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Abstract
Background  Non-invasive chromosome screening (NICS) and trophectoderm biopsy preimplantation genetic 
testing for aneuploidy (TE-PGT) were both applied for embryo ploidy detection, However, the cumulative live birth 
rates (CLBR) of NICS and TE-PGT in older age groups have yet to be reported. This study aimed to ascertain whether 
NICS and TE-PGT could enhance the cumulative live birth rates among patients of advanced maternal age.

Methods  A total of 384 couples aged 35–40 years were recruited. The patients were assigned to three groups: NICS, 
TE-PGT, and intracytoplasmic sperm injection (ICSI). All patients received frozen single blastocyst transfer. Patients in 
the NICS and TE-PGT groups underwent aneuploidy screening.

Results  When compared to the ICSI group, the CLBR was significantly higher in the NICS and TE-PGT groups (27.9% 
vs. 44.9% vs. 51.0%, p = 0.003 for NICS vs. ICSI, p < 0.001 for TE-PGT vs. ICSI). There were no significant differences in 
the clinical outcomes between the NICS and TE-PGT groups. Adjusting for confounding factors, the NICS and TE-PGT 
groups still showed a higher CLBR than the ICSI group (adjusted odds ratio (OR) 3.847, 95% confidence interval (CI) 
1.939 to 7.634; adjusted OR 3.795, 95% CI 1.981 to 7.270). Additionally, the cumulative pregnancy loss rates of the 
NICS and TE-PGT groups were significantly lower than that of the ICSI group (adjusted OR 0.277, 95% CI 0.087 to 0.885; 
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Background
Embryo chromosomal aneuploidy is a major cause of 
implantation failure or miscarriage during in vitro fer-
tilization (IVF) [1, 2]. Morphological evaluation is inca-
pable of detecting the genetic characteristics of embryos 
[3]. Therefore, preimplantation genetic testing for aneu-
ploidy (PGT-A) is commonly used to evaluate the ploidy 
of embryos in clinical practice. With advanced biopsy 
methods and genetic analysis strategies, preimplantation 
genetic testing (PGT) has rapidly developed in the past 
decade. The incidence of embryo aneuploidy increases 
with age, with 35 years being particularly noted as a turn-
ing point for higher aneuploidy rates [4]. Multiple studies 
have consistently demonstrated the potential of PGT-A 
to enhance clinical outcomes in patients aged 35–40 
years [5–7].

PGT-A relies on biopsy, which is invasive and may 
harm embryo development. Since Stigliani et al. [8]. were 
the first to analyze the genomic DNA content in embryo 
medium in 2013; therefore, it is possible to use embry-
onic cell-free DNA (cfDNA) to identify blastocyst chro-
mosomal ploidy [9–11]. Using genetic material sampled 
from spent culture medium (SCM), we conducted the 
first noninvasive chromosome screening (NICS) in 2016 
[12]. In Huang et al.‘s study, using the whole embryo as 
the gold standard, NICS showed a concordance of 93.8% 
with the whole embryo, while trophectoderm biopsy pre-
implantation genetic testing for aneuploidy (TE-PGT) 
showed an 82.0% concordance [13]. In our previous 
research, the TE biopsy cells, Day 3-Day 5/Day 6 cul-
ture medium, and whole embryo from the same embryo 
were collected. Using the whole embryo as the gold stan-
dard, the concordance rates with the whole embryo were 
85.2% for TE-PGT and 83.0% for NICS. These findings 
demonstrated that NICS is accurate and has a diagnos-
tic performance close to that of TE-PGT [14]. In a ret-
rospective cohort study, for patients aged 35–40, the 
live birth rate for those who transferred NICS euploid 
embryos was higher than for those who transferred non-
euploid embryos (50.0% vs. 29.5%, p = 0.029) [15]. Li et 
al. conducted a prospective interventional clinical trial, 
where age-stratified results showed that for patients aged 
35–40, NICS significantly improved the live birth rate 
(54.8% vs. 25.0%, p = 0.001) [16]. However, there are no 

reports on the cumulative clinical outcomes of NICS in 
females aged 35–40.

