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Abstract 

In Vitro Fertilization (IVF)-Intra Cytoplasmic Sperm Injection (ICSI) is a well-known infertility 

management, but the success rate remains low. One of etiologies is the sperm factor. The objective of this 

review is to explore the update of sperm selection methods for selecting the best sperm quality for IVF-

ICSI. Initially, semen analysis should be conducted hence sperm motile and morphology data are 

obtained. If there is standard sperm morphology in semen analysis, then in the motile sperm organelle 

morphology (MSOME), important sperm organelles are also obtained, such as nuclues, which are 

supplemented with vacuole data. Then, due to limitation of semen analysis, the analysis of sperm DNA 

fragmentation exists to analyze the quality of sperm DNA integrity. Sperm DNA fragmentation is caused 

by apoptosis. Magnetic Activated Cell-Sorting (MACS) is a sperm selection method that selects non-

apoptotic sperms for IVF-ICSI. Finally, Physiological ICSI (PICSI) method is performed to select 

qualified sperms based on its binding with hyaluronan, immitating the physiological process in natural 

fertilization. It is important to select the best sperm quality through the most appropriate selection 

method to increase the success rate of IVF-ICSI. 
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Introduction 

It is having known that the success rate of In 

Vitro Fertilization (IVF)-Intra Cytoplasmic 

Sperm Injection (ICSI) remains low [1]. 

There are oocytes, sperm and endometrium 

factors involves in the IVF-ICSI. In the 

sperm factor, sperm should be screened prior 

the IVF-ICSI program in order to achieve an 

enormous success rate of this program. In 

sperm selection, there are a few methods that 

frequently performed. Nevertheless, there 

are some controversies related to the 

deterioration of these methods which may be 

used appropriately leading to successful IVF-

ICSI.  

Recent studies demonstrated methods that 

could select for better sperm quality by 

evaluate sperm motility, morphology, 

maturation, DNA fragmentation and 

apoptosis. This review aimed to summarize 

which method should be performed 

appropriately as an update to increase the 

success rate of IVF-ICSI program. 

Semen Analysis 

The diagnosis of male infertility is 

determined through history taking, physical 

examination and is completed by semen 

analysis. Conventional semen analysis 

evaluates semen samples including sperm 

concentration, motility, and morphology, 

specified as potential markers of male 

fertility. The standardize semen analysis was 

published by the World Health Organization 

(WHO) 2010 with reference values for normal 

semen analysis are shown in table 1 [2, 3].  

However, although this semen analysis was 

performed to accurately predict male fertility, 

the results of standard semen analysis do not 

provide appropriate data [2]. In addition, the 

terminologies of abnormalities in the results 
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of semen analysis are shown in Table 2. 

  

Table 1: Reference values for normal semen analysis [2, 3]  

Sperm parameter WHO, 1999 WHO, 2010 [2] 

Volume (ml) ≥ 2 ≥ 1.5 

Sperm concentration (106/ml) ≥ 20 ≥ 15 

Total motility (%) ≥ 50 ≥ 40 

Progressive motility (%) ≥ 25 (grade a) ≥ 32 (grade a+b) 

Morphology (%) ≥ 30 ≥ 4 

Vitality (%) ≥ 75 ≥ 58 

Leukocyte (106/ml) < 1 < 1 

 
Table 2: Terminologies in semen analysis [2] 

Term Results 

Normozoospermia Normal semen volume 

Oligozoospermia Sperm concentration < 15 x 106/ml 

Asthenozoospermia < 40% grade A or < 32% progressive 

Teratozoospermia < 4% normal morphology 

Azoospermia Absence of sperm in semen 

Aspermia Absence of semen/ejaculate 

Leukocytospermia Leukocyte present in semen 

 

