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Abstract: Intracytoplasmic sperm injection (ICSI) was originally designed to overcome barriers
due to male factor infertility. However, a surveillance study found that ICSI use in non-male factor
infertility increased from 15.4% to 66.9% between 1996 and 2012. Numerous studies have investigated
fertilization rate, total fertilization failure, and live birth rate per cycle (LBR), comparing the use of
ICSI versus conventional in vitro fertilization (IVF) for non-male factor infertility. The overwhelming
conclusion shows no increase in fertilization rate or LBR per cycle with the use of ICSI for non-male
factor infertility. The overuse of ICSI is likely related to the desire to avoid a higher rate of total
fertilization failure in IVF. However, data supporting the benefit of using ICSI for non-male factor
infertility is lacking, and 33 couples would need to be treated with ICSI unnecessarily to avoid
one case of total fertilization failure. Such practice increases the cost to the patient, increases the
burden on embryologist’s time, and is a misapplication of resources. Additionally, there remains
conflicting data regarding the safety of offspring conceived by ICSI and potential damage to the
oocyte. Thus, the use of ICSI should be limited to those with male factor infertility or a history of
total fertilization factor infertility due to uncertainties of potential adverse impact and lack of proven
benefit in non-male factor infertility.
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1. Introduction

The emergence of intracytoplasmic sperm injection (ICSI) in the early 1990s, just a
few years after the advent of in vitro fertilization (IVF), transformed the treatment of male
infertility. Its original purpose was to serve those with severe male factor infertility (MF)
or those with a history of unexplained total fertilization failure (TFF). Shortly following
the introduction of ICSI, a study analyzed fertilization rates (FR) and pregnancy rates (PR)
in individuals with severe MF or history of multiple TFF while stratifying by the severity
of MF and sperm source [1]. They noted a drastic improvement in PR in the 227 couples
within the study that was not altered by sperm source or concentration. Over half of these
couples had previously experienced a TFF, but with ICSI, the average FR was 63.9%, and
only two couples (approximately 0.9%) had TFF [1]. Yet, these improvements were not
seen in all types of MF, as Keegan et al. in 2007 determined no differences in FR, TFF,
or LBR per cycle in men with normal sperm compared to those with teratozoospermia
in either IVF or ICSI cycles [2]. However, current use has greatly surpassed its original
intended indications. Recent statistics show an increase in ICSI use from 36.4% in 1995
to over 76% in 2012, with the greatest increase in non-male factor infertility (NMF) from
15.4% to 66.9% [3]. The most recent practice committee opinion by the American Society
of Reproductive Medicine (ASRM) in 2020 concerning the use of ICSI for NMF indicated
that NMF counted for anywhere between 68%–72% of the use of ICSI [4]. Prior to utilizing
ICSI, it is important for clinicians to understand the data behind the use of ICSI for NMF,
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potential harm to offspring, cost burden to patient and laboratory time, as well as potential
harm to oocytes or embryos.

2. Methods

A medical literature search was performed in Pubmed and The Cochrane Library.
Phrases used in the search were suited for each individual database and included “Intracy-
toplasmic sperm injection” OR “ICSI” AND “non-male factor”. Our search period spanned
from 1994–2021. Three hundred thirty-eight articles were found. These articles were then
assessed for relevance and quality. Only studies published in English were included 40 of
these studies were included as part of this review.

The primary outcomes of this review were to determine if the use of ICSI for NMF
improved reproductive outcomes, specifically, live birth rate (LBR), fertilization rate (FR),
and total fertilization failure (TFF). Additionally, the potential impact on offspring, associ-
ated costs of ICSI, and impact on oocytes or embryos. Articles were selected as relevant if
they were: practice guidelines, retrospective reviews, retrospective cohort studies, observa-
tional studies, randomized control trials (RCTs), prospective studies, systematic reviews,
or meta-analyses that evaluated ICSI in the setting of NMF. Studies were excluded if they
were (1) case reports, editorials, abstracts, non-systematic reviews, (2) did not include NMF
or the use of ICSI, or (3) did not include one of the following: LBR, FR, TFF, birth defects,
costs, or impact on oocytes.

3. IVF Outcomes for NMF

The use of ICSI has been proposed as a universal protocol in some clinics, while other
clinics are more selective in utilizing ICSI in certain subgroups of infertility other than MF
or TFF. Some of these subgroups include poor ovarian reserve (POR), diminished ovarian
reserve (DOR), poor oocyte quality, advanced maternal age, low oocyte yield, unexplained
infertility, or mild MF. Unfortunately, there have been few RCTs performed examining this
topic, and even fewer that have specifically analyzed patient-driven outcomes, namely LBR
per cycle. Mainly due to the nonrandomized design of many studies, there is an inherent
high risk of bias.

3.1. Unselected Patient

The misapplication of ICSI beyond severe MF was notable early in its conception that
went far beyond the designated patient population. The first Cochrane Review of ICSI for
NMF was performed in 1999, with an update in 2003. Yet, no RCT at this time evaluated
LBR [5]. During that same time, Khamsi et al. reviewed four articles that performed
ICSI and IVF on sibling oocytes for NMF. They found that half of the studies showed
improvement in FR and a reduction in TFF in three of four of the studies with the use
of ICSI [6]. It is important to note that only MII oocytes were exposed to ICSI versus
all oocytes for IVF, leading to likely selection bias when reporting FR. Additionally, the
TFF rates in each study were unexpectedly high (22.7%, 11.4%, and 6.8%), which may be
reflective of older laboratory technology [6].

An unselected prospective controlled study from 2001 for 35 patients examined any
patients with NMF and found higher FR with ICSI (57.2% vs. 71.3%, p = 0.005); how-
ever, no pregnancy outcomes were reported [7]. Another early study showed a slightly
decreased TFF rate when ICSI was used indiscriminately; however, they calculated that
33 couples would need to be treated unnecessarily to prevent one TFF [8]. In contrast to
these studies, a prospective cohort of 486 patients with 696 cycles found no difference in
FR, TFF, or LBR over a 2 year period in 2007 [9]. Two retrospective reviews showed slightly
differing results from each other. One was an analysis of the Latin America Registry of
Assisted Reproductive Technology (ART) of nearly 50,000 ART cycles from 2012 to 2014
and determined that although FR did not differ between the two groups, LBR was higher
(22.99% vs. 28.76%, p < 0.001) and TFF was actually lower (4.49% vs. 3.37%, p < 0.001) in the
IVF group [10]. The other retrospective analysis from 2009–2015 with over 3000 patients
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found that FR and LBR per cycle were higher in IVF than ICSI (67.1% vs. 62.3% p < 0.0001,
17.22% vs. 13.2% p < 0.001, respectively). They stated that “one less pregnancy in every
15 cycles where ICSI was used without an indication” [11]. One study specifically attempted
to look at the use of ICSI in NMF to help reduce TFF and improve embryo quality [12].
They found in their cohort of ICSI (advanced age, history of poor fertilization, repetitive
implantation failure, endometriomas, low oocyte quality, and low oocyte yield; n = 142) that
the TFF did not vary, but normal FR rate did improve with ICSI (83.4% and 79.1%, p = 0.04,
respectively) [12]. Most recently, a 2020 RCT assessing NMF with sibling oocytes did find a
slightly higher TFF in IVF cases (10 cases); however, they did not analyze LBR [13]. Please
see Table 1.