The cumulative live birth rate (CLBR) is regarded as 
the most crucial patient-centered outcome when assess-
ing an IVF program’s success [17]. In a recent random-
ized controlled trial, among females aged 20 to 37 years 
having ≥ 3 good-quality blastocysts, the CLBR in PGT-A 
was noninferior to the rate in conventional morphologi-
cal evaluation [18]. However, in a meta-analysis study on 
preimplantation genetic testing for aneuploidy (PGT-A), 
the results demonstrated an improvement in the cumu-
lative live birth rate among the included patients. But 
the study did not perform an age-stratified analysis [19]. 
Therefore, the impact of PGT-A on the cumulative live 
birth rate in the elderly population remains unexplored 
in the current literature. There is no standardized cal-
culation method of cumulative live birth rate [20]. The 
probability of obtaining chromosomally normal oocytes 
decreases in advanced maternal age women, leading to a 
reduced number of embryos available for genetic testing 
and subsequent transplantation. Consequently, patients 
may undergo multiple oocyte retrieval cycles. Therefore, 
evaluating the effectiveness of PGT-A in terms of the 
cumulative live birth rate may be more objective when 
considering the number of oocyte retrieval cycles as the 
denominator, rather than the number of patients.

To evaluate the efficacy of genetic screening in 
advanced females aged 35–40 years, we designed a 
three-armed prospective cohort study. By comparing the 
clinical outcomes of patients in the NICS and TE-PGT 
groups, we investigated whether NICS can achieve simi-
lar clinical efficacy to TE-PGT. This study aimed to deter-
mine whether NICS and TE-PGT improve the CLBR in 
women aged 35–40 compared to embryo selection based 
on morphological grading.

Methods
Study design and patients
This was a prospective cohort study which included all 
couples with female patients between 35–40 years old 
attending the Reproductive Medicine Center of Nan-
jing Jinling Hospital (Nanjing, Jiangsu, People’s Republic 
of China) from April 2017 to May 2021. The study pro-
tocol was approved by the Ethics Committee of Nanjing 

adjusted OR 0.182, 95% CI 0.048 to 0.693). There was no significant difference in the birth weights of the three groups 
(p = 0.108).

Conclusions  In women 35–40 years old, the CLBR can be increased by selecting euploid embryos using NICS and 
TE-PGT. For elderly women at high risk of embryonic aneuploidy, NICS, characterized by its safety and non-invasive 
nature, may emerge as an alternative option for preimplantation genetic testing.

Keywords  Non-invasive chromosome screening, Spent culture medium, Preimplantation genetic testing for 
aneuploidy, Clinical outcomes, Blastocyst
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Jinling Hospital (2016NZKY-028-02) and registered in 
the Chinese Clinical Trial Center www.clinicaltrails.
gov (ChiCTR-DDD-17010376, date of first registration: 
01/11/2017). Informed consents were obtained from all 
couples participated in this study.

First, all female patients underwent karyotyping before 
IVF according to routine clinical procedures. Inclusion 
criteria: the female patient was 35–40 years old, normal 
couple karyotype, underwent intracytoplasmic sperm 
injection (ICSI), with ≥ 1 blastocysts (morphology grad-
ing above BC or CB), agreed to culture all embryos to 
the blastocyst stage, and transferred a single thawed 
blastocyst.

Exclusion criteria: PGT for monogenic disorders (PGT-
M) or PGT for chromosomal structural rearrangements 
(PGT-SR), uterine abnormality (e.g., untreated uterine 
septum, adenomyosis, or submucous myoma; uterine 
congenital malformation; endometrial polyps; or intra-
uterine adhesions), the presence of a contraindication to 
pregnancy, intended to undergo PGT-M or PGT-SR, or 
plan to use of donated oocytes or sperm.

Based on self-selection, the included patients meeting 
the inclusion and exclusion criteria were sorted into the 
genetic testing group and the control group. 187 couples 
chose to join the genetic testing group, then these 187 
couples were randomized into the NICS group and TE-
PGT group. A random data table was used for random-
ization.197 patients chose to enter the control group, 
undergoing ICSI only.

Oocyte retrieval and ICSI
Ovarian stimulation, follicular monitoring, and oocyte 
retrieval were all performed using the standard meth-
ods of our center. The dose of gonadotropin was adjusted 
according to the patient’s ovarian response, hormone 
level and follicle size, and when the follicle diameter and 
hormone level reached the standard of trigger. The female 
underwent oocyte retrieval under transvaginal ultra-
sound guidance 34–36  h after hCG injection, followed 
by the initiation of luteal support beginning on the day 
of retrieval. The oocytes were then assessed for maturity, 
and mature oocytes were subjected to ICSI. Prior to ICSI, 
cumulus cells surrounding the oocytes were thoroughly 
removed.

Embryo culture
After ICSI, the embryos were cultured to cleavage stage 
(Day 3). The granulosa cells of the embryos were again 
removed. Subsequently, embryos were transferred into 
an individual drop of fresh blastocyst culture medium 
(SAGE ART-1029), with the culture medium volume 
being approximately 30 μL. Blastocysts at D5/6 were 
then assessed according to the morphological crite-
ria developed by Gardner and Schoolcraft (1999) [21], 

which evaluated blastocyst expansion, the inner cell mass 
(ICM), and trophectoderm (TE) development.

