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Conventional in vitro fertilization
enhances preimplantation genetic
testing for aneuploidy outcomes
in couples with non-male factor
infertility
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While extensive research has compared ICSI and c-IVF in general ART outcomes, limited evidence
exists regarding their relative efficacy and safety in PGT-A cycles. Therefore, we conducted a large
retrospective cohort study to evaluate the effect of conventional in vitro fertilization (c-IVF) on

the outcomes of preimplantation genetic testing for aneuploidy (PGT-A) in couples with non-male
factor infertility. We conducted a large retrospective cohort study including 578 PGT-A cycles with
c-IVF performed on couples with non-male factor infertility at our center between January 2019 and
October 2024. To control for confounding factors, 578 PGT-A cycles with ICSI during the same period
were selected as a control group. Matching was based on maternal age (2 years), number of oocytes
retrieved (+3), and progressive motile sperm count (z 3 x 10°). The primary outcome was PGT-A
results, while secondary outcomes included the 2PN fertilization rate, blastocyst available for biopsy
per 2PN zygote and blastocyst available for biopsy per oocyte retrieved. Baseline characteristics,
including parental age, AMH, antral follicle count (AFC), BMI, progressive motile sperm count,

and PGT indications, were comparable between groups. Although the 2PN fertilization rate was
significantly higher in the ICSI-PGT-A group (65.88% vs. 78.46%, P<0.001), the 2 PN fertilization

rate per retrieved oocyte (65.88% vs. 60.48%, P <0.001), transferable embryo rate on day 3 (76.67%
vs. 74.38%, P=0.029), blastocyst formation rate per 2PN zygote (51.54% vs. 48.32%, P=0.008),
blastocyst available for biopsy per 2PN zygote (35.60% vs. 29.46%, P <0.001), and blastocyst available
for biopsy per oocyte retrieved (23.45% vs. 17.82%, P <0.001) were significantly lower in the ICSI-
PGT-A group. PGT-A results from 1,268 biopsy samples in the c-IVF group and 936 samples in the ICSI
group revealed no significant differences in chromosomal euploidy, aneuploidy, mosaicism, or “*No-
call” rates. However, after controlling the potential confounders, c-IVF demonstrated significantly
higher euploid embryo rate compared to ICSI (adjusted RR=1.611, 95% Cl 1.228-2.114, P=0.001).
Patterns of chromosomal aberrations were similar between groups, with chromosomes 15, 16, 21,
and 22 showing the highest frequencies of abnormalities. Notably, no parental contamination was
detected in the c-IVF group, while one case of maternal contamination was reported in the ICSI group.
Our data suggested c-IVF could improve PGT-A outcomes in couples with non-male factor infertility
and exhibited a low risk of parental contamination. c-IVF-PGT-A represents a safe, effective, and cost-
efficient strategy for these couples.
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Preimplantation genetic testing for aneuploidy (PGT-A) has emerged as a critical tool in assisted reproductive
technology (ART), facilitating the selection of euploid embryos to enhance implantation rates and reduce the risk
of miscarriage. Traditionally, intracytoplasmic sperm injection (ICSI) has been the only preferred fertilization
method for PGT-A, based on the assumption that it minimizes the risk of sperm DNA contamination in biopsy
samples'. However, with advancements in embryonic genetic testing technologies, studies have reported that the
impact of sperm DNA contamination on PGT-A outcomes is negligible’ . In addition, ICSI is associated with
several concerns, including potential mechanical damage to oocyte, increased risk of technical errors and the
introduction of paternal genetic abnormalities that might otherwise be eliminated by natural sperm selection®.
Furthermore, ICSI requires specialized equipment and expertise, which contributes to increased costs and limits
its accessibility in resource-constrained settings. These challenges have spurred growing interest in conventional
in vitro fertilization (c-IVF) as an alternative for PGT-A, as it more closely resembles the natural fertilization
process.

