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CAN WE MAKE INTRACYTOPLASMIC SPERM INJECTION (ICSI)
SAFER AND MORE EFFECTIVE?
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Abstract: Intracytoplasmic sperm injection (ICSI) is an in vitro assisted fertilization procedure in which a single sperm
is injected directly into the oocyte. Since its introduction in the early “90s, ICSI has revolutionized the treatment of
male infertility, becoming a rapidly accepted technique worldwide. Today it is the most commonly used assisted
reproductive procedure that has resulted in the birth of millions of babies. ICSI is a multistep, invasive
micromanipulation technique that bypasses all the initial steps of natural fertilization providing the most reliable and
consistent chances of oocyte fertilization, but at the same time it brings potential risks, primarily of oocyte
degeneration, but also of transmission of chromosomal abnormalities that are more frequently associated with male
infertility. Many steps are not fully understood and because there is no optimal ICSI protocol, we will discuss different
approaches and current knowledge that can potentially improve ICSI outcome.
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Clinical Hospital "Sveti Duh", Zagreb, Croatia six couples has difficulty conceiving. Infertility can
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ovulation disorder and blocked or damaged fallopian

tubes in female infertility, and low sperm count,

motility or even absence of sperm in male infertility.

Some of the many factors that can contribute to

infertility are age, weight, genetics, lifestyle and
exposure to environmental toxins.*

Many couples with fertility problems turn to assisted
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technique, fertilization, improving ICSI used techniques to achieve fertilization in vitro are

conventional in vitro fertilization (IVF) and

intracytoplasmic ~ sperm injection  (ICSI).? In

conventional IVF, an adequate amount of prepared

sperm is incubated with oocytes in a culture dish

facilitating the natural process of fertilization that

follows. For some couples, primarily those with female

infertility, it is an efficient method with 50-70% of

oocytes being fertilized, but almost half of the couples

fail to achieve any fertilization at all. That is often

attributed to male infertility and compromised sperm

quality (e.g. low sperm number and maotility) or the

inability of spermatozoa to successfully fertilize an

oocyte (e.g. sperm defects in acrosome reaction and

interaction with the oolemma). Conventional IVF

failure and severe male infertility have contributed to

the rise and development of a new assisted fertilization

technique named intracytoplasmic sperm injection

(ICSI). Soon after ICSI was successfully performed on

animal models, the first human pregnancy was

achieved in 19923 Currently, ICSI is the most

commonly used assisted reproductive technology, used

not only for severe male factor infertility, but also for
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mild and borderline male factor, for women of
advanced age, previous fertilization failure after
conventional 1VF and for unexplained infertility.

The ICSI technique is carried out on the heated stage of
an inverted microscope with micromanipulation
equipment. For ICSI to be performed, oocytes that are
collected by follicle aspiration are further processed
because they are surrounded by granulose cells that
must be removed prior to sperm injection. Granulose
cells are removed using enzymatic digestion with
hyaluronidase followed by mechanical denudation
through pipetting. After denudation, the oocyte nuclear
maturation status can be determined. Only mature
oocytes with an extruded first polar body (PBI) are
used for further procedures. Sperm is prepared by one
of the standard techniques for sperm preparation used
in ART. Purified sperm is then added to a solution of
polyvinylpyrrolidone (PVP) used to slow down the
motile sperm. An embryologist selects the sperm based
on its morphology and motility. Selected sperm is
immobilized by crushing its tail with the injection
micropipette and then aspirated tail first. The oocyte is
fixed by a holding micropipette with PBI usually
oriented at the 12 or 6 o'clock position (Figure 1a). The
injection micropipette with the sperm at the tip is then
positioned at 3 o’clock and pushed through the zona
pellucida and the oolemma into the ooplasm (Figure
1b). The ooplasm is aspirated into the injection pipette
until the breakage of oolemma is observed. The sperm
is then injected back into the oocyte and the needle is
slowly withdrawn from the oocyte (Figure 1c).
Fertilization is checked 16-18 hours after injection.*

It is important to consider that ICSI is an invasive
technique that bypasses all the initial steps of natural
fertilization bringing potential risks, primarily of
oocyte degeneration but also of transmission of
chromosomal abnormalities associated with male
infertility to the offspring. Many steps are not fully
understood and because there is no optimal ICSI
protocol we will discuss different approaches and
current knowledge that can potentially improve ICSI
outcome.