Sample collection
Performed TE biopsies or collect culture medium from 
the embryos of patients in different groups. For the 
embryos from TE-PGT group, when the blastocysts 
developed to the standard of freezing, 3 to 5 TE cells 
were biopsied from each of the blastocysts before cryo-
preservation and placed into 5 μL of cell lysis buffer.

For the embryos from NICS group, approximately 25 
μL culture medium of the corresponding blastocysts was 
collected using different pipettes. The medium was put 
into the RNase/DNAase-free PCR tubes, which contain-
ing 5 μL of preservation solution. All collected samples 
were stored at -80 °C until use.

Whole genome amplification and next-generation 
sequencing
Whole genome amplification (WGA) was performed on 
the medium and TE cell biopsies as described previously 
[12, 22]. For culture medium and TE cells, whole genome 
amplification (WGA) and library preparation was per-
formed using the NICSInst™ library preparation kit and 
ChromInst™ library preparation kit (Xukang Medical 
Technology (suzhou) Co., Ltd). Each step was performed 
according to the manufacturer’s protocol provided with 
the kit. Briefly, the amplification process began with 
annealing the DNA to a pool of random primers. This 
was followed by a quasi-linear pre-amplification step, 
after which the DNA was exponentially amplified to a 
final amount of up to 2  μg. To assess the amplification 
efficiency, Agarose gel electrophoresis and NanoDrop 
quantification were used. Then library construction was 
performed and sequenced on an Illumina platform, pro-
ducing 2 million sequencing reads per sample.

Copy number variation (CNV) analysis
The human hg19 genome was used to map the high-
quality reads after they were extracted. GC content and 
a reference dataset were used to normalize the reads after 
they had been stripped of duplicates and counted across 
the entire genome using a bin size of 1 Mb. The final copy 
number segments were computed using circular binary 
segmentation (CBS) algorithms. A measure of the ampli-
fication success was the coefficient of variation (CV), 
which is computed as the ratio of the read density stan-
dard deviation to its average. Successful amplification 
was defined as having a CV value of less than 0.2 or the 
median of the absolute values of all pairwise differences 
(MAPD) less than 0.25 [23]. The data were analyzed and 
visualized using the R program.

When the extent of mosaicism was above 30%, with a 
detection limit for segmental aneuploidy of ≥ 4 Mb were 

http://www.clinicaltrails.gov
http://www.clinicaltrails.gov
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regarded as aneuploid in biopsied TE samples [24]. For 
culture medium, mosaicism ≥ 40% [25] and segmental 
aneuploidy of ≥ 10  Mb were set as the threshold to dis-
tinguish aneuploid from euploid. Our preliminary find-
ings also validated the accuracy of the analysis standards 
[14]. The data were not sufficient for analysis because 
the amplification failure or non-informative results was 
defined as not available.

Embryo thawing and transfer
In order to prepare the endometrium for the frozen 
embryo transfer (FET) cycles, hormone replacement 
was used. Oral oestradiol pills were given for 10–18 
days, and then progesterone was given when the endo-
metrial thickness was 8 mm. The embryos were thawed 
using the commercial thawing kit (Kitazato, Japan). The 
patients in the NICS and TE-PGT groups received single 
euploid blastocyst transplantation. For the ICSI group, 
the embryos were selected based on morphological rat-
ings, and were transferred with single blastocysts.

Outcomes
The primary outcome was the cumulative live birth rate 
which resulted from embryo transfers carried out within 
1 year per retrieval cycle [26]. Live birth was defined as 
delivery at ≥ 28 weeks of gestation, and didn’t have any 
significant congenital defects. The secondary outcomes 
were the cumulative rates of biochemical, clinical preg-
nancy and pregnancy loss, and birth weight.

A serum level of 50 mIU per milliliter of human chori-
onic gonadotropin (β-hCG) at least 14 days after embryo 
transfer was considered biochemical pregnancy. Clinical 
pregnancy was examined by ultrasound at 28–30 days 
after transfer of a single blastocyst. Ongoing pregnancy 
was confirmed as a detectable fetal heart after 10–12 
weeks of gestation. Pregnancy loss was defined as intra-
uterine pregnancy loss before 24 weeks of gestation.

