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Objective: To evaluate the influence of insemination methods on outcomes of preimplantation genetic testing for aneuploidy (PGT-A)
by assessing PGT-A results in embryos that derived from conventional in vitro fertilization (IVF) versus intracytoplasmic sperm
injection (ICSI) in sibling oocytes.
Design: Retrospective cohort study.
Setting: Single academic IVF center.
Patient(s): A total of 118 couples who underwent 131 split insemination cycles from July 2016–July 2019.
Intervention(s): In all cycles, sibling oocytes were allocated randomly to conventional IVF or ICSI prior to stripping. Preimplantation
genetic testing for aneuploidy was performed via trophectoderm biopsy and next-generation sequencing with 24-chromosome
screening.
Main Outcome Measure(s): Rates of euploid, aneuploid, and mosaic embryos per biopsy.
Result(s): A total of 2,129 oocytes were randomized to conventional IVF (n¼ 1,026) and ICSI (n¼ 1,103). No difference was observed
in the aneuploidy rates (50.3% vs. 45.2%) and percentages of mosaic embryos (1.7% vs. 2.4%) per biopsy between conventional IVF and
ICSI sibling oocytes. Percentages of different aneuploidy types and aneuploidies that involved sex chromosome abnormalities (6.2% vs.
7.2%) were similar between the two groups. In the end, the overall chance to have an euploid embryo per allocated oocyte in the two
groups was similar (13.2% vs. 15.5%).
Conclusion(s): Blastocysts created with conventional IVF and ICSI using sibling oocytes had similar rates of aneuploidy andmosaicism
as examined using 24-chromosome screening. It is unlikely that conventional IVF caused significant contamination during PGT-A. We
recommend conventional IVF as the preferred inseminationmethod in PGT-A cycles, and ICSI should be indicated only in cases of male-
factor infertility. (Fertil Steril Rep� 2020;1:277–81. �2020 by American Society for Reproductive Medicine.)
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P reimplantation genetic testing (PGD) was developed in
1980s as an alternative to prenatal genetic diagnosis to
allow parents who are carriers of single-gene disorders

or structural chromosome abnormalities to select unaffected
embryos for transfer (1, 2). Intracytoplasmic sperm injection
(ICSI), which was developed initially to treat couples with
male-factor infertility (3), was adopted into PGD to ensure
monospermic fertilization and to minimize potential paternal
contamination by extraneous sperm attached to the zona pel-
lucida (4). In the last decade, platforms using whole-genome
amplification have been applied to PGD, and preimplantation
genetic testing for aneuploidy (PGT-A) by analysis of 24-
chromosome copy number (5–8) has been used increasingly
in embryo selection for patients undergoing in vitro
fertilization (IVF) despite controversy surrounding its utility
(9). Although there are no randomized controlled trials
assessing the impact of fertilization methods on PGT-A diag-
nostic accuracy, in 2012, the American Society for Reproduc-
tive Medicine released a committee opinion recommending
the use of ICSI for all cycles involving PGT because of the con-
cerns of inaccurate results due to extraneous sperm contam-
ination (10). Meanwhile, the ‘‘overuse’’ of ICSI in non-male
factor infertility has been a concern because ICSI cannot
improve the clinical outcome (11–13) in the non-male factor
infertility population and it substantially increases the work-
ing burden in embryology laboratories and the cost of assisted
reproductive treatment. It is also unclear whether the known
reproductive risks, such as congenital anomalies and
imprinting disorders, are associated with ICSI in non-male
factor infertility (10). Currently most reference laboratories
recommend ICSI for PGT-A cases but also accept samples
from conventionally inseminated oocytes.

A few retrospective cohort studies assessed the accuracy
of conventional IVF versus ICSI in PGT-A by looking at the
difference in the prevalence of aneuploidy and mosaicism
(14, 15). Although no difference in aneuploidy rates were
noted in these studies, one indicated the use of standard
insemination may increase mosaic cells by 5% compared
with use of ICSI (14). One limitation of these studies was the
comparison of PGT-A outcomes was performed between
separate IVF and ICSI cycles among which patients’ clinical/
cycle differences and embryology laboratory variations might
exist and influence the PGT-A outcomes.