DISCUSSION
Qocyte maturity

In standard laboratory practice numerous oocytes are
isolated, often at various stages of maturation. Mature
oocytes (M1l oocytes) are arrested in metaphase 11 and
ready to be fertilized. Approximately 15% of retrieved
oocytes are immature, and while some laboratories
discard them, others use them to increase the number of
embryos. Most studies with in vitro rescued immature
oocytes that progressed to MII oocytes after prolonged
short-term cultivation reported reduced fertilization
rates and poor clinical outcomes.® Until recently, it was
not known that a high proportion of embryos that
derived from immature oocytes are genetically
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abnormal, with a higher aneuploidy rate for longer
rescue cultivation time.” Accordingly, it is
recommended to avoid usage of immature oocytes. In
case no other embryos are available for transfer, the
potential risk must be considered and discussed with
patients.

Orientation of the first polar body

Oocytes are classified as mature by the presence of
extruded PBI as a result of completed meiotic division
I. Mature oocytes are arrested in metaphase 11 with the
meiotic spindle (MS) assumed to be in close proximity
to the PBI. Inserting the injection micropipette into or
close to the MS can cause spindle disruption and lead
to subsequent chromosome missegregation, aneuploidy
or cell death. Therefore, to avoid MS disruption,
injection is traditionally made at the 3 o'clock position
with the PBI oriented at the 12 or 6 o'clock position,
but optimal orientation is not clear yet. One
retrospective study found a significantly higher quality
embryo after 7 and 11 o’clock PBI orientation
compared with the 6 and 12 o’clock, whereas the 9
o’clock orientation was the most deleterious in terms of
fertilization rates.® Other recent study showed that the
11 o'clock position may be the preferred position of
PBI during ICSI® It is suggested that the optimal
injection may be when the opening of the needle is
facing away from the PBI and the cytoplasm far from
the spindle is aspirated. Also, the fertilization rate
seems to be affected by the distance between the
injected sperm and the spindle. Additional research is
needed, but the traditional PBI positioning may not be
the optimal.

Timing of oocyte denudation and injection

For normal fertilization to occur, nuclear and
cytoplasmic maturation are required. In natural cycles
these processes are highly coordinated, but in
stimulated cycles they can be asynchronous. Therefore,
the presence of PBI as a sign of nuclear maturity does
not have to imply cytoplasmic maturity and the
presence of the required maternal mRNA, proteins,
reorganization of the cytoplasmic organelles etc. If not
fertilized on time, oocytes undergo a process of aging.
The optimal time for oocyte denudation and injection is
still unclear, mostly due to different strategies in
short/long pre-incubation time and presence/absence of
oocyte surrounding cumulus cells that also play an
important role in oocyte maturation and aging. Patrat et
al. showed that denudation should be performed at least
2h and up to 3h following oocyte retrieval, with the
best results achieved around 1.5-2h for high
fertilization and implantation rates without negatively
affecting the percentage of MII oocytes.”® Garor et al.
also included the timing of human chorionic
gonadotropin administration (hCG) and ovum retrieval
in their study, showing that late ovum retrieval (>36h)
is associated with higher fertilization and clinical
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Figure 1. The ICSI technique. (a) Mature oocyte with PBI at the 6 o'clock position. Sperm at the tip of a micropipette at the 3 o’clock
position. (b) Sperm injection into the cytoplasm. (c) Post-injection with typical track left. Adapted from “In Vitro Fertilization. Third

Edition.”®

pregnancy rates. ** Some studies indicated that there is
an optimal time frame for ICSI that is relatively
narrow. Based on examination of MS over time, it is
concluded that the optimal time is probably between
39-40.5 h post hCG administration.’? Other study
reported the highest level of implantation when ICSI is
performed between 37-39 h after hCG.™® Existing
results are often contrary and not fully conclusive, but
the majority of studies suggest pre-incubating the
oocyte >2-3h with cumulus-corona cells that may have
a positive effect and performing the injection straight
after denudation.

