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Abstract

Purpose Intracytroplasmatic sperm injection (ICSI) is a common procedure used to improve reproductive results, even among
couples without male factor infertility. However, the evidence available is still uncertain on the possible advantages and
deficiencies that this procedure may have in patients with no formal indication for ICSI.

Methods A SWOT (strengths, weaknesses, opportunities, threats) analysis examines the possible advantages and deficiencies of
performing ICSI in these patients with no formal indication.

Results The evidence suggests that ICSI is not justified for non-male factor infertile couples requiring in vitro conception. One of
the major strengths associated to the procedure is the virtual elimination of cases further complicated by total fertilization failure
and a combination between IVF and ICSI on sibling oocytes has been advised in the literature. Greater technical difficulties,
higher costs and performing an unnecessary invasive technique in some cases represent some of the weaknesses of the procedure,
and questions regarding safety issues should not be ruled out.

Conclusion Despite the widespread use of ICSI in patients without a formal diagnosis of male factor infertility, evidence
demonstrating its effectiveness in this population is still lacking. Additional large and well-designed randomized controlled trials
are needed to clarify definitive indications for ICSI in non-male factor infertility.
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Introduction

Intracytroplasmatic sperm injection (ICSI) is an assisted fer-
tilization method where a single spermatozoon is injected into
amature oocyte. ICSI was introduced in 1992 as a way to treat
couples with severe male infertility [ 1]. However, over the last
20 years, the use of ICSI has increased considerably, particu-
larly among patients without male factor infertility, where
ICSI use has gone from 15% in 1996 to 67% in 2012 [2].

Based on a recent report, in some parts of the world (Egypt,
Lebanon), couples went through ICSI in 100% of in vitro
fertilization (IVF) cycles and in 65% of IVF cycles in
Europe [3]. Despite its increased use in cycles without male
factor infertility, evidence is yet unclear on whether or not
ICSI improves reproductive outcomes and published well-
designed randomized controlled studies analyzing the possi-
ble benefits of ICSI in this population are scarce [4].

For this reason, we designed a SWOT (strengths, weak-
nesses, opportunities, threats) analysis to evaluate the avail-
able published evidence on the possible recommendation of
ICSI in non-male factor infertility. In addition, an assessment
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of the scientific Oxford level of evidence for each of the
reviewed papers was carried out thereby avoiding subjectivity
in their statements.

Methods

In this study, a SWOT analysis was carried out to discern the
perceived strengths and drawbacks of the ICSI in non-male
factor infertility, to identify the possible opportunities avail-
able and the key threats of this technology according to the
reviewed bibliography, and to know the experts’ point of
view. The SWOT method is only recently applied in fertility
medical research to assess the possible applicability of a par-
ticular technique when scientific evidence is insufficient,
highlight specific issues, and weigh the possible pros and cons
[5-8].

Initially, a bibliographic search aimed at “ICSI AND non-
male factor infertility” was carried out. Two independent in-
vestigators carried out the bibliographic assessment and in
case of non-agreement a third one was consulted. The primary
review of the literature revealed 361 papers and 93 were clas-
sified as relevant articles.

Then, a second manual bibliographic search was carried
out to complete those matters of relevance included by the
researches in the SWOT clinical outline and not resolved in
the first general search. The total number of references was
divided among the researchers and an Excel spreadsheet for
each of the sections of the SWOT was created, which would
be available on the SISGtool.org platform along with the
corresponding references. In each of the tables, the ideas/
phrases identified for each section were noted and each re-
searcher added the studies classified by the degree of evidence
to each of them. The quality of the selected articles was
assessed using the Oxford Centre for Evidence-Based
Medicine (CEBM) Levels of Evidence, which rank the valid-
ity of evidence in a hierarchy of levels, with systematic re-
views as level 1 (strong evidence) and expert opinions as level
5 (weak evidence) (Oxford CEBM, 2009) (Table 1).

