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ABSTRACT

Intracytroplasmatic sperm inyection (ICSI) is becoming a common practice to improve
reproductive results, particularly among couples without male factor infertility. However,
there is still no clear evidence on the possible advantages and drawbacks with regard to
this procedure in patients with no formal indication for ICSI. In this discussion paper,
based on a SWOT (strengths, weaknesses, opportunities, threats) analysis, the different

aspects of this strategy are evaluated.

Current evidence suggests that ICSI it is not justified for non-male factor infertile couples
requiring in vitro conception. One of the major strengths associated to the procedure is
that cases complicated by total fertilization failure can almost be eliminated and a
combination between IVF and ICSI on sibling oocytes has been advised in the literature.
More technical difficulties, higher costs and performing an unnecessary invasive
technique in some cases represent some weakness of the procedure and questions
regarding safety issues cannot be ruled out. Additional large and well-designed RCT are

needed to clarify definitive indications for ICSI in non-male factor infertility.

Keywords: intracytoplasmic sperm injection (ICSI), in vitro fertilization (IVF), severe

non-male factor, pregnancy, assisted reproduction, infertility, implantation, live birth.

INTRODUCTION

Intracytroplasmatic sperm inyection (ICSI) is an assisted fertilization procedure that
involves injection of single spermatozoa into a mature oocyte. ICSI was introduced in
1992 as a method to treat couples with severe male infertility (Palermo et al., 1992).
However, in the last two decades, the use of ICSI has increased substantially, particularly
among patients without male factor infertility, where ICSI use has increased from 15% in
1996 to 67% in 2012 (Boulet et al., 2015).

A recent report highlighted that, in some parts of the world (Egypt, Lebanon), ICSI is
performed in 100% of IVF cycles and in 65% of IVF cycles in Europe (Adamsom et al.,
2018). Despite its increase use, in cycles without male factor infertility, there is no clear
evidence that ICSI improves reproductive outcomes and a scarcity of well-designed
randomized controlled trials analyzing the possible benefits of ICSI in this population

have been published (van Rumste et al., 2003).



For this reason, we designed a SWOT (strengths, weaknesses, opportunities, threats)
analysis to assess the available published evidence on the possible recommendation of
ICSI and, additionaly, assessed the scientific Oxford level of evidence for each of the

reviewed papers to avoid subjectivity in their statements.

METHODS

In this study, a SWOT analysis was carried out to understand the perceived strengths and
major pitfalls of the ICSI in non-male factor infertility, to identify the opportunities that
can be taken and the key threats to this technology according to the bibliography analyzed,
and to know the experts’ point of view. The SWOT method is recently applied in fertility
medical research when there is insufficient scientific evidence to assess the applicability
or not of a particular technique, give light on specific issues and evaluate the possible
pros and cons. (Barrow, 2016; Blockeel et al. 2016;Engmann et al., 2016; Esteves et
al. 2017).

First, a bibliographic search was carried out aimed at "ICSI AND non-male factor
infertility”. The valuation of the bibliography has been carried out by two investigators
independently and in case of non-agreement a third one was consulted. The primary
review of the literature revealed 361 papers and 93 were classified as relevant articles.
Then, a second manual bibliographic search was carried out to complete those matters of
relevance included by the reasearches in the SWOT clinical outline and not resolved in
the first general search. A division of the total number of references among the researchers
and an Excel spreadsheet for each of the sections of the SWOT was proposed, which
would be available on the SISGtool.org platform along with the corresponding
references. In each of the tables the ideas/phrases proposed for each section was noted
and each researcher added to each of them the studies classified by the degree of evidence.
To unify the criteria for the evaluation of the evidence, the CEBM levels of quality of
evidence were followed (Oxford CEBM, 2009) (Table 1).

