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Abstract A promising method for observing spermatozoa, motile sperm organelle morphology examination (MSOME) enables the
evaluation of the nuclear morphology of motile spermatozoa in real time at high magnification and has allowed the introduction
of a modified microinjection procedure, intracytoplasmic morphologically selected sperm injection (IMSI). Since its development,
several studies have intensively investigated the efficacy of MSOME and IMSI. The objective of the present study is to review the

current literature on the MSOME and IMSI techniques. o B8

© 2013, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
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Introduction

Since its introduction in 1992 (Palermo et al., 1992),
intracytoplasmic sperm injection (ICSl) has become the
treatment of choice in the presence of abnormal sperm
parameters. In preparation for ICSI, the embryologist
selects a spermatozoon presenting both motility and nor-
mal morphology, based on evaluation of its tail, neck
and head. ICSI is usually performed under a magnification
of x400, which only enables the observation of major mor-
phological defects. As a consequence, the selection of the
‘best-looking’ spermatozoon may not represent the selec-

tion of a free of
abnormalities.

In the last decade, a new approach involving real-time
high-magnification observation of unstained spermatozoa,
motile sperm organelle morphology examination (MSOME),
has been introduced (Bartoov et al., 2001). The incorpora-
tion of this technique together with a micromanipulation
system has allowed the introduction of a modified ICSI
procedure, intracytoplasmic morphologically selected
sperm injection (IMSI). This system of real-time detailed
morphological sperm examination at high magnification,
ranging from x6600 to x13,000 with Nomarski optics

spermatozoon morphological
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(Garolla et al., 2008), enables the selection of the best
available motile spermatozoa before oocyte injection
(Bartoov et al., 2001, 2002, 2003; Berkovitz et al., 2006a,b).

Several publications have reported that IMSI is positively
associated with implantation and pregnancy rates (Bartoov
et al., 2002, 2003; Berkovitz et al., 1999, 2005, 2006a,b;
Hazout et al., 2006; Setti et al., 2011). However, the exact
indications for IMSI are under debate. The objective of this
review is to summarize the current literature on MSOME
and IMSI.

MSOME

A physicist and optics theoretician, Georges Nomarski, is
credited with many inventions and patents, including a
major contribution to the renowned differential interfer-
ence contrast microscopy technique in the mid-1950s. Also
referred to as Nomarski interference contrast, the method
allows transparent objects to be seen by using the differ-
ence in the refraction of light when transmitted through
the varying thicknesses of a specimen and provides a
greater depth of focus allowing thicker specimens to be
observed under higher magnification (Ruzin, 1999).

Sperm morphological examination is performed under
an inverted microscope equipped with high-power differ-
ential interference contrast. An aliquot of the prepared
motile sperm fraction is transferred to a microdroplet of
modified human tubal fluid medium containing polyvinyl
pyrrolidone in a sterile glass-bottomed dish. The dish is
placed on the microscope stage above an Uplan Apo x100
0il/x1.35 objective lens that is previously covered by a
droplet of immersion oil. The images are captured by a
video camera, which has a 3-chip power charge-coupled
device containing several effective picture elements (pix-
els) for high-quality image production, and a video moni-
tor. The morphological assessment is conducted on the
monitor screen which, under the above configuration,
reaches a magnification that is calculated based on four
parameters: (i) objective magnification; (ii) magnification
selector; (iii) video coupler magnification; and (iv) a calcu-
lated video magnification (Bartoov et al., 2001). In gen-
eral, the total calculated magnification is x6600
(objective magnification (x100) x magnification selector
(x1.5) x video coupler magnification (x0.99) x calculated
video magnification (x355.6MM/8MM).

The MSOME assesses six sperm organelles: the acro-
some, post-acrosomal lamina, neck, tail, mitochondria
and nucleus. The acrosome and post-acrosomal lamina
are considered abnormal if absent, partial or vesiculated.
The mitochondria should not be absent, partial or disorga-
nized. The neck must not be abaxial nor should it contain
disorders or cytoplasmic droplets, and the tail should not
be coiled, broken, short or double (Bartoov et al., 2002,
2003). Among the six organelles, the sperm nucleus seems
to be the most important. According to the description
given by Bartoov et al. (2002) the morphological normalcy
of the sperm nucleus is evaluated in terms of shape
(smooth, symmetric and oval) and chromatin content
(homogeneous chromatin containing no more than one vac-
uole that occupies <4% of the nuclear area).

Sperm vacuoles: pathological or physiological
events?

Conventional light microscopic analysis of spermatozoa has
limitations in evaluating the fine structures, such as the
acrosome and nucleus (Baccetti et al., 1996). The early
ultrastructural studies of human spermatozoa demonstrated
that the sperm nucleus often present at least one vacuole
(Schultz-Larsen, 1958). The vacuole is a concavity extending
from the surface of the sperm head to the nucleus through
the acrosome (Tanaka et al., 2012) that can be visualized
only at a high magnification.

Recently, De Vos et al. (2013) aimed at documenting the
prevalence of vacuoles in spermatozoa within a general ICSI
population. The study analysed 330 semen samples under
high magnification and showed that approximately 18.1% of
the spermatozoa were normally shaped and free of vacuoles,
15.2% presented less than two small vacuoles, 12.3% dis-
played more than two small or at least one large vacuole
and 54.4% were grade IV, mainly because of being amorphous
in shape and/or presenting with large vacuoles. The preva-
lence of vacuoles in normally shaped spermatozoa was as
low as 27.5%. Nevertheless, it is important to emphasize that
the magnification obtained in this study yielded a much
lower resolution than that obtained in other MSOME studies.

The origin of sperm vacuoles is disappointingly unknown
and even after several investigations the question remains:
are sperm vacuoles degenerative structures with no physio-
logical importance or common physiologic features of the
sperm head?

Some studies suggested that sperm vacuoles should be
regarded as a normal feature of the sperm head
(Chrzanowski, 1966; Fawcett, 1958; Pedersen, 1969; Tanaka
etal., 2012), while others suggested that it is related to male
subfertility (Mundy et al., 1994), lower mitochondrial
membrane potential (Garolla et al., 2008), higher incidence
of chromosomal abnormalities (Garolla et al., 2008; Perdrix
et al.,, 2011) and sperm chromatin packaging/DNA
abnormalities (Bartoov et al., 2001, 2002, 2003; Berkovitz
et al., 2006a; Boitrelle et al., 2011; Cassuto et al., 2012;
Franco et al., 2008, 2012; Oliveira et al., 2010a; Watanabe
et al., 2011). It has also been suggested that sperm vacuoles
reflect non-reacted acrosome (Kacem et al., 2011; Montjean
et al., 2012) and therefore, the spermatozoa devoid from
vacuoles selected through MSOME have undergone acrosome
reaction and are likely to induce oocyte activation. Indeed, it
has been demonstrated, in animal models, that the injection
of spermatozoa with an intact acrosome is potentially haz-
ardous to embryo development (Morozumi and Yanagimachi,
2005).

Vacuoles and sperm maturation process

Recently, Tanaka et al. (2012) suggested that sperm vacu-
oles are cavities in the nucleus that occur naturally during
the process of sperm maturation, even in early stage sper-
matids, and should not be considered as degenerative struc-
tures. In addition, the authors pointed out that the
incidence of vacuoles increased, but the size tended to
become smaller, during the spermiogenesis and epididymal
transit. However, the authors highlighted that the size of
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the vacuoles is of importance and suggested that spermato-
zoa with large vacuoles are not used for injection.

Vacuoles and acrosome reaction
A recent study investigated the nature of the nuclear vacu-
oles (Kacem et al., 2011). As these vacuoles are localized at
the front of the sperm head the authors postulated that
they might be of acrosomal origin. More than 3200 sperm
cells obtained from 30 semen samples from infertile
patients were evaluated regarding their acrosomal status
using Pisum sativum agglutinin staining and MSOME. A signif-
icant difference in the proportion of sperm cells containing
vacuoles was observed between spermatozoa presenting
acrosomal material or intact acrosomes and acro-
some-reacted spermatozoa (61.0% versus 29.0%). In addi-
tion, induction of the acrosomal reaction by ionophore
A23587 significantly increased the percentage of vacu-
ole-free spermatozoa from 41.2% to 63.8% and the percent-
age of acrosome-reacted spermatozoa significantly
increased from 17.4% to 36.1% (Kacem et al., 2011).
Montjean et al. (2012) evaluated 35 sperm samples that
were incubated with the follicular fluid and with hyaluronic
acid and analysed for sperm DNA condensation and morphol-
ogy through MSOME, in order to determine if there was a
correlation between the presence of vacuoles and acrosome
reaction. In accordance with the findings from Kacem et al.
(2011), the results showed that the presence of sperm vac-
uoles negatively influences sperm capacity to undergo acro-
some reaction. The authors concluded that sperm vacuoles
are a reflection of sperm physiology rather than an expres-
sion of abnormalities in the nucleus.

Vacuoles and sperm DNA damage and chromosomal status
The human spermatozoon is crucial for contributing three
components: (i) the paternal genome; (ii) the signal to initi-
ate oocyte activation; and (iii) the centriole; which partici-
pates in the initial development of the zygote (Barroso
et al., 2009). In addition, the human spermatozoon plays
an essential role in embryogenesis that goes beyond the fer-
tilization process. The activation of the embryonic genome
at the stage of 4—8 cells depends on the expression of the
paternal genome (Braude et al., 1988). Studies suggest that
the injection of DNA-damaged spermatozoa is related to
blockage of embryonic development during/after the
implantation of embryos, which reflects a late paternal
effect (Borini et al., 2006; Tesarik et al., 2004).

Sperm DNA integrity and chromosomal constitution can-
not be assessed in the sperm cell used for ICSI, therefore
several studies have investigated the relationship between
sperm morphology by MSOME and DNA fragmentation and/or
sperm chromosomal status. The following studies evaluating
the relationship between the presence of sperm vacuoles
and chromatin and/or DNA and/or chromosomal abnormali-
ties are summarized in Table 1.