Results

Strengths

ICSI could increase fertilization rate and decrease fertilization
failure in patients with unexplained infertility

In conventional IVF, total fertilization failure occurs in 5-10%
and live birth rates of IVF are in the range of 35-45% per
embryo transfer [9]. Some data suggest that ICSI could result
in increased fertilization rate and decreased total fertilization
failure with favorable clinical outcomes in couples with well-
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defined idiopathic infertility (evidence 2a) [10] or long-term
infertility (evidence 2b) [11]. On the other hand, other studies
contradict the finding of an increase in fertilization rates with
ICSI compared with IVF (see Table 2). The largest meta-
analysis published analyzing this matter considered eleven
studies including 901 couples with unexplained infertility (fe-
male 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 greater
with conventional IVF than with ICSI (RR 8.22, 95% CI
4.44-15.23) (evidence 2a) [10]. Five subjects treated with
ICSI was the amount necessary to prevent one case of TFF.
This meta-analysis and other randomized controlled studies
using sibling oocytes supports the use of ICSI in decreasing
TFF risk 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 determined after a
complete infertility evaluation) [10]. Discordant results re-
garding the fertilization rate may be related to the low sample
size and different characteristics of the populations analyzed.

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)
[12] performing ICSI on at least some of the oocytes has
demonstrated to prevent unnecessary fertilization failure and
in these cases evidence supports that 25% of cycles could be
rescued by ICSI (evidence 1b) [13—15]. The risk ratio for
oocyte fertilization 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% Cl of 1.7 to 12.4) (evidence 1b-) [16]. Until more results
are available, some authors suggest the application of com-
bined IVF-ICSI treatment in cases of borderline semen when
enough oocytes are available and ICSI when the number of
oocytes is too small for a fair chance of fertilization through
IVF (evidence 1b-) [13].

Risk minimization for cycle cancelation due to total
fertilization failure in couples with a prior failed fertilization
using conventional insemination

Unfortunately, some couples may not conceive at their first
cycle of IVF and will need to consider an additional cycle. An
initial cohort study suggested that the use of ICSI following
prior total failed fertilization or poor fertilization rates in a
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Table 1 Oxford Centre for

Evidence-Based Medicine Leyels of Type of study
(CEBM)-Levels of Evidence evidence
(March 2009). Available at:
http://www.cebm.net/oxford- la Systematic reviews (with homogeneity) of randomized controlled trials
centre-evjdence—based-medicine- 1b Individual randomized controlled trials (with narrow confidence interval)
levels-evidence-march-2009/ lc All or none randomized controlled trials

2a Systematic reviews (with homogeneity) of cohort studies

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

2¢ “Outcomes” Research; ecological studies

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

3b Individual case-control study

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”
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

prior IVF cycle could reduce the risk of subsequent failed
fertilization. This study analyzed 662 sibling MII oocytes
from patients with tubal disease and normozoospermic part-
ners, and reported lower total fertilization failure rates for ICSI
(3.6%; 95% CI 0.4—12.3) compared with those obtained for
IVF (12.5%; 95% C1 5.2-24.1) (evidence 2b) [17].

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. Likewise,
the optimal fertilization method for subsequent treatment cy-
cles can be determined [18]. In a prospective randomized
study where sibling oocytes were allocated to conventional
IVF vs. ICSVIVF 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 (evidence 2b) [19]. In this study, ICSI/
IVF reported higher fertilization rates (60% vs 22%) even in

Table 2 Fertilization rate and total fertilization failure (TFF) in prospective RCT of sibling oocytes allocated to IVF or ICSI in non-male factor
infertility
N Fertilization rate Fertilization rate P TFFIVF  TFFICSI p Pregnancy rate Pregnancy rate p
IVF (%) ICSI (%) (%) (%) IVF ICSI
Aboulgharetal,, 22 50.7 63.0 ns. 22.7 0 <0.001 — - -
1996
Aboulghar et al, 131 50.2 55.0 - 17.6 L5 - 29.8 36.7 -
1999
Ruiz et al, 1997 70 54.0 60.4 ns. 11.4 0 0.01 - - -
Khamsi et al, 2001 35 57.2 71.3 0.005 114 29 n.r. - - -
Hershlag et al, 60 48.1 65.3 <0.001 16.7 0 <0.002 — - -
2002
Jaroudi et al, 2003 125 51.6 61.0 <0.001 19.2 0.8 <0.001 — - -
Wyns etal. 2004 60 61.6 67.9 nr. 13.3 0 nr. 36.7 50 -
Bungumet al. 2004 248 46.0 68.0 <0.005 242 44 <0.001 — 492 -
Li et al. 2004 11 40.1 57.6 ns. 36.4 0 <0.05 - - -
Foong et al., 2006 60 77.2 82.4 n.s. 2/30 0 - 50 50 ns
Shveiky et al. 2006 118 31.2 60.1 nr. 432 0 nr. 44 49 nr
Chiamchianya 36 57.0 70.3 n.s. 13.9 0 0.04 38.5 36.4 ns
et al. 2008
Kovacs et al. 2011 60 55.1 nr nr. 6.6 33 nr.

