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Abstract

Objectives This study aimed to evaluate the role of intracytoplasmic sperm injection (ICSI) in the treatment of non-male factor
infertile patients aged > 39.

Methods This is a single-center, prospective, randomized controlled clinical trial, between March 2018 and December 2019.
Sixty-nine patients were recruited, and sixty patients participated in the study. Their ovaries were randomized prior to the
beginning of the ovarian stimulation: the oocytes from one side (n =257) were allocated to the ICSI (ICSI arm), while those
of the contralateral side (n=258) were allocated to conventional insemination (IVF arm). The fertilization rate per oocyte
retrieved, number of zygotes (2PN), and cleavage-stage embryos were assessed and compared between the two study groups.
Results The average number of zygotes (3.1 vs. 2.7 p=0.45), the fertilization rate (72.4% vs. 65.1% p =0.38), the average
number of cleavage-stage (2.8 vs. 2.4 p =0.29), and the average top-quality embryos (TQE) cleavage-stage embryos (1.7 vs. 1.6
p=0.94) were comparable between the two groups. The TQE rate per randomized oocyte (41.2% vs. 41% p =0.8) was also
similar in both groups.

Conclusions ICSI does not improve the reproductive outcomes of advanced-age patients undergoing conventional insemination
for non-male factor infertility.

Trial registration NCT03370068
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Introduction

During the last decades, the use of intracytoplasmic sperm
injection (ICSI) has increased dramatically, especially for
non-male factor infertility. In the USA for example, the utili-
zation of ICSI has increased from 34% in 1996 to 76% of
in vitro fertilization (IVF) cycles in 2012, with the greatest
increase in cycles conducted for non-male factor infertility
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[1]. Furthermore, in certain fertility clinics in the world, ICSI
consists of 100% of the entire IVF treatment cycles [2].
Despite the increased use of ICSI, there is no clear evidence
that ICSI is more effective than conventional insemination
(IVF) for non-male factor infertility. There are currently few
randomized controlled studies that compared the two modal-
ities in young patient population (below 37 years of age), and
none of them have shown an advantage for ICSI over conven-
tional insemination [3, 4]. Bhattacharya et al. [3] randomized
couples to IVF or ICSI, while in De Munck et al.’s [4] study,
oocytes were separated to two dishes that were allocated by an
electronically generated randomization list to the different in-
semination modalities. While using ICSI has not been dem-
onstrated to increase fertilization, blastocyst, or pregnancy
rates in non-male factor infertility compared to conventional
IVF, it has been shown to reduce the total fertilization failure
rate [5, 6]. However, opinions are equivocal regarding the
notion whether ICSI should be used as the procedure of choice
in all couples requiring assisted reproduction techniques, in
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order to prevent up to 30% rate of total fertilization failures in
the first conventional IVF (insemination) attempt [7]. One of
the major concerns in all these retrospective studies is the
possibility that upon dividing the oocytes to ICSI and conven-
tional insemination, the embryologist may select the more
“mature” oocytes for ICSI, thus skewing the results in favor
of ICSL

A major concern for the use of ICSI is that the procedure
prevents natural sperm selection, with equivocal observations
regarding the association between ICSI and increased preva-
lence of neonatal malformations [6, 8].

Whether ICSI improves the fertilization rate and the overall
IVF outcome in advanced maternal-age patients, with non-
male factor infertility, is even more controversial [9—12]. To
our knowledge, a prospective randomized controlled trial
comparing conventional insemination (IVF) vs. ICSI on sib-
ling oocytes for advanced maternal-age patients, without
skewing the results by the embryologists, has not been per-
formed yet. Prompted by the aforementioned information, we
aimed to evaluate the role of ICSI in the treatment of non-male
factor infertile patients aged > 39.

Materials and methods

This is a prospective, randomized clinical trial (ClinicalTrials.
gov identifier: NCT03370068) of patients attending our
university-affiliated infertility and IVF center, between
January 2018 and January 2020. The study was approved by
our institutional review board (IRB), and all participants pro-
vided a written informed consent before entry.