Statistical analysis
The software SPSS version 25.0 (IBM, Armonk, NY, USA) 
was used for all analyses. Continuous variables were 
analyzed using the Kruskal-Wallis H test if they were 
nonnormally distributed, or one-way analysis of vari-
ance (ANOVA) if they were normally distributed. With 
the use of the chi-square test or Fisher’s exact test, cat-
egorical data—which are expressed as counts and per-
centages—were found to be statistically significant. The 
outcomes of the three groups were compared using 
multi-logistic regression analysis [27], which adjusted for 
covariables at p < 0.10 and clinically influential. The 95% 
confidence intervals (CI) and adjusted odds ratio (OR) 
were presented. A p-value that was < 0.05 on two sides 
was deemed statistically significant.

Results
A total of 384 couples with female aged 35–40 years old 
were initially included in this cohort study. The flow-
chart is shown in Fig. 1. Table 1 listed basal characteris-
tics, treatment indications for infertility, and stimulation 
results. The results revealed significant differences in the 
distribution of female age, female body mass index (BMI), 
basal luteinizing hormone (LH), basal estradiol (E2), 
basal testosterone (T), anti-Müllerian hormone (AMH), 
and number of mature oocytes between the three groups 
(all p values < 0.05). Both the NICS and TE-PGT groups 
had a significantly higher number of mature oocytes than 
the ICSI group (all p values < 0.05). The TE-PGT group 
also had a significantly higher detection success rate than 
the NICS group (98.7% vs. 92.9%, p < 0.001), but there 
was no significant difference in the euploid embryo rate 
(48.3% vs. 42.4%, p = 0.107).

Table  2 presented the results, which indicated signifi-
cant variations in the cumulative biochemical pregnancy 
rate, cumulative clinical pregnancy rate, cumulative live 
birth rate, and cumulative pregnancy loss among the 
three groups (all p values < 0.05). The primary outcome of 
cumulative live birth occurred in 44 of 98 retrieval cycles 
(44.9%) in the NICS group, in 53 of 104 retrieval cycles 
(51.0%) in the TE-PGT group and 64 of 229 (27.9%) in the 
ICSI group (p < 0.001). In the NICS, ICSI and TE-PGT 
groups, there was a downwards trend in neonatal weight 
(3567.0 ± 403.6 vs. 3459.4 ± 476.1 vs. 3350 ± 611.3), but the 
difference was not statistically significant (p = 0.108).

Given that the study was a cohort study, the distribu-
tion of multiple baseline information was unbalanced 
across the three groups. Therefore, multiple logistic 
regression analysis was used to calculate an adjusted OR. 
The results are presented in Table 3 and showed that after 
adjusting for confounding factors (female age, female 
BMI, basal LH, basal estradiol, basal T, AMH, and No. 
of mature oocytes, No. of previous failed transfer cycles, 
No. of previous early spontaneous miscarriages, Indica-
tion for infertility treatment, Total motile sperm count 
(×10^6), Days of transferred embryos, Quality grade of 
transferred embryos). The cumulative live birth rate was 
significantly increased in both the NICS (adjusted OR 
3.847, 95% CI 1.939 to 7.634) and TE-PGT (adjusted OR 
3.795, 95% CI 1.981 to 7.270) groups compared to the 
ICSI group. The two PGT groups showed a trend towards 
a lower risk of miscarriages compared to the ICSI group 
(13.7% vs. 7.3% vs. 27.9%, p = 0.007). The miscarriage rates 
were lower in the NICS and TE-PGT groups than in the 
ICSI group (adjusted OR 0.277, 95% CI 0.087 to 0.885; 
adjusted OR 0.182, 95% CI 0.048 to 0.693). Outcomes 
were compared between the NICS and TE-PGT groups, 
with each euploid embryo transfer performed separately. 
There were no significant differences in the clinical out-
comes between the NICS and TE-PGT groups. The NICS 
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group showed a lower detection success rate than the 
TE-PGT group (adjusted OR 0.157, 95% CI 0.055–0.444), 
while the euploid embryo rate was not different (adjusted 
OR 0.776, 95% CI 0.571–1.054) (Table 3).