In an IVF laboratory, fertilization failure can occur unex-
pectedly after conventional insemination even with normal
semen parameters. For couples who carry the diagnosis of un-
explained infertility or have borderline semen parameters,
especially in the first IVF cycle, split insemination by conven-
tional IVF and ICSI are implemented commonly in our clinic
to minimize fertilization failure. In this retrospective study,
we collected these split IVF cycles and analyzed paired blas-
tocyst PGT-A outcomes of sibling oocytes that were assigned
to either conventional insemination or ICSI to evaluate the in-
fluence of insemination methods on outcomes of PGT-A.
Confounding variations among couples with infertility,
different cycles, and different laboratory circumstances
were avoided between sibling oocyte groups. Differences in
the prevalence of aneuploid and mosaicism between the two
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insemination methods, potentially as a consequence of
parental genetic contamination, were used to reflect the
accuracy of each insemination method in PGT-A cases.

MATERIALS AND METHODS
Study Population

We conducted a retrospective cohort study at a single aca-
demic fertility center between June 2016 and July 2019. We
identified all patients who underwent autologous IVF-ICSI
split and PGT-A treatment in this timeframe. Patients who
had a known history of chromosomal translocation or
single-gene disorders were excluded from the analysis. De-
mographic information was collected including patient’s
age at retrieval, paternal age, semen parameters, infertility
diagnosis, number of oocytes retrieved, number of fertilized
oocytes, number of biopsied blastocysts, and PGT-A out-
comes including euploid, aneuploid, mosaic, and no result
(‘‘no-call’’) embryos. This retrospective cohort study was per-
formed under institutional review board approval at Stanford
University.

Provider’s recommendation for conventional IVF-ICSI
split insemination was based on partner’s semen analysis,
prior infertility history, and semen parameters on the day of
oocytes retrieval. In most cases, IVF-ICSI split was determined
prior to retrieval based on prior infertility history, for
example, unexplained infertility or prior semen parameters
indicating borderline oligozoospermia, asthenozoospermia,
or teratozoospermia, alone or in combination.
IVF Treatment

The ovarian stimulation protocol was chosen by each pa-
tient’s primary physician and was based on the patient’s
ovarian reserve (antim€ullerian hormone and antral follicle
count). Gonadotropin-releasing hormone (GnRH) antagonist
with or without birth control pills, or with estradiol-
priming, or GnRH agonist microflare were used. Stimulation
medications included follicular stimulating hormone (FSH)
(recombinant) and human menopausal gonadotropin. Oocyte
maturation was triggered by human chorionic gonadotropin
and/or GnRH agonist (Lupron). Medication and doses were
adjusted according to patient’s response to stimulation as
measured using ultrasounds or serum estradiol measurement.
Oocyte retrieval procedures were performed as standard pro-
tocols at our center.
Laboratory Methods

Oocyte harvest occurred approximately 35 hours after
administration of human chorionic gonadotropin. Retrieved
oocytes surrounded by cumulus cells were pooled and then
assigned alternatively in order into two separate oocyte
collection dishes: one for conventional insemination and
the other for ICSI. Oocytes allocated to ICSI were denuded
immediately after oocyte retrieval. Cumulus cells were
removed mechanically by gentle pipetting of oocytes after
a short exposure to 80 iu/mL of hyaluronidase (SAGE). The
maturation status of the denuded oocytes was evaluated
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under inverted microscope. Around 2–6 hours after denuda-
tion, mature Metaphase II oocytes (including MI-to-MII oo-
cytes), were injected with sperm and then placed in
equilibrated Quinn’s Advantage Fertilization (HTF) Medium
supplemented with 5 mg/mL human serum albumin over-
night. In the conventional IVF group, 5–6 oocytes were
placed with 25,000/mL motile spermatozoa in an 80 mL
equilibrated Quinn’s Advantage Fertilization (HTF) Medium
supplemented with 5 mg/mL human serum albumin over-
night for fertilization. Sperm was prepared using the density
gradient centrifugation method using Puresperm 40/80 (Na-
dicon). Sperm concentration and motility before and after
preparation were analyzed using Hamilton Thorne Sperm
Analyzer.