n.s. not significant, n.r. not reported, /VF in vitro fertilization, /CSI intracytoplasmic sperm injection

Adapted from Johnson et al., 2013
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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.

ICSI could improve embryo quality

Some authors suggest a superiority of ICSI embryos because
the ICSI procedure avoids oocyte and zygote culture with too
many spermatozoa. This thereby reduces exposure to the re-
active oxygen species produced by the spermatozoa that might
contribute to embryonic damage [20]. To support the hypoth-
esis 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
IVF performed on sibling oocytes (evidence 2b) [21]. 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 con-
ventional IVF (64.4 vs. 47.1%, respectively) (evidence 1b)
[22] whereas, Ruiz et al. (evidence 2b) [23] 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,
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 (evidence 2b) [24]. Data gathered
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) follow-
ing ICSI compared with conventional insemination (62.8%
versus 45.5% respectively; p <0.001) (evidence 2b) [25].
Nevertheless, these differences in embryo quality need to be
confirmed as they could depend on intrinsic factors of the
gametes involved rather than on the fertilization process per
se.

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 penetra-
tion 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 [26]. In patients with unexplained infertility with ZP-
induced AR < 16%, average fertilization rates are < 30% with
conventional IVF and, interestingly, ICSI has been found to
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overcome these defects resulting in an improvement of preg-
nancy rates (evidence 2c) [27-29].

Avoid possible contamination with DNA from spermatozoa
in cases where PGT is performed for monogenic conditions

Testing errors may arise from several different problems in a
Preimplantation Genetic Testing (PGT) procedure, but the
most common and troublesome ones have been those cited
to be from the issues related to sample contamination. The
use of ICSI as opposed to conventional IVF in PGT cycles
is recommended to prevent paternal contamination from the
introduction of excess sperm into the zona pellucida, or ma-
ternal contamination from granulosa cells especially with
PGT performed for single gene defects (evidence 1a) [30].

Weakness

No standardized guidelines to define “severe male factor”
infertility

Male factor infertility is generally defined through the use of
conventional semen profile (number of spermatozoa present
in the ejaculate, the proportion that are motile or progressively
motile and the percentage of morphologically normal sperma-
tozoa), but a standardized definition is still needed [31].
Nevertheless, a variety of different markers are used in clinical
practice such as total number of motile spermatozoa (TMSC)
or WHO criteria. The standard descriptive semen analysis still
cannot detect sperm dysfunction and is recognized as a rela-
tively insensitive predictive tool in determining sperm fertil-
izing potential, except in extreme cases and, interestingly,
men can produce dysfunctional sperm even when their semen
parameters (sperm concentration and motility) are normal
[32-34].

Invasiveness of the technique

ICSI is a complex and invasive technique that requires micro-
manipulation where a single spermatozoon is injected central-
ly into the cytoplasm of the oocyte using a fine sharp-tipped
glass pipette [35]. The operator selects the spermatozoon for
microinjection thereby bypassing the natural selection barrier
to fertilization 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 (lysis) which is largely unpredictable and un-
systematic in nature (evidence 2a) [36, 37] and Al-Inany et al.
suggested that the removal of the cumulus cells of the oocyte
could affect the reproductive outcomes in ICSI [38].
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Operator experience and technical factors are critical

Technical factors are crucial for achieving high fertilization
and pregnancy rates with ICSI and include the use of stan-
dardized ICSI pipettes, spermatozoon immobilization before
injection, aspiration of a minimal amount of ooplasm before
reinjection with the sperm, and substantial operator experi-
ence [39]. In a prospective trial involving 305 ICSI cycles,
oocyte degeneration rate ranged from 5 to 11% depending
on laboratory technician performance and the volume of aspi-
rated oocyte cytoplasm during the procedure also affected the
percentage of embryos reaching the blastocyst stage [40].
Precision in handling and manipulation, injection procedure
and rigorous thermal control is critical for reducing adverse
outcomes.