Garolla et al. (2008) evaluated the correlation between
DNA fragmentation and sperm morphology under high
magnification (x13,000) in 10 patients with severe testicular
impairment. A total of 20 single immotile sperm cells per
patient were retrieved and classified on the basis of normal
morphology and absence (group A, 10 cells) or presence of
vacuoles (group B, 10 cells). The same cells were
further characterized as normal or pathological for DNA

fragmentation (terminal deoxyribonucleotidyl transfer-
ase-mediated dUTP nick-end labelling assay; TUNEL). The
authors found that group A contained a lower percentage
of DNA-fragmented spermatozoa than group B. In addition,
fluorescent in-situ hybridization (FISH) analysis showed that
no chromosomal alteration was present in normal sperm
cells (group A).

Franco et al. (2008) evaluated the extent of DNA frag-
mentation (TUNEL assay) and the presence of denatured sin-
gle-stranded or normal double-stranded DNA (acridine
orange fluorescence method) in spermatozoa with large
nuclear vacuoles (LNV) selected by high magnification from
30 patients. Spermatozoa with a normal nucleus (NN) and
LNV were selected and placed on different slides. DNA frag-
mentation in spermatozoa with LNV (29.1%) was signifi-
cantly higher (P < 0.001) than in spermatozoa with NN
(15.9%). Similarly, the percentage of denatured-stranded
DNA in spermatozoa with LNV (67.9%) was significantly
higher (P < 0.001) than in spermatozoa with NN (33.1%).

In a study by de Almeida Ferreira Braga et al. (2011),
MSOME, sperm DNA fragmentation (TUNEL assay) and sperm
(FISH) evaluations were performed in 200 sperm cells from
each of 50 patients undergoing ICSI as a result of male infer-
tility. The results showed that the presence of vacuoles and
abnormal nuclear cell size observed via MSOME was posi-
tively correlated with the incidence of sperm DNA fragmen-
tation; however, the presence of sperm aneuploidy was not
correlated with MSOME.

Wilding et al. (2011) assessed the correlation between
sperm morphology according to MSOME and DNA fragmenta-
tion in 860 spermatozoa derived from eight separate analy-
ses. The authors showed that only 331 of these spermatozoa
were considered morphologically normal after MSOME. Of
these, 4.2% were characterized as having fragmented DNA
after TUNEL assay. The study suggested a link between
abnormal morphology after MSOME and the presence of
fragmented DNA, since only 14.4% of the spermatozoa
presenting vacuoles after MSOME were found to contain
fragmented DNA, a significantly higher proportion of
spermatozoa than MSOME normal spermatozoa (P = 0.031).

Perdrix et al. (2011) assessed spermatozoa from neat
semen samples and spermatozoa presenting a vacuole occu-
pying >13.0% total head area (spermatozoa with large vac-
uole; SLV), isolated under high magnification (x6600) from
20 patients with teratozoospermia. Both the neat samples
and SLV were evaluated for DNA fragmentation (TUNEL
assay), chromatin condensation (aniline blue staining) and
sperm aneuploidy (FISH). The results showed that complete
DNA fragmentation was significantly more frequent in native
spermatozoa than SLV, while chromatin condensation was
significantly altered in SLV. In addition, aneuploidy and dip-
loidy rates were significantly increased in SLV.

A recent study suggested that sperm head vacuoles are
not pathological or an indication of DNA damage and should
be considered as an ordinary characteristic in normal sper-
matozoa (Watanabe et al., 2011). The study showed that
the frequency of chromosomal alterations, which are
derived from DNA fragmentation after fertilization, did
not differ significantly between motile normally shaped
spermatozoa with a large vacuole and those without large
vacuoles (9.1% versus 4.1%). In addition, the frequency of
chromosomal alterations was similar to that obtained for
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Table 1 Studies evaluating the relationship between the presence of sperm vacuoles and chromatin and/or DNA and/or chromosomal abnormalities.

Reference Patients Cells (n)  Method DNA integrity Susceptibility to  Euploidy Chromosomal Chromatin packaging
(n) DNA denaturation structure
TUNEL Acridine orange  FISH Giemsa Aniline blue CMA3
C-banding
Garolla 10 200 Groups A (vacuole- Group A showeda — No chromosomal — — -
et al. (2008) free spermatozoa) lower percentage of alteration was
and B (vacuolated  DNA-fragmented present in normal
spermatozoa) were spermatozoa than sperm cells (group
analysed and group B (9.3% versus A)
compared 40.1%)
Franco 30 792 Spermatozoa with a DNA fragmentation Denatured- - - — -
et al. (2008) normal nucleus (NN) in spermatozoa with stranded DNA in
and LNV were LNV (29.1%) was spermatozoa with
selected and placed significantly higher LNV (67.9%) was
on different slides  than in spermatozoa significantly higher
and compared with NN (15.9%) than in
spermatozoa with
NN (33.1%)
de Almeida 50 10,000 Semen samples were Presence of vacuoles — Presence of — — —
Ferreira evaluated for sperm was positively vacuoles was not
Braga et al. DNA fragmentation, correlated with the correlated with
(2011) presence of vacuoles incidence of sperm the incidence of
and incidence of DNA fragmentation aneuploidy
aneuploidy
Wilding 8 860 Assessment of the A significantly higher — - — — —
et al. (2011) correlation between proportion of
sperm morphology  spermatozoa with
according to MSOME fragmented DNA was
and DNA observed in cells
fragmentation presenting vacuoles
after MSOME as
compared with
normal spermatozoa
(14.4% versus 4.2%)
Perdrix 20 519—-580 Spermatozoa from Complete DNA - Aneuploidy and  — Chromatin -

et al. (2011)

per patient the native sample  fragmentation was
for TUNEL, and vacuolated significantly higher
499-531 spermatozoa in native

per patient (>13.0% head area), spermatozoa than

for aniline isolated under high SLV

blue and a magnification, were

mean of  assessed

1087 per

patient for

FISH

diploidy rates
were significantly
increased in SLV
than native
spermatozoa (7.8%
versus 1.3%)

condensation was
significantly altered
in SLV (50.4% versus
26.5%) than native
spermatozoa
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Watanabe
et al.
(2011)

Boitrelle
et al.
(2011)

Cassuto
et al.
(2012)

Franco
et al.
(2012)

Hammoud
et al.
(2012)

20 33 for
chromosomal
analysis and
2877 for
TUNEL

15 900

26 10,400

66 2186

8 8000

Sperm heads were

No significant difference in

analysed for the presence frequency of TUNEL-

of vacuoles under x1000,
structural chromosomal

positive cells was found
between normal

damage and DNA damage spermatozoa with large

in spermatozoa exhibiting vacuoles and those without

large vacuoles

For each sperm sample,
30 normal spermatozoa
and 30 spermatozoa with
a LNV (>25% head area)
were selected

vacuoles (3.3% versus 3.5%)
Vacuole-free and
vacuolated spermatozoa
did not differ significantly
in terms of DNA

fragmentation (0.7% versus

1.3%)

Spermatozoa with normal DNA fragmentation rate
and abnormal sperm head was comparable between

were compared

Numbers of cells with
normal and abnormal
chromatin packaging
were determined on
slides with normal and
LNV spermatozoa

Vacuole-free and
vacuolated spermatozoa
from semen samples
presenting high sperm
DNA fragmentation were
compared

normal and abnormal
sperm head groups (3.7%
versus 4.2%)

- — No differences in the
incidence of aberrations
between spermatozoa
exhibiting large vacuoles
and those without
vacuoles were observed
(9.1% versus 4.1%)

— Vacuole-free —
and vacuolated
spermatozoa did
not differ in
terms of
aneuploidy rates
(1.1% versus
2.2%)

Motile normal vacuole-free — — -

spermatozoa had a
significantly lower mean
DNA fragmentation rate
(4.1%) than all other types
of spermatozoa

Condensed —

chromatin was

significantly higher

for vacuolated

spermatozoa than

for normal

spermatozoa

(36.2% versus 7.6%)

Sperm chromatin  —

decondensation

rate of abnormal

spermatozoa was

twice as high as the

controls (19.5%

versus 10.1%)

- Presence of abnormal
chromatin packaging
was significantly
higher in spermatozoa
with LNV than in
normal spermatozoa
(53.2%% versus 40.3%)

— = Not performed; CMA3 = chromomycin A3; LNV = large nuclear vacuole; NN = normal nucleus; SLV = spermatozoa with large nuclear vacuole; TUNEL = terminal deoxyribonucleotidyl
transferase-mediated dUTP nick-end labelling assay.
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spermatozoa examined under x400 magnification, suggest-
ing that normal spermatozoa with DNA damage are not effi-
ciently excluded by sperm selection under x1000
magnification (Watanabe et al., 2011). Nevertheless, it is
noteworthy that sperm morphology was examined under a
maghnification of x1000 in this study, while in the majority
of studies a magnification of at least x6000 was applied.

Boitrelle et al. (2011) used the MSOME (x10,000) to
select 450 normal spermatozoa and 450 spermatozoa with
a large vacuole (>25% of the nuclear area) from semen sam-
ples of 15 infertile patients and analysed chromatin conden-
sation (aniline blue staining), DNA fragmentation (TUNEL)
and chromosomal status (FISH X, Y, 18). The results showed
that the rate of non-condensed chromatin was significantly
higher for vacuolated spermatozoa than for normal sperma-
tozoa (36.2+1.9% versus 7.6 +1.3%). The authors con-
cluded that large vacuole appears to be a nuclear
‘thumbprint’ linked to failure of chromatin condensation.

Cassuto et al. (2012) investigated whether chromatin
damage (TUNEL and aniline blue assays) of 26 infertile
man with oligoasthenoteratospermia and IVF failures was
linked with sperm-head abnormalities identified at high
maghnification. The analysis of 10,400 spermatozoa showed
that the sperm chromatin-decondensation rate of abnormal
spermatozoa (presenting abnormal head, presenting one or
several vacuoles and an abnormal base) was twice as high as
the controls (19.5% versus 10.1%; P < 0.0001).