For all FET cycles, the proportion of patients who had 
a live birth, biochemical pregnancy, clinical pregnancy, 
and pregnancy loss were similar between the NICS and 
TE-PGT groups. The live birth rates per transfer cycle of 
NICS and TE-PGT groups were higher than in the ICSI 
group (51.8% vs. 53.5% vs. 32.2%, p < 0.001) (Table  2). 
Due to morphological grade of the blastocysts, there is an 
impact on the clinical outcome of the patients, and in this 
study there was a significant difference between the three 
groups. Consequently, we stratified the morphological 
grade of the transferred embryos. Regardless of embryo 
quality (good, fair, poor), there was a trend towards 
higher live birth rates in the NICS and TE-PGT groups 
compared to the ICSI group. For good embryos (AA/BA/
AB), the TE-PGT group had a significantly higher live 
birth rate (67.6% vs. 40.4%, p = 0.013) and significantly 
lower pregnancy loss rate (0% vs. 34.5%, p = 0.001) than 
the ICSI group. For fair embryos (BB), the NICS group 
showed a significantly higher clinical pregnancy rate 
(63.4% vs.42.7%, p = 0.022) and live birth rate (56.1% 
vs.31.5%, p = 0.005) compared to the ICSI group. For poor 
embryos (CA/BC/CB), due to the small number of cycles, 

the differences among the three groups were not statisti-
cally significant (Supplementary Table I).

Discussion
The non-invasive chromosomal screening technique 
based on embryo culture media was established in 2016 
and has subsequently been validated by numerous studies 
worldwide. The Huang’s study demonstrated the higher 
accuracy and reliability of PGT testing using embryo 
culture media compared to TE cell biopsy, through a 
comparison of 52 culture media samples, TE biopsy 
samples, and true ploidy results obtained from whole 
embryo genetic sequencing [13]. Yeung et al. compared 
the results of 116 TE biopsy samples and culture media 
samples, and achieved favorable clinical outcomes in 15 
cases following euploid embryo transfer [24]. Fang et al. 
utilized this technique for screening euploid embryos in 
43 couples, resulting in an overall clinical pregnancy rate 
of 58% [10]. However, there are currently no clinical stud-
ies reporting the application of this technique in older 
women ages 35–40 years, nor are there reports on cumu-
lative live-birth rates.

The study is the first to report the cumulative live birth 
rate of NICS, which has been proven to be as effective 
as TE-PGT. Both different chromosomal analysis tech-
niques for PGT-A increased the cumulative live birth rate 
compared with that of the ICSI group. NICS revealed 

Fig. 1  Flowchart of the study
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equivalent results in terms of cumulative rates of bio-
chemical, clinical pregnancy and live birth rates and 
cumulative pregnancy loss rates compared with TE-PGT. 
In clinical in vitro fertilization, the most popular genetic 
test for identifying aneuploidies in embryos is PGT-A 
with TE biopsy. However, it is highly challenging to quan-
tify the possible harm that could compromise implanta-
tion potential as well as potential issues with long-term 
effects on the offspring. In addition, TE biopsy requires 
expert embryologists to undertake embryo manipulation 
and specific equipment, raising the price of executing 

PGT-A. The noninvasive approach not only offers impor-
tant benefits such as avoiding invasive biopsy and lower-
ing cost, but also shows high concordance with TE biopsy 
results for prioritizing embryo euploidy, which may make 
it more accessible to a larger patient population.

Our results reported that the primary outcome of 
cumulative live birth occurred in 44 of 98 retrieval cycles 
(44.9%) in the NICS group, 53 of 104 retrieval cycles 
(51.0%) in the TE-PGT group and 64 of 229 (27.9%) in 
the ICSI group (p < 0.001) (Table  2). Compared to the 
ICSI group, both the NICS and TE-PGT groups showed a 

Table 1  Basal characteristics and stimulation outcomes of the studied populations
Demographic data of study population P value
NICS TE-PGT ICSI Overall NICS VS 