Over the past decades, the utilization of ICSI has risen substantially. According to the 2024 report by the
International Committee for Monitoring Assisted Reproductive Technology (ICMART), approximately 72% of
ART cycles in Europe in 2016 utilized ICSI® even among couples without male-factor infertility. This trend
highlights a significant shift in clinical practice, yet the benefits of ICSI over c-IVF in couples with non-male
factor infertility remain a topic of ongoing debate. A meta-analysis published in 2024 demonstrated that c-IVF
achieved comparable live birth rates and fertilization rates per oocyte retrieved compared to ICSI in non-male
factor infertility’. Interestingly, a large meta-analysis by De Bantel-Finet et al., encompassing 21 studies and
nearly one million ART cycles, found that c-IVF was associated with a significantly higher live birth rate per
cycle compared to ICSI in couples with non-male factor infertility (RR: 1.10; 95% CI 1.02-1.18)3.

While extensive research has compared ICSI and c-IVF in general ART outcomes, limited evidence exists
regarding their relative efficacy and safety in PGT-A cycles. Retrospective cohort studies investigating the impact
of fertilization methods on aneuploidy rates in PGT-A have yielded conflicting findings. Some studies suggest
higher rates of aneuploidy in embryos derived from ICSI*!” whereas others report no significant differences!!"12.
Additionally, it remains unclear whether fertilization methods influence the incidence of aneuploidy in specific
chromosomal pairs. To address these gaps, we conducted a large retrospective cohort study to compare the
efficacy and safety of c-IVF and ICSI in PGT-A cycles for couples with non-male factor infertility. This study
aims to provide further insights into the role of fertilization methods in ART outcomes and inform clinical
decision-making in the context of PGT-A.

Methods

Study population

The study group comprised 578 PGT-A cycles performed with conventional in vitro fertilization (c-IVF)
in patients diagnosed with non-male factor infertility. To ensure comparability and control for potential
confounding variables, a matched control group was established, consisting of 578 PGT-A cycles conducted
with intracytoplasmic sperm injection (ICSI) during the same period. Matching criteria included maternal age
(%2 years), the number of oocytes retrieved (+ 3), and the number of progressively motile sperm (PR; + 3 x 10°).

We conducted a large retrospective cohort study at the Reproductive Medicine Center of the Sixth Affiliated
Hospital of Sun Yat-sen University from January 2019 to October 2024. The study group comprised 578 PGT-A
cycles performed with c-IVF) in patients with non-male factor infertility. To ensure comparability and control
for potential confounding variables, a matched control group was established, consisting of 578 PGT-A cycles
conducted with ICSI in patients with non-male factor infertility during the same period. Matching criteria
included maternal age (+ 2 years), the number of oocytes retrieved (+ 3), and the number of progressively motile
sperm (PR; +3 x 10°).

The indications for PGT-A included advanced maternal age (=38 years), recurrent miscarriage (>3
miscarriages or >2 miscarriages with at least one associated with chromosomal abnormalities), and repeated
implantation failure (defined as >3 transfers of high-quality embryos or 210 transferable embryos without
successful implantation).Exclusion criteria were as follows: (1) sperm parameters not meeting standard
thresholds (concentration > 15 x 10%/mL, progressive motility >32%, or strict morphology >4% normal forms),
(2) presence of chromosomal rearrangements or single-gene disorders, (3) use of cryopreserved sperm samples,
(4) previous cycles with fertilization failure or low fertilization rates (<30%).

This study was approved by the Ethics Committee (Institutional Review Board) of the Sixth Affiliated Hospital
of Sun Yat-sen University and adhered to the Declaration of Helsinki for medical research. Informed consent was
obtained from all participants following comprehensive counseling on infertility treatments and routine ART
procedures. All procedures were conducted in compliance with relevant guidelines and regulations.

Assisted reproductive technology procedure
The stimulation protocols and gonadotropin dosages were individualized based on patient characteristics,
including age, body mass index (BMI), day 3 follicle-stimulating hormone (FSH), anti-Miillerian hormone
(AMH) levels, and antral follicle count (AFC). Controlled ovarian stimulation (COS) protocols employed
included the gonadotropin-releasing hormone antagonist (GnRH-A) protocol, gonadotropin-releasing
hormone agonist (GnRH-a) protocol, and the progesterone priming ovarian stimulation (PPOS) protocol.
When 2-3 follicles reached a diameter of 16-18 mm, 4000-10,000 IU of human chorionic gonadotropin (hCG)
(Livzon Group, China) was administered intramuscularly. Oocyte retrieval was performed 34-38 h later under
transvaginal ultrasound guidance.