Table 1. ICSI use in NMF.

Author Year Study Design FR TFF LBR

Khamsi [6] 2000 Review
IVF: 50.7–57.2%
ICSI: 50–71.3%

PN

IVF: 6.8–22.7%
ICSI: 0%

PN
NR

Bhattacharya [8] 2001 RCT
IVF: 61%
ICSI: 50%

NR
NR NR

Khamsi [7] 2001 Prospective
Controlled study

IVF: 57.2%
ICSI: 71.3%

p = 0.005
NR NR

Tournaye [14] 2002 RCT
IVF: 59.6%
ICSI: 67.6%

NS
NR NR

Kim [9] 2007 Prospective
Controlled study

IVF: 69.1%
ICSI: 69.1%

p = 0.07

IVF: 3.2%
ICSI: 4.0%

p = 0.66

IVF: 22%
ICSI: 17%
p = 0.24

Butts [15] 2014 Retrospective Cohort
IVF: 21.9%
ICSI: 20.4%

p = 0.002
NR NR

Kim [12] 2014 Retrospective Cohort
IVF: 79.1%
ICSI: 83.4%

p = 0.04

IVF: 0.6%
ICSI: 4.2%

NS
NR

Sfontouris [16] 2015 Retrospective Cohort
IVF: 65.3%
ICSI: 58.7%

NR
NR

IVF: 5.0%
ICSI: 3.3%

NS

Grimstad [17] 2016 Retrospective Cohort
IVF: 49.1%
ICSI: 57.5%
p < 0.0001

NR
IVF: 39.6%
ICSI: 33.0%
p < 0.0001

Schwarze [10] 2017 Retrospective Review
IVF: 73.55%
ICSI: 73.84%

p > 0.00

IVF: 3.37%
ICSI: 4.49%

p < 0.001

IVF: 28.76%
ICSI: 22.99%

p < 0.001

Tannus [18] 2017 Retrospective Cohort
IVF: 64%
ICSI: 67%
p = 0.25

IVF: 9.0%
ICSI: 9.7%

p = 0.73

IVF: 11.9%
ICSI: 9.6%

p = 0.71

Li [3] 2018 Retrospective Cohort NR NR
IVF: 39.2%
ICSI: 36.2%

NS

Liu [19] 2018 Retrospective Cohort
IVF: 61.56%
ICSI: 76.00%

p < 0.001
NR

IVF: 14.59%
ICSI: 5.56%

p < 0.05

Biliangady [20] 2019 Retrospective Cohort
IVF: 89.9%
ICSI: 85.1%

p < 0.001
NR

IVF: 32.71%
ICSI: 24.26%

p = 0.09

Drakopoulos [21] 2019 Retrospective Cohort
IVF: 66.6%
ICSI: 66.6%

p = 0.08
NR

IVF: 20%
ICSI: 12.8%

p = 0.06

Farhi [22] 2019 Retrospective Cohort
IVF: 50.1%
ICSI: 71.0%

p < 0.001
NR NR
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Table 1. Cont.

Author Year Study Design FR TFF LBR

Sustar [11] 2019 Retrospective Review
IVF: 67.1%
ICSI: 62.3%
p < 0.0001

NR
IVF: 17.22%
ICSI: 13.2%

p = 0.001

Haas [23] 2020 RCT
IVF: 72.4%
ICSI: 65.1%

p = 0.38
NR NR

Liu [24] 2020 Retrospective Cohort NR NR
IVF: 41.68%
ICSI: 43.11%

p = 0.599

Supramaniam [25] 2020 Retrospective Cohort
IVF: 64.7%
ICSI: 67.2%

p < 0.001

IVF: 17.3%
ICSI: 17.0%

p = 0.199

IVF: 12.2%
ICSI: 12.4%

NS

Isikoglu [13] 2021 RCT

IVF: 56.20%
ICSI: 64.78%

(per inseminated
oocyte)

NR

IVF: 15.63%
ICSI: 0%

NR
NR

McPherson [26] 2021 Retrospective
Cohort

IVF: 31%
ICSI: 14%
p < 0.0001

NR
IVF: 94.3%
ICSI: 92.4%

NS

NR: Not reported; NS: Not significant; PN: p-value not reported; RR: Relative risk.

Yet, it is important to realize that their study groups were vastly different and con-
founded by the age of male and female partners, the number of oocytes retrieved, and that
ICSI only utilizes mature oocytes, while IVF includes all oocytes (immature and mature)
during insemination. They also did not identify the reasons/indications for using ICSI;
thus, their results were less generalizable [12]. The disparity in results is likely reflective
of inherent bias embedded in retrospective or nonrandomized prospective studies, as
well as differences in patient and IVF center-driven factors. Additionally, caution should
be used applying data from the early 2000s, given the significant clinical and laboratory
advancements in ART in the last 20 years.

More recent studies comparing the use of ICSI in the general population versus
IVF include several retrospective cohorts analyzing LBR. One published in 2018 from
Australia examined the Victorian database of 15,000 cycles with no difference reported in
LBR per cycle between IVF and ICSI for NMF [3]. The second study published in 2019
from the United States (US) at a single institution also showed no significant difference
in LBR per transfer but an increase in FR [20]. Zagadailov et al. examined different
geographical regions throughout the US to determine ICSI utilization, LBR per cycle, and
MF diagnosis [27]. They noted a striking difference in ICSI utilization across the United
States, with the highest rates in the Front Range (including the areas of Albuquerque,
Cheyenne, Colorado Springs, Denver, Pueblo, Salt Lake City) and Gulf Coast, and lowest
rates of ICSI utilization in the Northeast and Florida [27]. However, having a higher
ICSI rate was not associated with increased rates of MF nor a strong association with
increased LBR per cycle [27]. Thus, pointing out that ICSI utilization had more to do with
where geographically a clinic was located than it had to do with the etiology of infertility.
Furthermore, retrospective analysis of over 20,000 patients found no difference in LBR per
cycle between the IVF and ICSI, even when including mild and moderate MF [24]. Please
see Table 1.

