Sperm morphological abnormalities
visualised at high magnification predict
embryonic development, from fertilisation
to the blastocyst stage, in couples
undergoing ICSI
Amanda Souza Setti, Daniela Paes de
Almeida Ferreira Braga, Livia Vingris,
Thais Serzedello, Rita de Cássia Sávio
Figueira, et al.
Journal of Assisted Reproduction and
Genetics
Official Publication of ALPHA, Scientists
in Reproductive Medicine
ISSN 1058-0468
J Assist Reprod Genet
DOI 10.1007/s10815-014-0326-9

1 23

Your article is protected by copyright and all
rights are held exclusively by Springer Science
+Business Media New York. This e-offprint is
for personal use only and shall not be selfarchived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication
and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

1 23

Author's personal copy
J Assist Reprod Genet
DOI 10.1007/s10815-014-0326-9

GAMETE BIOLOGY

Sperm morphological abnormalities visualised at high
magnification predict embryonic development, from fertilisation
to the blastocyst stage, in couples undergoing ICSI
Amanda Souza Setti & Daniela Paes de Almeida Ferreira Braga &
Livia Vingris & Thais Serzedello & Rita de Cássia Sávio Figueira &
Assumpto Iaconelli Jr. & Edson Borges Jr.

Received: 14 May 2014 / Accepted: 26 August 2014
# Springer Science+Business Media New York 2014

Abstract
Purpose To investigate the predictive value of the motile
sperm organelle morphology examination (MSOME) on embryo morphology.
Methods The morphologies of 540 embryos obtained from 60
couples undergoing ICSI were evaluated from days 1 to 5 of
development and were examined for associations with the
percentages of morphologically normal paternal sperm and
of the paternal sperm with large nuclear vacuoles (LNVs) as
determined by MSOME.
Results An increased percentage of LNV sperm was associated with increased odds of a zygote presenting with pronuclear abnormalities. It was also associated with decreased odds
of (i) normal cleavage on days 2 and 3 of development, (ii) the
presence of a high-quality embryo on day 3, (iii) the development of an embryo to the blastocyst stage, and (iv) an embryo
possessing a normal trophectoderm and inner cell mass. The
calculated areas under the curves differed for the embryos that
did and did not develop to the blastocyst stage and for the
high- and low-quality blastocysts. The optimal cut-off value
for the percentage of LNV sperm that maximised proper
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blastocyst formation was ≤24.5 %, and the cut-off value that
maximised blastocyst quality was ≤19.5 %.
Conclusions These results suggest a very early onset of paternal influences on embryo development. The evaluation of
the incidence of vacuoles by MSOME may significantly
improve upon the prognostic information provided by conventional semen analyses.
Keywords Blastocyst . Embryo . MSOME . Sperm . Zygote

Introduction
The advent of the intracytoplasmic sperm injection (ICSI) [1]
revolutionized the treatment of couples with male factor infertility and led to an in depth investigation of potential
paternal effects on embryo development and quality. Sperm
parameters, such as concentration, motility and morphology
have been shown to correlate with embryo morphology and
cleavage rhythm [2], blastocyst formation and quality [2–7]
and implantation rate after embryo transfer [2, 7].
Since 2001, motile sperm organelle morphology examination (MSOME) has been used to select vacuole-free spermatozoa under high-magnification (DIC/Nomarski) for ICSI [8].
More recently, research on male factor infertility has focused
on sperm morphology, particularly that of the sperm head.
Vacuolated spermatozoa have been associated with reduced
ICSI outcomes [9], increased DNA fragmentation [10] and the
failure of chromatin condensation [11].
Despite the well-established correlation between semen
parameters and embryonic development, scarce information
exists regarding the influences of microscopic morphological
characteristics of sperm on embryo quality and development
to the blastocyst stage. Therefore, the aim of this study was to
examine the associations between the sperm quality visualised
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under high magnification with non-invasive criteria for the
evaluation of pronuclear-stage zygotes, cleavage-stage embryos and blastocysts to investigate the onset of detectable
paternal effects on embryonic development.