Approximately 18 hours after insemination or ICSI,
oocytes were examined for the presence of pronuclei. Zygotes
displaying two pronuclei were group cultured at 37�C in
separate 80 mL microdrop Sage Single-step media in an
atmosphere containing 5% O2 and 6% CO2. All embryos
were hatched after fertilization check and cultured without
interruption up to the blastocyst stage (days 5–7). Embryos
that reached blastocysts were graded according to their
morphological quality based on the Gardner criteria (16).
Blastocysts with a grade of 3CC and above at days 5–7 under-
went trophectoderm biopsy. All blastocysts were frozen using
vitrification soon after biopsy.

A standardized protocol was used for biopsy as follows:
embryos were washed at least three times in droplets contain-
ing Quinn’s Advantage Medium with HEPES (4-(2-hydrox-
yethyl)-1-piperazineethanesulfonic acid) before biopsy.
Approximately 3–8 trophectoderm cells were withdrawn
from each embryo and separated using the Hamilton Thorne
LYKOS laser. Biopsied trophectoderm cells were rinsed three
to four times prior to being placed in 0.2 mL polymerase chain
reaction (PCR) tubes containing 2 mL buffer solution that was
provided by a diagnostic laboratory. After cell loading, the
PCR tubes were immediately frozen at �20�C and kept in
the freezer until transportation to the PGT testing center.
The Next Generation Sequencing platform used in the current
study was Ion GeneStudio S5 with the Ion Chef system (Ther-
moFisher Scientific), which allowed for an automated chip
loading and had then ability to analyze up to 96 samples
simultaneously in less than 24 hours. Cell lysis, DNA amplifi-
cation, and sequencing analysis were performed at a PGT
testing center based on the manufacturer’s recommendations
(https://assets.thermofisher.com/TFS-Assets/LSG/manuals/
MAN0016712_IonReproSeqPGS_S5_UG.pdf). Diagnosis of
ploidy status was based on copy number variations. Simple
aneuploidy was defined as an aneuploid embryo with a single
abnormal chromosome. Double aneuploidy was defined as an
aneuploid embryo with two abnormal chromosomes. Com-
plex aneuploidy was defined as an aneuploid embryo with
three or more abnormal chromosomes. Mosaic was defined
when the sample had 30%–70% mosaicism. Sample with
mosaicism <30% were classified as euploid and samples
with >70% were classified as aneuploid. Calling policy for
‘‘euploid,’’ ‘‘aneuploid,’’ ‘‘complex aneuploid,’’ or ‘‘mosaic’’
was not revised by the genetic testing laboratory during the
duration of the study.
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Outcome Measures

The primary outcomes were rates of euploid, aneuploid, and
mosaic embryos per biopsy in conventional insemination
versus the ICSI group. Secondary outcomes included rates
of aneuploidy subtype (simple, double, or complex) and rates
of sex chromosome abnormalities. The fertilization rate was
calculated by dividing the number of two pronuclei zygotes
obtained by the number of cumulus-oocyte-complexes
inseminated (conventional IVF) or the number of mature
oocytes injected for ICSI. The blastocyst formation rate was
analyzed based on the number of usable blastocysts that
were available for biopsy per normally fertilized MII egg
(two pronuclear). Aneuploidy rates were calculated per num-
ber of biopsied blastocysts.
Statistical Analysis

Independent t test or Pearson chi-square test was used for
continuous or categorical variables, respectively. Results are
presented as mean � standard deviation unless otherwise
stated. P< .05 was considered statistically significant.
RESULTS
In a 3-year period (June 2016–July 2019), we identified a total
of 131 cycles in 118 couples who underwent split insemina-
tion cycles that met the study criteria. Unexplained infertility
accounts for 62.3% of the patients, including patients with
ovulatory disorder (23.4%) who underwent 3–6 cycles of un-
successful intrauterine insemination cycles before IVF treat-
ments. The other diagnoses include diminished ovarian
reserve (22.3%), borderline male factor (3.1%), and others
including uterine and tubal factors (12.3%).