The fertilization method was determined by the attending physician. On the day of oocyte retrieval, sperm
samples were collected via masturbation, liquefied at room temperature, and processed using density gradient
centrifugation. In the c-IVF group, cumulus-oocyte complexes (COCs) were co-incubated with sperm in G-IVF
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PLUS medium (Vitrolife, Sweden). After 16-19 h, cumulus cells were completely removed from inseminated
oocytes to evaluate fertilization. For ICSI group, cumulus stripping was performed 2-4 h post-retrieval by
gentle pipetting to assess oocyte maturity. Only mature oocytes at the metaphase IT (MII) stage, identified
by the presence of a first polar body, were selected for ICSI. Fertilization assessment was conducted 16-19 h
after insemination. The presence of two pronuclei and two polar bodies was considered indicative of normal
fertilization.

Embryos were then cultured in G1/G2 sequential media (Vitrolife, Sweden) at 37 °C in incubators with 6%
CO, and monitored until days 5-6 post-ovulation. Blastocyst quality was evaluated using the Gardner grading
system: grades AA, AB, and BA were classified as good quality; BB as fair quality; and AC, BC, and CB as poor
quality. Blastocysts deemed suitable for transfer underwent trophectoderm (TE) cell biopsy following established
methods. Approximately 5-10 TE cells were aspirated, and the biopsied blastocysts were vitrified following the
manufacturer’s instructions (VT101, Kitazato).

Preimplantation genetic testing for aneuploidy

Biopsied trophectoderm cells were transferred into RNase- and DNase-free PCR tubes containing 5 pL of cell
lysis buffer (XK043, Yikon Genomics, China). Whole genome amplification (WGA) was performed using the
multiple annealing and looping-based amplification cycles (MALBAC) method. The amplified products were
subjected to copy number variant (CNV) analysis following a previously described protocol'®. CNV library
fragments were enriched using the Universal DNA Fragmentation Kit (Yikon Genomics, China), and the
library was constructed accordingly. High-throughput sequencing was performed on the Illumina NextSeq 550
platform. For each sample, 3 million reads were generated for ICSI samples, while about 30 million reads were
generated for c-IVF samples. Ploidy status was determined based on CNV profiles, with mosaicism thresholds
set at 30-70%. Samples with mosaicism levels below 30% were classified as euploid, while those exceeding 70%
were categorized as aneuploid. Aneuploid embryos with a single abnormal chromosome were classified as
simple aneuploidy, those with two abnormal chromosomes as double aneuploidy, and those with three or more
abnormal chromosomes as complex aneuploidy.

Quality control in PGT-A data analysis

Raw sequencing data were aligned to the reference genome, which was divided into contiguous 400-Kb bins with
200-Kb overlaps. Quality control metrics included as following: (1) MAPD (Median of the Absolute Pairwise
Difference), calculated as the median of absolute differences between adjacent bin values (MAPD = median(|Xi + 1
- Xi|), where “i” denotes the genomic position); (2) Bin CV, the coefficient of variation (CV) of read ratios (RR)
across all bins on each chromosome, represented as the median of CV across all chromosomes, calculated as
median (each chromosome RR standard deviation / each chromosome RR mean); (3) CNV Merge CV, the
CV of CNV segment-level variation across chromosomes, calculated as CNV segment standard deviation /
CNYV segment mean; (4) CNV pq, the CV of CNV variation across chromosomal arms, defined as the standard
deviation of whole-arm CNV / mean of whole-arm CNV. Samples were deemed to have failed quality control if
MAPD 20.25 or Bin CV 20.20, and simultaneously CNV Merge CV 20.20 or CNV pq=0.15, resulting in a “no
call”

Parental contamination testing

Single nucleotide polymorphism (SNP) loci with alleles A and B were analyzed using B allele frequency (BAF).
The BAF distributions for diploid, triploid, and haploid samples should be approximately [0.0, 0.5, 1.0], [0.0,
0.33, 0.66, 1.0], and [0.0, 1.0], respectively. A significant deviation from these expected distributions indicates
contamination. Maternal contamination typically shifts the BAF of embryo samples toward the maternal
genotype, causing heterozygous SNPs, expected to have a BAF of 0.5, to deviate closer to 0 or 1. In contrast,
paternal contamination results in a shift in the opposite direction, causing heterozygous SNPs to exhibit an
opposite bias.