Franco et al. (2012) investigated the presence of abnor-
mal sperm chromatin packaging in spermatozoa with LNV by
analysing the pattern of chromomycin A3 (CMA3) staining in
66 men undergoing infertility diagnosis and treatment. The
authors showed that the presence of CMA3-positive (abnor-
mal) staining was significantly higher in spermatozoa with
LNV than in CMA3-negative (normal) spermatozoa (53.2%
versus 40.3%; P < 0.001, respectively).

Finally, Hammoud et al. (2012) analysed different types
of spermatozoa in eight patients with high degree of sperm
DNA fragmentation in terms of incidence of DNA fragmenta-
tion. Vacuole-free spermatozoa showed a significantly lower
incidence of DNA fragmentation (4.1 = 1.1%) than all other
types of spermatozoa.

MSOME and conventional semen analysis

World Health Organization (WHO) reference values for
human semen parameters are widely used to investigate
male reproductive potential. Evaluation of sperm morphol-
ogy plays a crucial role in the diagnosis of male fertility
potential and has demonstrated a predictive value for
IVF—ICSI treatments (Kruger et al., 1986, 1987, 1988). How-
ever, other authors found no relationship between sperm
morphology and the success of ICSI (Host et al., 2001; Nagy
et al., 1998; Oehninger et al., 1998).

MSOME provides an accurate description of spermatozoa
abnormalities, particularly the presence of head vacuoles
(Bartoov et al., 2002). However, no consensus has been
established concerning normal or abnormal MSOME criteria,
despite being essential to transposing MSOME analysis into
routine evaluation of male infertility (Perdrix et al., 2012).
Some studies have analysed the relationship between sperm
normalcy according to the WHO or Tygerberg criteria and
MSOME.

Bartoov et al. (2002) investigated the relationship
between normal spermatozoa according to the WHO refer-
ence values (WHO, 1999) and MSOME in 20 patients. The
authors found no significant correlation between the per-
centage of morphologically normal spermatozoa as defined
by the WHO and the percentage of morphologically normal
spermatozoa as defined by MSOME, since the incidence of
sperm normalcy by routine sperm analysis was significantly
higher than that by MSOME (26.1+7.2% and 2.9 + 0.5%,
respectively).

Oliveira et al. (2009) evaluated the correlation between
MSOME classification and sperm morphology classification
according to the Tygerberg criteria (Kruger et al., 1986) in
97 semen samples from an unselected group of couples
undergoing infertility investigation. The study showed a
strong positive correlation between the percentage of nor-
mal sperm forms according to the Tygerberg criteria and
MSOME (r =0.83; P < 0.001). However, MSOME was shown
to be much more restrictive, presenting significantly lower
normality percentages for the semen samples in comparison
to those observed after analysis according to the Tygerberg
criteria (3 + 3.2% versus 9.4 + 4.8% respectively; P < 0.001).

In a previously mentioned study, Cassuto et al. (2012)
observed significant correlations between the incidence of
score-0 spermatozoa (presenting an abnormal head, one
or several vacuoles and an abnormal base) and sperm con-
centration (r = —0.41), motility (r = —0.42) and morphology
(r=-0.63).

Finally, Perdrix et al. (2012) analysed semen samples
from 440 males, aged between 24 and 66 years, consulting
for infertility investigation. One sample was obtained from
each man and conventional semen analysis (WHO, 1999)and
MSOME evaluation were performed simultaneously on the
same sample. A total of 109 men (24.8%) had normal semen
parameters (normal group) and 331 men (75.2%) had at least
one abnormal semen parameter (abnormal group). MSOME
analysis was performed on 10,975 spermatozoa. Sperm head
vacuoles were significantly larger in abnormal semen sam-
ples (P < 0.001). Relative vacuolar area (RVA), defined as
vacuole area (um?)/head area (um?) x100, was the most dis-
criminative MSOME criterion between normal and abnormal
semen samples, and was negatively correlated with poor
sperm morphology (r =0.53; P < 0.001).

It is noteworthy that routine morphological examination
is applied to the entire semen sample, whereas the most
remarkable feature of MSOME is the focus on motile sperm
fractions, providing information about the sample fraction
referred for ICSI treatment. In addition, a recent study dem-
onstrated that MSOME is a reliable technique for analysing
semen and supported the future use of MSOME as a routine
method for semen analysis (Oliveira et al., 2010b).

MSOME and sperm preparation and manipulation

Given the importance of selecting a sperm preparation
technique that minimizes possible paternal effects on
embryo development by enhancing the sample with sperm
cells with few vacuoles, Monqaut et al. (2011) analysed
sperm samples from 53 patients undergoing fertility
treatment. Samples were analysed by high-magnification
microscopy before and after two preparation methods
(swim-up and density gradient centrifugation) and classified
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according to the degree of vacuolization. Although both
methods showed a positive effect on sperm quality, the
swim-up method produced significantly higher increments
of morphologically normal spermatozoa than gradient cen-
trifugation (59.3% versus 15.7%; P < 0.001).

It has previously been demonstrated that prolonged
in-vitro incubation at 37°C may reduce sperm viability
(Calamera et al., 2001). Since the morphological evaluation
of spermatozoa under high magnification is a time-consum-
ing procedure (Berkovitz et al., 2005) that should be con-
ducted at 37°C, the inventors of MSOME investigated the
impact of incubation at 37°C on the morphological normalcy
of the sperm nucleus (Peer et al., 2007).The study showed
that after 2 h of incubation at 37°C, there was a significant
increase in the frequency of vacuolated nuclei (80.8 +7.2%
versus 75.0 + 7.6%; P < 0.01). No significant morphological
changes in sperm nuclei were observed upon prolonged
incubation at 21°C. Finally, after 2 h of incubation, the
incidence of spermatozoa with vacuolated nuclei was
significantly higher at 37°C compared with 21°C (56.5
10.8% versus 45.5 + 10.0%; P < 0.01).

MSOME and male age

A recent study investigated the influence of paternal age on
sperm quality by MSOME. Two hundred sperm cells from 975
patients were analysed at x8400 magnification (Silva et al.,
2012) and the percentage of normal and LNV spermatozoa
was determined. The subjects were divided into three
groups according to paternal age. The study demonstrated
a significantly lower percentage of normal spermatozoa in
the older group (>41years) compared with the younger
groups (<35 years and 36—40 years). In addition, the pro-
portion of LNV spermatozoa was significantly higher in the
older group, while regression analysis demonstrated that a
1-year increment in paternal age increased the incidence
of spermatozoa with LNV by 10%. This correlation was cor-
roborated by findings obtained by de Almeida Ferreira Braga
et al. (2011).

MSOME and cryopreservation

It has previously been demonstrated that human sperm
cryopreservation is associated with alterations in sperm
motility, viability and morphology (O’Connell et al., 2002).
Boitrelle et al. (2012) investigated the potential value of
IMSI for frozen—thawed spermatozoa, and the current study
group used MSOME, chromatin condensation assessment
(aniline blue staining) and viability assessment (eosin
permeability) before and after freezing—thawing to assess
the relationship between cryopreservation and potential
nuclear alterations in spermatozoa. The results showed that
cryopreservation decreases the percentage of morphologi-
cally normal spermatozoa and viability rate and increases
the proportion of spermatozoa with non-condensed
chromatin.

Conclusions

The reason for the occurrence of vacuoles in the sperm head
is yet to be elucidated and requires further studies. Several
studies have investigated the origin of this feature and the

results are controversial. Nonetheless, only two studies
showed that there is no relationship between sperm nuclear
vacuoles and sperm function; however, it is important to
emphasize that one of these studies was an unpowered
investigation (Tanaka et al., 2012) and the other evaluated
sperm cells at x1000 (Watanabe et al., 2011). The remaining
studies agreed that sperm nuclear vacuoles are either
related to acrosome reaction, chromosomal status, chroma-
tin condensation or DNA fragmentation.

Both studies that investigated the relation between
sperm vacuoles and acrosome reaction agreed that there
is a negative relation between the presence of vacuoles
and the sperm capacity to undergo acrosome reaction.
Therefore, the MSOME selection could be a tool for the elim-
ination of the acrosome reaction-resistant spermatozoa.
Regarding sperm DNA fragmentation, from nine studies,
six reported that vacuole-free spermatozoa yields lower
rates of DNA fragmentation as compared with vacuolated
spermatozoa. It is important to emphasize that the TUNEL
assay was the method of choice in all these studies, which
could have reduced the occurrence of bias. As for chromatin
status, a negative correlation between the incidence of vac-
uoles and chromatin condensation was observed in all the
conducted studies (one study used CMA3 and three used ani-
line blue staining). Finally, it seems that sperm aneuploidy
is not related to the presence of vacuoles, nevertheless,
one study observed increased rates of aneuploidy and dip-
loidy in SLV.

According to De Vos et al. (2013), the prevalence of vac-
uoles in normally shaped spermatozoa seems to be low. In
addition, the use of ‘second-best’ spermatozoa appears to
have no implications on fertilization and embryo develop-
ment. Nevertheless, it has been reported that up to 65%
spermatozoa deemed suitable for ICSI by conventional
methods were subsequently deselected after high-magnifi-
cation analysis (Wilding et al., 2011)

Although the process of finding spermatozoa without
vacuoles is difficult and time consuming and requires highly
skilled laboratory personnel, so far, the majority of the
studies suggest that there is a link between the presence
of vacuoles and sperm function, either with the acrosome
reaction, chromatin condensation or DNA integrity. More
importantly, the SLV seems to be the most compromised
spermatozoa and should not be used for injection.

IMSI

MSOME followed by ICSI is a novel technique that involves
prolonged sperm manipulation (Berkovitz et al., 2005) and
special instrumentation with considerable costs. In addi-
tion, the technique requires a high level of technical exper-
tise and inter-observer reproducibility (Said and Land,
2011). A meta-analysis comparing ICSI versus IMSI outcomes
concluded that IMSI not only significantly improves the per-
centage of top-quality embryos, implantation and preg-
nancy rates, but also significantly reduces miscarriage
rates as compared with ICSI (Souza Setti et al., 2010). These
findings can be explained by the fact that during ICSI mor-
phological assessment of the sperm nucleus takes place at
x400. Wilding et al. (2011) performed a mock ICSI trial to
determine the proportion of spermatozoa, otherwise
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Table 2 Studies comparing ICSI and IMSI outcomes.

