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 Introduction

Following the first successful in-vitro
fertilization (IVF) in 1978, different pos-
sibilities to select and identify the most
viable and fertilization-competent sper-
matozoa were explored. IVF allowed for
the first time to determine the efficacy of
a biological process which was previ-
ously hidden according to the fertiliza-
tion rate. Sperm preparation and selec-
tion was at that time focused on separat-
ing the motile spermatozoa from the im-
motile ones, either by using the swim-up
procedure or by preparation with a den-
sity gradient.

It was the introduction of intracytoplas-
mic sperm injection (ICSI) in 1992 [1],
which forced the discussion on the role
of andrology in assisted reproductive
treatment (ART). Initially the success of
ICSI provoked questions on the benefit
of andrology [2, 3], especially regarding
the value of conventionally assessed
sperm characteristics like concentration,
motility and morphology [4]. However,
the technical background of ICSI, namely
the injection of a single, selected sper-
matozoon, soon allowed much deeper
insights into the possible benefits of
individual sperm parameters for sperm
selection. In addition, the improvement
in blastocyst culture [5] even allowed to
investigate long term effects of sperm
characteristics on in-vitro culture and
embryo development.

This contribution is focused on the ap-
plication of recent strategies in sperm
selection. The value of these strategies
will be discussed and some new, evolv-
ing technologies will be presented.

 Selection of Viable Sper-

matozoa

The major sperm selection criterion
which is applied by every embryologist
during ICSI is sperm viability, which is
usually expressed by sperm motility.
Only the injection of viable sperm will
normally result in the initiation of the
fertilization cascade resulting in the em-
bryo development. Immotile spermato-
zoa can be found in testicular sperm
preparations, however, some patients
present ejaculates with 100% immotile
spermatozoa. Hence a proper strategy is
needed in order to identify those which
are still viable and can be used for ICSI.

Several possibilities are available nowa-
days and two major strategies can be dis-
tinguished. One aims towards enhancing
motility in sperm by activating the mito-
chondrial energy complex. The other
one is focused on detecting spermatozoa
with intact membranes as a characteris-
tic of sperm viability.

Motility can be triggered in immotile
sperm by the addition of certain sub-
stances which interact with the sperm at
the mitochondrial level. Initially pento-

xifylline was used for this purpose [6].
However, when pentoxifylline is carried
over into the oocyte during the injection
procedure, it can be detrimental at cer-
tain concentrations as suggested by
some animal studies [7].

Recently another substance with a simi-
lar mode of action was introduced: theo-
phylline. This molecule has been tested
in human IVF and is nowadays widely
used to stimulate immotile sperm pre-
pared from ejaculates or testicular biop-
sies [8]. Usually sperm motility starts
within 5–15 minutes after addition of
theophylline, however, the effect may
only last for a limited time period.

In case that theophylline may not result
in revitalizing spermatozoa, another op-
tion is to investigate membrane integrity
by using the so-called hypoosmotic
swelling (HOS) test [9] which reflects
damage of the sperm tail membrane.
Changing the osmotic environment of
the sperm suspension, forces the sperm
to adapt to this change. In case of a
sperm with a damaged membrane, the
osmotic equilibration does occur very
fast and without any notice. However, in
spermatozoa with an intact membrane
the difference in osmolarity results in the
release of water from the sperm cyto-
plasm and these spermatozoa show an
osmotic reaction which is chracterized
by a curling of the sperm tail. Several
publications reported on the possibility
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using the HOS test to identify viable
sperm in testicular [10] as well as ejacu-
lated preparations [11–12] and to use
these selected spermatozoa for ICSI re-
sulting in live birth.