Study outcomes

The primary outcomes included the rates of euploidy, aneuploidy, mosaicism and contamination per biopsy in
c-IVF versus ICSI group. Secondary outcomes comprised 2PN rate per retrieved oocyte, blastocyst available for
biopsy per 2PN zygotes, rates of aneuploidy subtype (simple, double, or complex) and patterns of chromosomal
aberrations.

Statistics

Continuous data were shown as mean *standard deviation [SD] for normally distributed data and median
(interquartile range) for non-normally distributed data. Categorical data were presented as percentage (the
number of cases). Continuous variables were compared using Student’s t-test or Wilcoxon signed ranks test when
appropriate, and categorical variables were compared using the chi-square test. Negative Binomial Regression
Analysis, selected based on the over-dispersed count data distribution of euploid embryos with deviance-to-
degrees-of-freedom ratio =2.684, was employed to assess associations between clinical factors and euploidy rate.
In this analysis, the dependent variable was defined as the count of euploid embryos, with the logarithm of the
total number of biopsied embryos serving as an offset to account for variations in sample size. All analyses were
performed using SPSS software (version 25.0; IBM Corp., Armonk, NY, USA). A two-tailed P-value <0.05 was
considered as statistical significance.
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c-IVF ICSI P value
Cases 578 578
Maternal age, mean + SD, years 39.11+3.85 39.31+3.89 0.382
Parental age, mean + 8D, years 40.18+5.16 41.19+6.16 0.59
Secondary infertility 89.97% (520/578) | 87.37% (505/578) | 0.164
Basal AMH, mean +SD, ng/ml 2.24+191 2.2+1.95 0.711
BMI, mean +SD, kg/m? 22.76+3.08 22.59+2.87 0.332
AFC, mean+SD 9.54+6.28 9.08+5.82 0.195
Semen volume, mean +SD, mL 3.36+1.05 3.27+1.05 0.126
Numbers of PR sperm, mean +SD,10%/ml | 45.93+16.27 45.85+16.54 0.081
Sperm concentration, mean+SD,10%/ml | 35.73+20.01 38.01+£19.77 0.051
Morphology-normal form mean+SD, % | 5.95+1.96 591+2.63 0.818
Indication or PGT, %(n) 0.168
Advanced maternal age 36.68%(212/578) | 40.66%(235/578)
Recurrent pregnancy loss 52.25%(302/578) | 46.71%(270/578)
Repeated implantation failure 11.07%(64/578) 12.63%(73/578)

Table 1. Baseline characteristics of eligible patients. SD, standard deviation; AMH Anti-Mullerian hormone;
BMI Body mass index; AFC, Antral follicle counts; PR, progressive motile.

c-IVF ICSI P value
Cases 578 578
Stimulation protocols, %(n) 0.864
PPOS 62.98%(364/578) 63.67%(368/578)
GnRH-A 19.20%(111/578) 17.99%(104/578)
GnRH-a 17.82%(103/578) 18.34%(106/578)
Average No. of oocyte retrieved, mean + SD 9.35+£5.96 9.09+6.02 0.45
Total No. of oocytes retrieved 5407 5253
No. of oocytes inseminated 5407 4049
2PN rate per inseminated oocyte, %(n) 65.88% (3562/5407) | 78.46% (3177/4049) | <0.001
2PN rate per oocytes retrieved, %(n) 65.88%(3562/5407) | 60.48%(3177/5253) | <0.001
D3 transferrable embryo rate, %(n) 76.67%(2731/3562) | 74.38%(2363/3177) 0.029
Blastocyst formation rate per 2PN zygote, %(n) 51.54%(1836/3562) | 48.32%(1535/3177) 0.008
Blastocyst available for biopsy per 2PN zygote, %(n) 35.60%(1268/3562) | 29.46%(936/3177) <0.001
Blastocyst available for biopsy per oocyte retrieved, %(n) | 23.45%(1268/5407) | 17.82%(936/5253) | <0.001

Table 2. Cycle characteristics and embryological outcomes between c-IVF and ICSI group. PPOS,
progesterone priming ovarian stimulation; GnRH-A, gonadotropin releasing hormone antagonist; GnRH-a,
gonadotropin releasing hormone agonist; SD, standard deviation.