3.2. Advanced Maternal Age

As stated earlier, clinicians often cite reasons other than those recommended by ASRM
for the use of ICSI, particularly maternal age, but what do studies for these etiologies of
infertility show [28]? In 2017, a retrospective study of women 40–43 who underwent either
IVF or ICSI for NMF also showed no difference in FR, TFF, or LBR, and that the IVF group had
more embryos to freeze [18]. Yet, the authors did note that the ICSI group had undergone more
IVF cycles previously, with 58% of the IVF group having their first cycle, while only 33.2%
of the ICSI group was undergoing their first cycle [18]. In contrast with this information, a
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recent retrospective cohort study in 2019 of only 52 women >35 years old with 6+ oocytes split
between IVF and ICSI [22]. They examined FR and embryo quality and noted a non-significant
increase in both with the use of ICSI. Importantly, the study did remark that the more mature
oocytes may have been selected by the embryologist preferentially for ICSI, thus introducing
selection bias with the results skewing in favor of ICSI [22]. Liu et al.’s retrospective cohort of
644 patients from 2011–2016, women 40–43 years old in their first IVF cycle, with the same
protocol and low egg yield, found an increase in cumulative LBR per cycle for the IVF group
after adjusting for primary infertility (14.6% vs. 5.6%, p < 0.05) [19]. In a similar fashion, a
10-year retrospective review of women 35 years old or greater showed an increase in LBR per
cycle in women who received IVF compared to ICSI (aOR 2.64, p < 0.0001) [26].

One theory that supported the use of ICSI for NMF in older women was the spec-
ulation that the zona pellucida hardened with age [29]. The majority of studies have
highlighted the complete lack of high-quality RCTs in this area and the high risk of selec-
tion bias introduced by the less-than-optimal study design. Fortunately, early in 2021, an
RCT attempted to overcome these flawed study designs by assessing advanced maternal
age (39 years and older) and the use of ICSI [23]. In this study, oocytes were randomized
to IVF/ICSI by ovary through computer-generated randomization, therefore eliminating
selection bias by the embryologist to choose which oocyte underwent IVF or ICSI. They
noted no difference in FR between the two groups from an appropriately powered study,
and one TFF was seen in both groups [23]. Unfortunately, LBR was not included. Overall,
these studies do not support the indiscriminate use of ICSI for NMF due to maternal age.
However, there remains the question of what maternal ‘age’ we should consider to be
advanced? Each study reviewed utilized a different age cut-off, which should motivate
clinicians to establish a more standardized term and encourage researchers to perform
better-controlled studies utilizing sister oocytes. Please see Table 1.

3.3. Poor Ovarian Reserve

The term POR has been used inconsistently in the ART literature. Per the Bologna
criteria, POR includes women who meet two of the following criteria: 40 years old or older,
have another risk factor for POR, had a previous IVF cycle that only achieved three or fewer
oocytes, or had an abnormal ovarian reserve test (i.e., low antral follicle count < 5–7, or an
AMH < 0.5–1.1 ng/mL) [30]. However, since this definition was not established until 2011,
many earlier studies utilized a variety of different definitions for POR. Thus, for the sake of
this discussion, we will combine all studies that include patients labeled as POR, low oocyte
yield, or DOR. Despite the variations in definitions, all studies exemplified the limitation
of what was stated earlier: a lack of proof that ICSI improved LBR or FR. A retrospective
study from 1991–2016 using the national Human Fertilisation and Embryology Authority
(HEFA) database singled out over 60,000 cycles meeting criteria for POR with autologous
oocytes [25]. The LBR per cycle was equal between the two groups (IVF: 12.2% and ICSI:
12.4%), as was TFF [25]. A 2015 study also specifically utilized the Bologna criteria to
determine if ICSI is beneficial in those with POR and NMF. This retrospective study of
243 patients had a primary outcome of LBR per cycle with secondary outcomes to include
FR, in which they noted no differences [16].

One of the larger studies performed across 15 centers in Europe analyzed nearly
5000 cycles of NMF undergoing their first IVF cycle with an antagonist protocol divided the
groups by ovarian response (poor, suboptimal, normal, or high responders) [21]. Although
ICSI was overwhelmingly utilized in this cohort (4227 versus 664), no difference in FR
or LBR was noted between the two types of inseminations no matter what the ovarian
response [21]. A recent study in 2020 in patients who had low numbers of oocytes retrieved
(<6 oocytes) FR was equivalent between IVF and ICSI. They also singled out DOR patients,
yet this SART database review actually showed a statistically significant decrease in LBR
per cycle with the use of ICSI (20.4% versus 21.9%) [15]. Additionally, as only mature
oocytes are exposed to sperm with the use of ICSI, the FR per oocyte retrieved was often
higher with the use of conventional IVF [15]. In this same study, 5% of couples who used
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IVF and 2% of those using ICSI experienced TFF; thus, 33 ICSI procedures would have
needed to be completed to prevent 1 case of TFF [15]. Thus, not only is the use of ICSI
not beneficial for POR or DOR, but some studies show an improvement in LBR with the
use of IVF when used in the context of NMF. There is also an enormous cost burden on
laboratories to perform ICSI for all women with POR/DOR to prevent one case of TFF, and
there is concern that this could result in a decrease in the number of useable embryos with
ICSI. Please see Table 1.

3.4. Mild Male Factor

ICSI’s original intentions were to enable those individuals/couples with severe MF
that required surgical sperm extraction to have biological children. However, mild MF was
not part of this original indication, although today, any subtle MF often leads clinicians
and/or embryologists to lean towards ICSI. In a sub-analysis of an RCT from 2001, LBR
was not evaluated; however, no difference in TFF was seen between groups [8]. In 2002, a
meta-analysis reported that if the standard insemination concentration of 0.2 × 106/mL
was utilized in those with mild MF, FR was improved if ICSI was used. Yet, this was no
longer applicable if a higher concentration of 0.8 × 106/mL was utilized [14]. However,
when comparing these results to more recent results, Esteves et al. noted that those with
only mild MF, 5 × 106/mL to <15 × 106/mL and <32% forward motility, IVF, and ICSI had
no difference in FR or LBR [31]. Once again, this data highlights the inadequacy of ICSI to
improve outcomes when used indiscriminately compared to IVF.