Reference Cycles Indication Inclusion criteria Method Fertilization Top- Implantation Pregnancy Miscarriage
(n) (%) quality (%) (%) (%)
embryo
(%)

Bartoov 24 Previous Female age <37 years, >3 retrieved ova, male  IMSI outcomes were assessed ICSI 60.1; — ICSI 0.0; IMSI ICSI 0.0; ICSI 0.0;
et al. ICSI infertility, previous failure of >5 cycles in couples with previous ICSI IMSI 66.8° 46.9° IMSI 58.0° IMSI 5.0°
(2001) failures failures

Bartoov 50 Previous Female age <37 years, >3 retrieved ova, male  IMSI outcomes were matched ICSI 65.5; ICSI 31.0; ICSI 9.5; IMSI ICSI 30.0; ICSI 33.0;
et al. ICSI infertility, previous failure of >2 ICSI cycles with ICSI outcomes from IMSI 64.5% IMSI 45.2¢ 27.9°¢ IMSI 66.0° IMSI 9.0°
(2003) failures similar couples

Hazout 125 Previous Female age <38 years, previous failure of >2 ICSI IMSI outcomes were assessed ICSI 65.0; ICSI 52.5; ICSI 0.8; IMSI ICSI 2.4; ICSI 100;
et al. ICSI cycles in couples with previous ICSI IMSI 68.0° IMSI 63.5% 20.3¢ IMSI 37.6 IMSI 13.2°
(2006) failures failures

Gonzalez- 60 Previous Female age <38 years, previous failure of >2 ICSI IMSI outcomes were matched ICSI 89.0; ICSI 43.3; ICSI 29.7; ICSI 50.0; ICSI 26.6;
Ortega ICSI cycles with ICSI outcomes from IMSI 91.2°2 IMSI 45.72 IMSI 44.8° IMSI 63.0% IMSI 15.72
et al. failures similar couples
(2010)

Wilding 8 Previous Couples with 1 previous ICSI failure IMSI outcomes was compared ICSI 79.4; ICSI 60.3; ICSI 0.0; IMSI ICSI 0.0; —
et al. ICSI with the previous ICSI cycle IMSI 70.12 IMSI 83.6¢ 20.8° IMSI 37.5°
(2011) failures

Oliveira 200 Previous Female age <39 years, >4 retrieved ova in Couples were divided into  ICSI 62.0; — ICSI 9.8; IMSI ICSI 19.0; ICSI 31.6;
et al. ICSI previous cycles, previous failure of >2 ICSI cycles ICSI and IMSI groups IMSI 65.4% 13.6% IMSI 26.0* IMSI 15.4°
(2011) failures  with good quality embryos

Antinori 446 Male Female age <35 years, severe Couples were randomized to ICSI 94.4; — ICSI 11.3; ICSI 26.5; ICSI 24.1;
et al. factor oligoasthenoteratozoospermia ICSI and IMSI IMSI 94.72 IMSI 17.3¢ IMSI 39.2° IMSI 16.92
(2008)

Mauri et al. 30 Male Male factor infertility and/or >2 previous failures Sibling oocytes of each ICSI 70.9; ICSI 57.8; — - -

(2010) factor of implantation or previous miscarriages after patient were randomly IMSI 70.4% IMSI
IVF—ICSI assigned to ICSI or IMSI 52.2%"

Knez et al. 57 Male Poor semen quality and all arrested embryos Couples were randomized to ICSI 52.7; — ICSI 6.8; IMSI ICSI 8.1; —

(2011) factor following a prolonged 5-day culture in previous ICSI and IMSI IMSI 51.22 17.12 IMSI 25.0%
ICSI cycles

Setti et al. 500 Male Isolated male factor infertility, >6 oocytes Couples were randomized to ICSI 78.9; ICSI 37.3; ICSI 25.4; ICSI 36.8; ICSI 17.9;

(2011) factor available on retrieval ICSI and IMSI IMSI 79.22 IMSI 44.42 IMSI 23.8% IMSI 37.2% IMSI 18.4°
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Wilding
et al.
(2011)

Knez et al.
(2012)

Balaban
et al.
(2011)

Hazout
et al.
(2006)

Braga
et al.
(2011)

232 Male factor

122 Male factor

168 Unselected patients

72 High incidence of
sperm DNA
fragmentation

50 High incidence of
sperm DNA
fragmentation

Sperm concentration between Patients were randomized to ICSI or

1% 10°/ml and 20 x 10°/ml IMSI

Isolated teratozoospermia, >6 Patients were randomized to ICSI or

mature oocytes available on retrieval IMSI

Unselected infertile population Patients were randomized to ICSI or
IMSI

Female age <38 years, previous DNA fragmentation rate was

evaluated by TUNEL and patients
were divided into three groups: (A)
<30%, (B) 30—40% and (C) >40%
fragmented spermatozoa before
comparing ICSI and IMSI

failure of >2 ICSI cycles

Cycles with male patients showing a Oocytes were split into ICSI (n = 82)
high incidence of DNA fragmentation and IMSI groups (n = 79)
(>30%)

ICSI 65.9; —
IMSI 68.0°

ICSI 64.0; —

IMSI 60.0°

ICSI 81.0; ICSI 64.0;
IMSI 81.6% IMSI 66.4°

ICSI 80.2; ICSI 60.0;
IMSI 82.6% IMSI 61.6°

ICSI 14.8; IMSI ICSI 40.0; —
24.2° IMSI 65.6°

- - ICSI 24.0;

IMSI 48.0°
ICSI 19.5; IMSI ICSI 44.4;
28.9° IMSI 54.0°

Group A: ICSI  — -
0.; IMSI: 23.6°

Group B: ICSI
0.0; IMSI: 17.4¢
Group C: ICSI
0.7; IMSI: 33.3°¢

—: Not evaluated.
3Not significantly different.’Not applicable. Significantly different.
‘Day 2 of embryo development.
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selected for ICSI, that had morphological abnormalities. The
results showed that 64.8% of the analysed spermatozoa
were deselected after digital analysis. Reasons for rejection
of spermatozoa included poor morphology, the presence of
multiple vacuoles, the presence of vacuoles that occupied
>4% of the nuclear area and poor morphology of the mid-
piece. The study suggested that selection of spermatozoa
under high magnification reveals morphological features
not visible using the conventional ICSI procedure and des-
elects spermatozoa otherwise selected for ICSI.

Cassuto et al. (2009) retrospectively evaluated 27 cou-
ples with male factor infertility referred for ICSI treatment
in order to establish a classification score for the spermato-
zoon with the highest predictive fertilizing potential in real
time under a magnification of x6100. The authors suggested
the following formula for a morphologically ‘normal top*
spermatozoon: (normal head score =2) + (lack of vacuole
score = 3) + (normal base score=1). In women aged
>30 years, the authors recommended using spermatozoa
with a score of 4—6 for injection. In younger patients, scor-
ing is not as critical, at least with regards to fertilization.

Several studies have investigated the benefits of IMSI by
comparing the results obtained using this technique with
those obtained via ICSI. The results are controversial and
are described below according to the type of infertility
(Table 2).

IMSI indications

IMSI in cases of previous IVF—ICSI failure

In a preliminary study, Bartoov et al. (2001) assessed 24
couples in which the woman was <37 years old, with previ-
ous failure of at least five consecutive cycles of IVF and ICSI,
who had undergone a single cycle of IMSI, with at least three
oocytes retrieved, as a result of male infertility. The study
showed that after IMSI, the pregnancy rate was 58%, the
implantation rate was 47% and the miscarriage rate was 5%.

In a continuation of the aforementioned study, Bartoov
et al. (2003) investigated whether microinjection of motile
spermatozoa with morphologically normal nuclei improved
the pregnancy rate in 50 couples with repeated ICSI failures.
After a single IMSI procedure, the couples were matched
with couples who had undergone a routine ICSI procedure
and experienced the same number of previous ICSI failures.
The study revealed that fertilization and the proportion of
top-quality embryos were similar, but that the pregnancy
rate in the IMSI group was significantly higher than that in
the ICSI group (66.0% versus 30.0%; P < 0.01) and the mis-
carriage rate was significantly lower in the IMSI group (33.0%
versus 9.0%; P < 0.01).

Hazout et al. (2006) evaluated the efficacy of IMSI in 125
couples with at least two repeated ICSI failures in which the
woman was <38 years old. The results showed that fertiliza-
tion, cleavage and top-quality embryo rates were similar in
the two previous ICSI attempts and sequential IMSI attempt.
However, improved clinical outcomes such as pregnancy
(37.6% versus 2.4%), implantation (20.3% versus 0.8%), deliv-
ery (33.6% versus 0.0%) and birth rates (17.6% versus 0.0%)
were observed in IMSI attempts compared with ICSI
(P < 0.001), respectively.

Gonzalez-Ortega et al. (2010) compared the results of 30
IMSI cycles performed in couples with at least two previous

ICSI failures and female age <38 years, and 30 ICSI cycles
performed in couples with similar characteristics. The data
showed a significant difference in implantation rate in
favour of IMSI (44.8% versus 29.7%). Although not signifi-
cantly different, the pregnancy rate tended to be higher
in IMSI cycles (63% versus 50%), demonstrating a trend in
favour of IMSI.

Wilding et al. (2011) compared embryo quality obtained
after IMSI in eight couples with their previous ICSI cycle. The
results showed a significant difference in embryo quality
between the ICSI and IMSI cycles (60.3% versus 83.6%,
respectively). The authors extended the study into a pro-
spective randomized trial involving couples undergoing ICSI
(n=110) and IMSI (n=122). The authors noted a signifi-
cantly higher percentage of high-quality embryos trans-
ferred (66.0% versus 98.6%) and higher rates of
implantation (14.8% versus 24.2%) and pregnancy (40.0%
versus 65.6%) after IMSI.