ICSI complications: imprinting defects and DNA methylation,
possible sex ratio modification

Imprinting and DNA methylation DNA methylation changes
and imprinting disorders are believed to be influenced by
spermatozoa manipulation techniques and embryo culture du-
ration, but reports of the effects of IVF/ICSI on imprinting
have been heterogeneous (evidence 1a) [41]. Imprinting dis-
orders and DNA methylation are more prevalent after human
IVF or ICSI (evidence 3b) [42], but there is no proof of a
causal relationship between imprinted diseases and IVF or
ICSI treatments (evidence 2a) [43].

Possible sex ratio modification In 2009, a retrospective 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 is associated with a decrease in
the sex ratio of male infants, particularly with blastocyst-stage
embryos (evidence 3b) [44]. 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, intra-
uterine 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 (50.0% vs. 51.3%; p <0.001), whereas IVF was
associated with a higher sex ratio (52.2% vs. 51.3%; p =
0.015) and this phenomenon was not influenced by maternal
age (evidence 2b) [45].

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

Oocytes of older women could contain structural damage that
could lower fertilization potential and ICSI could be the cho-
sen insemination procedure to avoid fertilization failure.
Nevertheless, several retrospective cohort studies and a

meta-analysis suggest that, in the absence of male factor in-
fertility diagnosis, ICSI did not improve fertilization rates
compared with IVF in advanced maternal age (evidence 2a)
[46, 47], poor-quality oocytes/low oocyte yield (evidence 2b)
[48], and poor responders (evidence 2a) [46].

No effect on reproductive outcomes

Although ICSI is capable of consistently overcoming unfore-
seen sperm cell dysfunction and providing increased fertiliza-
tion rates in some cases, no significant effect on reproductive
outcomes have been reported in several randomized studies
yielding similar reproductive results in comparison with con-
ventional IVF (Table 3). A retrospective cohort study of
585,065 ART treatment cycles between 2002 and 2013 re-
ports a lower live birth rates using ICSI compared with IVF
in non-male factor patients in most years raising the question
of'its widespread use (evidence 2b) [49]. Moreover, a recently
published population-based cohort of 14,693 women (evi-
dence 2b) [50], having undergone their first ever stimulated
cycle with fertilization performed for at least one oocyte
through either IVF or ICSI demonstrated that among couples
with non-male factor infertility, ICSI showed similar cumula-
tive live birth rate results compared with IVF (AHR 0.96, 95%
CI0.85-1.10).

No evidence of cost-benefit

In the USA, mandates for IVF coverage have been associated
with lower ICSI use for non-male factor infertility cycles,
probably due to the elevated cost (evidence 2b) [51]. The cost
of'an average ICSI cycle is 8.5-30% higher than an IVF cycle
[52-54]. 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 [55]. This includes consumables, personnel,
and facility costs. The incremental cost per live birth (for pa-
tients unsuited for conventional IVF) has been estimated to be
approximately three times the cost of standard IVF [56]. 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 fertiliza-
tion or no fertilization. In couples with unexplained infertility,
using an adaptive decision model to analyze the cost-
effectiveness of split [IVF-ICSI showed that, in a single cycle,
all IVF is preferred as the ICER of split IVF-ICSI or not all
ICSI ($58,766) justified the increased live birth rate (3%). If
two cycles were needed, split IVF/ICSI is preferred as the
increased cumulative live birth rate (3.3%) was gained at an
ICER of $29,666 [57].
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Table 3 Randomized controlled studies comparing the efficacy of IVF vs. ICSI in couples with non-male infertility
Fertilization rate p Pregnancy rate p Live born p
(%) (%) rates
IVF ICSI IVF  ICSI IVF ICSI

Aboulghar et al., 1996
Aboulghar et al., 1999
Moreno et al., 1998 RCT poor responders

Bukulmez et al., 2000 RCT tubal factor

Bhattacharya et al., 2001 RCT couples with non-male factor infertility
Poehl et al., 2001 RCT tubal infertility or hostile cervical mucus
Hariprashad et al., 2002 RCT failed fertilization cycles