Table 1. Oxford Centre for Evidence-based Medicine (CEBM)-Levels of Evidence
(March 2009). Available at: http://www.cebm.net/oxford-centre-evidence-based-

medicine-levels-evidence-march-2009/]
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Levels of Type of study

evidence

la Systematic reviews (with homogeneity) of randomized controlled
trials

1b Individual randomized controlled trials (with narrow confidence
interval)

1c All or none randomized controlled trials

2a Systematic reviews (with homogeneicity) of cohort studies

2b Individual cohort study or low quality randomized controlled trials
(e.g. <80% follow-up)

2c “Outcomes" Research; ecological studies

3a Systematic review (with homogeneity) of case-control studies

3b Individual case-control study

4 Case-series (and poor quality cohort and case-control studies)

5 Expert opinion without explicit critical appraisal, or based on
physiology, bench research or "first principles"

nmn

Note: A minus sign "-" may be added to denote evidence that fails to provide a
conclusive answer because it is either (a) a single result with a wide Confidence
Interval; OR (b) a Systematic Review with troublesome heterogeneity.

RESULTS

STRENGTHS

1. ICSI could increase fertilization rate and decrease fertilization failure in

patients with unexplained infertility

In conventional in-vitro fertilization (IVF), complete failure of fertilization occurs in 5-
10% and live birth rates of IVF is in the range of 35-45% per embryo transfer (SART,
2017). Some data suggest that ICSI may result in increased fertilization rate and decrease
total fertilization failure with favorable clinical outcomes in couples with well-defined
unexplained infertility (Johnson et al., 2013; evidence 2a) or long-term infertility (Shi

et al., 2010; evidence 2b), but other studies contradict the finding of an increase in




fertilization rates with ICSI compared to IVF (see table 2). The largest meta-analysis
published analyzing this matter included eleven studies with a total of 901 couples with
unexplained infertility (female age range 30-35 years) with 11,767 sibling oocytes. In this
meta-analysis the pooled relative risk (RR) of a mature oocyte fertilizing was higher with
ICSI than with IVF (RR 1.49, 95% confidence interval [CI] 1.35-1.65.) and the pooled
RR of'total fertilization failure (TFF) was significantly higher with conventional IVF than
with ICSI (RR 8.22, 95% CI 4.44-15.23) (Johnson et al., 2013; evidence 2a). The
number of subjects needed to treat with ICSI to prevent one case of TFF was five. This
meta-analysis and other randomized controlled studies using sibling oocytes favors the
use of ICSI to decrease the risk of TFF in couples with well-defined unexplained
infertility (well-defined unexplained infertility was considered if the authors clearly
documented that patients included in the analysis had no cause for infertility identified
after a complete infertility evaluation) (Johnson et al., 2013; evidence 2a). Discordant
results regarding the fertilization rate may be related to the low sample size and different

characteristics of the populations analyzed.

2. ICSI decreases fertilization failure in patients with mild male factor

infertility or borderline semen

In patients with borderline/subfertile semen (defined by the presence of at least one
abnormal semen parameter, that is, concentration <20 x 10° per milliliter and/or <40%
motility) performing ICSI on at least some of the oocytes has demonstrated to avoid
unnecessary fertilization failure and in these cases evidence supports that 25% of cycles
could be rescued by ICSI (van der Westerlaken et al., 2006; evidence 1b-; van Rumste
et al., 2000; Plachot et al., 2002). The risk ratio for an oocyte to become fertilized in
patients with moderate male infertility has been estimated to be 1.9 (95% confidence
interval of 1.4 to 2.5) in favor of ICSI, and 3.1 ICSI cycles may be needed to avoid one
complete fertilization failure after conventional IVF (95% CI of 1.7 to 12.4) (Tournaye
et al., 2002; evidence 1b-). Till more results are available, some authors suggest that it
could be an option to apply the IVF-ICSI combined treatment in case of borderline semen
when enough oocytes are available and to apply ICSI when the number of oocytes is too
small for a fair chance of fertilization through IVF (van der Westerlaken et al., 2006;

evidence 1b-).



3. Minimizing the risk for cycle cancellation due to total fertilization failure in

couples with prior failed fertilization with conventional insemination (IVF).