Oliveira et al. (2011) compared the outcomes of ICSI and
IMSI in 200 couples with at least two repeated ICSI failures.
The study revealed trends toward lower rates of miscarriage
(15.4% versus 31.6%), higher rates of ongoing pregnancy
(22.0% versus 13.0%) and live birth (21.0% versus 12.0%) in
the IMSI group compared with the ICSI group. The study also
analysed subpopulations with or without male factors, and
similar results to those obtained with the whole population
were observed.

IMSI in cases of male factor infertility

Antinori et al. (2008) assessed the advantages of IMSI over
conventional ICSI in the treatment of 446 couples with
severe oligoasthenoteratozoospermia and female age under
35years in a prospective randomized trial. The couples
were randomized into ICSI (n=219) and IMSI (n=227)
groups. The results showed that IMSI resulted in a higher
pregnancy rate (39.2% versus 26.5%; P =0.004) compared
with ICSI. In addition, the study demonstrated that patients
with two or more previous ICSI failures benefited the most
from IMSI in terms of pregnancy rate (29.8% versus 12.9%;
P=0.017).

Mauri et al. (2010) evaluated whether IMSI could influ-
ence early paternal effects by observing embryo quality at
day 2 in 30 couples with male factor infertility and/or at
least two previous failures of implantation and/or previous
miscarriages after IVF—ICSI. The results obtained using sib-
ling oocytes showed that ICSI and IMSI provided a similar
proportion of top-quality embryos.

Knez et al. (2011) compared the results obtained with
ICSI (37 couples) and IMSI (20 couples) in couples with poor
semen quality and all embryos arrested after culture to the
blastocyst stage in their previous ICSI attempts in a prospec-
tive randomized study. The outcomes of current cycles were
compared with the outcomes of the previous ICSI cycles.
The IMSI group showed a higher number of blastocysts (0.80
versus 0.65) and lower number of cycles without embryo
transfer (0% versus 27.0%, P = 0.048) compared with the ICSI
group. A trend toward higher implantation (17.1% versus
6.8%) and pregnancy rates (25.0% versus 8.1%) was observed
in the IMSI group.

Setti et al. (2011), in a prospective randomized study,
compared ICSI and IMSI outcomes in 500 couples with male
factor infertility and at least six retrieved oocytes. The

dx.doi.org/10.1016/j.rbmo.2013.06.011
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results showed that the outcomes were similar between the
groups. In a further analysis, only 244 oligoasthenozoosper-
mic patients were included and a positive influence of IMSI
on fertilization (OR 4.3, 95% ClI 2.2—6.4), implantation (OR
2.6, 95% Cl 1.2—5.7) and pregnancy (OR 1.6, 95% Cl 1.1—3.0)
was observed.

Wilding et al. (2011) randomized 232 couples undergoing
ICSI as a result of male factor infertility into ICSI and IMSI
groups, and the outcomes were compared. The results
showed that implantation and pregnancy rates were signifi-
cantly higher in IMSI group (14.8% versus 24.2% and 40.0%
versus 65.6%).

In a recent prospective randomized trial, Knez et al.
(2012) compared the outcomes obtained with ICSI (n=70)
and IMSI (n = 52) in couples with isolated teratozoospermia.
The study showed a significantly higher rate of morulae
development (21.0% versus 13.0%) and a lower number of
embryos arrested at low-cell developmental stages (44.0%
versus 62.0%) after IMSI. A significantly higher clinical preg-
nancy rate was observed in the IMSI group compared with
the ICSI group (48.0% versus 24.0%; P < 0.05). In addition,
the authors investigated the influence of individual sperm
morphology on embryo development in 30 patients undergo-
ing IMSI. Oocytes were injected with different classes of
spermatozoa and the results showed that fertilization with
spermatozoa without head vacuoles yielded a higher num-
ber of morphologically normal zygotes, a higher blastocyst
formation rate and a smaller proportion of arrested embryos
than spermatozoa with vacuoles and other head defects.

IMSI in unselected infertile patients

Balaban et al. (2011) compared the outcomes of 87 IMSI
cycles with 81 ICSI cycles in an unselected infertile popula-
tion in a prospective randomized study. The results showed
trends for higher rates of implantation (28.9% versus 19.5%),
pregnancy (54.0% versus 44.4%) and live birth (43.7% versus
38.3%) in the IMSI group. When only couples presenting
severe male factor were analysed, the IMSI procedure
resulted in significantly higher implantation rates compared
with the ICSI group (29.6% versus 15.2%, P =0.01).

IMSI in patients with a high rate of sperm DNA
fragmentation

Hazout et al. (2006), in a previously mentioned study,
assessed sperm DNA integrity in 72 patients. Improved
implantation and birth rates were observed not only in
patients with an elevated degree of sperm DNA fragmenta-
tion but also in those with normal sperm DNA status.

In a previously mentioned study, de Almeida Ferreira
Braga et al. (2011) showed that fertilization and high quality
embryo rates in patients with a high incidence of sperm DNA
fragmentation were similar between sibling oocytes split
into ICSI and IMSI groups.

All the aforementioned studies comparing ICSI and IMSI
outcomes are summarized in Table 2.

IMSI in patients with poor blastocyst development
Because early paternal effects on embryo development are
not expressed up to day 3, it has been suggested that the
presence of nuclear vacuoles, detected under high magnifi-
cation may influence the development to the blastocyst
stage.

Vanderzwalmen et al. (2008) investigated the association
between the presence of vacuoles in sperm nuclei and the
ability of embryos to develop to blastocyst stage on day 5
of development in couples in which the woman was
<40 years old and at least eight oocytes were retrieved.
The authors graded spermatozoa from 25 patients as fol-
lows: grade |, no vacuoles; grade Il, <2 small vacuoles;
grade Ill, >1 large vacuole; and grade IV, large vacuoles
with other morphological abnormalities. The study showed
that after sibling oocyte injection, no differences were
observed in embryo quality on day 3 of development in
the four different grades of spermatozoa. However, blasto-
cyst formation occurred in 56.3% and 61.4% with grade | and
Il spermatozoa, respectively, compared with 5.1% and 0%
with grade Ill and IV spermatozoa, respectively (P < 0.001).
Similarly, Cassuto et al. (2009) showed that only one embryo
(5.3%) developed to blastocyst stage after the injection of
19 oocytes with score 0 spermatozoa (spermatozoa present-
ing several head abnormalities). In addition, Knez et al.
(2011) observed a higher number of blastocysts with IMSI
as compared with ICSI. In addition, with IMSI 26.0% of
embryos developed to the blastocyst stage after IMSI,
whereas in the previous ICSI cycles all embryos were
arrested at earlier developmental stages.

De Vos et al. (2013) conducted a prospective randomized
sibling-oocyte study, enrolling 340 couples undergoing ICSI
as a result of oligoasthenoteratozoospermia, in order to
evaluate the influence of high-magnification sperm analysis
on embryo development. No significant differences were
observed between ICSI and IMSI for embryo development
on day 3 and 5. Despite the low number of grade Ill and IV
spermatozoa used for injection, it seems that blastocyst
formation is not excluded when using these grades of
spermatozoa.

IMSI with vacuolated versus non-vacuolated spermatozoa
Berkovitz et al. (2005) investigated whether the higher rate
of pregnancy was attributable to the fine nuclear morphol-
ogy of the injected spermatozoa by comparing two matched
IMSI groups in which the woman was <40 years old and at
least three oocytes were retrieved. In one group, no sper-
matozoa with intact nuclei were available for microinjec-
tion, and in the other, only spermatozoa with strictly
defined morphologically normal nuclei were injected. The
results showed that the fertilization rate (71.3% versus
50.3%), percentage of top-quality embryos (34.9% versus
19.4%), implantation (25.0% versus 5.9%) and pregnancy
rates (52.6% versus 18.4%) were significantly higher, and
abortion rates (10.0% versus 57.1%) significantly lower, in
the group in which only spermatozoa with morphologically
normal nuclei were injected.

In a retrospective study dealing with spermatozoa and
spermatids from 11 normozoospermic, 10 oligozoospermic
or asthenozoospermic, four obstructive azoospermic and
three nonobstructive azoospermic men, Tanaka et al.
(2012) evaluated whether sperm vacuoles affected ICSI out-
comes. The results demonstrated that >85% of the cells
possessed vacuoles of various sizes and that this frequency
was significantly higher in ejaculated cells. In addition,
removal of the acrosome did not influence sperm vacuoliza-
tion. There was no difference in the fertilization rate when
spermatozoa with large or small vacuoles and spermatozoa
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with no vacuoles were injected. However, a significantly
lower rate of development to the blastocyst stage was
observed when spermatozoa with no vacuoles was injected.

IMSI and preimplantation genetic screening (PGS)
Figueira Rde et al. (2011) examined the effect of sperm
morphology under high magnification on embryo chromo-
somal status in 30 ICSI-PGS and 30 IMSI—PGS cycles per-
formed in couples of advanced maternal age in a
prospective randomized trial. Biological and clinical out-
comes were compared. The data showed a significantly
increased incidence of sex chromosome aneuploidy in ICSI
embryos compared with IMSI embryos (23.5% versus 15.0%,
respectively), and the incidence of chaotic embryos was
also significantly higher under the ICSI procedure (27.5% ver-
sus 18.8%). In addition, the proportion of cycles without
embryo transfer was significantly higher in ICSI-PGS cycles
(11.8% versus 2.5%). Furthermore, the authors reported an
unexpected significant difference in gender incidence rates
of euploid embryos. ‘Best looking’ spermatozoa seemed to
carry a higher proportion of the X chromosome. In a recent
study performed by the same group, Setti et al. (2012) con-
firmed the aforementioned finding, showing a significantly
higher incidence of XX embryos derived from IMSI compared
with ICSI cycles (66.9% versus 52.5%, respectively). It is
noteworthy that the study evaluated the gender of all
embryos that were biopsied and did not consider which of
these embryos were transferred, implanted and resulted
in live births.