Foong et al., 2006 RCT unexplained infertility

RCT tubal factor
RCT unexplained infertility

116 64.8 53.3 nr 31.0 328

64.8 70 ns 320 380 ns - - -

70.2 71.7 ns 173  21.1  ns - - -

67.3 69.3 ns 21.5 215 ns 1579 1842 ns
415 58 48 <0.05 33.0 260 <005 — - -
- - - 33.0 230 - - - -
447 17 <0.05 10.7 341 <005 - - -

77.2 82.4 ns 50.0 50.0 ns 46 50 ns

IVF in vitro fertilization, /CSI intracytoplasmic sperm injection, RC7 randomized controlled trial, zs not significant

Lack of well-designed randomized controlled trials
and inconsistencies in the results

The lack of large well-designed randomized controlled trials
(RCT) is one important limitation of ICSI and most of them
have been criticized due to poor study design. A RCT able to
detect a relative increase in live birth rate from IVF to ICSI of
20% (i.e., relative risk = 1.2, e.g., 35 to 42%) would require a
minimum of 1200 patients (600 on each group) to achieve
acceptable levels of confidence (95%) and statistical power
(80%). It seems quite unrealistic that such a trial could be
conducted nowadays, given the difficulty to recruit ideal pa-
tients and the trend to use ICSI routinely.

Studies comparing IVF and ICSI have had varied method-
ology, outcome measures, and conclusions and inconsis-
tencies 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 lacking a diag-
nosis 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 the limited quality of these studies
or the fact that the patients receiving ICSI have more severe
infertility conditions that are not easily apparent to the re-
searchers could be a possible explanation for the lack of a
positive effect of ICSI on outcomes [58].

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 (evidence 2b) [39].
Moreover, the removal of the cumulus cells provides a more
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direct feedback on the oocyte maturity [59]. Human oocyte
grading based on the triple factors (first polar body, size of
perivitelline space and cytoplasmic inclusions) has been sig-
nificantly related to fertilization rate and embryo quality after
ICSI (evidence 1c) [60]. In non-male factor infertility, ICSI
could be considered when metaphase I (MI) oocytes are ma-
tured, since the multi-pronuclei formation rate with ICSI is
significantly lower than that with conventional insemination
(evidence 2b) [61].

Sperm DNA fragmentation

High sperm DNA fragmentation has adverse effects on
Assisted Reproductive Technology (ART) outcomes [62].
Studies report that DNA-damaged sperm cells could still fer-
tilize the oocyte regardless of the degree of DNA damage.
Still, embryonic development and full-term pregnancy were
closely related to the degree of damage [63, 64], which has
been associated with a “late paternal effect” during the activa-
tion of male gene expression [65].

Although Esteves et al. suggested that sperm DNA frag-
mentation could impair the results of both IVF and ICSI cy-
cles [66], the outcomes 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 treat-
ment was used (evidence 1a-) [67]. This finding may suggest a
role for ICSI treatment in men with high sperm DNA frag-
mentation but it is important to emphasize that only two stud-
ies addressed this matter but with strict inclusion criteria and
adequate sensitivity analysis to minimize the bias. The devel-
opment of an efficient test that allows choosing the sperm
without DNA fragmentation could be an opportunity of im-
proving live birth rates in these cases.
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Technical improvements: selection of a good-quality semen
with intact sperm genome (IMSI, PICSI, flow cytometry,
reotaxis, swim-up)

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 [68]. Various
techniques for sperm selection have been developed, such as
intracytoplasmic morphologically selected sperm injection
(IMSI), hyaluronan-selected sperm (physiological ICSI
[PICSI]), flow cytometry, rheotaxis, or swim-up.

The spermatozoa selection process using IMSI had a hypo-
thetical 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 (evi-
dence la) [69] but results from RCTs with this technique do
not encourage its clinical use. Studies show no evidence of the
effect on live birth or miscarriage and the evidence that IMSI
improves clinical pregnancy is of very low quality [70].

Three RCT have analyzed the use of hyaluronic acid bind-
ing assays in ICSI cycles to improve clinical outcomes (evi-
dence 1b-) [71-73]. These studies reported that using PICSI
for sperm selection decreased miscarriage rates and improved
embryo quality and live birth rates compared with ICSI with
sperm selected using standard methods. The couples who
gained the most from PICSI had low hyaluronan—sperm bind-
ing 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 (evidence 1b) [74]. According to these find-
ings, the application of this technique may provide an im-
provement in embryo quality and implantation rate, but evi-
dence does not encourage its routine use in all ICSI cycles and
the identification of patients that might benefit from this tech-
nique needs further study.