Unfortunately, some couples may not conceive at their first cycle of IVF and will need to
consider a second cycle. In those couples with non-male factor infertility, two initial
cohort studies suggested that the use of ICSI following prior total failed fertilization or
poor fertilization rates in a prior IVF cycle could reduce the risk of subsequent failed
fertilization. The first of them analyzed 662 sibling MII oocytes from patients with tubal
disease and normozoospermic partners, and reported lower rates of total fertilization
failure for ICSI (3.6%; 95% CI 0.4-12.3) compared to those obtained for IVF (12.5%;
95% CI1 5.2-24.1) (Staessen et al., 1999; evidence 2b). In the other cohort study carried
out by Hariprashad et al. (2002) similar findings were obtained and it was found that in
these couples fertilization (77% vs 44,6%; p<0.05) implantation rates (21,6% vs 9,9%;
p<0.05) and clinical pregnancy per transfer (42,1 vs 19.6; p<0.05) were significantly
higher after the use of ICSI (Hariprashad et al., 2002; evidence 2b).

Other authors suggest that in these couples, if an amount of sibling oocytes are subjected
to ICSI, total fertilization failure of an IVF can be prevented and fertilization can be
improved maintaining high chances of achieving a pregnancy. At the same time, the
optimal fertilization method for subsequent treatment cycles can be determined (Bungum
et al., 2004). In a prospective randomized study where sibling oocytes were allocated to
conventional IVF vs. ICSI/IVF combination after total failed fertilization resulted in
12/109 (11%) oocytes fertilized by IVF/conventional insemination and 78/162 (48%)
fertilized with ICSI/IVF combination (van der Westerlaken et al., 2005; evidence 2b).
In this study, ICSI/IVF reported higher fertilization rates (60% vs 22%) even in couples
which showed a low fertilization rate (<25%) in a first IVF attempt. However, large well-

designed randomized studies should be performed to definitively confirm this finding.

4. ICSI could improve embryo quality

Some authors suggest a superiority of ICSI embryos based on the fact that the ICSI
procedure avoids oocyte and zygote culture with a lot of spermatozoa. This thereby
reduces exposure to the reactive oxygen species produced by the spermatozoa that might
contribute to embryonic damage (Quinn et al. 1998). To support the hypothesis of a
possible improvement of embryo quality with ICSI a preliminary study that comprised

13 couples found that more grade A embryos were obtained by ICSI than by conventional
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IVF performed on sibling oocytes (Yang et al., 1996; evidence 2b). Later on, a study
using sibling oocytes from 35 couples with non-male-factor infertility, demonstrated
higher formation of good-quality embryos per retrieved oocyte after ICSI than after
conventional IVF (64.4 vs. 47.1%, respectively) (Khamsi et al., 2001; evidence 1b)
whereas, Ruiz et al. (Ruiz et al. 1997; evidence 2b) failed to note any such difference.
Compared fertility outcomes among ICSI and conventional IVF in couples with non-male
factor infertility showed similar pronuclear morphology of zygotes (nucleoli, pronuclei
and axis) derived from sibling oocytes (Nicolai et al., 2010; evidence 2b), significantly
lower rate of abnormal pronuclei formation (3.9% vs. 13.3%, P<0.01) and better cleavage
stage embryo quality in the ICSI group (Kim et al., 2014; evidence 2b). Data collected
and analyzed from patients with non-male factor infertility, aged >35, undergoing their
first IVF/ICSI cycle attempt show higher top quality embryos (TQE) rate (defined as two
to four, or six to eight blastomeres on day 2 or 3 respectively, with equally-sized
blastomeres and < 15% fragmentation) following ICSI compared to conventional
insemination (62.8% versus 45.5% respectively; P <0.001) (Farhi et al., 2019; evidence
2b). Nevertheless, these differences in embryo quality should be confirmed in a large
RCT as they could depend on intrinsic factors of the gametes involved rather than on the

fertilization process per se.

5. ICSI could increase pregnancy rates in patients with disordered zona

pellucida-induced acrosome reaction.

Some authors suggest that ICSI may probably provide some advantages in those cases
with sperm-zona pellucida penetration and fertilization disturbances. In fact, up to a third
of normozoospermic men have disordered ZP-induced acrosome reaction (AR) and, in
patients with normal semen analysis, the sperm zona pellucida (ZP)- induced acrosome
reaction is highly correlated with sperm-ZP penetration and fertilization rate (Bastiaan
et al., 2003). In patients with unexplained infertility with ZP-induced AR <16%, average
fertilizations rates are <30% with conventional IVF and, interestingly ICSI has been
found to overcome these defects resulting in an improvement of pregnancy rates (Liu et

al., 1997; Liu and Baker, 2000; 2003; evidence 2c).