The inclusion criteria for participating in the study were
women age 39-44 years, with BMI (body mass index) of
18-35 kg/mz, and normal sperm count (volume > 1.5 ml, con-
centration > 15 mil/ml, motility >40%, and normal morphol-
ogy >4%).

Women with a fertilization rate of less than 50% in a prior
cycle were not included in the study.

Stimulation protocol

Gonadotropin treatment was initiated on the 3rd day of men-
ses with the use of recombinant FSH (Gonal F, EMD Serono).
Once the leading follicle reached a size of 13 mm, or E2 levels
exceeded 1200 pmol/L, co-treatment with GnRH antagonist
0.25 mg/day (Cetrotide, Serono or Orgalutran, Merck) and
recombinant FSH + LH (Pergoveris, Serono) or highly puri-
fied human menopausal gonadotropin (Menopur, Ferring)
were commenced. Follicle growth and hormone levels were
serially monitored by ultrasound and blood tests. Triggering
for final oocyte maturation was performed when the leading
follicle reached 17-19 mm. Transvaginal oocyte retrieval was
performed 36 h following trigger.
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The patients’ ovaries were randomized prior to the begin-
ning of the ovarian stimulation.

A computer-based randomization allocated either ICSI or
conventional IVF for each ovary.

The oocytes from one side (right/left) were allocated to the
ICSI (ICSI arm), while those of the contralateral side
(left/right) were allocated to the conventional insemination
(IVF arm).

During the ovum pickup, the oocytes were divided into
ICSI/IVF group by the side from where the oocyte was
collected.

Classification of embryo quality was based on previous-
ly published scoring parameters [13]; a top-quality embryo
was defined as four to five blastomeres on day 2, seven or
more blastomeres on day 3, equally sized blastomeres and
<10% fragmentation on day 3, and no multinucleation.
Luteal support was initiated 1 day after oocyte pickup
and consisted of vaginal progesterone gel 90 mg/day 8%
(CRINONE; Serono). Following a positive pregnancy test,
ongoing pregnancies were confirmed by presence of ges-
tational sac with fetal heart rate on ultrasound at 6-8-week
gestation.

Outcomes

The primary outcome was fertilization rate (number of
zygotes/number of oocytes). The secondary outcomes includ-
ed number of cleavage-stage embryos, number of top-quality
embryos (TQE) and TQE rate per oocyte retrieved, clinical
pregnancy, and ongoing pregnancy rates.

Statistical analysis

Sample size calculation was performed for the primary
outcome-fertilization rate. The average fertilization rate in
this population in our clinic is 70-75%. In order to increase
the fertilization rate from 75 to 85% with an alpha error of
5% and beta error of 80%, the number of oocytes needed is
500, including 250 oocytes in each group. The decision
was to recruit patients until receiving 500 oocytes. It
should be noted that in the original protocol, we stated that
we will include 150 participants with the intent to reach
250 oocytes in each group. However, since following an
interim analysis, after recruiting 50% of the patients (69
participants), we already reached the number of oocytes
needed for the analysis; thus, we chose to complete the
study.

Statistical analysis was performed with Student’s paired #
test and chi-square, as appropriate. Results are presented as
means + standard deviations; p values < 0.05 were considered
significant.
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Results

Sixty-nine patients were recruited, and sixty patients partici-
pated in the study during their IVF-ICSI cycle. Five patients
were canceled during the ovarian stimulation, and 4 patients
decided not to participate in the study. A flow chart of the
randomization process is presented in Fig. 1.