TE-PGT
TE-PGT 
VS ICSI

NICS 
VS 
ICSI

Number of patients 93 94 197
Number of oocyte retrieval cycles 98 104 229
Mean female age (y) 37.2 ± 1.7 37.3 ± 1.8 36.9 ± 2.2 0.012 0.970 0.013 0.020
Female BMI (kg/m2) 24.2 ± 4.2 25.1 ± 4.5 23.7 ± 3.3 0.023 0.113 0.005 0.489
Duration of infertility years (y) 3.5(1.5-7.0) 4.0(2.0-8.4) 4.0(2.0-7.6) 0.603 0.347 0.812 0.393
No. of previous failed transfer cycles
  0 32.7%(32/98) 33.7%(35/104) 31.9%(73/229) 0.842 0.831 0.496 0.901
  1 33.7%(33/98) 36.5%(38/104) 31.9%(73/229)
  ≥2 33.7%(33/98) 29.8%(31/104) 36.2%(83/229)
No. of previous early spontaneous 
miscarriages
  0 91.8%(90/98) 87.5%(91/104) 88.2%(202/229) 0.557 0.313 0.854 0.331
  1–2 8.2%(8/98) 12.5%(13/104) 11.8%(27/229)
Indication for infertility treatment
  Female factors 74.5%(73/98) 73.1%(76/104) 79.9%(183/229) 0.309 0.820 0.164 0.276
  Male factor 9.2%(9/98) 10.6%(11/104) 8.7%(20/229) 0.865 0.740 0.592 0.896
  Mixed factors 13.3%(13/98) 14.4%(15/104) 10.5%(24/229) 0.543 0.812 0.300 0.466
  Unexplained 3.1%(3/98) 1.9%(2/104) 0.9%(2/229) 0.320 0.675 0.592 0.161
Types of infertility
  Primary infertility 32.7%(32/98) 33.7%(35/104) 31.9%(73/229) 0.949 0.880 0.748 0.891
  Secondary infertility 67.3%(66/98) 66.3%(69/104) 68.1%(156/229)
Basal FSH (IU/L) 7.9(6.5–9.7) 7.7(6.7-9.0) 7.4(6.0-9.3) 0.267 0.872 0.146 0.252
Basal LH(IU/L) 4.0(3.0–6.0) 3.6(2.6–5.1) 4.5(3.0-7.9) 0.019 0.080 0.006 0.334
Basal E2(pmol/L) 194.5(129.8–

288.0)
197.5(133.3-292.5) 170.0(110.5–

234.0)
0.006 0.888 0.009 0.012

Basal T(nmol/L) 1.6(1.2–2.1) 1.5(1.1–1.9) 1.3(1.0-1.8) 0.007 0.122 0.170 0.002
Basal P(nmol/L) 2.1(1.3-3.0) 1.8(1.2–2.3) 1.9(1.1–2.7) 0.184 0.053 0.416 0.223
AMH(ng/ml) 2.7(1.8–3.9) 2.8(2.0–4.0) 2.2(1.1–3.8) 0.003 0.647 0.003 0.013
Total motile sperm count (×10^6) 66.5(29.7–99.9) 57.9(34.0-92.2) 64.7(19.9–104.0) 0.480 0.726 0.524 0.698
Testicularsperm aspiration
  Yes 4.1%(4/98) 2.9%(3/104) 2.6%(6/229) 0.702 0.715 1.000 0.494
  No 95.9%(94/98) 97.1%(101/104) 97.4%(223/229)
No. of mature oocytes 9.0(6.0–14.0) 10.0(7.0–14.0) 8.0(4.0–12.0) <0.001 0.242 <0.001 0.022
Detection success rate (%) 92.9%(354/381) 98.7%(381/386) <0.001
No. of euploid embryos 1.0(1.0–2.0) 1.5(1.0–2.0) 0.236
Euploid embryo rate (%) 42.4%(150/354) 48.3%(184/381) 0.107
Aueuploid embryo rate (%) 57.6%(204/354) 51.7%(197/381)
BMI: female body mass index; FSH: Follicle-stimulating hormone; LH: basal luteinizing hormone; E2: basal Estradiol; T: basal testosterone ; AMH: anti-Müllerian 
hormone
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significant increase in cumulative live birth (adjusted OR 
3.847, 95% CI 1.939 to 7.634; adjusted OR 3.795, 95% CI 
1.981 to 7.270) (Table 3). The ICSI group is morphologi-
cally preferred. If the patient has transferable embryos 
and the endometrium is normal, a pregnancy will even-
tually be successful. However, the reality is that most 
elderly patients will not continue to transfer remaining 

embryos or have a strong demand for the transfer of 2 
blastocysts after the first relatively high-quality blasto-
cyst transfer, which also led to 13 patients dropping out 
in the ICSI group. The main reason is that these elderly 
patients cannot accept the possibility of transfer failure 
temporarily due to the unknown chromosome status 
of the embryo. However, patients who have undergone 

Table 2  Treatment outcomes of the main study groups
Cumulative clinical outcomes of complete study 
group