Materials and methods
Experimental design, patients and inclusion criteria
This prospective non-randomised study analysed semen samples from 60 couples undergoing their first ICSI attempt as a
result of male factor infertility (oligo- and/or astheno- and/or
teratozoospermia). A total of 200 spermatozoa from each
sample were analysed under high magnification (6,600×).
The incidences of normal sperm and sperm with LNV in each
sample were assessed and associated with embryo quality and
development (from fertilisation to the blastocyst stage).
Inclusion criteria were as follows: women aged ≤37 years
undergoing ICSI as a result of male factor with regular menstrual cycles of 25–35 days, normal basal FSH and LH levels,
a BMI of less than 30 kg/m2, the presence of both ovaries and
an intact uterus, the absence of polycystic ovaries, endometriosis, and gynaecological/medical disorders and negative results on a screening for sexually transmitted diseases. No
patient received any hormone therapy for at least 60 days prior
to the study.
Written informed consent was obtained, in which patients
agreed to share their outcomes for research purposes, and the
study was approved by the local institutional review board.
Controlled ovarian stimulation
Ovarian stimulation was achieved by the administration of
recombinant follicle-stimulating hormone and a
gonadotropin-releasing hormone antagonist, as previously described [12].
Semen sample collection and preparation
Semen samples were collected in the laboratory and were
evaluated according to the values established by the World
Health Organisation (WHO) in 2010 [13]. Sperm samples
were prepared using a 2-layered density gradient centrifugation technique (50 % and 90 %; ISolate, Irvine Scientific,
Santa Ana, CA, USA).
MSOME
ICSI was performed according to Palermo et al. [1]. Immediately after ICSI, MSOME was performed. For each semen
sample, 200 spermatozoa were analysed at 6,600× using an
inverted microscope equipped with high-powered differential

interference contrast optics (DIC/Nomarski). The same technician performed all MOSME analyses. An aliquot of the
sperm cell suspension was transferred to a microdroplet of
modified human tubal fluid medium containing 8 % polyvinyl
pyrrolidone (PVP; Irvine Scientific, Santa Ana, CA) in a
sterile glass dish (FluoroDish; World Precision Instruments,
Sarasota, FL). The dish was placed on a microscope stage
above an Uplan Apo 100× oil/1.35 objective lens covered by a
droplet of immersion oil.
A sperm cell exhibiting a normal nucleus (normal shape
and normal chromatin content) as well as a normal acrosome,
postacrosomal lamina, neck, tail, and mitochondria and lacking cytoplasmic droplets or cytoplasm surrounding the head
was considered to be morphologically normal [14] (Fig. 1a).
An LNV sperm was defined by the presence of one or more
vacuoles occupying >13 % of the sperm nuclear area [15–17]
(Fig. 1b). The incidences of normal and LNV sperm in each
sample were recorded.
Fertilisation, embryo quality and embryo transfer
Fertilisation was confirmed by the presence of two pronuclei
(PN) and the extrusion of the second polar body approximately 16 h after ICSI. Embryo morphology was assessed on the
mornings of days 1, 2, 3 and 5 of embryonic development
using an inverted microscope equipped with a Hoffmann
modulation contrast system under 400× magnification.
For the PN morphologies, the following characteristics
were recorded: the presence of cytoplasmic halos, the sizes
and positions of the PN and the numbers and distributions of
the nucleolar precursor bodies (NPBs) in the PN. Zygotes
presenting abnormalities in any of these characteristics were
considered to be of low quality [18, 19].
High-quality embryos were defined as those possessing 4
blastomeres and 8–10 blastomeres on days 2 and 3 of development, respectively, less than 15 % fragmentation, and symmetric and mononucleated blastomeres.
The following morphological characteristics were recorded
at the blastocyst stage: the size and compactness of the inner
cell mass (ICM), the cohesiveness and number of the
trophectoderm (TE) cells and the grade of expansion. The
blastocysts were graded according to the Istanbul consensus
workshop on embryo assessment [20]. High-quality blastocysts presented with a tightly packed ICM containing a large
number of cells and a TE in which many cells formed a
cohesive epithelium; any embryo lacking one of these characteristics were considered to be of low quality.
Embryos were placed in a 50-μL drop of culture medium
(Global®, LifeGlobal, CT, USA) supplemented with 10 %
protein supplement and covered with paraffin oil in a humidified atmosphere under 7.5 % CO2 at 37 °C for 5 days.
Embryo transfer was performed on day 5 of development
using a soft catheter with transabdominal ultrasound guidance.
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study the influences of morphologically normal and LNV
sperm on embryo quality from the pronuclear to blastocyst
stages. Cubic regression models were used to investigate the
association between the incidences of normal and LNV sperm
and the implantation rate, whereas binary regression models
were used to investigate the influences of these variables on
the odds of pregnancy.
Receiver operating characteristic (ROC) curve analyses
were performed to assess the predictive value of morphologically normal and LNV spermatozoa on blastocyst development. The Youden index was used to enable the selection of
the optimal threshold value (cut-off point) for the proportion
of LNV sperm that maximised blastocyst quality and proper
formation.
The results from the binary regression models are
expressed as odds ratios (OR) with 95 % confidence intervals
(CI) and p values, whereas the results from the linear and
cubic regression models are expressed as R2 (adjusted) and p
values. The ROC curve results are expressed as the areas
under the curve (AUCs) with 95 % CIs. A p<0.05 was
considered to be statistically significant. Data analyses were
carried out using the Minitab® version 16 and MedCalc®
version 12.2 statistical programs.