IMSI with testicular spermatozoa

Ai et al. (2010) investigated whether IMSI with testicular
spermatozoa improves the clinical outcome in patients with
azoospermia. A total of 66 azoospermic patients were pro-
vided with conventional ICSI and 39 with IMSI. The results
showed no difference between groups regarding pregnancy
rates; however, the rate of early abortion was significantly
lower in the IMSI group compared with the ICSI group (4.5%
and 11.8%, respectively).

IMSI in patients with globozoospermia and
macrocephalic sperm head syndrome

The high magnification approach is also of particular benefit
when used in situations in which the identification of spe-
cific sperm organelles is required, such as the acrosomal
components in cases of globozoospermia. Sermondade
et al. (2011) reported a successful pregnancy and healthy
childbirth in a case of total globozoospermia after IMSI.

Chelli et al. (2010) studied the chromosomal content of
spermatozoa selected by IMSI in two cases of macrocephalic
sperm head syndrome. FISH was performed in selected sper-
matozoa with normal-sized heads after IMSI selection. How-
ever, of the six spermatozoa that could be selected, all
were aneuploid.

IMSI drawbacks

Sperm selection under high magnification is performed using
a glass-bottomed dish that is appropriate for Nomarski
microscopy. On the other hand, the ICSI procedure is

performed with a plastic-bottomed dish that works with
Hoffman modulation contrast. Therefore, it is important
to emphasize that switching between the two systems
requires additional time, delaying the injection procedure.

In addition, high magnification requires the use of an
appropriate video camera and software system, which is
able to provide digital zoom, an aspect that make MSOME
and IMSI very expensive approaches. It is noteworthy that
for IMSI, the optical magnification uses ranges from x1000
to x1500 and the additional magnification (x6600 and so
on) involves digital magnification with no further gain in
resolution.

Berkovitz et al. (2005) mentioned that the selection pro-
cess has an average range of duration between 1.5-5 h.
Indeed, Balaban et al. (2011) demonstrated that the dura-
tion of the procedure was significantly longer in the IMSI
group as compared with the ICSI group (13.6 min versus
20.5 min; P < 0.001). Having said that, the extra time nec-
essary for sperm selection and the elevated equipment
costs are a limitation to a more widespread use of IMSI.

To date, a single study reported a potential harmful
impact of IMSI on the outcomes (Junca et al., 2010). A sig-
nificantly higher incidence of low birthweights for IMSI
infants was observed as compared with ICSI (29.1% versus
23.1%).

Conclusions

Sperm selection methods are an important challenge in
assisted reproduction because most sperm characteristics
cannot be tested, either in real time or in single cells
referred to the ICSI procedure. Sperm selection under a
magnification of %400, in preparation for ICSI, allows the
identification of major sperm morphological defects but
does not provide information regarding the nuclear status
of the sperm cell.

An interesting solution was introduced with the advent of
MSOME, which is performed prior to the IMSI procedure,
under an overall optical magnification of at least x6000,
enabling the selection of spermatozoa free of nuclear
vacuoles, which are related to blockage of embryonic
development during and/or after implantation. Therefore,
IMSI has been proposed as an alternative to routine ICSI, ini-
tially for couples with repeated ICSI failures and subsequently
for couples with increased rates of DNA-fragmented
spermatozoa.

The efficiency of IMSI with regard to subsequent fertil-
ization, embryo development, implantation, pregnancy
and miscarriage rates has been the focus of several stud-
ies; however, the results are controversial. These conflict-
ing results might have occurred due to differences in
inclusion criteria, stimulation protocols, seminal and
oocyte qualities and many other confounding variables
within the IVF cycles.

In general, studies have not observed significant differ-
ences in fertilization rate following ICSI and IMSI. It has been
suggested that IMSI is not beneficial at improving the early
paternal effects (Mauri et al., 2010). Clinical evidence from
assisted reproduction suggests that failure to complete the
fertilization process, syngamy or early cleavage might be
the result of an early paternal effect (Barroso et al., 2009).
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This phenomenon may also account for the similar results
obtained with embryo quality after ICSI and IMSI. Another
important fact that could have influenced this outcome is
the day of development at which the top-quality embryo
rate was calculated.

On the other hand, the late paternal effect is character-
ized by poor embryo development to blastocyst stage,
implantation failure and pregnancy loss and is associated
with sperm abnormalities at the level of DNA chromatin.
Despite some controversies, several studies observed ten-
dencies or significantly better outcomes, mainly in blasto-
cyst formation, pregnancy and implantation rates,
following the utilization of IMSI compared with conventional
ICSI. Therefore, it seems that IMSI is effective in overcoming
the late paternal effects.

In the light of these findings, MSOME seems to be a surro-
gate tool for the selection of strictly morphologically nor-
mal spermatozoa prior to oocyte injection, resulting in
higher rates of embryonic development, blastocyst forma-
tion, implantation and pregnancy. It is noteworthy that
more prospective randomized trials are required to confirm
the superiority of IMSI over conventional ICSI and to identify
the causes of infertility that could benefit from the IMSI pro-
cedure. Nevertheless, as Vanderzwalmen and Fallet (2010)
proposed: ‘Are there any indications to not select the best
spermatozoa? Of course not.’

References

Ai, L., Liu, S.Y., Huang, J., Chen, S.W., Liu, J., Zhong, Y., 2010.
Intracytoplasmic morphologically selected sperm injection of
testicular sperm: clinical outcome in azoospermia patients.
Zhonghua Nan Ke Xue 16, 826—829.

Antinori, M., Licata, E., Dani, G., Cerusico, F., Versaci, C.,
D’Angelo, D., Antinori, S., 2008. Intracytoplasmic morphologi-
cally selected sperm injection: a prospective randomized trial.
Reprod. Biomed. Online 16, 835—841.

Baccetti, B., Collodel, G., Piomboni, P., 1996. Apoptosis in human
ejaculated sperm cells (notulae seminologicae 9). J. Submi-
crosc. Cytol. Pathol. 28, 587—596.

Balaban, B., Yakin, K., Alatas, C., Oktem, O., Isiklar, A., Urman, B.,
2011. Clinical outcome of intracytoplasmic injection of sperma-
tozoa morphologically selected under high magnification: a
prospective randomized study. Reprod. Biomed. Online 22,
472—476.

Barroso, G., Valdespin, C., Vega, E., Kershenovich, R., Avila, R.,
Avendano, C., Oehninger, S., 2009. Developmental sperm
contributions: fertilization and beyond. Fertil. Steril. 92,
835—848.

Bartoov, B., Berkovitz, A., Eltes, F., 2001. Selection of spermatozoa
with normal nuclei to improve the pregnancy rate with intracy-
toplasmic sperm injection. N. Engl. J. Med. 345, 1067—1068.

Bartoov, B., Berkovitz, A., Eltes, F., Kogosovsky, A., Yagoda, A.,
Lederman, H., Artzi, S., Gross, M., Barak, Y., 2003. Pregnancy
rates are higher with intracytoplasmic morphologically selected
sperm injection than with conventional intracytoplasmic injec-
tion. Fertil. Steril. 80, 1413—1419.

Bartoov, B., Berkovitz, A., Eltes, F., Kogosowski, A., Menezo, Y.,
Barak, Y., 2002. Real-time fine morphology of motile human
sperm cells is associated with IVF-ICSI outcome. J. Androl. 23,
1-8.

Berkovitz, A., Eltes, F., Ellenbogen, A., Peer, S., Feldberg, D.,
Bartoov, B., 2006a. Does the presence of nuclear vacuoles in
human sperm selected for ICSI affect pregnancy outcome? Hum.
Reprod. 21, 1787—1790.

Berkovitz, A., Eltes, F., Lederman, H., Peer, S., Ellenbogen, A.,
Feldberg, B., Bartoov, B., 2006b. How to improve IVF-ICSI outcome
by sperm selection. Reprod. Biomed. Online 12, 634—638.

Berkovitz, A., Eltes, F., Soffer, Y., Zabludovsky, N., Beyth, Y.,
Farhi, J., Levran, D., Bartoov, B., 1999. ART success and in vivo
sperm cell selection depend on the ultramorphological status of
spermatozoa. Andrologia 31, 1-8.

Berkovitz, A., Eltes, F., Yaari, S., Katz, N., Barr, I., Fishman, A.,
Bartoov, B., 2005. The morphological normalcy of the sperm
nucleus and pregnancy rate of intracytoplasmic injection with
morphologically selected sperm. Hum. Reprod. 20, 185—190.

Boitrelle, F., Albert, M., Theillac, C., Ferfouri, F., Bergere, M.,
Vialard, F., Wainer, R., Bailly, M., Selva, J., 2012. Cryopreser-
vation of human spermatozoa decreases the number of motile
normal spermatozoa, induces nuclear vacuolization and chro-
matin decondensation. J. Androl..

Boitrelle, F., Ferfouri, F., Petit, J.M., Segretain, D., Tourain, C.,
Bergere, M., Bailly, M., Vialard, F., Albert, M., Selva, J., 2011.
Large human sperm vacuoles observed in motile spermatozoa
under high magnification: nuclear thumbprints linked to failure
of chromatin condensation. Hum. Reprod. 26, 1650—1658.

Borini, A., Tarozzi, N., Bizzaro, D., Bonu, M.A., Fava, L., Flamigni,
C., Coticchio, G., 2006. Sperm DNA fragmentation: paternal
effect on early post-implantation embryo development in ART.
Hum. Reprod. 21, 2876—2881.

Braude, P., Bolton, V., Moore, S., 1988. Human gene expression
first occurs between the four- and eight-cell stages of preim-
plantation development. Nature 332, 459—461.

Calamera, J.C., Fernandez, P.J., Buffone, M.G., Acosta, A.A.,
Doncel, G.F., 2001. Effects of long-term in vitro incubation of
human spermatozoa: functional parameters and catalase effect.
Andrologia 33, 79—86.