The demographic characteristics, including age, BMI,
length of stimulation, and total dose of gonadotropins used,
are presented in Table 1. The number of oocytes retrieved,
number of zygotes (2PN), and number of cleavage-stage em-
bryos are present in Table 2. Five hundred and nine oocytes
were retrieved, of which 258 were randomized for IVF and
257 for ICSI. The fertilization rate (72.4% vs. 65.1% p=
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Excluded (n= 132)
+ Not meeting inclusion criteria (n=120)

\ 4

+ Declined to participate (n= 12)
¢ Other reasons (n=0)
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[ Allocation ]
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+ Received allocated intervention (n= 60)

+ Did not receive allocated intervention (n= 9):
5 patients were cancelled during the ovarian
stimulation and 4 patients decided not to
participate in the study

[ Follow-Up ]

Lost to follow-up (n= 0)
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Analysed (n= 257 oocytes)

Analysis
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+ Excluded from analysis (give reasons) (n= 0)

Analysed (n= 257 oocytes)
+ Excluded from analysis (give reasons) (n= 0)

Fig. 1 Flow chart of the randomization process
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Table 1  Demographic characteristics

Number of patients 60
Number of oocytes 509

Age (years) 41.1£14
BMI (kg/m?) 264+5.6
Daily dose of gonadotropins (IU) 355+100
Length of stimulation 93+2.1
FSH levels 9.1+£34
LH levels 4.6+19

0.38), the average number of zygotes (3.1 vs. 2.7 p = 0.45), the
average number of cleavage-stage (2.8 vs. 2.4 p=0.29), and
the average TQE cleavage-stage embryos (1.7 vs. 1.6 p=
0.94) were comparable between the two groups. The TQE rate
per randomized oocyte (41.2% vs. 41% p = 0.8) was also sim-
ilar in both groups.

28/60 (46.6%) of the samples were thawed donor samples.
The performance of these patients was comparable to the other
patients.

In one case, there were not any fertilizations in the IVF arm,
and in one case, there were not any fertilizations in the ICSI
arm.

Of the 60 patients included in the study, 50 performed
fresh/frozen transfers. Ten patients cryopreserved their embry-
os for future use and were not included in the pregnancy
analysis.

The overall cumulative clinical pregnancy rate was 19/50
(38%), and the cumulative ongoing pregnancy rate was 15/50
(30%) per started cycle. There was no case of OHSS.

The numbers of embryos transferred from the IVF group
and ICSI group were comparable. The majority of the patients
underwent a transfer of 2 embryos, one from each group, and
therefore, it was not possible to perform an analysis of preg-
nancy rate according to the mode of insemination (ICSI or
IVF).

Table 2 Number of oocytes retrieved, number of zygotes (2PN), and
number of cleavage-stage embryos

60 patients IVF ICSI p value
Total oocytes 258 257

Oocytes per group (1) 43+£3.5 43+33 0.92
2PN per group (n) 3.1+£25 2.7+£23 0.45
2PN/oocytes 724%+2.8 651%+29 038
Embryos at cleavage stage (n) 2.8+£2.4 24422 0.29
TQE at cleavage stage (1) 1.74+2.1 1.6+1.7 0.94
Embryos/oocytes (%) 65.7%+29 571%+32 0.17
Embryos/2PN (%) 90.4%+19 859%+2.7 0.17
TQE/oocytes (%) 412%+34  41%+3.5 0.8
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A total of 97 embryos were transferred, 47 embryos from
the IVF group and 50 embryos from the ICSI group. While
focusing on the 19 patients who conceived, 4 underwent a
transfer of solely ICSI-derived embryos, 3 of solely IVF-
derived embryos; 12 patients received embryos derived from
both IVF and ICSI.

Discussion

During the last decade, ICSI has become the common practice
in many clinics around the world when treating advanced
maternal-age patients with non-male infertility, without any
evidence that it may improve the outcomes.

One of the possible hypothetical mechanisms, associated
with improving the assisted-reproductive technique (ART)
outcomes using ICSI treatment in patients with advanced ma-
ternal age, is the thickening of the zona pellucida which is
known to be significantly increased in metaphase-II oocytes
of older patients [14]. Bertrand et al. demonstrated that the
zona pellucida of fertilized oocytes were significantly thinner
than the zona pellucida of unfertilized oocytes and concluded
that a thick zona pellucida could be an indication to use sperm
microinjection [15].