Semen analysis is commonly agreed to be 

required in determining the proper 

management of infertility, whether naturally 

by having regular sexual intercourse, intra 

uterine insemination (IUI) or in vitro 

fertilization (IVF) - intra-cytoplasmic sperm 

injection (ICSI) [5, 8]. Certain motile sperm 

counts have been used as guidelines to 

determine the management of infertility, 

namely 1) >40 million / ml to experience 

through sexual contact, 2) >5 - <40 million / 

ml for IUI and 3) <5 million / ml for IVF-ICSI 

[9].Studies have proved the prominent 

predictors of poor outcome of fertilization in 

IVF-ICSI such as the mitigate of sperm 

concentration and / or motility [10, 

11].Especially for sperm morphology 

parameter with the standard criteria, it can 

be used on conventional IVF. In conventional 

IVF, insemination with normal standard 

criteria of sperm morphology <30%, the 

average fertilization rate is between 0-30 % 

[12]. On the other hand, sperm morphology 

parameters with strict criteria (< 4 %) are 

crucial for ICSI. The sperm morphology 

picture is shown in Figure 1. This parameter 

is essential to avoid failure of oocyte 

fertilization [13]. 

 

 
Figure 1: Sperm morphology 

 

ICSI has become a preference for infertile 

men with abnormal semen parameter to gain 

offspring. Finding study by Palermo and 

strengthened by the following research stated 

that sperm concentration, motility, and 

morphology, further diagnosed as 

oligozoospermia, as then ozoospermia, 

teratoozospermia, or 

oligoasthenoteratoozospermia had any 

impact on fertilization in vitro or pregnancy 

rates in ICSI.  

Followed by the leading edge studies claimed 

that ICSI may be ineffective in some cases 

with impaired semen parameters leading to 

adverse effect towards pregnancy rates, 

particularly in as then oozospermia, 

teratoozospermia, and cryptozoospermia [14, 

15, 10].Good quality of sperm capable to 

fertilize on IVF ICSI, yet poor quality of 

sperm capable to fertilize on ICSI but not on 

IVF. Sperm parameter assessed by WHO 

giving the benefit for determining infertility 
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management, but are not good predictors for 

predicting the outcome of the program [16]. 

Sperm DNA Fragmentation 

The limitation of semen analysis utilization 

is faced by 15% of men with normal semen 

encounter infertility, while men with 

abnormal semen able to have offspring 

naturally [17, 18]. This led to study on sperm 

DNA fragmentation as an alternative 

indicator for male infertility. Sperm DNA, 

located in head of sperm, is packed and 

bound by protamin through protamination. 

The failure during the protamination process 

is driving to damage or fragmentation of 

sperm DNA [19, 20]. A prospective etiology of 

sperm DNA fragmentation is imperfect 

apoptosis [21].An abnormal sperm is encoded 

to experience apoptosis, just like somatic 

cells. Nevertheless, because sperm are inert 

by transcription and translation, hence the 

apoptotic process does not keep on to 

accomplishment.   

The apoptotic process initiated by reactive 

oxygen species (ROS), followed by the 

induction and the increase number of sperm 

DNA fragmentation [21]. In addition, the 

post testicular milieu can also be part of the 

cause of sperm DNA fragmentation, over the 

feat of ROS [20]. The findings proved that the 

upward level of sperm DNA fragmentation is 

higher in ejaculated sperm than sperm in the 

testes [22]. Sperm DNA fragmentation 

examination  could be conducted by several 

methods, such as sperm chromatin structure 

assay (SCSA), sperm chromatin dispersion 

(SCD), Terminal deoxynucleotidyl 

transferase dUTP nick end labeling  

(TUNEL) and comets, as well as others. SCD 

is the most frequent sperm DNA 

fragmentation examination method that 

applicable in the andrology laboratory. The 

examination of sperm DNA fragmentation is 

characterized by small or large halo images 

(DNA strands coming out of the pores of cell 

membranes).  

Sperm with unfragmented DNA is 

characterized by large and medium halo, 

while sperm with fragmented DNA is 

characterized by small halo, without halo and 

degraded sperm. (Figure 2) The examination 

results are in the form of sperm DNA 

fragmentation index (DFI) obtained from the 

percentage of sperm with fragmented DNA in 

a total of 500 sperm cells. 