3.5. Tubal Factor

Although tubal factor seems like an unlikely reason for ICSI, this diagnosis is still often
used. Grimstad et al. reported that from 2004–2008 ICSI was utilized in 50% of women who
had a diagnosis of tubal factor infertility only [17]. Their retrospective review of 7000 cycles
from the SART database of only tubal factor infertility showed a non-significant increase in
FR in ICSI, but a decreased adjusted odds ratio (aOR) for LBR per cycle with the use of ICSI
(0.77, (CI 0.69–0.85)) [17]. Notably, as this is a retrospective review of the SART database
and not all confounding factors could be analyzed but indicates that lower LBR can result
when using ICSI in contrast to IVF for NMF [17]. Please see Table 1.

4. ICSI and Effects on Offspring

In addition to the discussion concerning pregnancy outcomes, the safety of ICSI should
also be taken into consideration. Currently, there are conflicting data regarding the safety
of ICSI for NMF, especially since larger studies often contain both MF and NMF. Studies
do indicate that couples with infertility who utilize IVF/ICSI have a higher rate of fetal
anomalies than their fertile counterparts. However, in couples who struggle with fertility
IVF may be the best option, and for those with severe MF or a history of TFF, ICSI is the
only option. Although for patients with NMF infertility, the risk of ICSI is not outweighed
by any real benefit.

Here we consider the safety of IVF and ICSI, regardless of the diagnosis of infertility.
The revised Cochrane Review in 2003 highlights the complex nature of this issue, as some
studies demonstrated an increase in major congenital birth defects, while others noted
an increase in paternally inherited chromosomal aberrations, as well as aneuploidy and
structural changes [5]. Another review approached the potential for epigenetic changes
with ICSI, increasing the risk of specific diseases, namely Beckwith–Wiedemann Syndrome,
Silver-Russel Syndrome, and Angelman Syndrome, yet the authors point out that some
studies show how rare these imprinting disorders are, with a prevalence <1% even in
ICSI [32]. Additionally, cord blood analysis of children born spontaneously, through IVF,
or through ICSI did show a decrease in methylation rates of those utilizing ICSI; however,
the changes were small, and the effect on the offspring is unknown [33]. Another study
corroborated this by observing a reduction in methylation within the placenta of ICSI
pregnancies [34]. A large retrospective study in 2008 utilizing birth records in South
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Australia identified over 6000 births from ART with an increase in birth defects in patients
who utilized ICSI [35]. When combined, IVF and ICSI were associated with an increased
risk of birth defects with an aOR of 1.24 (CI 1.09, 1.41), but the aOR of only IVF was not
significant [35]. Furthermore, when comparing IVF and ICSI, IVF had a reduced risk of
birth defects compared to ICSI in fresh cycles with an OR of 0.68 (CI 0.53, 0.87) [35]. This
was corroborated by a 2012 meta-analysis of 56 studies comparing IVF and ICSI to naturally
conceived children, which showed a significantly increased risk of birth defects in both
IVF and ICSI children. They also noted a greater increase in those with ICSI versus IVF
that was non-significant. Their conclusion was that the most valid control group would
have been naturally conceived children of infertile couples rather than couples who had no
fertility problems [36]. This reflection is even more important when analyzing a Danish
study in 2006 that recognized an increase in congenital malformations in couples who
struggled with infertility, even if they did conceive naturally [31]. However, there is limited
information about infertile couples who conceive without ART in order to compare IVF
and ICSI for outcomes.

These results contrast with a systematic review published around the same time as
the 2003 Cochrane Review of data from 4 studies of over 5000 children between 1988–2002.
The review examined the most common birth defects: hypospadias, cleft lip/palate, cardio-
vascular, musculoskeletal, and neural tube defects. They noted no significant difference
between ICSI and IVF in these areas [37]. Analyzing natural conception versus ICSI for
NMF, no differences were seen in the karyotype abnormalities of miscarriages [38]. ASRM
published a practice committee opinion in 2008 discussing the ramifications of ICSI. They
determined that although the risk for congenital malformations is likely low, the intellectual
or motor development of an offspring is uncertain, and there is an increased risk of sex
chromosomal abnormalities. Whether this is due to the procedure or the underlying male
factor is undetermined [39]. In early 2021, a large Society of Assisted Reproductive Technol-
ogy Clinical Outcome Reporting System (SART CORS) database review from several states
over 10 years analyzed the risk of birth defects separating out IVF, ICSI for MF, and ICSI
for NMF compared to non-ART children, either through ovulation induction or natural
conception [40]. Importantly, they also examined non-ART siblings. For singleton births,
the risk for any non-chromosomal defect was increased in those who utilized IVF with aOR
1.18 (95% CI 1.05–1.27). However, those who utilized ICSI had a drastic increase in in non-
chromosomal defect with and without MF, at an aOR of 1.30 (1.16,1.45) and 1.42 (1.28,1.57),
respectively [40]. This study of over 20,000 ART children born with anomalies emphasized
that ICSI is not without risks [40].

When taking a closer look at the impact of ICSI for NMF on motor or intellectual
development, a clear picture is also difficult to obtain. Intellectual disability was highlighted
in the Australian study that compared ART in general versus natural conception. Although
they did not parse out the use of ICSI for NMF, they did see a higher rate of intellectual
disability in those utilizing ICSI with an RR of 2.54 (95% CI 1.69–3.83) after an eight-year
follow up [41]. In 2014 Kissin et al. examined ART and the risk of autism for offspring [42].
In order to have accurate data into young childhood, they restricted their analysis from
1997–2006 and children who had been born by ART in California with 5 years of follow-up.
Among singleton pregnancies, the overall rate of autism was 0.8%; however, when ICSI was
used, this was increased with an adjusted hazard risk ratio (aHRR) of 1.71. This increased
risk remained significant even when the diagnosis was NMF [42]. As stated earlier, the
concern for epigenetic changes induced by ICSI has been postulated by several studies,
yet the clinical impact of these changes is unknown, and none of these studies analyzed
specifically if ICSI for NMF still induced these changes.

Overall, there is a significant amount of selection bias, statistical heterogeneity, and
variability in study design that is present when analyzing congenital birth defects and
mental health [31]. There does seem to be an increase in congenital malformations in
patients who experience infertility, but the precise differences between ICSI and IVF,
specifically for NMF, are difficult to discern accurately. Some theories behind the potential



J. Clin. Med. 2021, 10, 2616 8 of 11

increase in congenital malformations with the use of ICSI over IVF for MF are attributed to
the manipulation of sperm, abnormalities within the sperm, and a change in the in vivo sex
steroid hormone levels [31]. However, only the manipulation of sperm would be relevant
for those utilizing ICSI for NMF. Overall, it is an area that requires a more intensive,
standardized analysis. Until then, it is prudent to inform patients of the uncertainty
surrounding the utilization of ICSI for NMF without any known benefit.

