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Mean blastomere diameter may predict
clinical pregnancy in long agonist protocol
intracytoplasmic sperm injection cycles
with single embryo transfer
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Abstract

Background: The main purpose of this study was to investigate the effect of mean blastomere diameter (MBD) on
pregnancy rates in in vitro fertilization (IVF) cases undergoing the long agonist cycle protocol. A total of 84 cases
were evaluated within the scope of this observational prospective study. All cases were normoresponders, under 35
years old, with the long agonist protocol applied and single embryo (grade I or II) transfer performed. On the third
day after ICSI, each embryo selected for transfer was subjected to measurement of the mean blastomere diameter
(MBD) at ×25 magnification.

Results: The mean female age was 30.14 ± 3.32 years, and the total clinical pregnancy rate was 33.3%. In the group
that got pregnant, MBD was found to be statistically significantly higher than in the nonpregnant group. In terms
of predicting clinical pregnancy, when the MBD value of 49.73 μm was accepted as the best cutoff value, the
sensitivity was calculated as 75% and specificity as 53.6%. Clinical pregnancy rate was 18.9% in cases below this
value, whereas clinical pregnancy rate was 44.7% in cases with this value and above. In other words, when the MBD
value rose above 49.73 μm from a value below 49.73 μm, the clinical pregnancy rate increased by an average of 2.3
times.

Conclusions: With MBD measurement, it is possible to select the embryo with the best implantation capability in
microinjection cycles with the long luteal agonist protocol.

Keywords: ART, Clinical pregnancy, Embryo, Mean blastomere diameter

Background
The intracytoplasmic microinjection process continues
to be used as the best option in cases with severe male
infertility and in cases where success cannot be achieved
in classical in vitro fertilization (IVF) [1]. With this
method, compared with the classical IVF method, the
stages of attachment to the oocyte membrane by the
movement of the sperm, passing through the membrane,
and reaching the cytoplasm will be bypassed. According

to current data, eliminating these stages by microinjec-
tion does not cause serious problems and congenital
anomalies in the baby [2–4].
From another perspective, it is clear that clinical preg-

nancy rates will increase in the case of double embryo
transfer in pregnancies obtained through assisted repro-
ductive techniques. However, with two-embryo transfer,
the live birth rate, the rate of bringing a baby home, de-
creases and the risk of multiple pregnancy increases [5].
These risks may be reduced by a well-selected single em-
bryo transfer.
Over time, embryologists have developed grading sys-

tems to form a common language worldwide to describe
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embryo morphology. Currently, well-defined embryo as-
sessment criteria that have been used in IVF clinics con-
sist of morphologic features such as fragmentation,
symmetry, multi-nucleation, and vacuolation [6].
In the detailed literature search, no study was found

on use of the mean blastomere diameter (MBD) to
evaluate the morphological features of the third day em-
bryo in ICSI cycles. Based on our experience and prelim-
inary study results, we hypothesized that the mean
blastomere diameter (MBD) would be higher in cycles
achieving clinical pregnancy.
Hence, the main purpose of this study was to investi-

gate the effect of MBD on pregnancy rates in IVF cases
undergoing the long agonist cycle protocol. This would
be an appropriate way to choose the best embryo to
maximize the clinical pregnancy rate.

Methods
A total of 84 cases (86 ICSI cycles) were evaluated
within the scope of this observational prospective study.
The research period was 14 months, and approval was
obtained from the Ethics Committee of Karadeniz Tech-
nical University Faculty of Medicine.
All cases were normoresponders, under 35 years old,

with the long agonist protocol applied and single embryo
(grade I or II [<10% fragmentation] with 8 cells) transfer
performed. On the third day after ICSI, each embryo se-
lected for transfer was subjected to measurement of the
MBD at × 25 magnification.
The standard luteal long lucrin ovulation induction

protocol, details of which were given in our previous
study, was applied in all cases [7]. Women with high
progesterone (≥0.8 ng/mL) levels on HCG day were
excluded.
Egg collection was performed at the 36th h after