Table 1 Cycles characteristics and ICSI outcomes

Fig. 1 Classification of spermatozoa analysed at high magnification
(6,600×) into two different categories: a morphologically normal sperm
and b sperm with large nuclear vacuoles

One to two embryos were transferred per patient, depending
on embryo quality and maternal age.
Clinical follow-up
A pregnancy test was performed 10 days after embryo transfer. All women with a positive test received a transvaginal
ultrasound scan after 2 weeks. A clinical pregnancy was
diagnosed when the foetal heartbeat was detected. Pregnancy
rates were calculated per transfer. Miscarriage was defined as
pregnancy loss before 20 weeks.
Data analysis and statistics
Data are expressed as the mean±standard deviation for numerical variables, while percentages are used for categorical
variables.
Binary and linear regression models, which controlled for
maternal and paternal age, the number of retrieved oocytes
and the number of transferred embryos, were performed to

Variable

Mean±SD

Min

Max

Female age (y-old)
Number of follicles
Retrieved oocytes
Mature oocytes
Male age (y-old)
Semen sample volume (mL)

35.86±2.43
13.00±9.15
9.00±5.99
7.53±5.39
43.00±9.73
2.68±0.58

32.00
2.00
2.00
0.00
25.00
2.00

37.00
31.00
22.00
19.00
58.00
3.90

Total sperm concentration (millions)
Total sperm motility
Progressive sperm motility
Normal sperm forms (x1,000) (%)
Normal sperm forms (x6,600) (%)
LNV sperm (%)
Injected oocytes
Fertilization rate (%)
Obtained embryos
High-quality embryos rate (%)
Blastocyst formation (%)
Endometrial thickness (mm)
Transferred cycles
Transferred embryos
Implantation rate (%)
Pregnancy rate (%)
Miscarriage rate (%)

23.11±22.30
34.13±15.65
24.78±9.78
2.34±1.89
1.93±0.88
25.20±7.53
7.87±5.32
64.92±26.76
6.47±4.45
65.01±32.55
32.39±11.77
11.30±1.62
48/60 (80.0)
1.67±0.07
20/80 (25.0)
16/48 (33.3)
4/16 (25.0)