Sperm immobilization

To achieve successful fertilization under normal
circumstances in vivo, sperm must first undergo
capacitation and the acrosome reaction. Capacitation
involves modifications in the sperm plasma membrane,
which lead to hyperactivation and permit the acrosome
reaction. The acrosome reaction involves multiple
fusions between the outer acrosome membrane and the
overlying sperm plasma membrane, enabling the
soluble contents of the acrosome to leak out, allowing
sperm to penetrate and fuse with the oocyte membrane.
ICSI bypasses all the events involved in physiological
sperm penetration and fusion and requires no specific
pretreatment of sperm other than immobilization.** It
was shown that mechanical immobilization of sperm
with the ICSI needle by compressing and rolling the
sperm tails causes alterations in the acrosomal region
including disruption of the plasma membrane, and
disruption, vesiculation or even loss of the acrosome
which facilitates fertilization."> Techniques used for
sperm immobilization vary greatly and include
conventional immobilization by compressing the tail of
the spermatozoon against the bottom of a dish with a
micro injection pipette until a clear bend is visible, and
more aggressive techniques like permanently crimping
the tail in the mid-piece region and cutting the tail at
different places. Also, immobilization can be induced
by lasers or piezo-pulses to sperm tails. Traditionally
more aggressive mechanical sperm immobilization is
suggested for higher ICSI fertilization rates. In

contrast, one recent RCT compared triple touch with
single touch sperm immobilization and showed that
more aggressive techniques have no advantages for
fertilization rates and resulted in a significantly lower
number of good quality embryos on day 3.!° There are
no optimal immobilization techniques to date as the
amount of damage, the number of strokes and the
region of strokes remaining unknown.

Sperm selection

In the natural fertilization process there are anatomical
and physiological barriers in the female reproductive
tract that eliminate poor quality sperm, allowing only
the most competent sperm to participate in fertilization.
The next selection takes place on the level of oocyte —
sperm interaction, ensuring that only one mature,
structurally normal sperm with intact chromatin can
fertilize the oocyte. During ICSI, all natural barriers are
bypassed and selection is performed by an
embryologist based on their subjective evaluation of
sperm motility and morphology without knowing
anything about the sperm chromosome status. Since
sperm contribute half of the genome to offspring, and
male infertility is more frequently associated with
chromosomal abnormalities, further improvements in
sperm selection techniques are needed.

One of the more advanced strategies is hyaluronic acid
(HA) binding sperm selection. HA is incorporated in
the extracellular matrix that surrounds the oocyte and
acts as a natural selector. Only mature spermatozoa that
have extruded their receptors can bind to and digest
HA, and reach and fertilize the oocyte. It is shown that
sperm that binds to HA have a normal shape, minimal
DNA fragmentation and low frequency of
chromosomal aneuploidies.” Therefore, HA is used as
a natural and safe alternative to synthetic plastic PVP
in so called “physiologic ICSI”.*® It is currently
available in a viscous medium or attached to the
bottom of a plastic culture dish. Some studies with HA-
bound spermatozoa used for ICSI reported a higher
fertilization rate and better embryo quality, while
pregnancy rates were comparable or only moderately
increased." ?° According to meta-analysis, routine use
of hyaluronic acid binding assays in all ICSI cycles is
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not supported. Identification of patients that might
benefit from this technique needs further study.
Intracytoplasmic  morphologically selected sperm
injection (IMSI) is a technique that utilizes high-power
microscopy enhanced with digital imaging to analyze
the ultra-structures of the sperm. The light microscope
used for IMSI has a greater magnifying power of
x6000-12000, compared to x400 of conventional ICSI
microscopy. It has been reported that IMSI is
associated with significantly higher clinical pregnancy
rates and a reduction in abortion rates.?” % IMSI has its
limitations because it is a time-consuming technique
prolonging the exposure of sperm to heated stage that
can cause sperm damage. Besides, its high cost makes
it difficult for every laboratory to practice this
technique. Currently, the only clinical indication of
IMSI is elevated levels of DNA fragmentation, several
miscarriages in the past and previous unsuccessful
IVF/ICSI procedures.