5. ICSI and Costs

Cost is another factor when considering the use of ICSI for purposes outside of those
delineated in the 2020 ASRM guideline [28]. Several institutions estimated that the cost
of ICSI added 5%–8% to the already high cost of IVF [20]. Multiple studies have also
shown that clinics/physicians who reside in states with mandatory IVF coverage are more
likely to adhere to the ASRM guidelines for when to utilize ICSI and pursue elective single
embryo transfer [43,44]. One study retrospectively analyzed nearly 1.4 million IVF and
ICSI cycles from 2000–2015 and noted that ICSI use increased dramatically in states without
coverage (34.6% to 73.9% vs. 39.5% to 63.5%). Another showed that MF and ICSI rates had
no correlation, despite the vast increase in ICSI use [43,45]. They also emphasized that this
was most obvious in the context of unexplained infertility or the low number of oocytes
retrieved. The authors hypothesized that clinics in non-mandated states have a financial
conflict of interest and that clinics need to balance patient cost with the cost of success [43].
Others commented that mandated states are more likely to be selective in how they utilize
laboratory resources [44].

Financial cost should not be the only important consideration, but also the embryol-
ogist’s time. In 2001, four British IVF centered randomized couples with NMF to IVF or
ICSI and noted that the lab time required for each was over three times greater for the ICSI
cases versus IVF and had a decrease in pregnancy rate [8]. They concluded that this was
valuable time that the embryology team could have utilized on other patients’ care. Both
added financial cost and additional labor costs of embryologist’s time eventually result
in higher charges for a cycle of ART. Over time ART becomes less affordable and more
inaccessible to those without insurance coverage leading to greater disparities in care.

6. ICSI and Impacts on the Oocyte

Finally, the potential risk to the oocyte should not be underestimated when performing
nonessential ICSI. Studies have reported anywhere from a 5%–19% mechanical damage rate
to oocytes during the ICSI procedure [20]. Ebner et al. specifically investigated procedural
deviations from the standard ICSI technique from over 2200 procedures to determine if
this could relate to oocyte degeneration or poor embryonic development [46]. They found
that 22.2% of the time, the embryologist diverged from the recommended protocol, and
there was an 8.5% damage rate [46]. Even more concerning was that in half of the oocytes
which were inseminated using the correct technique, some type of oocyte anomaly was
noted, namely in the cytoplasm or outer layer [46]. Fortunately, embryonic development
was not impaired by these deviations. Yet, a small study showed a reduction in blastocyst
formation rate in patients with sibling oocytes subjected to either ICSI or IVF with a history
of MF or TFF (20% vs. 50%, p < 0.01), even when FR were similar, as were morphology on
day two [47]. These studies highlight the concern for unnecessary risk without a benefit
and concern for potential harm.

7. Conclusions

ICSI has provided an essential means to assist couples in having a family when severe
MF is present. However, the original design and current utilization of ICSI are no longer
in alignment. Over time ICSI has slowly become overused for NMF indications despite a
lack of evidence of improvement in patient desired outcomes, specifically LBR per cycle.
Additionally, clinics and/or physicians may be motivated to use ICSI for non-medical
reasons, such as the availability of insurance or fear of poor outcomes, like TFF, without
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serious consideration of the potential adverse impact of its indiscriminate use. The use of
ICSI is also presuming that TFF is due to sperm malfunction while not appreciating the
complex nature of fertilization and embryo formation that go far beyond what ICSI can
provide [48]. Finally, ICSI is not without potential harm of its own; this procedure has
potential risks to oocytes and uncertain downstream effects on offspring. When applied
indiscriminately, it uses valuable resources such as embryologists’ time and lab space,
adding unnecessary costs, thereby taking it out of the financial reach and access of many
without insurance, ultimately contributing to further disparities in care.

Recently three systematic reviews were published in 2020, all reporting either no
difference in LBR between IVF/ICSI or a slight improvement with the use of IVF [49,50].
Yet, only Abbas reported on all three of the above-mentioned outcomes analyzed in this
review: LBR, FR, and TFF showing improved FR with the use of IVF and no difference in
TFF, all important outcomes for patients to consider [49]. However, this review dives further
into potential differences in other outcomes to include the uncertainty in the health of
offspring, potential damage to the oocyte, and the increase in demand of patient, provider,
and embryologist’s cost/time. These are all important factors for all parties to consider
when weighing the risks and benefits of IVF versus ICSI for the use of NMF. The authors
do not hesitate to advocate for the benefits of ICSI in those clinical situations with severe
MF or history of TFF; however, physicians and embryologists should critically assess the
specific needs of each individual patient and utilize ICSI when appropriate indications
are present.

Author Contributions: Conceptualization, T.L.G. and D.B.S.; writing—original draft preparation,
T.L.G.; writing—review and editing, T.L.G., D.B.S., and A.M.K. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Palermo, G.D.; Cohen, J.; Alikani, M.; Adler, A.; Rosenwaks, Z. Intracytoplasmic sperm injection: A novel treatment for all forms

of male factor infertility. Fertil. Steril. 1995, 63, 1231–1240. [CrossRef]
2. Keegan, B.R.; Barton, S.; Sanchez, X.; Berkeley, A.S.; Krey, L.C.; Grifo, J. Isolated teratozoospermia does not affect in vitro

fertilization outcome and is not an indication for intracytoplasmic sperm injection. Fertil. Steril. 2007, 88, 1583–1588. [CrossRef]
3. Li, Z.; Wang, A.Y.; Bowman, M.; Hammarberg, K.; Farquhar, C.; Johnson, L.; Safi, N.; Sullivan, E.A. ICSI does not increase the

cumulative live birth rate in non-male factor infertility. Hum. Reprod. 2018, 33, 1322–1330. [CrossRef]
4. Practice Committees of the American Society for Reproductive Medicine and the Society for Assisted Reproductive Technology.