P value

NICS TE-PGT ICSI Overall NICS VS 
TE-PGT

TE-PGT 
VS ICSI

NICS 
VS 
ICSI

Number of patients 93 94 197
Number of oocyte retrieval cycles 98 104 229
Cumulative biochemical pregnancy rate (%) 53.1%(52/98) 53.8%(56/104) 40.6%(93/229) 0.028 0.911 0.024 0.038
Cumulative clinical pregnancy rate (%) 52.0%(51/98) 52.9%(55/104) 38.4%(88/229) 0.014 0.904 0.014 0.023
Cumulative live birth rate(%) 44.9%(44/98) 51.0%(53/104) 27.9%(64/229) <0.001 0.389 <0.001 0.003
Cumulative pregnancy loss (%) 13.7%(7/51) 7.3%(4/55) 27.3%(24/88) 0.007 0.276 0.003 0.064
Multiple pregnancy rate (%) 2.0%(1/51) 1.8%(1/55) 1.1%(1/88) 1.000 1.000 1.000 1.000
Number of FET cycles 85 99 199
Days of transferred embryos
D5 71.8%(61/85) 71.7%(71/99) 72.9%(145/199) 0.970 0.994 0.835 0.849
D6 28.2%(24/85) 28.3%(28/199) 27.1%(54/199)
Quality grade of transferred embryos
Good (AA/BA/AB) 42.4%(36/85) 37.4%(37/99) 23.6%(47/199) 0.008 0.384 0.023 0.006
Fair (BB) 48.2%(41/85) 46.5%(46/99) 62.3%(124/199)
Poor (CA/BC/CB) 9.4%(8/85) 16.2%(16/99) 14.1%(28/199)
Biochemical pregnancy rate per transfer cycle 
(%)

61.2(52/85) 60.6%(60/99) 47.2%(94/199) 0.028 0.937 0.030 0.031

Clinical pregnancy rate per transfer cycle (%) 60.0%(51/85) 57.6%(57/99) 44.7%(89/199) 0.023 0.739 0.037 0.018
Live birth rate per transfer cycle (%) 51.8%(44/85) 53.5%(53/99) 32.2%(64/199) <0.001 0.810 <0.001 0.002
Pregnancy loss per transfer cycle (%) 13.7%(7/51) 7.0%(4/57) 27.0%(24/89) 0.006 0.250 0.003 0.069
Gestational period (Days) 272.6 ± 6.8 269.6 ± 12.5 270.8 ± 9.0 0.315 0.150 0.529 0.266
Preterm delivery < 37 weeks (%) 2.3%(1/44) 5.7%(3/53) 7.8%(5/64)
Preterm delivery < 32 weeks (%) 0 1.9%(1/53) 0
Birth gender ratio (boys) 57.8%(26/45) 53.7%(29/54) 64.6%(42/65) 0.472 0.685 0.227 0.468
Birth weight(g) 3567.0 ± 403.6 3350.0 ± 611.3 3459.4 ± 476.1 0.108 0.037 0.275 0.218
Low birth weight < 2500 g (%) 0 9.4%(5/53) 0
Very low birth weight < 1500 g (%) 0 0 0

Table 3  Adjusted treatment outcomes of the main study groups
NICS VS TE-PGT TE-PGT VS ICSI NICS VS ICSI
Adjusted-OR(95%CI) P value* Adjusted-OR(95%CI) P value* Adjusted-OR(95%CI) P value*

Primary outcome
Cumulative live-birth rate (%) 1.373(0.534–3.528) 0.510 3.795(1.981–7.270) < 0.001 3.847(1.939–7.634) < 0.001
Secondary outcome
Detection success rate (%) 0.157(0.055–0.444) < 0.001
Euploid embryo rate (%) 0.776(0.571–1.054) 0.105
Cumulative biochemical pregnancy rate (%) 1.700(0.628–4.606) 0.296 2.201(1.133–4.272) 0.020 3.035(1.463–6.297) 0.003
Cumulative clinical pregnancy rate (%) 1.892(0.702–5.099) 0.208 2.277(1.183–4.384) 0.014 3.285(1.608–6.710) 0.001
Cumulative pregnancy loss rate (%) 4.112(0.252–67.081) 0.321 0.182(0.048–0.693) 0.013 0.277(0.087–0.885) 0.030
*Logistic regression analysis adjusted for female age, body mass index (BMI), basal luteinizing hormone (LH), estradiol (E2), basal testosterone (T), anti-Müllerian 
hormone (AMH), and No. of mature oocytes, No. of previous failed transfer cycles, No. of previous early spontaneous miscarriages, Indication for infertility treatment, 
Total motile sperm count (×10^6), Days of transferred embryos, Quality grade of transferred embryos
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NICS or PGT-A testing and confirmed euploid embryos 
will complete the second or third attempt as soon as pos-
sible within one year, so the cumulative pregnancy rate 
obtained by PGT-A and NICS will be significantly higher 
than that of the ICSI group. If the patient has enough 
confidence and time to insist on transplantation one by 
one, the pregnancy outcome of the ICSI group will be 
even better than that of the PGT group. However, the 
choice of elderly patients is often more cautious, and 
more indicators besides morphological preference are 
needed to choose the most suitable embryos, reducing 
the time to live birth. Compared to previous studies, the 
cumulative live birth rates in the NICS group (44.9%) 
and TE-PGT group (51.0%) were not high in our study. 
This may be related to the age of the patients included in 
the study, as older patients have lower live birth rates per 
transplantation, and the cumulative live birth rates after 
multiple transplantations are lower in older patients than 
in younger patients.