1.20
12.00
5.00
0.00
0.00
14.50
1.00
0.00
1.00
0.00
0.00
9.60
–
0.00
0.00
–
–

60.00
77.00
55.00
7.00
4.00
41.00
19.00
100
14.00
100
100
15.00
–
2.00
100
–
–

LNV large nuclear vacuoles
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Results
The mean±SD male age was 43.00±9.73 years. The results
for the conventional semen analysis are shown in Table 1. The
MSOME showed that the mean+SD incidence rates of morphologically normal and LNV spermatozoa were 1.93±
0.88 % (232/12,000) and 25.20±7.53 % (3,024/12,000), respectively. The outcomes of the ICSI cycles are shown in
Table 1.
The results from the regression analyses assessing the
influences of normal and LNV sperm on embryo quality are
shown in Tables 2 and 3, respectively. The morphological
characteristics and development of the embryos on days 1,
2, 3 and 5 were not influenced by the percentage of morphologically normal sperm. However, an increased percentage of
LNV sperm was associated with the elevated odds of a zygote
presenting with abnormalities related to PN size (OR: 1.21,
CI: 1.02–1.44), position in the cytoplasm (OR: 1.17, CI: 1.02–
1.36), and apposition (OR: 1.27, CI: 1.04–1.54), and NPB
number (OR: 1.26, CI: 1.16–1.52) and distribution in the PN
(OR: 1.29, CI: 1.25–1.62). Increased levels of LNV sperm
were also associated with decreased odds of an embryo
possessing a normal number of blastomeres on days 2 and 3
Table 2 Binary regression analysis of the embryo’s characteristics that may be affected by the
Incidence of morphologically
normal sperm

Predictor variable

Response variable

Incidence of
morphologically
normal sperm

Day 1

Day 2

Day 3

Day 5

OR odds ratio; CI confidence intervals; PN pronuclear; NPB nucleolar precursor bodies

of development (OR: 0.78, CI: 0.69–0.87 and OR: 0.75, CI:
0.68–0.88, respectively) and of an embryo exhibiting high
quality on day 3 of development (OR: 0.96, CI: 0.92–0.99).
The increased percentage of LNV sperm was associated with
the decreased chance of an embryo developing to the blastocyst stage (OR: 0.90, CI: 0.87–0.94) and of an embryo
possessing a normal TE (OR: 0.84, CI: 0.79–0.89) and ICM
(OR: 0.85, CI: 0.79–0.92). The blastocysts’ grades of expansion were not influenced by the percentage of LNV sperm or
normal sperm.
Regarding the ICSI outcomes, regression analyses showed
that the increased percentage of LNV sperm negatively influenced the implantation rate (R2: 39.7 %, p<0.001) and was
associated with decreased odds of pregnancy (OR: 0.93, CI:
0.84–0.98).
ROC curve analyses were performed to assess the predictive values of the percentage of LNV spermatozoa on blastocyst development and quality on day 5. The calculated areas
under the ROC curves (AUCs) were sufficient to allow for the
discernment between the embryos that did and did not develop
to the blastocyst stage (AUC: 0.673; CI: 0.618–0.725,
p<0.001) in addition to those that were of high and low
quality (AUC: 0.766; CI: 0.691–0.83, p<0.001). According

OR

CI

p value

Zygote formation
Halo abnormality

1.05
1.11

0.96–1.15
0.94–1.31

NS
NS

PN size abnormalities
PN position abnormality
PN distance abnormality
NPB number abnormality
NPB distribution abnormality
Embryo cleavage
Normal number of blastomeres
Blastomere symmetry
Normal fragmentation
Blastomeres showing no visible nucleus
Multinucleated blastomere
High-quality embryo
Normal number of blastomeres
Blastomere symmetry
Normal fragmentation
Blastomere showing no visible nucleus
Multinucleated blastomere
High-quality embryo
Blastocyst formation

1.09
1.01
1.06
0.90
1.00
0.96
0.96
0.97
1.42
1.00
0.77
1.16
1.18
1.02
1.77
0.42
0.83
1.99
1.04

0.67–1.41
0.85–1.20
0.89–1.22
0.72–1.17
0.89–1.11
0.87–1.06
0.71–1.28
0.88–1.06
0.90–1.84
0.97–1.03
0.60–1.05
0.97–1.26
0.64–1.49
0.98–1.06
0.93–2.64
0.28–1.01
0.38–1.86
0.90–4.85
0.78–1.33

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Normal TE
Normal ICM
Grade of expansion
High-quality blastocyst

1.08
1.33
1.08
1.03

0.87–1.78
0.93–2.45
0.94–1.14
0.94–1.68

NS
NS
NS
NS
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Table 3 Binary regression analysis of the embryo’s characteristics that may be affected by the incidence of LNV sperm
Predictor variable