6. Avoid possible contamination with DNA from spermatozoa in cases where

PGT is performed for monogenic conditions



Testing errors can arise from many different problems in a PGT procedure but the most
common and worrisome ones have been quoted to be the issues related to sample
contamination. Utilizing ICSI rather than the conventional IVF in PGT cycles is
recommended to prevent paternal contamination from excess sperm introduced into the
zona pellucida, or maternal contamination from granulosa cells especially with PGT

performed for single gene defects (Harton et al., 2011; evidence 1a).

7. Sperm DNA fragmentation

High sperm DNA fragmentation has adverse effects on ART outcomes (Zini et al., 2011;
Choi et al., 2017). The results of a meta-analysis published in 2015 suggest that IVF
treatment in men with high sperm DNA fragmentation is associated with lower live birth
outcome compared with those with low DNA fragmentation but this detrimental effect
has not been demonstrated when ICSI treatment was used. (Osman et al., 2015; evidence
1a-). Nevertheless, well-designed randomized studies are required to confirm the merit
of ICSI over IVF in the treatment of men with high sperm DNA fragmentation as the
number of couples included in each study of the meta-analysis was relatively small and

some methodological limitations were encountered

2. WEAKNESS

No standardized guidelines to define “Severe Male Factor” infertility

Male factor infertility is commonly defined using the conventional semen profile (number
of spermatozoa present in the eyaculate, the proportion that are motile or progressively
motile and the percentage of morphologically normal spermatozoa) but a standardized
definition is still lacking (WHQO Laboratory Manual for the Examination and
Processing of Human Semen, 2010). Sperm dysfunction cannot be detected by the
standard descriptive semen analysis, which is recognized as a relatively insensitive tool

for predicting the fertilizing potential of sperm, except in extreme cases and, interestingly,


https://www.sciencedirect.com/topics/medicine-and-dentistry/semen-analysis

men can produce dysfunctional sperm even when their semen parameters (sperm
concentration and motility) are normal (Hamada et al., 2012; Alasmari et al., 2013;

Cooper et al., 2009).

Invasiveness and complexity of the technique

ICSI is a complex and invasive technique that requires micromanipulation where a single
spermatozoon is injected centrally into the cytoplasm of the oocyte using a fine sharp
tipped glass pipette (Rahman et al., 2010). The operator selects the spermatozoon for
microinjection and therefore the natural selection barrier to fertilization is bypassed and
may contribute to the creation of embryos with molecular disturbances and low
implantation potential. One potential problem with ICSI micromanipulation is the oocyte
damage (lisis) which is largely unpredictable and unsystematic in nature (Rosen et al.,

2015; Sfontouris et al., 2015; evidence 2a).

Operator experience and technical factors are critical

Technical factors are critical for achieving high rates of fertilization and pregnancy with
ICSI and include the use of standardized ICSI pipettes, the immobilization of the
spermatozoon before injection, the aspiration of a minimal amount of ooplasm before
reinjection with the sperm and substantial operator experience (Mc Culloh et al. 2011).
In a prospective trial of 305 ICSI cycles, the oocyte degeneration rate ranged from 5 to
11% depending on the laboratory technician performing it and the volume of aspirated
oocyte cytoplasm during the procedure affected the percentage of embryos reaching the
blastocyst stage (Dumoulin et al., 2001). Precision in handling and manipulation,

injection procedure and rigorous thermal control is critical for reducing adverse outcomes

ICSI complications: Defects in imprinting and DNA methylation, possible sex ratio

modification

Imprinting and DNA methylation

Manipulation of spermatozoa and the duration of embryo culture are all thought to
influence methylation changes and imprinting disorders, but reports of the effects of
IVF/ICSI on imprinting have been heterogeneous (Lazaravizute et al., 2015; evidence
1a).Imprinting disorders and DNA methylation are more prevalent after human IVF or

ICSI (Whitelaw et al., 2014; evidence 3b) but there is no proof of a causal relationship
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between imprinted diseases and IVF or ICSI treatments (Vermeiden et al., 2013;

evidence 2a).