 

 
Figure 2: Sperm DNA fragmentation 

 

Many systematic reviews seem to indicate an 

association between sperm DNA 

fragmentation and IVF and ICSI success 

rate; although these reviews are restrained 

by the heterogeneity of the original studies 

which make it strenuous to depict decisive 

conclusions from their analysis. This 

examination of sperm DNA fragmentation 

offers supplementary information about the 

important role of sperm in the growth and 

protection of pregnancy. A study has been 

able to map the value of DFI to help establish 

the procedure for infertility, namely 1) DFI 

<15% to experience through sexual activity, 

2) 15-30% for IUI and 3)> 30% for IVF-ICSI 

[23]. DFI is expected to be able to select good 

sperm quality so that it can increase the 

success of each of these pregnancy programs. 

Nevertheless, at present, there is no 

conclusive indication to backing the sperm 

DNA fragmentation testing in the practice of 

infertility, routinely [24]. 

Motile Sperm Organelle Morphology 

The measurement of motile sperm organelle 

morphology (MSOME) was first introduced in 

2001 by Bartoov et al. In contrast to 

conventional semen analysis where sperm 
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morphology is examined at magnifications of 

400x to 1000x and in a state of death, then in 

MSOME, sperm morphology is examined 

with even higher magnification and in a state 

of life at a moment's notice [25]. 

This magnification makes it possible to 

identify sperm with normal nuclei, 

determined from their oval shape with fine 

configuration and normal nucleus content 

[25] (Figure 3). 

 
Figure 3: Motile sperm organelle morphology: A) Normal sperm, B) Long and short sperm, C) Wide and 

narrow sperm, D) Irregular oval sperm and D) Sperm with vacuoles 

 

At first, MSOME evaluated six sperm 

organelles, namely the acrosome, lamina 

post-acrosome, nucleus, neck, mitochondria 

and tail. Nevertheless, the sperm nucleus is 

the most essential organelle in swaying ICSI 

results [26]. In addition to the normality of 

the nucleus in terms of shape and size, the 

vacuole of the nucleus must also be 

considered because it impacts the success of 

the pregnancy and the risk of abortion [27].  

The classification of vacuoles has been 

compiled by Vanderzwalmen et al based on 

their presence and size, namely a) level I: no 

vacuoles, b) level II: <or = 2 small vacuoles; c) 

level III :> or = 1 large vacuole and d) level 

IV: large vacuole with other abnormalities 

[28]. Vacuole in the human sperm can be in 

sperm with normal and abnormal 

morphology. Study on Intracytoplasmic 

morpholologically selected sperm injection 

(IMSI) has reported that the frequency of 

normal sperm without vacuole is 18% with a 

magnification of 1500x, while study on 

reporting even less frequency is around 1.5 - 

1.8% but with a magnification of 8400x [29, 

32]. 

MSOME application in IVF-ICSI or IMSI, as 

an alternative to conventional ICSI is known 

to increase, but the presence of vacuoles in 

the sperm head is leaving a question 

regarding the impact towards the clinical 

results. The origin of vacuoles in sperm has 

been investigated lately. In all vacuole 

sperm, the acrosome is intact with a concave 

but intact plasma membrane [33].  

Sperm vacuoles are associated to non-reacted 

acrosome conditions [34, 35].MSOME 

selection will eliminate vacuole sperm so that 

it supports ICSI with sperm that has reacted 

acrosomes. Several studies report 

contradictory results about the role of IMSI 

on embryonic development. Some previous 

comparative studies reported an increase in 

embryonic development with IMSI, while 

others reported embryonic development 

similar to IMSI and ICSI [36, 27, 37, 38].In 

addition, studies of congenital abnormalities 

were reported higher after IMSI compared to 

ICSI however, this difference was not 

statistically significant. This study must be 

further confirmed and carried out in the long 

run [39, 40]. 

Magnetic Activated Cell-Sorting (MACS) 

It is known that one of the causes of ICSI 

failure is the use of sperm that undergo 

apoptosis during ICSI [41]. Apoptosis is one 

of the mechanisms involved in sperm DNA 

fragmentation. DNA-damaged sperm exhibit 

apoptosis characteristics, for example 

phosphatidylserine (PS) translocation, 

Caspase-3 activation and decreased 

mitochondrial membrane potential [42, 43].In 

the mean time, swim up and density gradient 

centrifugation are the most current sperm 

preparation in the clinical uses [44].This 

preparation method aims to select sperm that 

are suitable for achieving oocyte fertilization.  