Response variable

Incidence of LNV sperm

Day 1

Day 2

Day 3

Day 5

OR

CI

p value

Zygote formation
Halo abnormality
PN size abnormalities
PN position abnormality
PN distance abnormality
NPB number abnormality
NPB distribution abnormality
Embryo cleavage
Normal number of blastomeres
Blastomere symmetry
Normal fragmentation
Blastomeres showing no visible nucleus
Multinucleated blastomere
High-quality embryo
Normal number of blastomeres
Blastomere symmetry
Normal fragmentation

0.98
1.00
1.21
1.17
1.27
1.26
1.29
1.01
0.78
0.96
0.90
1.07
1.05
0.99
0.75
1.00
0.94

0.95–1.01
0.94–1.05
1.02–1.44
1.02–1.36
1.04–1.54
1.16–1.52
1.25–1.62
0.98–1.04
0.69–0.87
0.92–1.01
0.80–1.02
0.98–1.10
0.95–1.13
0.95–1.03
0.68–0.88
0.96–1.03
0.88–1.01

NS
NS
0.029
0.034
0.022
0.017
0.015
NS
<0.001
NS
NS
NS
NS
NS
<0.001
NS
NS

Blastomere showing no visible nucleus
Multinucleated blastomere
High-quality embryo
Blastocyst formation
Normal TE
Normal ICM
Grade of expansion
High-quality blastocyst

1.04
1.01
0.96
0.90
0.84
0.85
0.97
0.84

0.98–1.08
0.96–1.07
0.92–0.99
0.87–0.94
0.79–0.89
0.79–0.92
0.84–1.15
0.79–0.89

NS
NS
0.019
<0.001
<0.001
<0.001
0.1278
<0.001

OR odds ratio; CI confidence intervals; LNV large nuclear vacuole; PN pronuclear; NPB nucleolar precursor bodies

to the Youden index, the optimal cut-off for the percentage of
LNV sperm that maximised (sensitivity+specificity) blastocyst formation was ≤ 24.5, and the cut-off value that
maximised blastocyst quality was≤19.5.

Discussion
Sperm morphology has been designated as one of the main
determinants of male in vitro fertility [21, 22]. However, the
standard morphological evaluation of random stained cells
from ejaculate is of limited value during ICSI [23]. With the
advent of the MSOME [8], researchers have developed
renewed interest in the impact of sperm morphology on ICSI
outcome. In this study, we observed that the morphological
characteristics of sperm visualised at high magnification are
associated with the success of embryonic development from
the zygote to the blastocyst stage.
There is scarce information available regarding the mechanism by which the sperm cell influences embryonic development. The initial divisions of the zygote are controlled by