When comparing NICS with the TE-PGT results, the 
clinical outcomes were similar. The NICS and PGT-A 
groups each included 98 and 104 retrieval cycles, respec-
tively. However, compared with 87 retrieval cycles in the 
PGT-A group, only 77 retrieval cycles in the NICS group 
had euploid embryos for transfer. This may be related 
to the lower detection success rate (92.9% vs. 98.7%) 
and euploid rate (42.4% vs. 48.3%) in the NICS group 
(Table  1). After adjusting for confounding factors, the 
informative rate was significantly different between the 
two PGT groups (p < 0.001), but there was no significant 
difference in the euploid embryo rate (p = 0.105). Only 
euploid embryos were transplanted to exclude the influ-
ence of embryo mosaicism. More patients in the NICS 
group had no euploid embryos to transfer, so the cumula-
tive live birth rate was lower in the NICS group than in 
the PGT-A group, although there was no significant dif-
ference. In this study, 27 (7.1%, 27/381) embryos with 
SCM failed amplification in the NICS group, but only 5 
embryos (1.3%, 5/386) with SCM failed amplification in 
the PGT-A group (Table 1). The DNA for PGT-A comes 
from the biopsy cells, whereas the free DNA in culture 
medium originates from the embryo and apoptotic cells, 
making its quantity uncertain. However, sampling cul-
ture medium is non-invasive compared to TE biopsy. 
Some studies have reported this phenomenon, where 
the amount of DNA in culture medium was larger in 
embryos with poor-quality cleavage than in good-grade 
embryos [8]. A transfer of 53 TE-euploid blastocysts with 
blastocyst fluid (BF)-failed amplification resulted in a 
77% clinical pregnancy rate in the group [28]. To avoid 
embryo wastage, we developed a noninvasive embryo 
grading system utilizing the random forest machine 
learning algorithm. Blastocysts were categorized into 
three grades A, B, C based on the NICS results, with 

euploid probability. Grade A- and B- embryos accounted 
for 78.8% of the total embryos and were recommended 
for transfer due to their better clinical outcomes [29]. The 
failed amplification embryos will also be analyzed in the 
grading system, thus greatly avoiding embryo wastage. 
There were 27 embryos with SCM that failed amplifica-
tion in the NICS group in our study without transplanta-
tion. The next step is to use the machine learning-guided 
embryo grading system to reselect these 27 embryos and 
avoid wasting potential embryos [29].

In addition, the cumulative pregnancy loss rates of the 
NICS and TE-PGT group were both significantly lower 
than that of the ICSI group (13.7% vs. 27.3%, adjusted 
OR 0.277, 95% CI 0.087 to 0.885; 7.3% vs. 27.3%, adjusted 
OR 0.182, 95% CI 0.048 to 0.693) (Table 3). Several stud-
ies have shown that biopsy has an impact on neonatal 
outcomes, but no studies have focused on the impact 
of NICS on neonatal outcomes. Our study indicated a 
decreasing trend in neonatal weight (3567.0 ± 403.6 vs. 
3459.4 ± 476.1 vs. 3350.0 ± 611.3) among the NICS, ICSI 
and TE-PGT groups, but no significant differences were 
observed among these groups (p = 0.108, Table  2). This 
may be due to the invasiveness of TE biopsy on embryos, 
which affects embryonic development and subsequently 
impacts neonatal weight. Nevertheless, these observa-
tions imply the need for further investigation.

The primary limitation of the study is its single-center 
design and the fact that enrolled patients were restricted 
to those seeking treatment at the reproductive center. 
As such, the level of evidence available is not as high as 
that of randomized controlled trials. Larger prospec-
tive studies are necessary for reaching definite conclu-
sions regarding the accuracy of NICS in representing the 
genetic composition of the whole embryo, as well as ran-
domized clinical trials to report the benefits of NICS for 
improving pregnancy outcomes.

Conclusions
Overall, compared with morphological assessment, both 
NICS and TE-PGT for preimplantation chromosome 
screening can increase the cumulative live birth rate in 
females aged 35–40 years old, and reduce the cumula-
tive pregnancy loss. There was no significant difference 
in cumulative live birth rates between the NICS and TE-
PGT groups. These findings suggest that NICS could be 
a noninvasive alternative to TE biopsy for PGT-A in the 
future.
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