 (20.142; 0.050) 0.3503

Day 2 Intercept 28.021 (213.48; 22.563) 0.0040 542.66 0.594
Linear 1.831 (0.299; 3.364) 0.0192 0.0030
Quadratic 20.113 (20.220; 20.006) 0.0389

Day 3 Intercept 27.715 (212.69; 22.740) 0.0024 538.20 0.611
Linear 1.741 (0.298; 3.184) 0.0180 0.0003
Quadratic 20.104 (20.209; 20.000) 0.0494

AIC, Akaike’s Information Criterion; CI, confidence interval.

............................................... ............................................... ...............................................

.............................................................................................................................................................................................

Table VI Estimates of lower and upper limits of the ranges for total human embryo volume.

Measure Day 1 Day 2 Day 3

n/N Estimate (95% CI) n/N Estimate (95% CI) n/N Estimate (95% CI)

Sensitivity (%) 69/131 52.67 (43.77; 61.45) 80/131 61.07 (52.16; 69.46) 75/131 52.25 (48.32; 65.85)

Specificity (%) 177/327 54.13 (48.56; 59.62) 166/327 50.76 (45.21; 56.31) 186/327 56.88 (51.32; 62.32)

PPV (%) 69/219 31.51 (25.41; 38.11) 80/241 33.20 (27.28; 39.53) 75/216 34.72 (28.39; 41.48)

NPV (%) 177/239 74.06 (68.01; 79.49) 166/217 76.50 (70.28; 81.97) 186/242 76.86 (71.03; 82.02)

Accuracy (%) 246/458 53.71 (49.02; 58.35) 246/458 53.71 (49.02; 58.35) 261/458 56.99 (52.31; 61.57)

C-statistic 0.53 0.56 0.57

Diagnostic measurements used to assess the usefulness of the ranges for predicting pregnancy.
PPV, positive predictive value; NPV, negative predictive value.

.............................................................................................................................................................................................

Table IV Coefficients of diversity (ratio of largest/smallest blastomere: mean+++++SD) for the human embryos.

Blastomeres at
Day 3 (n)

n embryos
total group

Coefficient of
diversity total
group

n embryos
transferred

n embryos
implanted

Coefficient of
diversity
implanted
embryos

Coefficient of diversity
non-implanted
embryos

6 409 1.38 (+0.16) 30 6 1.23 (+0.09)* 1.43 (+0.18)*

7 490 1.34 (+0.15) 103 20 1.28 (+0.12) 1.34 (+0.15)

8 595 1.29 (+0.14) 238 86 1.23 (+0.09) 1.26 (+0.13)

9 134 1.37 (+0.17) 35 14 1.30 (+0.09) 1.34 (+0.17)

*P ¼ 0.02.
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very low number of subjects (n total group ¼ 110, n implanted
embryos ¼ 7). In our study, implanted embryos tended to have
more uniform blastomere size than non-implanted embryos, although
this was only significant for the 6-cell stage embryos. Since the coeffi-
cient of diversity is calculated as the ratio of the largest and smallest
blastomere diameter, this finding indicates that 6-cell stage embryos
with more equally sized blastomeres have a higher implantation poten-
tial. This is in line with current scoring systems using blastomere uni-
formity as the characteristic for selection of embryos (Backzkowski
et al., 2004). The presence of unevenly sized blastomeres has been
reported to be negatively correlated with implantation (Ziebe et al.,
1997) and pregnancy rates (Hardarson et al., 2001). However, this
finding is in contrast to the division model described by Roux et al.
(1995) who suggested that during the intermediate steps (5, 6,
7-cell stages), the population of blastomeres have a bimodal distribu-
tion and therefore can be divided into two subpopulations. This means
that, theoretically, a 6-cell stage embryo has unequally sized blasto-
meres and, as a consequence, a higher coefficient of diversity
between blastomeres. The results of our study regarding the 6-cell
embryos, however, have to be confirmed in future studies because
only 30 embryos at the 6-cell stage were transferred, of which 6
embryos implanted.

Another aim of this study was to investigate the influence of total
embryo volume on pregnancy outcome. The total volume was mea-
sured on Days 1, 2 and 3, and logistic regression analysis showed
that the total volume on Day 3 has an influence on the implantation
potential of the embryo: a high negative predictive value was found,
indicating that embryos with a total volume beyond the optimal
range have a lower chance of resulting in an ongoing pregnancy. It
should be stressed that these results only pertain to transferred
embryos and cannot be generalized to the whole population of
embryos. To our knowledge, this is the first study evaluating the
impact of total volume on pregnancy rate, and in order to assess
whether the total embryo volume could be used as a factor in the
decision-making process, further studies are needed.

A general disadvantage of studies evaluating the impact of a charac-
teristic on the implantation potential is the fact that the best embryos
are chosen for transfer, and therefore no conclusions can be reached
concerning the other embryos. Moreover, the decision process is cur-
rently based on a standard non-automated scoring system. This means
that there is always a bias in the selection process. Based on the
current data, a trial could be set up in which patients are randomized
to one of the two decision procedures for embryo transfer, whereby
one is the standard method and the other procedure is the standard
method supplemented with the total volume.

The biological relevance of the embryo volume as a characteristic
which is important for implantation potential can be explained by
the fact that volume regulation is an essential process in the embryo
development, as a failure in volume regulation can result in blocked
embryos (Baltz, 2010). Early embryos use unique mechanisms to
maintain cell volume. The major mechanism before compaction is
based on the accumulation of glycine by the GLYT1 transporter. In
addition, betaine or proline transport plays a role in cell homeostasis.
We found an association which is of a quadratic nature, whereby
lower and higher volumes have a lower probability of successful preg-
nancy, which hypothetically could be explained by failure in some of
these biological mechanisms. As mentioned before, the type of

culture medium can have an impact on the volume of an embryo
(Baltz, 2010); however, this observation was not confirmed in our
study. In conclusion, the results of this study are an important step
towards the development of an automated computer-assisted
scoring system to improve human embryo selection. Such an auto-
mated system may assist in determining which embryo has the
highest implantation potential, based on different characteristics of
the embryos, and total embryo volume could be one of the objective
characteristics that should be included.
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