Cassuto, N.G., Bouret, D., Plouchart, J.M., Jellad, S., Vanderzwal-
men, P., Balet, R., Larue, L., Barak, Y., 2009. A new real-time
morphology classification for human spermatozoa: a link for
fertilization and improved embryo quality. Fertil. Steril. 92,
1616—1625.

Cassuto, N.G., Hazout, A., Hammoud, |., Balet, R., Bouret, D.,
Barak, Y., Jellad, S., Plouchart, J.M., Selva, J., Yazbeck, C.,
2012. Correlation between DNA defect and sperm-head mor-
phology. Reprod. Biomed. Online 24, 211—-218.

Chelli, M.H., Albert, M., Ray, P.F., Guthauser, B., lzard, V.,
Hammoud, I., Selva, J., Vialard, F., 2010. Can intracytoplasmic
morphologically selected sperm injection be used to select
normal-sized sperm heads in infertile patients with macroce-
phalic sperm head syndrome? Fertil. Steril. 93, e1341—1345.

Chrzanowski, S., 1966. Ultrastructure of human spermatozoon. Pol.
Med. J. 5, 482—491.

de Almeida Ferreira Braga, D.P., Setti, A.S., Figueira, R.C., Nichi,
M., Martinhago, C.D., laconelli Jr., A., Borges Jr., E., 2011.
Sperm organelle morphologic abnormalities: contributing fac-
tors and effects on intracytoplasmic sperm injection cycles
outcomes. Urology 78, 786—791.

De Vos, A., Van de Velde, H., Bocken, G., Eylenbosch, G., Franceus,
N., Meersdom, G., Tistaert, S., Vankelecom, A., Tournaye, H.,
Verheyen, G., 2013. Does intracytoplasmic morphologically
selected sperm injection improve embryo development? A
randomized sibling-oocyte study. Hum. Reprod. 28, 617—626.

Fawcett, D., 1958. The structure of the mammalian spermatozoon.
Int. Rev. Cytol. 7, 195—234.

Figueira Rde, C., Braga, D.P., Setti, A.S., laconelli Jr., A., Borges
Jr., E., 2011. Morphological nuclear integrity of sperm cells is
associated with preimplantation genetic aneuploidy screening
cycle outcomes. Fertil. Steril. 95, 990—993.

Franco Jr., J.G., Baruffi, R.L., Mauri, A.L., Petersen, C.G., Oliveira,
J.B., Vagnini, L., 2008. Significance of large nuclear vacuoles in
human spermatozoa: implications for ICSI. Reprod. Biomed.
Online 17, 42—45.

dx.doi.org/10.1016/j.rbmo.2013.06.011

Please cite this article in press as: Setti, AS et al. Twelve years of MSOME and IMSI: a review. Reproductive BioMedicine Online (2013), http://

926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
9
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993


http://refhub.elsevier.com/S1472-6483(13)00356-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0005
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0010
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0015
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0020
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0025
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0030
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0035
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0040
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0045
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0050
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0055
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0060
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0065
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0065
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0065
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0065
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0065
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0070
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0075
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0080
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0085
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0090
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0095
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0100
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0105
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0110
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0115
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0120
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0125
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0130
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0130
http://dx.doi.org/10.1016/j.rbmo.2013.06.011
http://dx.doi.org/10.1016/j.rbmo.2013.06.011

994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011

10109

1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061

Q

—_

RBMO 954
4 July 2013
14

No. of Pages 15, Model 6+

AS Setti et al.

Franco Jr., J.G., Mauri, A.L., Petersen, C.G., Massaro, F.C., Silva,
L.F., Felipe, V., Cavagna, M., Pontes, A., Baruffi, R.L., Oliveira,
J.B., Vagnini, L.D., 2012. Large nuclear vacuoles are indicative
of abnormal chromatin packaging in human spermatozoa. Int. J.
Androl. 35, 46—51.

Garolla, A., Fortini, D., Menegazzo, M., De Toni, L., Nicoletti, V.,
Moretti, A., Selice, R., Engl, B., Foresta, C., 2008. High-power
microscopy for selecting spermatozoa for ICSI by physiological
status. Reprod. Biomed. Online 17, 610—616.

Gonzalez-Ortega, C., Cancino-Villarreal, P., Perez-Torres, A.,
Vargas-Maciel, M.A., Martinez-Garza, S.G., Perez-Pena, E.,
Gutierrez-Gutiedrrez, A.M., 2010. Intracytoplasmic morpholog-
ically selected sperm injection (IMSI) vs intracytoplasmic sperm
injection (ICSl) in patients with repeated ICSI failure. Ginecol.
Obstet. Mex. 78, 652—659.

Hammoud, I., Boitrelle, F., Ferfouri, F., Vialard, F., Bergere, M.,
Wainer, B., Bailly, M., Albert, M., Selva, J., 2012. Selection of
normal spermatozoa with a vacuole-free head (x6300) improves
selection of spermatozoa with intact DNA in patients with high
sperm DNA fragmentation rates. Andrologia (in press).

Hazout, A., Dumont-Hassan, M., Junca, A.M., Cohen Bacrie, P.,
Tesarik, J., 2006. High-magnification ICSI overcomes paternal
effect resistant to conventional ICSI. Reprod. Biomed. Online 12,
19-25.

Host, E., Ernst, E., Lindenberg, S., Smidt-Jensen, S., 2001.
Morphology of spermatozoa used in IVF and ICSI from oligozoo-
spermic men. Reprod. Biomed. Online 3, 212—-215.

Junca, A.M., Dumont, M., Cornet, D., Douard, S., De Mouzon, J.,
Prisant, N., 2010. Is intracytoplasmic morphologically selected
sperm injection (IMSI) detrimental for pregnancy outcome?
Fertil. Steril. 94, S31.

Kacem, 0., Sifer, C., Barraud-Lange, V., Ducot, B., De Ziegler, D.,
Poirot, C., Wolf, J., 2011. Sperm nuclear vacuoles, as assessed
by motile sperm organellar morphological examination, are
mostly of acrosomal origin. Reprod. Biomed. Online 20,
132—-137.

Knez, K., Tomazevic, T., Zorn, B., Vrtacnik-Bokal, E., Virant-Klun,
I., 2012. Intracytoplasmic morphologically selected sperm
injection improves development and quality of preimplantation
embryos in teratozoospermia patients. Reprod. Biomed. Online.

Knez, K., Zorn, B., Tomazevic, T., Vrtacnik-Bokal, E., Virant-Klun,
I., 2011. The IMSI procedure improves poor embryo development
in the same infertile couples with poor semen quality: a
comparative prospective randomized study. Reprod. Biol. Endo-
crinol. 9, 123.

Kruger, T.F., Acosta, A.A., Simmons, K.F., Swanson, R.J., Matta,
J.F., Oehninger, S., 1988. Predictive value of abnormal sperm
morphology in in vitro fertilization. Fertil. Steril. 49, 112—117.

Kruger, T.F., Acosta, A.A., Simmons, K.F., Swanson, R.J., Matta,
J.F., Veeck, L.L., Morshedi, M., Brugo, S., 1987. New method of
evaluating sperm morphology with predictive value for human
in vitro fertilization. Urology 30, 248—251.

Kruger, T.F., Menkveld, R., Stander, F.S., Lombard, C.J., Van der
Merwe, J.P., van Zyl, J.A., Smith, K., 1986. Sperm morphologic
features as a prognostic factor in in vitro fertilization. Fertil.
Steril. 46, 1118—1123.

Mauri, A.L., Petersen, C.G., Oliveira, J.B., Massaro, F.C., Baruffi,
R.L., Franco Jr., J.G., 2010. Comparison of day 2 embryo quality
after conventional ICSI versus intracytoplasmic morphologically
selected sperm injection (IMSI) using sibling oocytes. Eur. J.
Obstet. Gynecol. Reprod. Biol. 150, 42—46.

Monqaut, A.L., Zavaleta, C., Lopez, G., Lafuente, R., Brassesco,
M., 2011. Use of high-magnification microscopy for the assess-
ment of sperm recovered after two different sperm processing
methods. Fertil. Steril. 95, 277—280.

Montjean, D., Belloc, S., Benkhalifa, M., Dalleac, A., Menezo, Y.,
2012. Sperm vacuoles are linked to capacitation and acrosomal
status. Hum. Reprod. 27, 2927—-2932.

Morozumi, K., Yanagimachi, R., 2005. Incorporation of the acro-
some into the oocyte during intracytoplasmic sperm injection
could be potentially hazardous to embryo development. Proc.
Natl. Acad. Sci. U.S.A. 102, 14209—14214.

Mundy, A.J., Ryder, T.A., Edmonds, D.K., 1994. A quantitative
study of sperm head ultrastructure in subfertile males with
excess sperm precursors. Fertil. Steril. 61, 751—-754.

Nagy, Z.P., Verheyen, G., Tournaye, H., Van Steirteghem, A.C.,
1998. Special applications of intracytoplasmic sperm injection:
the influence of sperm count, motility, morphology, source and
sperm antibody on the outcome of ICSI. Hum. Reprod. 13,
143—154.

O’Connell, M., McClure, N., Lewis, S.E., 2002. The effects of
cryopreservation on sperm morphology, motility and mitochon-
drial function. Hum. Reprod. 17, 704—709.

Oehninger, S., Chaturvedi, S., Toner, J., Morshedi, M., Mayer, J.,
Lanzendorf, S., Muasher, S., 1998. Semen quality: is there a
paternal effect on pregnancy outcome in in-vitro fertiliza-
tion/intracytoplasmic sperm injection? Hum. Reprod. 13,
2161-2164.

Oliveira, J.B., Cavagna, M., Petersen, C.G., Mauri, A.L., Massaro,
F.C., Silva, L.F., Baruffi, R.L., Franco Jr., J.G., 2011. Pregnancy
outcomes in women with repeated implantation failures after
intracytoplasmic morphologically selected sperm injection
(IMSI). Reprod. Biol. Endocrinol. 9, 99.

Oliveira, J.B., Massaro, F.C., Baruffi, R.L., Mauri, A.L., Petersen,
C.G., Silva, L.F., Vagnini, L.D., Franco Jr., J.G., 2010a.
Correlation between semen analysis by motile sperm organelle
morphology examination and sperm DNA damage. Fertil. Steril.
94, 1937—1940.