maternally inherited mRNA, and the embryonic genome is
inactive until the 4-cell stage is completed, after which the
substantial expression of sperm-derived genes begins. Therefore, the paternal influence on embryonic development should
not be obvious until the 8-cell stage [24]. However, sperm
cytoplasm deficiencies can be detected as early as the pronuclear stage and then throughout preimplantation development
and are referred to as “early” and “late” paternal effects,
respectively [25].
Early paternal effects comprise sperm deficiencies associated with oocyte activation and abnormalities of the
centrosome-centriole complex [25]. The centrosome, which
is contributed by the sperm cell, is necessary for the formation
of the mitotic spindle [26] and controls the first mitotic divisions post-fertilisation [27]. Centrosomal defects may lead to
disorders in fertilisation and early embryonic development
[28, 29]. In this study, we observed that a 1 % increase in
LNV sperm increased the chance of zygote abnormalities by
17 %–29 %, suggesting that spermatozoa that are able to
achieve fertilisation may not necessarily be able to contribute
to further embryonic development. Our findings corroborate
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those reported by Tesarik et al. [30], who observed high
proportions of zygotes with abnormal pronuclear morphologies following fertilisation with sperm derived from poorquality semen samples. Three possible mechanisms may explain why sperm quality is able to affect embryogenesis at
such a premature stage, including (i) weak transcriptional
activity in the human male PN [31, 32], (ii) abnormal calcium
signalling patterns resulting in abortive oocyte activation and
the failure of pronuclear development [33] and (iii) abnormalities in the sperm-derived aster resulting in the improper
apposition of PN [28].
Moreover, it has been demonstrated that the sperm
centrosome/centriole complex duplicates during each cell cycle and is perpetuated in early human embryos from cleavage
until the hatching blastocyst stage [34]. This study substantiates previous reports suggesting that poor-quality semen samples may negatively affect early embryonic development. Our
results showed that the incidence of LNV sperm negatively
influenced embryonic cleavage rhythms on days 2 and 3 and
embryo quality on day 3 of development. Ron-el et al. [35]
observed that poor sperm morphology results in reduced
blastomere numbers. Parinaud et al. [36] reported an association between embryos with poor morphology and a lower
percentage of morphologically normal sperm. Moreover,
sperm morphology has been shown to be positively associated
with the blastomere cleavage rate [37].
The late paternal effect influences embryonic development
after the activation of paternal DNA [38] and may primarily be
caused by DNA damage in sperm, which has been previously
demonstrated [39]. The results obtained in this study also
suggest a late paternal influence on blastocyst development.
The incidence of LNV sperm was significantly associated with
blastocyst formation and quality. Regression analysis showed
that a 1 % increase in LNV sperm levels was associated with (i)
a 10 % decrease in the chance of an embryo developing to the
blastocyst stage, (ii) a 16 % lower chance of a blastocyst
possessing a normal TE and (iii) a 15 % reduced chance of a
blastocyst having a normal ICM. This is in agreement with
previous studies that reported relationships of sperm quality
with the cleavage rate and blastocyst formation [5, 6].
Regarding the ICSI outcomes, our results demonstrated
that the increased percentage of LNV sperm negatively influenced the implantation rate and was associated with a decreased likelihood of pregnancy. These findings are in accordance with previous studies from our group [17, 40], which
have demonstrated that MSOME can be used as a predictive
tool for ICSI success.
One important drawback of MSOME is related to the
absence of a consensus regarding the definition of an LNV
[17]. In a previous study in which an LNV was defined as a
vacuolar area occupying>13.0 % of the sperm head, the
incidence of LNV sperm was shown to be a useful tool for
the prediction of ICSI success [17]. Moreover, a threshold has

not been established for the incidence of LNV beyond which
the outcomes of cycles are compromised. In this study, the
results from the ROC curve analyses showed that the differences in the percentages of LNV sperm (occupying>13 % of
the sperm head) were sufficient to distinguish between embryos that did and did not develop to the blastocyst stage (cutoff≤24.5) and to identify blastocysts of high and low quality
(cut-off≤19.5).
The limitations of this study included the small number of
subjects. In addition, because multiple outcomes were
assessed, it is possible that the findings were due to chance.
More than one embryo originating from the same patient were
included, which has been shown to inflate type I errors.
Finally, the high mean paternal age may have influenced the
results.
In this study, we observed a mean paternal age of 43 years,
and the individuals possessed a wide range of ages (25–
48 years). It has been previously demonstrated that increased
male age in infertile patients is associated with a decline in
semen quality [41]. Male ageing has also been correlated with
the presence of sperm vacuoles, which has been demonstrated
by morphological evaluation using MSOME [42]. Moreover,
a higher percentage of LNV sperm, a lower percentage of
those with normal morphologies and a higher DNA fragmentation rate were observed in the older patients (≥41 years)
when compared to the younger patients (<40 years). Therefore, despite attempts to control for paternal age in the regression analyses, its influences on the findings must not be
disregarded.
In conclusion, the present study reinforces previous studies
that point to potential early and late paternal effects, both of
which may influence zygote, embryo and blastocyst development and quality. Moreover, our results suggest that the evaluation of the incidence of vacuoles under high magnification
may significantly improve upon the prognostic information
obtained by conventional semen analysis. Further studies are
necessary to confirm the cut-off values for the incidence of
LNV proposed in this study over which blastocyst formation
and quality are negatively affected.
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