A total of 2,129 oocytes were allocated to conventional
IVF (n ¼ 1,026) and ICSI (n ¼ 1,103) cohorts. Mean oocyte
age of included cycles was 36.2 years. Mean paternal age
was 37.8 years. The average number of eggs retrieved was
16.3 and the number of blastocysts available for biopsy was
five per oocyte retrieval cycle. The average semen volume
was 2.0 mL and the average sperm concentration was 42.2
million/mL. The average total sperm motility was 65.0%. In
the conventional IVF group, normal fertilization (2PN) was
observed in 531 of 1,026 cumulus oocytes complexes
(51.8%). In ICSI, 845 MII oocytes of the allocated 1,103
cumulus oocytes complexes were injected, and the fertiliza-
tion rate was 77.2% (652/845). The fertilization rate in the
conventional IVF group was significantly lower (P< .001)
than that in the ICSI group. Although the conventional IVF
group had a higher blastocyst formation rate per 2PN embryo
than ICSI (62.0% vs. 52.5%: P< .001), no difference was
observed in the percentages of embryos available for biopsy
per 2PN embryo (54.2% vs. 51.5%; P¼ .354) or per allocated
oocyte (28.1% vs. 30.5%; P¼ .226) between the conventional
IVF and ICSI cohorts (Table 1).

There was no difference of aneuploidy rate per biopsy
between the conventional IVF and ICSI groups (50.3% vs.
45.2%; P¼ .203). Similar rates of mosaic embryos (1.7% vs.
2.4%; P¼ .723) and ‘‘no-call’’ (1.0% vs. 1.5%; P¼ .621)
between the conventional IVF and ICSI groups were observed.
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TABLE 1

Embryological outcomes of conventional in vitro fertilization versus intracytoplasmic sperm injection.

Characteristic Conventional IVF ICSI P value

No. of oocytes allocated 1,026 1,103
No. of oocytes inseminated 1,026 845a

2PN zygote per inseminated oocyte 51.8% (531) 77.2% (652) < .001
Blastulation rate per 2PN zygote 62.0% (329) 52.5% (341) < .001
Embryos available for biopsy per 2PN 54.2% (288) 51.5% (336) .354
Embryos available for biopsy per allocated oocyte 28.1% (288) 30.5% (336) .226
Note: Data presented as % (n), unless stated otherwise. 2PN ¼ two pronuclear; ICSI ¼ intracytoplasmic sperm injection; IVF ¼ in vitro fertilization.
a In the ICSI group, 845 MII oocytes of the allocated 1,103 oocytes were inseminated.

Deng. Aneuploidy rates: conventional IVF vs. ICSI. Fertil Steril Rep 2020.
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Percentages of different aneuploidy types including single
aneuploidy, double aneuploidy, and complex abnormal aneu-
ploidy were similar between the two groups (Table 2). Aneu-
ploidies that involved sex chromosome abnormalities were
similar between the two groups (6.2% vs. 7.2%; P¼ .723) as
well. In the end, the overall chance to have an euploid embryo
per allocated oocyte in the two groups was similar (13.2% vs.
15.5%; P¼ .123).
DISCUSSION
In this study of sibling oocytes derived from split IVF/ICSI
treatment cycles in cases of non-male factor infertility, the
use of conventional IVF was not associated with higher prev-
alence of aneuploidy or mosaic embryos within the context of
next-generation sequencing PGT-A. Conventional IVF also
yielded comparable results to ICSI in terms of chance of hav-
ing an euploid embryo per allocated oocyte, which demon-
strated that ICSI does not confer benefit during PGT-A or
improve embryological outcomes in the absence of male
factor subfertility.

Currently, themajority of PGT-A diagnostic platforms are
based on whole-genome sequencing, which involves many
PCR cycles to amplify the minute initial amount of DNA. It
has been recommended to use ICSI for all cycles involving
PGT to avoid contamination from insufficient removal of
cumulus cells or excess bound spermatozoa during the con-
ventional IVF insemination process, especially with improved
TABLE 2

Aneuploidy rates in embryos fertilized by conventional in vitro fertilization

Characteristic Conventional IVF (288

Euploid per biopsy 46.9 (135)
Aneuploid per biopsy 50.3 (145)
Aneuploid subtypes

Single aneuploidy 63.4 (92)
Double aneuploidy 17.2 (25)
Complex abnormal aneuploidy 19.3 (28)
Aneuploidy involving sex chromosomes 6.2 (5 trisomies and 4 mo