Possible sex ratio modification

In 2009, a restrospective study of the Society for Assisted Reproductive Technology
national database that included 15,164 singleton live births by IVF and ICSI indicated
that use of ICSI, particularly with blastocyst-stage embryos, is associated with a decrease
in the sex ratio of male infants. (Luke et al., 2009; evidence 3b). The impact of ICSI on
sex ratio has also been observed in a recently published study that assessed a total of
59,628 singleton deliveries resulting from different assisted reproductive technologies
(IVF, ICSI, intrauterine insemination, ovulation induction) from 101 IVF clinics in
Germany. In this study, ICSI was associated with a lower sex ratio of male infants
compared with the natural conception (P <0.001), whereas IVF was associated with a
higher sex ratio (P=0.015) and this phenomenon was not influenced by maternal age

(Cirkel et al., 2018; evidence 2b).

No benefit of ICSI on women-related factors of poor-prognosis

Oocytes of older women could contain structural damage that might reduce fertilization
potential and ICSI could be the preferred insemination procedure to avoid fertilization
failure. Nevertheless, several retrospective cohort studies and a meta-analysis suggest
that, in the absence of male factor infertility diagnosis, ICSI did not improve fertilization
rates compared with IVF in advanced maternal age (Sunderan et al., 2018; evidence 2a;
Tannus et al., 2017; evidence 2b), poor-quality oocytes/low oocyte yield (Luna et al.,
2011; evidence 2b) and poor responders (Sunderan et al., 2018; evidence 2a; Tannus

et al., 2017; Check et al., 2012; evidence 2b; Sfontouris et al., 2015; evidence 2b).

No effect on reproductive outcomes

Although ICSI is capable of consistently overcoming unforeseen sperm cell dysfunction
and provide increased fertilization rates in some cases, no significant effect on
reproductive outcomes have been reported in several randomized studies yielding
comparable reproductive outcome in comparison to conventional IVF (Table 3). A

retrospective cohort study of 585 065 ART treatment cycles between 2002 and 2013
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reports a lower live birth using ICSI compared to IVF in non-male factor patients in most
years bringing into question its widespread use (Chambers et al., 2016; evidence 2b).
Moreover, a recently published population-based cohort of 14,693 women (Li et al.,
2018; evidence 2b), who had their first ever stimulated cycle with fertilization performed
for at least one oocyte by either IVF or ICSI demonstrated that among couples with non-
male factor infertility, ICSI resulted in a similar cumulative live birth rate compared with

IVF (AHR: 0.96, 95% CI: 0.85-1.10).

No evidence of cost-benefit

In US, mandates for IVF coverage have been associated with lower ICSI use for non-
male-factor infertility cycles, probably due to the elevated cost (Dieke et al., 2018;
evidence 2b). ICSI cycle in average costs 8.5 — 30% more than an IVF cycle (Kjellberg
et al., 2006, Kovacs et al. 2004, Bouwmans et al., 2008). Ola et al. (2001) found a cost
difference of about £600 per fresh cycle between IVF and ICSI and estimated that £60
000 (cost needed to treat, CNT) would be needed to gain one additional live birth when
ICSI was used for patients requiring IVF (Ola et al., 2001). Including consumables,
personnel, and facility costs, the incremental cost per live birth (for patients unsuited for
conventional IVF) has been estimated to be approximately three times the cost of standard
IVF (Hollingsworth et al., 2008). For a patient who would have good fertilization
without ICSI, performing ICSI will result in a higher cost. However, it could be cost-

saving for a patient who may have very low fertilization or no fertilization.