However, this method is based on sperm 

migration and / or sedimentation, which 
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depends on motility or density, without 

considering molecular factors such as 

apoptosis and / or sperm DNA fragmentation. 

Therefore, the development of innovative 

reproductive technologies for better sperm 

selection is urgently compulsory at this time. 

One of the new reproductive technologies 

discovered is Magnetic Activated Cell 

Sorting-MACS which works by eliminating 

apoptotic sperm cells exploiting Annexin V 

[45, 46].The principle of MACS is by using 

magnetic micro beads conjugated with 

specific proteins in the target cell membrane.  

Then there is a high power field filtration 

column which is used to maintain the 

targeted cell, so that the unbound cell can 

pass through the filtration column. Annexin 

V (AV) is a phospholipid binding protein in 

physiological conditions. On the other hand, 

translocation of phospholipids from inside to 

outside the plasma membrane is considered a 

marker of early apoptosis. Therefore, the use 

of MACS with AV eliminates apoptotic sperm 

thereby increasing sperm count with 

improved quality [47] (Figure 4). 

 

 

 
Figure 4: Magnetic Activated Cell Sorting-MACS. Green sperms are non-apoptotic sperms and red 

sperms are apoptotic sperms 

 

Sperm selection using the MACS method is 

expected to increase the success of IVF-ICSI, 

compared to conventional sperm selection 

[48, 49].However, the MACS method still has 

limitations, namely in the case of too 

decreased sperm concentration (severe 

oligozoospermia) and sperm motility lower 

than 32% (asthenozoospermia) 

Physiological ICSI (PICSI) 

At present there is several sperm selection 

methods recognized to improve the quality of 

embryos [50, 51]. One of them is the use of 

hyaluronic acid (HA) which is considered to 

have a high success rate with low biological 

risk, compared to others [52].The selection of 

a functional sperm in vivo is hold by 

hyaluronan. While in vitro sperm selection 

followed by ICSI is considered for carrying 

the risk of genetic material damage. 

Increased sperm maturity intensity and 

genetic integrity associated with binding of 

hyaluronan binded (HB) sperm to ICSI can 

provide an increase in the quality of paternal 

genetic material in the embryo Hyaluronan, 

natural biopolymer expressed in all human 

cells, is the most important content of the 

cumulus oophorus oocyte layer in humans. In 

adult sperm heads there are hyaluronan-

specific ligand receptors which facilitate 

adult sperm to bind to hyaluronan [53]. The 

working principle of this method is by 

inserting sperm in an IVF medium in a dish 

that has been added hyaluronan (PICSI-

dish), so that mature sperm can be chosen by 

embryologist and used for ICSI procedures 

(Figure 5). 
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Figure 5: Physiologycal ICSI: The attached sperms are mature sperms 

 

The binding between sperm and HA shows 

that the sperm is: a).Having a normal head 

morphology so that the potential for better 

fertilisation.12 b).Experience lower DNA 

fragmentation. c). Have a low risk of 

chromosomal Aneuploidy. PICSI is 

recommended in cases such as a) Slow 

embryonic development rate (low blastocyst 

rate), b) Low fertilized sperm with ICSI, c) 

Repetitive embryo transfer with implantation 

failure, d) Repetitive miscarriage and early 

pregnancy loss, e) Morphology and low sperm 

motility, f) Women over 38 years old, g) 

Sperm with low cryopreservation quality and 

h) Sperm obtained from PESA. Sperm 

selection with the PICSI method is expected 

to increase the success of ICSI. PICSI 

believes that sperm selected by this method 

have better quality to be injected into the 

oocyte and produce higher quality embryos 

[54]. 

Conclusion 

At present, there are many sperm selection 

methods, but the most appropriate method 

should be chosen to obtain the best sperm 

quality to improve the success rate of IVF-

ICSI. Indeed, the choice is depend on the 

capability of IVF laboratory, although ideally 

a good IVF lab should update its sperm 

selection method [55]. 
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