HCG, microinjection was performed in all cases,
fertilization was evaluated 17 h after ICSI, and the pres-
ence of 2 PN was confirmed in all cases. ICSI was per-
formed approximately 38 h after HCG triggering. The
embryo grading system recommended by Hardarson
et al. was used [8]. Day 3 embryo transfer was pre-
ferred. Embryo transfer was performed an average of 75
h after ICSI. All patients had single embryo transfer.
Embryo transfer was performed by a single clinician
(SG) and embryologist under the guidance of ultrason-
ography. Soft catheter (Wallace, Smith Co., UK) was
used for embryo transfer. Type 1 embryo transfer de-
tailed below was performed in all cases. The cases were
prepared for embryo transfer under lithotomy position
with a full bladder. A sterile Graves speculum was
placed, and the cervix was cleaned with saline solution
first, then washed with culture solution. No trial trans-
fer was made. The uterus endometrial cavity was visual-
ized by pelvic ultrasonography. The embryo brought

with a soft catheter was gently placed 1–2 cm below
the fundus under the guidance of ultrasonography. The
transfer catheter was removed from the cavity by gently
turning it. The fundus was not touched during the em-
bryo transfer. The removed catheter was checked under
the microscope for embryo retention, blood, and
mucus. No blood or mucus was observed. For luteal
phase support, all cases were recommended to use vagi-
nal progesterone gel twice a day in the morning and
evening, starting from the day of egg collection until
the time of pregnancy test.
All cases had normal sperm parameter values, given

below. Sperm volume was above 1.5 mL, sperm count
was over 15 million/mL, sperm progressive motility
value was above 32%, and sperm morphology was over
4%, according to Tygerberg’s method [9].
On the third day after ICSI, each embryo selected for

transfer was subjected to measurement of the MBD at ×
25 magnification. MBD was measured after an average
of 72 h after ICSI. In all cases, embryos containing only
8 blastomeres were considered within the scope of the
study and selected for transfer. Embryos derived from
giant oocytes or oocytes with large perivitelline space
were not included. Embryos containing more than 20%
asymmetric blastomeres were not included in the study.
Only one photo showing all blastomeres was selected for
MBD measurement. The following procedure was ap-
plied for MBD calculation. First, an embryo containing 8
cells, no more than 10% fragmentation, and less than
20% blastomere asymmetry was selected for transfer by
the single embryologist. Then, two diameters perpen-
dicular to each blastomere were measured. These two
diameters were summed up and divided in half. These
measurements were made for every 8 blastomeres. Aver-
age values of each blastomere were summed and divided
by 8, and the MBD was found in micrometers (Fig. 1).
The mean zona thickness was calculated by the follow-
ing formula: Zona thickness (micrometers) was mea-
sured in two different areas around the embryo,
summed up, and then divided by two.
Cases with normoresponder female and normal

male evaluation tests were selected according to the
study protocol. The same ovarian stimulation protocol
was applied. Embryos were evaluated for fertilization
and cleavage by a single embryologist (OY, with 10
years of experience in an IVF laboratory). MBD and
zona thickness were measured by a single embryolo-
gist (OY). This process took an average of 3 min. Day
3 embryo transfer was performed. On the 12th day
after the embryo transfer, a pregnancy test was per-
formed in the blood. In cases with a positive preg-
nancy test, detection of heart rate via transvaginal
ultrasound during the follow-up period was accepted
as clinical pregnancy.
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Clinical pregnancy was defined as an embryo with a
heartbeat detected under ultrasonographic evaluation 4
weeks after embryo transfer. Fisher’s exact chi-square test,
Student’s t test, and ROC analysis were used for statistical
analysis. The SPSS computer program was used for statis-
tical analysis. A p value of less than 0.05 was considered

statistically significant. According to our preliminary study
results, the MBD was accepted as 49 and a standard devi-
ation of 3.5 in the group that could not conceive, and 52
in the group that did conceive. According to these data,
when there were at least 21 cases in each group, alpha was
0.05 and power was calculated as 0.8.

Fig. 1 Photograph of day 3 embryo showing the measurement of zona thickness in the embryo and mean blastomere diameter in each blastomere

Table 1 Comparison of clinical and embryologic characteristics in pregnant and nonpregnant groups

Parameters Pregnant (n=28) Nonpregnant (n=56) p

Female age (yr.) 28.57 ± 3.26 28.93 ± 3.38 0.645

Male age (yr.) 33.32 ± 4.60 34.68 ± 5.06 0.236

Infertility duration (yr.) 5.63 ± 4.14 6.70 ± 5.01 0.222

Cause of infertility (%) 0.117a

Female factor 20 (39.2%) 31 (60.8%)

Mild male factor 8 (24.2%) 25 (75.8%)