A few retrospective studies compared the outcome of con-
ventional insemination vs. ICSI cycles in advanced-age pa-
tients undergoing ART treatments, with non-male infertility.
While Farhi et al. [10] and Maman et al. [9] described im-
proved results for patients in the ICSI arm, Tannus et al.
[11] and Bar-Hava et al. [12] could not demonstrate any ad-
vantage of ICSI over conventional insemination in women
aged 40 years and over, when used for non-male factor infer-
tility. Moreover, none of these retrospective studies controlled
for skewing the results in favor of ICSI, by the embryologist,
who upon dividing the oocytes to ICSI and conventional in-
semination, may select the more “mature” oocytes for ICSI.

A recent meta-analysis evaluated the effectiveness of ICSI
compared to conventional insemination, in improving fertili-
zation rates among women aged 38 years with a non-male
factor diagnosis [16]. The meta-analysis consisted of seven
studies and could not demonstrate any significant difference
in fertilization rates between ICSI and conventional insemina-
tion. The authors concluded that further studies are needed to
assess the impact of ICSI in this population.

To our opinion, the explanation for the conflicting results
derived from these retrospective studies is the fact that the
decision on which oocytes are destined to ICSI or convention-
al insemination is not arbitrary, with an embryologist’s pref-
erence to ICSI the more “matured” oocytes. An experienced
embryologist can identify the maturity of the oocyte prior to
their denudation [17], and can decide to divide the oocytes to
the IVF/ICSI group by the oocytes’ maturation. This limita-
tion was overcome in our study by randomizing the patients’
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ovaries, one side for ICSI and the other for conventional in-
semination, leaving no option to subjective embryologist
selection.

The theoretical advantage of performing conventional IVF
is that the maturity of oocytes is not examined until 16-20 h
after insemination and the cumulus-oocyte complex is main-
tained intact in the culture, allowing the immature oocytes to
further complete maturation in vitro and subsequently fertilize
over time.

In our study, we did not find any differences between the
groups. The fertilization was non-significantly increased in
the IVF group, but the number of TQE and the ratio of TQE
per oocytes were comparable.

As already emphasized, the uniqueness of our study is the
randomization of the ovaries from each patient, excluding the
embryologist selection bias of the more matured oocyte for
ICSI. Moreover, by evaluating sibling oocytes, we could con-
trol for variables, such as the stimulation protocol, patient’s
age, mode of triggering, and type of gonadotropins.

Cleavage-stage embryos

One of our secondary outcomes is the number of top-quality
embryos at the cleavage stage and not at the blastocyst stage.
The reason for that decision was that all the patients included
in the study were above the age of 39 years, and for that
population, we prefer to transfer/freeze the embryos at the
cleavage stage. In a previous study [18], we found that the
cumulative pregnancy rate was the same for patients with a
small number of cleavage-stage embryos regardless of wheth-
er the embryos were transferred on day 3 or day 5. In agree-
ment with Racowsky et al. [19], Xiao et al. [20] have recently
reported an improved pregnancy rate when transferring
cleavage-stage embryos instead of growing them to the blas-
tocyst stage, when only a single embryo was available.

Weaknesses of the study

One of the weaknesses of the present study is that we were not
able to perform a pregnancy analysis per the ICSI/IVF arms,
since we transferred two embryos in many cases (one embryo
from each group) without knowing which one was implanted.
Another weakness of the study is that four patients had only
oocytes from one ovary; those patients were included in the
analysis, without comparing the differences between the two
sides in those cases.

To summarize, as previously mentioned, total fertilization
failure, which may occasionally occur, can be extremely frus-
trating to couples who are undergoing IVF-only cycles [5, 6,
21]. For that reason, we believe that advanced-age patients
undergoing their first IVF treatment for non-male factor infer-
tility should be offered ICSI on half of the oocytes and

conventional IVF on the majority, in order to avoid the pos-
sibility of total fertilization failure.

Conclusion

We conclude that ICSI does not improve the reproductive
outcomes of advanced-age patients undergoing IVF for non-
male factor infertility.

Compliance with ethical standards

The study was approved by our institutional review board (IRB), and all
participants provided a written informed consent before entry.
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