Another test has proven to be effective
which uses a laser to identify immotile
but viable spermatozoa for subsequent
ICSI [13]. This test applies a single laser
shot to the far end of the sperm tail which
causes a curling of the sperm tail in vi-
able sperm only (Fig. 1). This curling re-
action is similar to the one observed in
the HOS test. The laser method for
sperm selection prior to ICSI has re-
sulted in high fertilization and cleavage
rates in cases with immotile sperm in
fresh testicular biopsy material as well in
cases with immotile sperms [13, 14].
Laser viability testing has been devel-
oped from another method which was
used for immobilization of spermatozoa
prior ICSI instead of using capillaries
[15].

 Morphological Sperm Se-

lection for Assisted Re-

production: MSOME/IMSI

ICSI allowed for the first time to inject
spermatozoa with known morphological
characteristics. This possibility was first
applied by Bartoov and colleagues [16].
They created the term morphological
sperm organelle examination (MSOME)
which simply characterizes sperm mor-
phology investigated at a high magnifi-
cation using 100× oil immersion objec-
tives and the classic differential interfer-
ence contrast (DIC) in combination with

glass bottom dishes. The most promi-
nent morphological feature which they
described were sperm head vacuoles.
The application of MSOME to ICSI re-
sulted in the name IMSI, intracytoplas-
mic morphologically-selected sperm in-
jection.

Prior the introduction of IMSI, large ret-
rospective studies on the possible corre-
lation between sperm morphology and
IVF outcome concluded, that morphol-
ogy plays no role for ICSI [17] giving
the idea that sperm selection based on
morphology is of no benefit. This study,
like many others investigating the effect
of sperm morphology, used mean values
of normal sperm for the correlation
which was calculated during sperm
analysis. However, IMSI enabled for the
first time a closer look on the individual
sperm cell used for injection by high
magnification light microscopy.

Several studies showed a benefit of IMSI
for different male factors in regard to
higher fertilization, implantation and
pregnancy rates as well as to lower mis-
carriage rates (retrospective studies [18,
19]; prospective study [20]). One study
reported better embryo development and
blastocyst formation following IMSI
[21]. However, a more recent prospec-
tive randomized trial (RCT) found no
benefit at all for unselected ICSI patients
[22] and one further RCT was finished
preterm due to non-inferiority of the
study group receiving IMSI [Rienzi et
al., personal communication]. Overall, a
benefit by applying IMSI was not
achieved by numerous investigators. A

possible explanation for these diverging
results could be the way in which con-
ventional ICSI is performed in an indi-
vidual laboratory and how experienced
the embryologists are in performing the
ICSI procedure and in particular the se-
lection of spermatozoa for injection.
Collecting sperm using a 20× objective
is quite common and at that low magnifi-
cation any morphological defects of the
sperm head are difficult to detect. On the
other hand the use of a well aligned mi-
croscope equipped with 40× Hoffman
contrast optics and optimal adjustment
of the optical beam does allow for detec-
tion of morphological alterations. Al-
though these cannot be visualized in de-
tail, the presence of defects at the sperm
head as well as sperm head vacuoles can
usually be seen to a certain extent. This
is illustrated in a comparative analysis in
Figure 2, where it is shown, that IMSI
does not require 100× oil immersion ob-
jectives and Nomarski differential con-
trast.

Despite these controversial discussions,
IMSI has sharpened the view of embry-
ologists while selecting sperm for ICSI
and definetly highlights the important
role of andrology.

 Sperm Selection by Hyalu-

ronic Acid Binding

The use of hyaluronic acid as a sperm
surface marker for sperm selection has a
long standing background and can be at-
tributed to the work of the group of
Gabor Huszar and colleagues (reviewed
by [24]). The ratio behind this approach

Figure 3. Sperm selection by hyaluronic acid binding.
The figure shows a dish where the lower right part is
coated with hyaluronic acid. Sperm with hyaluronic
acid binding sites attach to the coated part and are ex-
pected to be mature and suitable for ICSI. Spermatozoa
at the upper left corner have not bound and are still
motile. These sperm are immature and should not be
used for ICSI.