Body mass index (kg/m2) 21.98 ± 1.22 21.91 ± 1.48 0.821

Basal FSH (mIU/mL) 6.07 ± 1.86 7.40 ± 4.23 0.195

Basal E2 (pg/mL) 61.75 ± 48.123 59.32 ± 23.25 0.801

Basal antral follicle count (no.) 12.67 ± 5.19 11.00 ± 6.60 0.257

Amount of total FSH used (IU/L) 1983.33 ± 305.95 2068.27 ± 348.11 0.288

Length of ovarian stimulation (day) 8.81 ± 1.36 9.17 ± 1.56 0.315

Endometrial thickness on HCG day (mm.) 9.28 ± 0.70 9.12 ± 0.67 0.306

Mean E2 on HCG day (pg/mL) 1643.65 ± 673.89 1380.34 ± 594.97 0.071

Number of MII oocyte retrieved 8.78 ± 4.32 8.25 ± 3.55 0.557

Grade I embryo (%) 22 (78.6%) 45 (80.4%) 0.530

Total fertilization rate (%) 64.94 ± 15.10 54.57 ± 20.80 0.201

Mean zona thickness (μm) 16.41 ± 2.68 16.11 ± 2.33 0.595

Mean blastomer diameter (μm) 52.09 ± 3.98 49.44 ± 3.62 0.003

Values are given as mean ± SD or number of patients (percentage). Student’s T or aFischer’s exact chi-square tests were used for comparison
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Results
The mean female age in the study group was 30.14 ±
3.32 years. In all cases, the clinical pregnancy rate was
33.3%, and the rate of taking a baby home was 31.0%.
The comparison of clinical and laboratory/embryologic

data is given in Table 1. The MBD was found to be sta-
tistically significantly higher in the pregnant group (n =
28) compared with the nonpregnant group (n = 56)
(52.09 ± 3.98 vs. 49.44 ± 3.62 μm, respectively, p =
0.003, Student’s t test).
According to the ROC analysis test result, the area

under the curve for MBD was 0.680 (95% CI 0.562–
0.798) (Fig. 2). In terms of predicting clinical pregnancy,
when the MBD value of 49.73 μm was accepted as the
best cutoff value, the sensitivity was calculated as 75%
and specificity as 53.6%. Clinical pregnancy rate was
18.9% in cases below this value, whereas clinical preg-
nancy rate was 44.7% in cases with this value and above
(p = 0.01, Fisher’s exact chi-square test). In other words,
when the MBD value rose above 49.73 μm from a value
below 49.73 μm, the clinical pregnancy rate increased by
an average of 2.3 times.

Similarly, the live birth rate was 23.1% when the MBD
was below 49.73, and the live birth rate was 76.9% when
the MBD was 49.73 and above (p = 0.008, Fisher’s exact
chi-square test). The live birth rate increased 3.3 times
when the MBD value increased from below 49.73 to
49.73 and above.

Discussion
The main goal of this study was to determine the
embryo with high adherence potential to the endo-
metrium that would increase the clinical pregnancy
rate in ICSI cycles by morphological parameter evalu-
ation. The result clearly showed that MBD higher
than 49.73 μm could predict embryos more ideal for
transfer, thus increasing the clinical pregnancy rates
in ICSI cycles.
Embryo morphology evaluation on day 3 is useful in

the determination of the best embryos [10]. In the past,
more than two embryos were transferred to increase
pregnancy rates. However, it has been found that this
approach also increases the rate of multiple pregnancy
and poses additional medical risks for the mother and

Fig. 2 Receiver operating characteristic curve to calculate the best MBD value for predicting clinical pregnancy
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baby [11]. Changing embryo selection criteria over the
years has brought innovations in the selection of the best
embryo to implant, and the process of recovery in clin-
ical pregnancies and a decrease in multiple pregnancies
has started [11, 12]. The risks that develop with the
transfer of excess embryos have been included in the
relevant scope of international authorities on ART, and
many associations have published guidelines on the sub-
ject [13]. All these developments have put pressure on
IVF centers to transfer a small number, preferably a sin-
gle embryo. This has led to the intensification of re-
search on the best embryo selection criteria.
Although many morphological evaluation methods re-

lated to blastomeres have been defined, the effect of
MBD on ART success is still unknown.
In 2003, Johansson et al. studied the DNA content of

blastomeres/fragments using donated excess embryos.
They included grade 3 embryos, which were defined as
>20% but <50% fragments and/or blastomeres/cells of all
sizes and/or heavily granulated cytoplasm or vacuolation.
According to this study, the blastomere size should be
over 45 μm in the second day embryo and over 40 μm
in the third day embryo in order to be called a blasto-
mere. They concluded that cells smaller than this were
always anucleated and should be considered fragments
[14]. This suggests a relationship between the increase
in blastomere diameter and impaired development of
the embryo. It is possible that this situation will affect
pregnancy rates in IVF.
According to the results of the current study published

by Gardner et al., low, medium, or high viability classifica-
tion determined by morphometric evaluation of the em-
bryo is important to the implantation of the embryo and
clinical pregnancy rates. Ideal day 3 embryos with high
viability are described as the ones with mononucleated
blastomeres, equal cell size, <20% fragmentation, and at
least 4 blastomeres. Thus, ideal embryos are related to
higher implantation, pregnancy, and birth rates [15]. Our
study is the first to measure MBD and relate the cutoff
value to the clinical pregnancy rate. The researchers con-
cluded that bio- and/or morphokinetic markers are im-
portant in the selection of the embryo for transfer, among
which morphological data play a key role [15].
Alpha Scientists in Reproductive Medicine and the