Oliveira, J.B., Massaro, F.C., Mauri, A.L., Petersen, C.G., Nicoletti,
A.P., Baruffi, R.L., Franco Jr., J.G., 2009. Motile sperm
organelle morphology examination is stricter than Tygerberg
criteria. Reprod. Biomed. Online 18, 320—326.

Oliveira, J.B., Petersen, C.G., Massaro, F.C., Baruffi, R.L., Mauri,
A.L., Silva, L.F., Ricci, J., Franco Jr., J.G., 2010b. Motile sperm
organelle morphology examination (MSOME): intervariation
study of normal sperm and sperm with large nuclear vacuoles.
Reprod. Biol. Endocrinol. 8, 56.

Palermo, G., Joris, H., Devroey, P., Van Steirteghem, A.C., 1992.
Pregnancies after intracytoplasmic injection of single sperma-
tozoon into an oocyte. Lancet 340, 17—18.

Pedersen, H., 1969. Ultrastructure of the ejaculated human sperm.
Z. Zellforsch. Mikrosk. Anat. 94, 542—554.

Peer, S., Eltes, F., Berkovitz, A., Yehuda, R., Itsykson, P., Bartoov,
B., 2007. Is fine morphology of the human sperm nuclei affected
by in vitro incubation at 37 degrees C? Fertil. Steril. 88,
1589—1594.

Perdrix, A., Saidi, R., Menard, J.F., Gruel, E., Milazzo, J.P., Mace,
B., Rives, N., 2012. Relationship between conventional sperm
parameters and motile sperm organelle morphology examination
(MSOME). Int. J. Androl..

Perdrix, A., Travers, A., Chelli, M.H., Escalier, D., Do Rego, J.L.,
Milazzo, J.P., Mousset-Simeon, N., Mace, B., Rives, N., 2011.
Assessment of acrosome and nuclear abnormalities in human
spermatozoa with large vacuoles. Hum. Reprod. 26, 47—58.

Ruzin, S.E., 1999. Plant microtechnique and microscopy, first ed.
Oxford University Press, New York.

Said, T.M., Land, J.A., 2011. Effects of advanced selection methods
on sperm quality and ART outcome: a systematic review. Hum.
Reprod. Update 17, 719—733.

Schultz-Larsen, J., 1958. The morphology of the human sperm;
electron microscopic investigations of the ultrastructure. Acta
Pathol. Microbiol. Scand. Suppl. 44, 1—121.

Sermondade, N., Hafhouf, E., Dupont, C., Bechoua, S., Palacios, C.,
Eustache, F., Poncelet, C., Benzacken, B., Levy, R., Sifer, C.,
2011. Successful childbirth after intracytoplasmic morphologi-
cally selected sperm injection without assisted oocyte activation

dx.doi.org/10.1016/j.rbmo.2013.06.011

Please cite this article in press as: Setti, AS et al. Twelve years of MSOME and IMSI: a review. Reproductive BioMedicine Online (2013), http://

1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
111
1112
1113
1114
1115
1116
117
1118
119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129


http://refhub.elsevier.com/S1472-6483(13)00356-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0135
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0140
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0145
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0150
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0150
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0150
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0150
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0155
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0155
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0155
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0160
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0160
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0160
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0160
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0165
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0165
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0165
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0165
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0165
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0170
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0170
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0170
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0170
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0175
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0175
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0175
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0175
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0175
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0180
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0180
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0180
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0185
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0185
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0185
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0185
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0190
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0190
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0190
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0190
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0195
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0195
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0195
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0195
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0195
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0200
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0200
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0200
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0200
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0205
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0205
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0205
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0210
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0210
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0210
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0210
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0215
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0215
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0215
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0220
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0220
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0220
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0220
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0220
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0225
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0225
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0225
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0230
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0230
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0230
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0230
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0230
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0235
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0235
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0235
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0235
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0235
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0240
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0240
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0240
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0240
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0240
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0245
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0245
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0245
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0245
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0250
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0250
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0250
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0250
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0250
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0255
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0255
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0255
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0260
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0260
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0265
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0265
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0265
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0265
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0270
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0270
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0270
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0270
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0275
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0275
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0275
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0275
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0280
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0280
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0285
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0285
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0285
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0290
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0290
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0290
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://dx.doi.org/10.1016/j.rbmo.2013.06.011
http://dx.doi.org/10.1016/j.rbmo.2013.06.011

1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157

Q

—_

RBMO 954
4 July 2013
TableMSOME and IMSI: a review

No. of Pages 15, Model 6+

15

in a patient with globozoospermia. Hum. Reprod. 26,
2944—-2949.

Setti, A.S., Figueira, R.D., Braga, D.P., laconelli Jr., A., Borges Jr.,
E., 2011. Intracytoplasmic morphologically selected sperm
injection benefits for patients with oligoasthenozoospermia
according to the 2010 World Health Organization reference
values. Fertil. Steril..

Setti, A.S., Figueira, R.C., Braga, D.P., laconelli Jr., A., Borges Jr.,
E., 2012. Gender incidence of intracytoplasmic morphologically
selected sperm injection-derived embryos: a prospective ran-
domized study. Reprod. Biomed. Online 24, 420—423.

Silva, L.F., Oliveira, J.B., Petersen, C.G., Mauri, A.L., Massaro,
F.C., Cavagna, M., Baruffi, R.L., Franco Jr., J.G., 2012. The
effects of male age on sperm analysis by motile sperm organelle
morphology examination (MSOME). Reprod. Biol. Endocrinol. 10,
19.

Souza Setti, A., Ferreira, R.C., Paes de Almeida Ferreira Braga, D.,
de Cassia Savio Figueira, R., laconelli Jr., A., Borges Jr., E.,
2010. Intracytoplasmic sperm injection outcome versus intracy-
toplasmic morphologically selected sperm injection outcome: a
meta-analysis. Reprod. Biomed. Online 21, 450—455.

Tanaka, A., Nagayoshi, M., Tanaka, |., Kusunoki, H., 2012. Human
sperm head vacuoles are physiological structures formed during
the sperm development and maturation process. Fertil. Steril.
98, 315—320.

Tesarik, J., Greco, E., Mendoza, C., 2004. Late, but not early,
paternal effect on human embryo development is related to
sperm DNA fragmentation. Hum. Reprod. 19, 611—615.

Vanderzwalmen, P., Fallet, C., 2010. IMSI: indications, results and
reflexions. J. Gynecol. Obstet. Biol. Reprod. (Paris) 39, 22—25.

Vanderzwalmen, P., Hiemer, A., Rubner, P., Bach, M., Neyer, A.,
Stecher, A., Uher, P., Zintz, M., Lejeune, B., Vanderzwalmen,
S., Cassuto, G., Zech, N.H., 2008. Blastocyst development after
sperm selection at high magnification is associated with size and
number of nuclear vacuoles. Reprod. Biomed. Online 17,
617—627.

Watanabe, S., Tanaka, A., Fujii, S., Mizunuma, H., Fukui, A.,
Fukuhara, R., Nakamura, R., Yamada, K., Tanaka, |., Awata, S.,
Nagayoshi, M., 2011. An investigation of the potential effect of
vacuoles in human sperm on DNA damage using a chromosome
assay and the TUNEL assay. Hum. Reprod. 26, 978—986.

WHO, 1999. WHO laboratory manual for the examination of human
semen and sperm-cervical mucus interaction, fourth ed. Pub-
lished on behalf of the World Health Organization by Cambridge
University Press, Cambridge, UK.

Wilding, M., Coppola, G., di Matteo, L., Palagiano, A., Fusco, E.,
Dale, B., 2011. Intracytoplasmic injection of morphologically
selected spermatozoa (IMSl) improves outcome after assisted
reproduction by deselecting physiologically poor quality sper-
matozoa. J. Assist. Reprod. Genet. 28, 253—262.

Declaration: The authors report no financial or commercial
conflicts of interest.

Received 16 August 2012; refereed 19 June 2013; accepted 19 June
2013.

dx.doi.org/10.1016/j.rbmo.2013.06.011

Please cite this article in press as: Setti, AS et al. Twelve years of MSOME and IMSI: a review. Reproductive BioMedicine Online (2013), http://

1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
171
1172
1173
1174
1175
1176
177
1178
1179

1180
1181


http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0295
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0300
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0300
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0300
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0300
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0300
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0305
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0305
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0305
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0305
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0310
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0310
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0310
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0310
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0310
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0315
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0315
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0315
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0315
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0315
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0320
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0320
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0320
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0320
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0325
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0325
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0325
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0330
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0330
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0335
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0340
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0340
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0340
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0340
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0340
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0345
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0345
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0345
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0345
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0350
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0350
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0350
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0350
http://refhub.elsevier.com/S1472-6483(13)00356-8/h0350
http://dx.doi.org/10.1016/j.rbmo.2013.06.011
http://dx.doi.org/10.1016/j.rbmo.2013.06.011

	Twelve years of MSOME and IMSI: a review
	Introduction
	MSOME
	Sperm vacuoles: pathological or physiological events?
	Vacuoles and sperm maturation process
	Vacuoles and acrosome reaction
	Vacuoles and sperm DNA damage and chromosomal status

	MSOME and conventional semen analysis
	MSOME and sperm preparation and manipulation
	MSOME and male age
	MSOME and cryopreservation
	Conclusions

	IMSI
	IMSI indications
	IMSI in cases of previous IVF–ICSI failure
	IMSI in cases of male factor infertility
	IMSI in unselected infertile patients
	IMSI in patients with a high rate of sperm DNA fragmentation
	IMSI in patients with poor blastocyst development
	IMSI with vacuolated versus non-vacuolated spermatozoa
	IMSI and preimplantation genetic screening (PGS)

	IMSI with testicular spermatozoa
	IMSI in patients with globozoospermia and macrocephalic sperm head syndrome
	IMSI drawbacks

	Conclusions
	References