Artificial oocyte activation

A failure in fertilization has been mainly attributed to an
oocyte activation disruption [75]. The use of ICSI followed
by artificial oocyte activation (AOA) has been associated
with an increase in the proportion of cleavage stage embry-
0s (RR 5.44, 95% CI 2.98-9.91), top/high-quality cleavage
stage embryos (RR 10.02, 95% CI 2.45-40.95) (evidence
la-) [76], and higher fertilization rates [77] in couples with
a history of total fertilization failure in a previous cycle.
Therefore, at this time, oocyte activation failure can be
overcome clinically by AOA such as calcium ionophores
or recombinant PLC( protein injection. A number of cases
have demonstrated that ICSI combined with AOA greatly
increases the fertilization rate success and subsequent

pregnancy (evidence 3b) [78-80] (even in patients with a
history of failed fertilization with ICSI [78, 79, 81, 82].
Several reports on the well-being of children born after
ICSI with AOA have provided reassuring insights resulting
with neonatal outcome within normal limits concerning
birth weight, gestational age, neonatal malformations, oc-
currence of perinatal mortality motor skills, behavioral pro-
file and early development [79, 80, 83, 84].

Genome editing (CRISP/Cas9)

Innovative genome editing methods have been developed,
particularly CRISPR/Cas 9, giving rise to new perspectives
on germ line interventions [85]. Germ line genome editing
advocates suggest that the procedure could be used as a means
of disease prevention.

Threats

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

The increase of ICSI due to non-male infertility despite the
lack of evidence to support it has arisen, at least in part be-
cause of the intolerance to fertilization failure and because of
the increasing expectation from infertile couples of obtaining
a successful pregnancy. Furthermore, the removal of the cu-
mulus cells provides the physician with more direct feedback
on the quality of their stimulation, increasing the chance of
success of ICSI in patients with poor morphology oocytes. A
database analysis conducted using the National Assisted
Reproductive Technology Surveillance System (NASS) from
the Centers for Disease Control and Prevention (CDC) in the
USA 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 re-
gion and possible explanations may relate to insurance cover-
age availability, laboratory efficiencies, and/or perceived
competition among clinics in specific regions of the country.
A major reason why ICSI is performed for non-male factor
indications is the pressure on the clinicians in privately funded
IVF programs in particular, when results of clinics are up for
patients to see in national registries.

Another relevant consideration for further examination is
the specific criteria used to define male factor infertility and
the indication for ICSI used by clinics in different regions of
the country (evidence 2a) [86].

ICSI “overuse” during PGT

The use of PGT by an increasing number of centers has pro-
moted the generation of embryos by ICSI to exclude the risk
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of interference of contaminating spermatozoa. Recently,
doubts on ICSI “overuse” in non-male infertility have arisen,
since recent data suggest that it does not offer an advantage
over IVF and that IVF should be the preferred insemination
methods in PGT cycles while ICSI should be indicated only in
cases of male factor infertility (evidence 2b) [87].

Improvement of IVF

A possible improvement in IVF procedures could de-
crease the use of ICSI. In particular, a recently pub-
lished retrospective data analysis summarizing the first
15 years of ART activity in Europe for 12 consecutive
years (1997-2011) shows a notable increase in the pro-
portion of ICSI versus IVF during this period, but since
2008 is reaching a plateau (evidence 2a) [9] where ICSI
and IVF represent around two-thirds and one-third of
fresh cycles, respectively. The plateau could be due to
the reconsideration of many centers to perform ICSI
only when necessary. Thereby, verifying that the results
of IVF are comparable to or even better than those of
ICSI in those circumstances, probably to avoid problems
derived from microinjection or from having achieved
laboratory improvements that increase the effectiveness
of the process [50].