Results

This retrospective analysis study included 1156 PGT-A cycles in total. The demographic and baseline
characteristics of eligible patients were summarized in Table 1. No significant differences were observed between
the c-IVF and ICSI groups in terms of maternal age, parental age, AMH, AFC, BMI and numbers of PR sperm.
Mean maternal age was 39.11 + 3.85 years in c-IVF group and 39.31 £ 3.89 years in ICSI group, respectively. Most
patients in both groups were diagnosed as secondary infertility. Overall, the primary indications for PGT-A were
recurrent pregnancy loss and advanced maternal age, with repeated implantation failure also being a notable
factor (11.07-12.63%).

As shown in Table 2, the constituent ratio of stimulation protocols was similar between the two groups
with the PPOS protocol being the most frequently used, accounting for 62.98% of cycles in the c-IVF group
and 63.67% in the ICSI group. While no in-between group difference was observed in the number of oocytes
retrieved (9.35£5.96vs. 9.09+6.02, P=0.45), patients yielded significantly higher 2PN fertilization rate per
oocytes retrieved (65.88% vs. 60.48%, P<0.001) and blastocyst available for biopsy per oocyte retrieve (23.45%
vs. 17.82%, P<0.001) in the c-IVF group. Moreover, while the 2PN fertilization rate per inseminated oocyte
in the ICSI group was higher compared to the c-IVF group (78.46% vs. 65.88%, P<0.001), the c-IVF group
showed superior outcomes in several other parameters, including transferrable embryo rate (74.38% vs. 76.67%,
P=0.029), blastocyst formation rate per 2PN zygote (48.32% vs. 51.54%, P=0.008) and blastocyst available for
biopsy per 2PN zygote (29.46% vs. 35.60%, P<0.001) (Table 3).

Scientific Reports |

(2025) 15:24904 | https://doi.org/10.1038/541598-025-10300-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

c-IVF ICSI P value
No. of embryos for biopsy 1268 936
PGT-A results, %(n) 0.46
Euploidy rate 39.98% (507/1268) | 41.56% (389/936)
Aneuploidy rate 47.56% (603/1268) | 45.30% (424/936)
Mosaicism rate 12.22% (155/1268) | 12.50% (117/936)
“No-call” rate 0.24% (3/1268) 0.53% (5/936)
Contamination rate 0.00% (0/1268) 0.11% (1/936)
Aneuploidy types, %(n) 0.202
Single chromosome aneuploidy rate 43.28% (261/603) | 44.34% (188/424)
Double chromosomes aneuploidy rate 29.68% (179/603) | 33.25% (141/424)
Complex chromosomes abnormal aneuploidy rate | 27.03% (163/603) | 22.41% (95/424)
Euploidy rate per oocytes retrieved, %(n) 9.38% (507/5407) | 7.41% (389/5253) | <0.001

Table 3. Comparison of PGT-A results between groups.

Adjusted PR | 95% CI for adjusted PR | P
Maternal age 0.955 0.908-0.985 0.023
Parental age 0.988 0.957-1.020 0.471
Basal AMH 0.989 0.957-1.080 0.803
BMI 1.012 0.969-1.057 0.593
AFC 1.015 0.988-1.042 0.279
Semen volume 0.980 0.85-1.131 0.787
Numbers of PR sperm 0.992 0.982-1.001 0.092
Sperm concentration 0.997 0.989-1.006 0.504
Morphology-normal form 1.032 0.974-1.092 0.287
Indication or PGT
Advanced maternal age 0.596 0.384-0.925 0.021
Recurrent pregnancy loss 0.684 0.458-1.022 0.064
Repeated implantation failure | 0
Stimulation protocols
PPOS 0
GnRH-A 1.212 0.856-1.715 0.278
GnRH-a 1.180 0.84-1.658 0.340
Fertilization method
IVF 1611 1.228-2.114 0.001
ICSI 0

Table 4. Negative binomial regression analysis analyzed the factors related to euploidy rate.

As summarized in Table 3, no significant differences were observed between the two groups in the following
PGT-A outcomes: euploidy rate (39.98% vs. 41.56%), aneuploidy rate (47.56% vs. 45.30%), mosaicism rate
(12.22% vs. 12.50%), or "No-call" rate (0.24% vs. 0.53%). Similarly, the distribution of aneuploidy types, including
single, double and complex aneuploidy were comparable. Notably, no parental contamination was detected in
the ¢-IVF group, whereas one case of maternal contamination was identified in the ICSI group. In terms of
euploidy rates per oocyte retrieved, we found that this rate was significantly higher in the c-IVF group compared
to the ICSI group (9.38% vs. 7.41%, P<0.001), with a statistically significant difference noted.