Health outcomes of children born after ICST

Since the introduction of ICSI there has been major
concern about its safety related to the technique itself,
but also related to intrinsic parental characteristics that
can affect gamete quality and fertility. It is of great
importance to determine and compare the incidence
and nature of health risks between children born after
ICSI, conventional IVF and naturally conceived
children.

According to studies, there is a significantly higher rate
of de-novo chromosomal anomalies, about a 3-fold
increase of sex chromosome abnormalities and also an
increase of structural autosomal abnormalities in I1CSI
versus naturally conceived children.?* These elevated
rates have been more associated with low quality of the
sperm than with the ICSI procedure itself. Even
infertile men with normal karyotypes have increased
levels of aneuploid and diploid spermatozoa.® Before
an IVF/ICSI programme, it is highly recommended to
perform chromosomal analysis, followed by genetic
counseling in case of abnormal karyotypes.

Some studies indicate an increased incidence of
imprinting  disorders  (Beckwith - Wiedemann
syndrome, Angelman's syndrome) in children
conceived by IVF/ICSI as a result of imprinting
defects.”® Current evidence shows no direct effect of
IVF/ICSI on imprinting disorder rate. Relative risk is
estimated to be less than 1% and routine screening for
imprinting disorders is not necessary.

Studies  investigating  congenital  malformations
reported increased risks of birth defects in children
after ICSI or IVF compared with those conceived
naturally. Most common defects are hypospadias,
omphalocele and neural tube defects. Some studies
reported a decrease in the number of birth defects over
time. In recent meta-analysis, after taking into account
the contribution of subfertility as a risk factor, the risk
of malformations diminished substantially.?” Further
prospective studies are required to determine whether
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congenital malformations are related to techniques or
to parental genetic defects.

Most pregnancies after ART result in normal healthy
outcomes, but compared to naturally conceived
pregnancies there is an increased risk of obstetric and
neonatal  complications  (preeclampsia, preterm
delivery, lower average birth weight). Several studies
have demonstrated that children born after ICSI do not
have poorer neonatal outcome than children born after
IVE. Authors concluded that the pathology of the
infertility had a greater impact on fetal growth than
ART techniques.”

Further development of children conceived with ICSI
and IVF is comparable in growth and physical health.?
Some studies indicate that children conceived with
ICSI may be at an increased risk of autism and
intellectual impairments. First studies of males
conceived after ICSI showed high risks of reduced
sperm concentration and total sperm count.®® Further
long- term studies are needed.

A direct link between ART and health-related
outcomes in assisted conception children could not be
established. When interpreting results, it must be taken
into account that the ART population may be different
from the general population. Further large-scale,
multicentre, prospective, epidemiological studies are
needed to elucidate the health outcomes in children
born after ART.

CONCLUSION

ICSI has revolutionized the treatment of male
infertility, requiring only a single viable sperm which
can be isolated from ejaculate, but also from the
epididymis and testis in the case of azoospermia. ICSI
bypasses all the initial steps of natural fertilization and
brings potential risks of genetic disease transmission to
the offspring; therefore it should not be performed in
the presence of normal sperm parameters (sperm count
and motility). ICSI introduction has not been achieved
by following the classic steps of looking for new
technologies to be applied to humans; it implies so
many critical phases potentially affecting epigenetic,
genetic or chromosomal errors that follow-up studies in
the human embryo and pediatric follow-ups are needed
for each of them.

This article focused on potential improvements in daily
ICSI practice. Less common cases like absolute
immotile sperm, oocyte degeneration and fertilization
failure are not discussed. There are rare cases (1-3%) of
complete fertilization failure even after ICSI when
additional physical, mechanical or chemical treatments
are applied.

For the success of the ICSI, high technical skills are
required, but attention must also be paid to biological
details of each step of the procedure. As described,
many steps of the ICSI procedure are still debatable.
Even many years after its introduction, the
improvements and technical developments in ICSI still
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lack sufficient well-designed studies. There are various
options for performing ICSI and embryologists should
be encouraged to share their experiences with different
ICSI approaches used. There is a need for sufficiently
powered RCTs to evaluate the safety and clinical
benefit of latest technological advances, indicating the
way to perform ICSI in a safer and more effective way.
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