Intracytoplasmic sperm injection (ICSI) for non-male factor indications: A committee opinion. Fertil. Steril. 2020, 114, 239–245.
[CrossRef]

5. Van Rumste, M.M.E.; Evers, J.L.H.; Farquhar, C. Intra-cytoplasmic sperm injection versus conventional techniques for oocyte
insemination during in vitro fertilisation in couples with non-male subfertility. Cochrane Database Syst. Rev. 2003. [CrossRef]

6. Khamsi, F.; Yavas, Y.; Roberge, S.; Lacanna, I.C.; Wong, J.C.; Endman, M. The Status of Controlled Prospective Clinical Trials for
Efficacy of Intracytoplasmic Sperm Injection in In Vitro Fertilization for Non-Male Factor Infertility. J. Assist. Reprod. Genet. 2000,
17, 504–507. [CrossRef]

7. Khamsi, F.; Yavas, Y.; Roberge, S.; Wong, J.C.; Lacanna, I.C.; Endman, M. Intracytoplasmic sperm injection increased fertilization
and good-quality embryo formation in patients with non–male factor indications for in vitro fertilization: A prospective
randomized study. Fertil. Steril. 2001, 75, 342–347. [CrossRef]

8. Bhattacharya, S.; Hamilton, M.; Shaaban, M.; Khalaf, Y.; Seddler, M.; Ghobara, T.; Braude, P.; Kennedy, R.; Rutherford, A.;
Hartshorne, G.; et al. Conventional in-vitro fertilisation versus intracytoplasmic sperm injection for the treatment of non-male-
factor infertility: A randomised controlled trial. Lancet 2001, 357, 2075–2079. [CrossRef]

9. Kim, H.H.; Bundorf, M.K.; Behr, B.; McCallum, S.W. Use and outcomes of intracytoplasmic sperm injection for non–male factor
infertility. Fertil. Steril. 2007, 88, 622–628. [CrossRef]

10. Schwarze, J.-E.; Jeria, R.; Crosby, J.; Villa, S.; Ortega, C.; Pommer, R. Is there a reason to perform ICSI in the absence of male factor?
Lessons from the Latin American Registry of ART. Hum. Reprod. Open 2017, 2017, hox013. [CrossRef]

http://doi.org/10.1016/S0015-0282(16)57603-1
http://doi.org/10.1016/j.fertnstert.2007.01.057
http://doi.org/10.1093/humrep/dey118
http://doi.org/10.1016/j.fertnstert.2020.05.032
http://doi.org/10.1002/14651858.CD001301
http://doi.org/10.1023/A:1009441808115
http://doi.org/10.1016/S0015-0282(00)01674-5
http://doi.org/10.1016/S0140-6736(00)05179-5
http://doi.org/10.1016/j.fertnstert.2006.12.013
http://doi.org/10.1093/hropen/hox013


J. Clin. Med. 2021, 10, 2616 10 of 11

11. Sustar, K.; Rozen, G.; Agresta, F.; Polyakov, A. Use of intracytoplasmic sperm injection ( ICSI ) in normospermic men may result
in lower clinical pregnancy and live birth rates. Aust. N. Z. J. Obstet. Gynaecol. 2019, 59, 706–711. [CrossRef]

12. Kim, J.Y.; Kim, J.H.; Jee, B.C.; Lee, J.R.; Suh, C.S.; Kim, S.H. Can intracytoplasmic sperm injection prevent total fertilization failure
and enhance embryo quality in patients with non-male factor infertility? Eur. J. Obstet. Gynecol. Reprod. Biol. 2014, 178, 188–191.
[CrossRef]

13. Isikoglu, M.; Avci, A.; Ceviren, A.K.; Aydınuraz, B.; Ata, B. Conventional IVF revisited: Is ICSI better for non-male factor
infertility? Randomized controlled double blind study. J. Gynecol. Obstet. Hum. Reprod. 2021, 50, 101990. [CrossRef]

14. Kinila, P.; Biliangady, R.; Pandit, R.; Tudu, N.K.; Sundhararaj, U.M.; Gopal, I.S.T.; Swamy, A.G. Are we justified doing routine
intracytoplasmic sperm injection in nonmale factor infertility? A retrospective study comparing reproductive outcomes between
in vitro fertilization and intracytoplasmic sperm injection in nonmale factor infertility. J. Hum. Reprod. Sci. 2019, 12, 210–215.
[CrossRef] [PubMed]

15. Zagadailov, P.; Hsu, A.; Seifer, D.B.; Stern, J.E. Differences in utilization of Intracytoplasmic sperm injection (ICSI) within human
services (HHS) regions and metropolitan megaregions in the U.S. Reprod. Biol. Endocrinol. 2017, 15, 1–6. [CrossRef]

16. Liu, L.; Wang, H.; Li, Z.; Niu, J.; Tang, R. Obstetric and perinatal outcomes of intracytoplasmic sperm injection versus conventional
in vitro fertilization in couples with nonsevere male infertility. Fertil. Steril. 2020, 114, 792–800. [CrossRef] [PubMed]

17. Tannus, S.; Son, W.-Y.; Gilman, A.; Younes, G.; Shavit, T.; Dahan, M.-H. The role of intracytoplasmic sperm injection in non-male
factor infertility in advanced maternal age. Hum. Reprod. 2016, 32, 119–124. [CrossRef]

18. Farhi, J.; Cohen, K.; Mizrachi, Y.; Weissman, A.; Raziel, A.; Orvieto, R. Should ICSI be implemented during IVF to all advanced-age
patients with non-male factor subfertility? Reprod. Biol. Endocrinol. 2019, 17, 1–5. [CrossRef] [PubMed]

19. Liu, H.; Zhao, H.; Yu, G.; Li, M.; Ma, S.; Zhang, H.; Wu, K. Conventional in vitro fertilization (IVF) or intracytoplasmic sperm
injection (ICSI): Which is preferred for advanced age patients with five or fewer oocytes retrieved? Arch. Gynecol. Obstet. 2018,
297, 1301–1306. [CrossRef]

20. McPherson, N.O.; Vincent, A.D.; Pacella-Ince, L.; Tremellen, K. Comparison of in vitro fertilisation/intracytoplasmic sperm
injection on live birth rates in couples with non-male factor infertility and advanced maternal age. J. Assist. Reprod. Genet. 2021,
38, 669–678. [CrossRef] [PubMed]

21. Check, J.H.; Chase, D.S.; Horwath, D.; Yuan, W.; Garberi-Levito, M.C.; Press, M. Oocytes from women of advanced reproductive
age do not appear to have an increased risk of zona pellucida hardening. Clin. Exp. Obstet. Gynecol. 2012, 39, 440–441.