Figure 2. Comparison of digital enhanced high magni-
fication image versus conventional Hoffman modula-
tion contrast. This figure shows a picture of two sperm
taken with a standard Hofmann 40× objective (A) and a
63× objective with a high numerical aperture and using
Cytoscreen (B) a digital image enhancement software
(Octax, Bruckberg, Germany). The presence of a small
vacuole in the head of the right sperm as visualized by
digital enhanced high magnification can be seen in the
standard Hofmann contrast picture as a irregularity in
the sperm head. Reprinted from [23].

Figure 1. Sperm viability as proven by laser. A viable
sperm is shown after the application of a single laser
shot. The laser shot caused a curling of the end of the
sperm tail which is indicative for sperm viability. Non-
viable sperm show no reaction of the sperm tail. De-
spite the curling of the sperm tail these sperm can be
used for ICSI without any further treatment as the laser
causes also a permeabilization of the sperm plasma
membrane [15].
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is that mature sperm has a different com-
position of the sperm plasma membrane
in regard to some surface markers com-
pared to immature spermatozoa. The
clue to these findings was attributed to
creatine phosphokinase which is present
at increased levels in immature sperma-
tozoa [25]. As it was found that sperm
binding to zona pellucida in sperm bind-
ing assays contained lower amounts of
creatine phosphokinase, a link was es-
tablished between the remodelling of
sperm plasma membrane and sperm
maturation. This eventually led to the
discovery of hyaluronic-acid binding
sites on the surface of mature spermato-
zoa [26] and consequently to the devel-
opment of diagnostic test procedures for
identifying mature sperm. The principal
background of these tests is, that those
sperms which show binding to hyalu-
ronic acid are the ones which should sub-
sequently be used for ICSI (Fig. 3). To
date the most common applied therapeu-
tical options are dishes or slides coated
with hyaluronic-acid or a ready-to-use
solution which contains hyaluronic-acid
and can be applied instead of a viscous
(PVP-containing) medium for the direct
isolation of sperm prior to ICSI.

Interestingly, the remodelling of the
sperm plasma membrane seems also to
correlate with some other prognostic
factors like DNA integrity [27] and
sperm aneuploidy [28]. However, at
present the clinical benefit of sperm se-
lection by hyaluronic acid binding is
only available in abstract form [29] and
further data are still awaited.

 Sperm Selection by Mag-

netic-Activated Cell Sort-

ing

Besides the selection of spermatozoa for
binding sites to hyaluronic-acid, another
surface marker allows selection of non-
apoptotic spermatozoa. The presence of
phospatidylserine residues at the outer
sperm membrane is an early marker of
sperm apoptosis [30]. Annexin-V pro-
tein has the ability to bind to phospha-
tidylserine and this has led to the devel-
opment of a sperm selection methodol-
ogy which uses Annexin-V coated micro-
beads. The principle behind this proce-
dure is that coated microbeads are mixed
with a sperm sample and apoptotic sperm
will bind to the beads. Using a magnetic-
activated cell sorting column the beads

with the bound dead or apoptotic sperm
will be retained whereas the nonapopto-
tic Annexin-V negative sperm will flow
through the column. It was found, that
spermatozoa isolated by this technology
show a higher morphological grade and
integrity [31]. This selection procedure
might also enrich sperm, which are ca-
pacitated and have undergone the acro-
some-reaction [32].

 Sperm Selection by Polar-

ization Microscopy

Sperm birefringence has recently been
used as a new selection method for sper-
matozoa. Using a special type of polar-
ization microscopic set-up, different bi-
refringence properties were described in
human spermatozoa [33]. Interestingly,
sperm birefringence was found to be
linked to the acrosomal status where the
more beneficial birefringence patterns
were characteristic for spermatozoa
which had undergone the acrosome re-
action [34]. According to the data of a
prospective randomized study, birefrin-
gence based sperm selection resulted in
embryos which were highly viable and
implantation-competent [35].