To further elucidate the impact of insemination techniques on euploidy rates, we performed a multivariate
analysis incorporating the number of biopsied embryos (as an offset term) and potential confounding factors, as
outlined in Table 4. After controlling for these potential confounders, c-IVF demonstrated a significantly higher
euploid embryo rate compared to ICSI (adjusted PR=1.611, 95% CI 1.228-2.114, P=0.001).

To assess the potential impact of fertilization methods on chromosomal aberration patterns, aneuploidy
data were summarized in Fig. 1. The chromosomal pairs implicated in abnormalities, involving both autosomes
and sex chromosomes, were similar between the two groups (P=0.561), with chromosomes 15, 16, 21, and 22
showing the highest frequencies of aberrations.

Discussion
The impact of c-IVF on the outcomes of PGT-A in couples with non-male factor infertility is still uncertain
due to limited evidence. In this large retrospective study, we demonstrated that c-IVF resulted in significantly
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Fig. 1. Percentage of aneuploidies affecting each chromosome. Data are from 1027 blastocysts.

better embryological outcomes, with more blastocysts available for biopsy compared to ICSI. Furthermore, the
two fertilization methods yielded similar PGT-A results, including comparable euploidy rates and analogous
spectrums of chromosomal abnormalities, involving both autosomes and sex chromosomes. Importantly, c-IVF
didn’t increase the risk of parental contamination under the conditions employed in our laboratory. Collectively,
these findings suggest that c-IVF provides advantages over ICSI in the context of PGT-A for couples with non-
male factor infertility.

ICSI has been widely used as an assisted reproductive technique in severe male infertility since its introduction
in the 1990s'*. However, its application has expanded significantly, even to cases without male factor infertility.
Reports showed dramatically increase in the proportion of ICSI cycles in non-male factor infertility in European
countries®!>. Despite this trend, most studies suggest that ICSI fails to confer advantages in couples with non-male
factor infertility. Bhattacharya et al.'® conducted a randomized trial involving 415 patients with non-male factor
infertility and observed a significantly lower fertilization rate per oocyte retrieved in the ICSI (47% vs. 58%),
which was in line with our findings. They also reported significantly lower clinical pregnancy rate in ICSI group.
Similarly, Shoukir et al.!” found that blastocyst formulation rate was significantly higher in IVF-derived embryos
(47.3% vs. 26.8%). Other studies have demonstrated superior outcomes in c-IVE, including higher high-quality
blastulation rates'® better embryo quality, and more cycles with embryos available for cryopreservation'®. In this
study, we discovered that, although ICSI increased the 2pn rate per inseminated oocyte, the c-IVF group yielded
a significantly higher 2PN fertilization rate per oocyte and more blastocyst for biopsy. The poorer embryological
outcomes associated with ICSI may be explained by several factors. Firstly, ICSI bypasses the natural sperm
selection process, potentially increasing the risk of fertilization with defective spermatozoa?” thereby affecting
embryo quality. Second, c-IVF allows immature oocytes to complete maturation in culture and subsequently
undergo fertilization, whereas ICSI only utilizes mature oocytes for insemination. Consequently, ICSI may
result in the loss of oocytes with developmental potential. Third, c-IVF preserves cumulus-oocyte interactions,
which may enhance developmental potential?!. Last but not least, damage from the ICSI procedure itself, such as
mechanical injury, introduction of unwanted material during the ICSI process or exposure to various synthetic
media?? might compromised embryo development potential.