ESHRE Special Interest Group of Embryology orga-
nized a meeting in 2010 in Istanbul. At this meeting,
oocyte, zygote, and embryo grading criteria were eval-
uated in the IVF laboratory, and a consensus was
reached [6]. According to this consensus, the embryo
is expected to have 4 cells on the second day and 8
cells on the third day, depending on the time of ICSI
or IVF. Embryo fragmentation was evaluated as mild
when below 10%, moderate when it was 10–25%, and
severe when it was above 25%. If the appearance of

multinucleation is detected, the implantation potential
of the embryo will be low, the rate of chromosomal
anomalies will be high, and the rate of spontaneous
abortion will be high [6, 15]. Criteria such as blasto-
mere size evaluation, cytoplasmic granularity scoring,
membrane appearance scoring, and cytoplasmic vacu-
ole presence grading in the second- or third-day em-
bryo are parameters that can be used in terms of
morphometric evaluation. These results were obtained
from large series and data from many centers. How-
ever, MBD was not defined as a morphometric fea-
ture, as in other studies.
According to the results of the study on cases with an-

other single embryo transfer, the effects of parameters
such as blastomere volume index, blastomere symmetry
index, and mean ovality on the ongoing pregnancy rate
were investigated. The third day embryo was evaluated
in this context [16]. It was concluded that these parame-
ters, which were established with the help of a computer
and determined by special formulas, were not useful in
terms of embryo selection criteria [16].
Another question is how important morphometric

evaluation before embryo transfer might be or whether
multiple evaluations will be required. In a systematic re-
view, Kaser and Racowsky investigated the selection of
embryos with a time-lapse monitoring system [17]. In this
review, the effects of many morphometric parameters
(pronuclear dynamics and morphology, first cytokinesis
time, nucleus disappearance time after cleavage, time to
reach cleavage phases, cleavage cycle time, time to reach
morula, time to reach blastocyst phase, etc.) were investi-
gated. Although many studies have reported that embryos
that pass the cleavage stage faster have higher implant-
ation potential, it has been concluded that a single mor-
phokinetic parameter cannot be used to evaluate the
embryo with the best implantation potential [17].
There are no studies reporting the relationship be-

tween blastomere size and pregnancy rates in IVF. How-
ever, of course, we estimate that the pregnancy rate will
be high in cases with a high blastomere size, up to a cer-
tain limit. As the blastomere size increases, the embryo
surface area will also increase. The increase in surface
area will also increase the area of interaction between
the endometrium and the blastomere surface to be im-
planted. In this way, pregnancy rates may increase, as
there will be a large number of endometrial and embryo
receptor interactions.
The most important strength of this study is the selec-

tion of the embryo with the best implantation potential
using the embryo morphometric measurement to be
performed on the day of transfer in cases with single
embryo transfer. In this way, an embryo with a high
pregnancy rate will be transferred. To our best know-
ledge, MBD has not previously been proposed as a
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predictor for ICSI outcome. When an embryo with an
MBD measurement greater than 49.73 is selected for
transfer, in addition to obtaining a high clinical preg-
nancy rate, multiple pregnancies and their maternal fetal
complications may be prevented.
There are some limitations to present study. In this

study, the embryo morphological assessment was indi-
vidual, dependent, and subjective, and there were no
intermittent measurement values [18]. Another limita-
tion is the small number of cases. In addition, although
all MBD measurements were made by a single embry-
ologist, diameter markings were made manually. The
whole study was built on measurements of blastomeres
from a single photo, which means that we may have at
least 2 blastomeres with no clear outline. This could
have some subjective consequences. For the most object-
ive evaluations, a computer-based system would be
helpful.

Conclusions
Our results suggest that a simple morphometric meas-
urement may be a tool for fertility clinics to identify em-
bryos with the greatest implantation potential for single
embryo transfer, which would increase the chances of
successful outcomes and decrease the risk of multiple
births. It is suggested that prospective, randomized con-
trolled trials (RCTs) be performed before use in clinical
practice.
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