22. Haas, J.; Miller, T.E.; Nahum, R.; Aizer, A.; Kirshenbaum, M.; Zilberberg, E.; Lebovitz, O.; Orvieto, R. The role of ICSI vs.
conventional IVF for patients with advanced maternal age—a randomized controlled trial. J. Assist. Reprod. Genet. 2021,
38, 95–100. [CrossRef]

23. Ferraretti, A.P.; La Marca, A.; Fauser, B.C.J.M.; Tarlatzis, B.; Nargund, G.; Gianaroli, L.; on behalf of the ESHRE working group
on Poor Ovarian Response. Definition ESHRE consensus on the definition of ’poor response’ to ovarian stimulation for in vitro
fertilization: The Bologna criteria. Hum. Reprod. 2011, 26, 1616–1624. [CrossRef] [PubMed]

24. Supramaniam, P.R.; Granne, I.; Ohuma, E.O.; Lim, L.N.; McVeigh, E.; Venkatakrishnan, R.; Becker, C.M.; Mittal, M. ICSI does not
improve reproductive outcomes in autologous ovarian response cycles with non-male factor subfertility. Hum. Reprod. 2020,
35, 583–594. [CrossRef]

25. Sfontouris, I.A.; Kolibianakis, E.M.; Lainas, G.T.; Navaratnarajah, R.; Tarlatzis, B.C.; Lainas, T.G. Live birth rates using conventional
in vitro fertilization compared to intracytoplasmic sperm injection in Bologna poor responders with a single oocyte retrieved.
J. Assist. Reprod. Genet. 2015, 32, 691–697. [CrossRef]

26. Drakopoulos, P.; Garcia-Velasco, J.; Bosch, E.; Blockeel, C.; De Vos, M.; Santos-Ribeiro, S.; Makrigiannakis, A.; Tournaye, H.;
Polyzos, N.P. ICSI does not offer any benefit over conventional IVF across different ovarian response categories in non-male
factor infertility: A European multicenter analysis. J. Assist. Reprod. Genet. 2019, 36, 2067–2076. [CrossRef]

27. Butts, S.F.; Owen, C.M.; Mainigi, M.; Senapati, S.; Seifer, D.B.; Dokras, A. Assisted hatching and intracytoplasmic sperm injection
are not associated with improved outcomes in assisted reproduction cycles for diminished ovarian reserve: An analysis of cycles
in the United States from 2004 to 2011. Fertil. Steril. 2014, 102, 1041–1047.e1. [CrossRef] [PubMed]

28. Tournaye, H.; Verheyen, G.; Albano, C.C.; Camus, M.; Van Landuyt, L.L.; Devroey, P.; Van Steirteghem, A. Intracytoplasmic
sperm injection versus in vitro fertilization: A randomized controlled trial and a meta-analysis of the literature. Fertil. Steril. 2002,
78, 1030–1037. [CrossRef]

29. Esteves, S.C.; Roque, M.; Bedoschi, G.; Haahr, T.; Humaidan, P. Intracytoplasmic sperm injection for male infertility and
consequences for offspring. Nat. Rev. Urol. 2018, 15, 535–562. [CrossRef] [PubMed]

30. Grimstad, F.; Nangia, A.K.; Luke, B.; Stern, J.; Mak, W. Use of ICSI in IVF cycles in women with tubal ligation does not improve
pregnancy or live birth rates. Hum. Reprod. 2016, 31, 1–6. [CrossRef]

31. Jiang, Z.; Wang, Y.; Lin, J.; Xu, J.; Ding, G.; Huang, H. Genetic and epigenetic risks of assisted reproduction. Best Pr. Res. Clin.
Obstet. Gynaecol. 2017, 44, 90–104. [CrossRef] [PubMed]

32. El Hajj, N.; Haertle, L.; Dittrich, M.; Denk, S.; Lehnen, H.; Hahn, T.; Schorsch, M.; Haaf, T. DNA methylation signatures in cord
blood of ICSI children. Hum. Reprod. 2017, 32, 1761–1769. [CrossRef]

33. Nelissen, E.C.; Dumoulin, J.C.; Daunay, A.; Evers, J.L.; Tost, J.; Van Montfoort, A.P. Placentas from pregnancies conceived by
IVF/ICSI have a reduced DNA methylation level at the H19 and MEST differentially methylated regions†. Hum. Reprod. 2013,
28, 1117–1126. [CrossRef] [PubMed]

http://doi.org/10.1111/ajo.13004
http://doi.org/10.1016/j.ejogrb.2014.03.044
http://doi.org/10.1016/j.jogoh.2020.101990
http://doi.org/10.4103/jhrs.JHRS_8_19
http://www.ncbi.nlm.nih.gov/pubmed/31576078
http://doi.org/10.1186/s12958-017-0263-4
http://doi.org/10.1016/j.fertnstert.2020.04.058
http://www.ncbi.nlm.nih.gov/pubmed/32896391
http://doi.org/10.1093/humrep/dew298
http://doi.org/10.1186/s12958-019-0474-y
http://www.ncbi.nlm.nih.gov/pubmed/30845973
http://doi.org/10.1007/s00404-018-4696-6
http://doi.org/10.1007/s10815-020-02026-8
http://www.ncbi.nlm.nih.gov/pubmed/33409756
http://doi.org/10.1007/s10815-020-01990-5
http://doi.org/10.1093/humrep/der092
http://www.ncbi.nlm.nih.gov/pubmed/21505041
http://doi.org/10.1093/humrep/dez301
http://doi.org/10.1007/s10815-015-0459-5
http://doi.org/10.1007/s10815-019-01563-1
http://doi.org/10.1016/j.fertnstert.2014.06.043
http://www.ncbi.nlm.nih.gov/pubmed/25086790
http://doi.org/10.1016/S0015-0282(02)03377-0
http://doi.org/10.1038/s41585-018-0051-8
http://www.ncbi.nlm.nih.gov/pubmed/29967387
http://doi.org/10.1093/humrep/dew247
http://doi.org/10.1016/j.bpobgyn.2017.07.004
http://www.ncbi.nlm.nih.gov/pubmed/28844405
http://doi.org/10.1093/humrep/dex209
http://doi.org/10.1093/humrep/des459
http://www.ncbi.nlm.nih.gov/pubmed/23343754


J. Clin. Med. 2021, 10, 2616 11 of 11

34. Davies, M.J.; Moore, V.M.; Willson, K.J.; Van Essen, P.; Priest, K.; Scott, H.; Haan, E.A.; Chan, A. Reproductive Technologies and
the Risk of Birth Defects. N. Engl. J. Med. 2012, 366, 1803–1813. [CrossRef] [PubMed]