Lack of well-designed RCT and inconsistencies in the results

The lack of large well-designed RCTs is one important limitation of ICSI and most of
them have been criticized because of poor study design. Studies comparing IVF and ICSI
have had varied methodology, outcome measures, and conclusions and inconsistencies
among the results are equivocal at times. For example, although higher fertilization rates
are described in most sibling oocytes studies carried out in infertile patients without a
diagnosis of male factor infertility, no difference in pregnancy rates are observed in the
RCT between those undergoing IVF with ICSI and those undergoing IVF without ICSI.
Some authors suggest that one possible explanation for the lack of a positive effect of

ICSI on outcomes is the limited quality of these studies or the fact that the patients
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receiving ICSI have more severe infertility in ways that could be unobservable to the

researchers (Kim et al., 2007).

3. OPPORTUNITIES

Selection of the oocytes

ICSI allows a mechanical selection of the oocytes as patient-specific oocyte quality has
been significantly related to the incidence of lysis during the procedure (Mc Cullogh et
al., 2011; evidence 2b). Moreover, the removal of the cumulus cells provides a more
direct feedback on the oocyte maturity (Orief et al., 2004). Human oocyte grading based
on the triple factors (first polar body, size of perivitelline space and cytoplasmic
inclusions) has been related significantly to fertilization rate and embryo quality after
ICSI. (Balaban et al., 2012; evidence 1c¢). In non-male-factor infertility, ICSI could be
considered when metaphase I (MI) oocytes are matured as the multi-pronuclei formation
rate with ICSI is significantly lower than that with conventional insemination (Park et

al. 2017; evidence 2b).

Technical improvements: Selection of a good quality semen with intact sperm

genome (IMSI, PICSI)

‘ 1 ‘ Prior ICSI procedure, there is a potential to select good
quality sperm (functional cells with intact sperm genome apparatus), other than the three
basic sperm parameters and the development of diagnostic tools of dysfunctional sperm
is likely to be a key component in improving ICSI outcomes for some infertile couples
(Alasmari et al., 2017). Advanced sperm selection strategies include selection according
to sperm morphology under ultra-high magnification (MSOME), ability to bind to
hyaluronic acid, surface charge, sperm apoptosis and sperm birefringence. The analysis
and selection of spermatozoa for ICSI using intracytoplasmic morphologically selected
sperm injection (IMSI) had a theoretical potential to improve results in ART cycles
through an increase in the number of grade A embryos formed and a decrease in the level
of fragmentation in these embryos. (Wilding et al., 2010; evidence 1a) but results from

RCTs with this technique do not support its clinical use. There is no evidence of effect on
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live birth or miscarriage and the evidence that IMSI improves clinical pregnancy is of
very low quality (Mc Dowell et al., 2014; evidence 1a).

The use of hyaluronic acid binding assays in ICSI cycles to improve clinical outcomes
has been analyzed in three RCT that (Parmegiani et al., 2012; Majumdar et al., 2013;
Worrilow et al., 2013; evidence 1b-).Results from these studies reported that ICSI with
hyaluronan-selected sperm (so-called physiological ICSI [PICSI]) decreased miscarriage
rates and improved embryo quality and livebirth rates compared with ICSI with sperm
selected using standard methods. The couples who benefited most from PICSI had low
hyaluronan—sperm binding scores. Nevertheless, the largest randomized trial of PICSI
recently published provides a robust measure of livebirth and it shows that PICSI did not
significantly increase the term livebirth rate compared with standard ICSI, but a
significant decrease was observed in miscarriage rates among couples in the PICSI group
(Miller et al., 2019; evidence 1b). According to these findings, the application of this
technique may provide an improvement in embryo quality and implantation rate but
evidence does not support its routine use in all ICSI cycles and the identification of

patients that might benefit from this technique needs further study.

Artificial oocyte activation

The principal cause of failed fertilization has been attributed to an oocyte activation
disruption (Sousa et al., 1994). In couples with a history of total fertilization failure in a
previous cycle, using ICSI followed by artificial oocyte activation (AOA) has been
associated with an increase in the proportion of cleavage stage embryos (RR 5.44, 95%
CI 2.98-9.91), top/high quality cleavage stage embryos (RR 10.02, 95% CI 2.45-40.95)
(Sfontouris et al., 2015; evidence 1a-) and higher fertilization rates (Takihara et al.,
1998). Thus, oocyte activation failure can nowadays be overcome clinically by AOA such
as calcium ionophores or injection of recombinant PLCC protein. A number of cases have
demonstrated that ICSI combined with AOA greatly increases the success rate of
fertilization and subsequent pregnancy (Rybouchkin et al., 1997; Kim et al., 2001;
Tesarik et al., 2002; Heindryckx et al., 2005, 2008; Dirican et al., 2008; Tejara et al.,
2008; Kyono et al., 2009; Taylor et al., 2010; evidence 3b) even in patients that had a
history of failed fertilization with ICSI (Eldar-Geva et al., 2003; Heindryckx et al.,
2005, 2008; Chi et al., 2004). Several reports on the well-being of children born after