 Sperm Selection by Elec-

trophoresis

Electrophoresis is another new technol-
ogy which does allow separation of ma-
ture from immature sperm cells, where
mature sperm show a negative charge of
the sperm plasmalemma. The degree of
maturity and net charge has been corre-
lated with the presence of a protein
called CD52 on the surface of spermato-
zoa. This approach has been already
used in a clinical setting [36] and further

investigations showed that sperm pre-
pared by this methodology are equiva-
lent to those isolated by density gradient
centrifugation [37]. However, further tri-
als are still indicated in order to identify
patients which benefit.

 Sperm Selection for DNA

Integrity

The importance of sperm DNA integrity
has been discussed for several years [38]
as DNA damage, either single stranded
or double stranded bears the risk of in-
ducing apoptotic reactions and hence
cell death. Therefore direct selection for
DNA integrity would be of great interest
(reviewed by [39]). Numerous tests have
been developed and applied to investi-
gate DNA damage in human spermato-
zoa. Most of the exisiting methods as-
sessing DNA damage have the great dis-
advantage that they only give a measure
of a sperm sample but not of individual
sperm. Moreover, most sperms are either
dead or contaminated with a dye after
assessment. However, there is no diag-
nostic test in place which allows select-
ing a single individual sperm immedi-
ately and under constant visualization by
microscopy.

At present there are two projects which
aim to solve this problem. One approach
uses a peptide from the terminal end of
the P53 protein recognizing damaged
DNA even in living intact cells. Such a
test would allow for coupling diagnos-
tics and subsequent therapeutic inter-
vention in one step and could probably
be the base for proper studies to identify
patients which benefit of DNA integrity
testing [Wells, personal comunication].
Another project is based on Raman spec-

Table 1. Sperm Selection Technologies and their Predictive Relationship

Sperm Selection Method Sperm Function/Characteristics

Morphology (MSOME) Sperm aneuploidy [44]
DNA integrity [44]

DNA integrity Morphology [38, 45]

Hyaluronic binding Morphology [46]; MSOME [47]
DNA integrity [27]
Sperm aneuploidy [28]

Sperm birefringence Morphology [34, 48]
DNA integrity [49]

Electrophoretic separation Morphology [36]
DNA integrity [36]

Magnetic activated cell sorting (MACS) Motility [50 ]
DNA integrity [51]
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troscopy which has been recently pro-
posed as a non-invasive method to look
at spermatozoa [40, 41] and to investi-
gate damage in sperm DNA [42]. Both
projects are ongoing and for now we
have to rely on those tests which, as a
side effect, seem to correlate with DNA
integrity like hyaluronic-acid binding,
polarization microscopy and IMSI.

 Summary and Conclusions

The success rates in ART reached a pla-
teau somewhere around 25–30% accord-
ing to recent international registries [43].
In order to enhance the overall success
rates, further efforts have to focus on
how to select the best gametes and em-
bryos. Therefore the selection of the
“one and only proper sperm cell” is a
major task for the near future.

Although numerous selection methods
are available already, the scientific back-
ground of some methods is poorly un-
derstood. There are exciting technolo-
gies which work with a sperm sample
but not with individual sperm cells.
Other technologies are letal to the sperm
cell or cannot yet be applied to live sper-
matozoa. In addition, several other func-
tional sperm parameters are known and
can be assessed by diagnostic investiga-
tions like sperm oocyte activation capac-
ity, but corresponding selection methods
are still missing.

Interestingly, some of the selection meth-
ods which are in place are based on one
special aspect but show a high correlation
with other tests as well (Tab. 1). Thus one
of the major requirements would be to
develop a selection method which is
based on a sound diagnostic background,
preferably covers various aspects of
sperm function and allows for an immedi-
ate use of the selected sperm cell. Natu-
rally, such an approach can only be real-
ized in combination with ICSI.

In summary, we will need further re-
search which is focused on diagnostic as
well as therapeutic tools to overcome the
problems we may encounter in certain
ART treatment cycles without forgetting
the patient and the possible options
which we may have for treatment.
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