/ Strengths (Positives)
« Increases fertilization rates and decreases

fertilization failure in patients with unexplained
infertility

*Decreases fertilization failure in patients with
borderline/subfertile semen

*Minimizes the risk for cycle cancellation in couples
with prior failed fertilization with IVF

*Could improve embryo quality

*Could increase pregnancy rates in patients with
sperm-zona pellucida fertilization disturbances
*Avoid possible contamination with DNA from
spermatozoa in cases where PGT is performed for

\iwgenic conditions

Opportunities (External factorsx
with possible positive impact)

*Selection of the oocytes
*Technical improvements: IMSI, PICSI

« Artificial oocyte activation
*Genome editing (Crisp/Cas9)

\_ J

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

Contradictory results have been published with regard to the
possible long-term effects of ICSI on children. From a medical
standpoint, an increased risk of adverse neonatal outcome has
been reported for ICSI-born children [88—90]. Furthermore,
some meta-analysis have shown an increase in congenital
malformations in children born after ICSI [91-93], but no
clustering of any specific major malformation and no in-
creased risk for major malformations has been found in ICSI
children (evidence 1a) [94].

These issues 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
[95-97]. Nevertheless, medical follow-up studies have failed
to report adverse outcomes for children born through the ICSI
technique [98-100].

With regard to child development, one of the first studies
analyzing the possible impact of ICSI on child development
showed that 1-year-old ICSI-born children compared with
spontaneously conceived and IVF children, revealed an in-
creased risk of mildly to significantly delayed development
[95]. However, a concurrent single-center follow-up study
found no signs of delayed development in 2-year-old ICSI
children (evidence 2b) [95]. Later studies carried out in ICSI

N

Weaknesses (Negatives)

~

AN

*No standardized guidelines to define “Severe Male Factor”
infertility

*Invasiveness and complexity of the technique

*Operator experience and technical factors are critical
*Complications: imprinting, DNA methylation, sex ratio

*No benefit of ICSI on women-related factors of poor prognosis
*No effect on reproductive outcomes

*No evidence of cost-benefit

*Lack of well-designed randomized studies

/

A]reats (External factors with possible\
negative impact)

Indiscriminate application of the technique

*ICSI “overuse” during preimplantation genetic diagnosis
*Improvement of IVF

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

o /

Fig. 1 A SWOT analysis of ICSI versus IVF for non-male factor infertility in assisted reproduction
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children aged up to 5 years show no delayed development
[100-104] and although generalization of these findings
should be treated with caution, given the many methodologi-
cal limitations, such as relatively small sample sizes, inclusion
of ICSI procedures for male factor deficiency, lack of formal
child assessment, and demographic matching of samples.

Comparable or even better cognitive and motor develop-
ment until the age of 8 years have also been demonstrated in
two large-scale multicenter studies that compared develop-
mental 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 spontancous conception (SC) (ev-
idence 2b) [105]. Authors did not find a higher resting blood
pressure or higher stress response after psychological stress in
ICSI-conceived pubertal children [106]. Finally, a systematic
review of 34 studies comparing ICSI- and IVF-conceived
children suggest their physical health, growth, and neuro-
development is comparable; although studies are few and lim-
ited to childhood. ICSI-conceived children may be at in-
creased risk of autism and intellectual impairment and no dif-
ference 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 on the long-term safety of ICSI
compared with IVF. Until then, ICSI might be better reserved
for its original intended use, male factor infertility (evidence
2a) [107].

Conclusion

In summary, despite the widespread use of ICSI in patients
without a formal diagnosis of male factor infertility, evidence
demonstrating its effectiveness in this population is still lack-
ing. The major advantage of performing ICSI is that cases
complicated by total fertilization failure can almost be elimi-
nated. However, reproductive outcomes are similar, or even
worse, 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.

This procedure has some disadvantages. It involves more
technical difficulties, higher costs, and performing an unnec-
essary invasive technique in some cases. Moreover, questions
regarding safety issues cannot be ruled out. Furthermore, in
the long-term, outcomes that may arise from the development
and transfer of genetic disorders in cases where the ICSI pro-
cedure was used are still unknown. It may be concluded that
ICSI is not justified in all couples requiring in vitro concep-
tion. In idiopathic infertility and relative male factor infertility,
a possible strategy might be to perform a diagnostic compar-
ison between conventional IVF and ICSI in all first treatment
cycles. This would be especially beneficial in preventing total

fertilization failure. Nevertheless, additional large and well-
designed RCT are needed to clarify definitive indications for
ICSI in non-male factor infertility (Fig. 1).
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