The potential for parental contamination has been a critical concern in the application of c-IVF for
PGT-A. Historically, ICSI has been preferred for PGT-A to mitigate contamination risks. Regarding paternal
contamination from sperm DNA, recent advancements in DNA amplification techniques have demonstrated
their capability to minimize the amplification of tightly packed sperm DNA, rendering the risk of sperm
contamination negligible>?’. The DNA amplification method utilized in this study aligns with the approach
described by Dong et al., which confirmed that sperm DNA could be rendered entirely non-amplifiable.
Consistent with these findings, no cases of paternal contamination were identified in the c-IVF group in our
study. Maternal contamination, primarily originating from cumulus granulosa cells, poses a challenge in both
¢-IVF and ICSI. The DNA from cumulus granulosa cells is readily amplifiable, making their thorough removal
a critical step in minimizing contamination risks. In our center, embryologists perform meticulous removal of
cumulus granulosa cells prior to ICSI or on Day 1 following insemination in c-IVF cycles. This procedural rigor
is essential to reducing maternal contamination and ensuring the accuracy of PGT results. Furthermore, the
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parental contamination testing adopted in our center has been reported as a sensitive and reliable method for
detecting and quantifying maternal contamination? further enhancing the reliability of PGT outcomes. In line
with previous studies>!®>?* our results demonstrated no maternal contamination in embryos from the c-IVF
group. In contrast, one instance of maternal contamination was observed in the ICSI group, which was attributed
to residual cumulus granulosa cells. These findings suggest that c-IVF, when performed under optimized
laboratory conditions, presents a low risk of parental contamination, comparable to that of ICSIL.

The impact of c-IVF on PGT outcomes remains a critical focus of current research, as existing literature
reports inconsistent findings. Most studies evaluating c-IVF vs. ICSI in PGT program have demonstrated
similar rates of euploidy, aneuploidy, and mosaicism rate between the two insemination methods?!1223:24,
Although Palmerola et al.!! hypothesized that c-IVF might lead to an increase in mosaic cells compared to
ICSI, the difference didn’t reach statistical significance and it remains ambiguous whether this was attributed to
sample contamination. Conversely, Patel K et al.?. performed a large-sample retrospective analysis in 2023 and
reported a significantly higher aneuploidy rate in embryos derived from ICSI. The authors attributed this finding
to the possible introduction of abnormal spermatozoa during the ICSI process, which may adversely affect
chromosomal integrity. In alignment with the majority of prior investigations, our initial unadjusted analysis
demonstrated comparable embryo euploidy rates between the c-IVF and ICSI groups. However, subsequent
multivariate modeling incorporating adjustments for the number of biopsied embryos (offset term) and rigorous
control of key confounders - including maternal age, ovarian reserve biomarkers and so on, revealed statistically
significant increase in euploid embryo likelihood with c-IVF compared to ICSI. This finding implied that IVF
may confer a distinct advantage in optimizing euploid embryo yield for non-male factor infertility populations.
Notably, we further demonstrated a comparable constitution of different aneuploidy types and identified
a similar spectrum of chromosomal abnormalities, which included autosomes and sex chromosomes. Some
studies reported a significantly higher incidence of sex chromosome abnormalities in abortus from ICSI*6-%
In our study, which exclusively included couples with non-male factor infertility, no significant differences
in abnormal chromosomes profiles were observed, supporting the hypothesis that the underlying etiology of
infertility plays a more critical role in chromosomal anomalies than the fertilization method employed.

Our study has several strengths. By matching for key confounding factors, such as maternal age and semen
parameters, we ensured a robust comparison of c-IVF and ICSI outcomes. Moreover, we provided comprehensive
analyses of embryological outcomes, chromosomal profiles, and parental contamination risks, reinforcing the
reliability and safety of c-IVF in PGT-A. Nonetheless, the retrospective nature of our study introduces potential
confounding factors and biases. Further prospective, randomized controlled trials are warranted to validate our
findings and elucidate the underlying mechanisms.

Conclusions

Despite the inherent limitations of its retrospective design, this study provides evidence suggesting that c-IVF
has a favorable impact on PGT-A outcomes in couples with non-male factor infertility. Our findings support
c-IVF as a safe, effective, and cost-efficient fertilization method in this patient population. Importantly, the
outcomes of PGT-A are influenced by a multitude of factors, including genetic testing platforms, embryological
practices, and biopsy techniques. As such, the generalizability of our findings requires further validation through
multicenter studies and data integration from diverse genetic laboratories.

Data availability

The raw sequence data reported in this paper have been deposited in the Genome Sequence Archive (Genomics,
Proteomics & Bioinformatics 2021) in the National Genomics Data Center (Nucleic Acids Res 2024), China Na-
tional Center for Bioinformation / Beijing Institute of Genomics, Chinese Academy of Sciences (GSA-Human:
HRAO010479), and are publicly accessible at https://ngdc.cncb.ac.cn/gsa-human.
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