Mosaic per biopsy 1.7 (5)
‘‘No-call’’ 1.0 (3)
Euploid per allocated oocytes 13.2 (135)
Note: Data presented as % (n), unless stated otherwise. ICSI ¼ intracytoplasmic sperm injection; IV

Deng. Aneuploidy rates: conventional IVF vs. ICSI. Fertil Steril Rep 2020.
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analytical platforms and increased testing sensitivity. How-
ever, studies assessing IVF versus ICSI in PGT cases have
demonstrated similar rates of euploid, aneuploid, and failed
diagnosis between the two insemination methods (14, 15).
Although one report suggested that standard insemination
may increase mosaic cells compared with ICSI (14), it is un-
clear if this was due to inadequate rinsing of embryos prior
to biopsy or sperm DNA packaging. In the IVF laboratory,
variance in methods such as biopsy technique and cell
handling potentially could impact DNA quality and fidelity
of PGT-A results (17). In our laboratory, embryos were
washed thoroughly before biopsy and the amount of carry-
over mediumwhenmoving embryos was limited to be as min-
imal as possible. The biopsy pieces were rinsed subsequently
at least three to four times prior to tubing. Our observations
of similar aneuploidy and mosaicism rates between two
insemination groups suggest that, with careful embryo and
cell washing prior to and after biopsy, conventional IVF
does not increase the risk of contamination.

Notably, we did not find an increased rate of sex chromo-
some aneuploidy in the ICSI group compared with conven-
tional IVF. In prior studies, more sex chromosome
anomalies were shown among pregnancies resulting from
ICSI compared with spontaneous pregnancies (18–21). The
findings of similar sex chromosome aneuploidy rates
between conventional IVF and ICSI in patients with non-
male factor infertility in our study suggested that the previ-
ously reported increased risk for chromosome anomalies in
versus intracytoplasmic sperm injection in sibling oocytes.

biopsies) ICSI (336 biopsies) P value

50.9 (171) .317
45.2 (152) .203

57.2 (87) .274
24.3 (37) .132
18.4 (28) .844

nosomy X) 7.2 (5 trisomies and 6 monosomy X) .723
2.4 (8) .226
1.5 (5) .621

15.5 (171) .123
F ¼ in vitro fertilization.
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ICSI-mediated pregnancies may be due to underlying causes
of severe male factors rather than the ICSI technique.

In studies of unexplained infertility, many have reported
higher fertilization rate of ICSI than that of conventional IVF
in the presence of normal semen parameters, suggesting that
ICSI overcomes undiagnosed male factor subfertility, which
was not highlighted in a routine semen analysis (22, 23).
However, in many studies, higher fertilization rates
within the ICSI group did not translate into improved
clinical outcomes in the presence of normal sperm parameters
(11, 24, 25). Consistent with previous studies, our study
showed that ICSI did not improve the blastocyst formation
rate or the chance of having an euploid embryo per allocated
oocyte, although a higher fertilization rate per inseminated
oocyte was observed in the ICSI group. The lower fertilization
rate in the conventional IVF group most likely is due to undis-
tinguished insemination of immature oocytes, which led to a
larger denominator that was used when calculating the fertil-
ization rate.

Outcomes of PGT-A from sibling oocytes in our study
lowered potential heterogeneity among samples between
the two different insemination methods as much as possible.
Higher cost, more handling of gametes, and more laboratory
labor are required for ICSI treatment. Our study findings sug-
gest that conventional IVF should be the preferred insemina-
tion method in PGT-A cycles and use of ICSI should be
reserved only in cases of male factor infertility. Certainly,
our study is limited by its retrospective nature and limited
sample size. Different platforms and thresholds are used for
diagnosis of normal versus abnormal versus mosaic in
different genetic laboratories. Variations of embryo biopsy
and sample processing techniques among embryologists or
IVF laboratories may affect the cleanness of samples and
subsequent diagnosis. As such, data from multicenter and
other genetic laboratories are needed for further confirmation
of our findings.
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