ICSI with AOA have provided reassuring insights resulting with neonatal outcome within
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normal limits in regard to birth weight, gestational age, neonatal malformations,
occurrence of perinatal mortality motor skills, behavioural profile and early development
(Yanagida et al., 1999; Heindryckx et al., 2008; Kyono et al., 2012; Vanden et al.,
2012)

Genome editing (CRISP/Cas9)

New methods of genome editing, especially CRISPR/Cas 9, have been developed and
new perspectives on germline interventions have arisen (Vassena et al., 2016).
Supporters of germ line genome editing suggest that the procedure could be used as a

means of disease prevention.

4. THREATS

Predisposition to use ICSI (indiscriminated use/intolerance to fertilization failure)

ICSI has become increasingly popular, and although it was intended primarily to treat
male factor infertility, the procedure has spread alarmingly and is being adopted for
standard in-vitro insemination in many cases for non-male factor indication. This has
arisen, at least in part because of the intolerance to fertilization failure and because of the
increasing expectation from infertile couples of obtaining a succesful pregnancy. Even
more, the removal of the cumulus cells provides the physician with more direct feedback
on the quality of their stimulation, giving the ICSI in patients with poor morphology
oocytes a much higher chance of success. A database analysis conducted using the
National Assisted Reproductive Technology Surveillance System (NASS) from the
Centers for Disease Control and Prevention (CDC) in US reported an overutilization of
ICSI with no improved outcomes, particularly when it is used for non-male factor
infertility and supports the contention that it is being over applied. Practice patterns for
ICSI differ by geographical region and possible explanations may relate to insurance
coverage availability, laboratory efficiencies, and/or perceived competition among clinics

in specific regions of the country. Another relevant consideration for further examination
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is the specific criteria used to define male factor infertility and the indication for ICSI

used by clinics in different regions of the country. (Zagadailov et al., 2017; evidence 2a)

ICSI “overuse” during preimplantation genetic testing

The adoption of preimplantation genetic testing (PGT) by an increasing number of centres
have promoted the generation of embryos by ICSI to exclude the risk of interference of
contaminating spermatozoa. Recently, ICSI "overuse" in non-male infertility has been
doubted, since it does not offer an advantage over IVF and recent data suggest that [IVF
should be the preferred insemination methods in PGT cycles while ICSI should be

indicated only in cases of male-factor infertility (Feldman et al., 2017; evidence 2b).

Improvement of IVF

A possible improvement in IVF procedures could decrease the use of ICSI. In particular,
a recently published retrospective data analysis which summarizes the first 15 years of
ART activity in Europe for 12 consecutive years (1997-2011) suggests that the proportion
of ICSI versus IVF cycles showed a marked increase during this period but is reaching a

plateau from 2008 (Ferranetti et al. 2017; evidence 2a).

Possible long-term effects of ICSI on children (infants, adults)

Contradictory results have been published about the possible long-term effects of ICSI
on children. From a strictly medical perspective, an increased risk of adverse neonatal
outcome has been documented for ICSI-born children (Kim et al., 2010; Helmerhorst
et al., 2004; Jackson et al., 2004; Lie et al., 2005) and some meta-analysis have shown
a increase in congenital malformations in children born after ICSI (Hansen et al., 2002;
Rimm et al., 2004; Kallen et al., 2005) but no clustering of any specific major
malformation and no increased risk for major malformations has been found in ICSI
children. (Wen et al., 2012; evidence 1a)