35. Wen, J.; Jiang, J.; Ding, C.; Dai, J.; Liu, Y.; Xia, Y.; Liu, J.; Hu, Z. Birth defects in children conceived by in vitro fertilization and
intracytoplasmic sperm injection: A meta-analysis. Fertil. Steril. 2012, 97, 1331–1337.e4. [CrossRef] [PubMed]

36. Lie, R.T.; Lyngstadass, A.; Ørstavik, K.H.; Bakketeig, L.S.; Jacobsen, G.; Tanbo, T. Birth defects in children conceived by ICSI
compared with children conceived by other IVF-methods; a meta-analysis. Int. J. Epidemiol. 2004, 34, 696–701. [CrossRef]

37. Bingol, B.; Abike, F.; Gedikbasi, A.; Tapisiz, O.; Gunenc, Z. Comparison of chromosomal abnormality rates in ICSI for non-male
factor and spontaneous conception. J. Assist. Reprod. Genet. 2011, 29, 25–30. [CrossRef]

38. Practice Committee of American Society for Reproductive Medicine; Practice Committee of Society for Assisted Reproductive
Technology. Genetic considerations related to intracytoplasmic sperm injection (ICSI). Fertil. Steril. 2008, 90, S182–S184. [CrossRef]

39. Luke, B.; Brown, M.B.; Wantman, E.; Forestieri, N.E.; Browne, M.L.; Fisher, S.C.; Yazdy, M.M.; Ethen, M.K.; Canfield, M.A.;
Watkins, S.; et al. The risk of birth defects with conception by ART. Hum. Reprod. 2020, 36, 116–129. [CrossRef]

40. Hansen, M.; Greenop, K.R.; Bourke, J.; Baynam, G.; Hart, R.J.; Leonard, H. Intellectual Disability in Children Conceived Using
Assisted Reproductive Technology. Pediatrics 2018, 142, e20181269. [CrossRef]

41. Kissin, D.M.; Zhang, Y.; Boulet, S.; Fountain, C.; Bearman, P.; Schieve, L.A.; Yearginallsopp, M.; Jamieson, D. Association of
assisted reproductive technology (ART) treatment and parental infertility diagnosis with autism in ART-conceived children. Hum.
Reprod. 2015, 30, 454–465. [CrossRef]

42. Dieke, A.C.; Mehta, A.; Kissin, D.M.; Nangia, A.K.; Warner, L.; Boulet, S. Intracytoplasmic sperm injection use in states with
and without insurance coverage mandates for infertility treatment, United States, 2000–2015. Fertil. Steril. 2018, 109, 691–697.
[CrossRef]

43. Zagadailov, P.; Seifer, D.B.; Shan, H.; Zarek, S.M.; Hsu, A.L. Do state insurance mandates alter ICSI utilization? Reprod. Biol.
Endocrinol. 2020, 18, 1–8. [CrossRef] [PubMed]

44. Zagadailov, P.; Hsu, A.; Stern, J.E.; Seifer, D.B. Temporal Differences in Utilization of Intracytoplasmic Sperm Injection among U.S.
Regions. Obstet. Gynecol. 2018, 132, 310–320. [CrossRef]

45. Ebner, T.; Yaman, C.; Moser, M.; Sommergruber, M.; Jesacher, K.; Tews, G. A Prospective Study on Oocyte Survival Rate after ICSI:
Influence of Injection Technique and Morphological Features. J. Assist. Reprod. Genet. 2001, 18, 623–628. [CrossRef] [PubMed]

46. Griffiths, T.; Murdoch, A.; Herbert, M. Embryonic development in vitro is compromised by the ICSI procedure. Hum. Reprod.
2000, 15, 1592–1596. [CrossRef]

47. Swain, J.E.; Pool, T.B. ART failure: Oocyte contributions to unsuccessful fertilization. Hum. Reprod. Updat. 2008, 14, 431–446.
[CrossRef]

48. Abbas, A.M.; Hussein, R.S.; Elsenity, M.A.; Samaha, I.I.; El Etriby, K.A.; El-Ghany, M.F.A.; Khalifa, M.A.; Abdelrheem, S.S.;
Ahmed, A.A.; Khodry, M.M. Higher clinical pregnancy rate with in-vitro fertilization versus intracytoplasmic sperm injection in
treatment of non-male factor infertility: Systematic review and meta-analysis. J. Gynecol. Obstet. Hum. Reprod. 2020, 49, 101706.
[CrossRef]

49. Geng, T.; Cheng, L.; Ge, C.; Zhang, Y. The effect of ICSI in infertility couples with non-male factor: A systematic review and
meta-analysis. J. Assist. Reprod. Genet. 2020, 37, 2929–2945. [CrossRef] [PubMed]

50. Sunderam, S.; Boulet, S.L.; Kawwass, J.F.; Kissin, D.M. Comparing fertilization rates from intracytoplasmic sperm injection to
conventional in vitro fertilization among women of advanced age with non−male factor infertility: A meta-analysis. Fertil. Steril.
2020, 113, 354–363.e1. [CrossRef]

http://doi.org/10.1056/NEJMoa1008095
http://www.ncbi.nlm.nih.gov/pubmed/22559061
http://doi.org/10.1016/j.fertnstert.2012.02.053
http://www.ncbi.nlm.nih.gov/pubmed/22480819
http://doi.org/10.1093/ije/dyh363
http://doi.org/10.1007/s10815-011-9646-1
http://doi.org/10.1016/j.fertnstert.2008.08.048
http://doi.org/10.1093/humrep/deaa272
http://doi.org/10.1542/peds.2018-1269
http://doi.org/10.1093/humrep/deu338
http://doi.org/10.1016/j.fertnstert.2017.12.027
http://doi.org/10.1186/s12958-020-00589-w
http://www.ncbi.nlm.nih.gov/pubmed/32334609
http://doi.org/10.1097/AOG.0000000000002730
http://doi.org/10.1023/A:1013171505702
http://www.ncbi.nlm.nih.gov/pubmed/11808841
http://doi.org/10.1093/humrep/15.7.1592
http://doi.org/10.1093/humupd/dmn025
http://doi.org/10.1016/j.jogoh.2020.101706
http://doi.org/10.1007/s10815-020-01970-9
http://www.ncbi.nlm.nih.gov/pubmed/33073301
http://doi.org/10.1016/j.fertnstert.2019.09.035

	Introduction 
	Methods 
	IVF Outcomes for NMF 
	Unselected Patient 
	Advanced Maternal Age 
	Poor Ovarian Reserve 
	Mild Male Factor 
	Tubal Factor 

	ICSI and Effects on Offspring 
	ICSI and Costs 
	ICSI and Impacts on the Oocyte 
	Conclusions 
	References