Concerns refer mainly to potential changes in genetic material, the possible transmission
of foreign genetic material, the use of immature or senescent germ cells and associations

between genetic disorders and some forms of infertility (Bowen et al., 1998; te Velde et
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al., 1998; Tournaye, 2003). Nevertheless, medical follow-up studies have failed to
document detrimental outcomes for children born through the ICSI technique
(Kurinczuk, 2003; Devroey and Van Steirteghem, 2004; Bonduelle et al., 2005).
Regarding children development, one of the first studies analyzing the possible impact
of ICSI on children development showed that 1-year-old ICSI-born children compared
with spontaneously conceived and IVF children, revealed an increased risk of mildly to
significantly delayed development (Bowen et al., 1998). However, a concurrent single-
centre follow-up study found no signs of delayed development in 2-year-old ICSI children
(Bowen et al., 1998; evidence 2b). Later studies carried out in ICSI children aged up to
5 years show no delayed development (Sutcliffe ez al., 1999, 2001, 2003a,b; Neri et al.,
2002; Bonduelle et al., 2003; Leslie ef al., 2003; Place and Englert, 2003; Squires et
al., 2003; Wennerholm et al., 2003; Papaligoura et al., 2004) and although
generalization of these findings should be treated with caution, given many
methodological limitations, such as relatively small sample sizes, inclusion of ICSI
procedures for male factor defficiency, lack of formal child assessment and demographic
matching of samples.

Comparable or even better cognitive and motor development until the age of 8 years have
been also demonstrated in two large-scale multicentre studies that compared
developmental outcomes of 151 8-year-old singletons born through ICSI after 32 weeks
of gestation with those of 153 singletons of the same age born after spontaneous
conception (SC) (Leunens et al., 2006; evidence 2b). Authors did not find a higher
resting blood pressure or higher stress response after psychological stress in ICSI-
conceived pubertal children (Belva et al., 2012). Finally, a systematic review of 34
studies comparing ICSI- and IVF-conceived children suggest their physical health
physical health, growth and neuro-development is comparable; however, studies are few
and limited to childhood. ICSI-conceived children may be at increased risk of autism and
intellectual impairment and no difference in risk of childhood cancer was reported in one
study. These data are inconclusive and further research into health outcomes in
adolescence and adulthood is required before conclusions can be drawn about the long-
term safety of ICSI compared to IVF. Until then, ICSI might be better reserved for its

original intended use, male-factor infertility (Catford et al., 2017; evidence 2a).
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CONCLUSION (corroborar investigadores)

In summary, despite the widespread use of ICSI in patients without a diagnosis of male
factor infertility, little evidence exists demonstrating its effectiveness in this population.
The major advantage of performing ICSI is that cases complicated by total fertilization
failure can almost be eliminated. However reproductive outcomes are similar to those
obtained by IVF. These observations have to be taken with caution as most studies
comparing IVF and ICSI in non-male factor infertility have low quality and varied
methodology, outcome measures, and conclusions. In addition, many of these studies
were based on small sample sizes with inadequate statistical power. Other studies were

not randomized or were randomized by sibling oocytes rather than by patients or cycles.

This application has some disadvantages. They include more technical difficulties, higher
costs and performing an unnecessary invasive technique in some cases. Moreover,
questions regarding safety issues cannot be ruled out. Several studies have demonstrated
that there is no increase in the incidence of congenital anomalies in children born after
ICSI compared with standard IVF or with the general population. However, others
showed that infants born after ICSI might indeed have an excess of birth defects and an
increased incidence of chromosomal abnormalities. It is possible that the increases in
congenital abnormalities observed in some ICSI children, are due to intrinsic factors of
the gametes involved rather than on the fertilization process per se, but it is also possible
that the technique itself plays a role. Furthermore, the long-term outcome of the ICSI
procedure in terms of development and transfer of genetic disorders is still unknown. It
may be concluded that it is not justified to perform ICSI for all couples requiring in vitro
conception. In unexplained infertility and relative male factor infertility, a possible
strategy might be to perform a diagnostic comparison between conventional IVF and ICSI
in all first treatment cycles. This would be especially beneficial in preventing total
fertilization failure. Additional large and well-designed RCT are needed to clarify

definitive indications for ICSI in non-male factor infertility.
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