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ABSTRACT
Introduction  Morphological evaluation is used to select 
embryos for in vitro fertilisation. However, it does not fully 
reflect the implantation potential. Preimplantation genetic 
testing for aneuploidies (PGT-A) can detect embryonic 
aneuploidy, but biopsy procedure is invasive. Currently, a 
non-invasive PGT (ni-PGT) approach using spent medium 
is being evaluated. However, the clinical benefit of ni-
PGT has not been clearly demonstrated. A multicentre 
randomised trial is needed to verify whether ni-PGT can be 
an new effective tool for evaluating embryos.
Methods and analysis  Overall, 1148 couples 
aged 35~42 (women) receiving in vitro fertilization–
intracytoplasmic sperm injection are planned to be 
enrolled. Couples will be digitally randomised to (1) ni-PGT 
and (2) conventional morphology groups at a 1:1 treatment 
ratio. The primary outcome will be the ongoing pregnancy 
rate related to the first transfer cycle within 6 months after 
oocyte retrieval.
Ethics and dissemination  The study protocol is approved 
by the Ethics Committee of Peking University Third 
Hospital and the participating hospitals. The results will 
be disseminated through international conferences and 
scientific journals.
Trial registration number  NCT04339166.

INTRODUCTION
Morphological evaluation is widely used for 
embryo selection in in vitro fertilization-
embryo transfer (IVF-ET) but is not capable 
of detecting chromosomal abnormali-
ties.1–3 Embryo chromosomal abnormali-
ties occur due to errors during cell mitosis 
and meiosis.4 5 Chromosomal abnormali-
ties are more common in patients with an 
advanced maternal age. The risk of chro-
mosome aneuploidy is approximately 20% 
to 31% in women between 26 and 34 years 
old. When the age is ≥35 years, the incidence 

of aneuploidy in oocytes and embryos grad-
ually increases (34% to 75%).6 7 Studies 
have demonstrated that aneuploidies cause 
embryo implantation failure or embryonic 
development arrest;8 therefore, the proba-
bility of successful natural and IVF pregnancy 
is significantly reduced in older women with 
increased miscarriage rates. To improve 
IVF outcomes, embryos were evaluated 
before implantation through preimplanta-
tion genetic testing for aneuploidy (PGT-A) 
under specific indications, such as elderly 
women or patients with recurrent miscar-
riage or implantation failure. Before transfer-
ring into the uterus, embryos were biopsied 
and tested for chromosomal ploidy. Clinical 
studies have shown that the clinical outcomes 
of IVF were indeed improved by PGT-A.9 10  
Munné et al11 conducted a multinational 
multicentre clinical trial, compared the 
PGT-A with non-PGT-A. The results showed 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is the first double-blinded multicentre ran-
domised controlled trial comparing the ongoing 
pregnancy rate after embryo transfer selected by 
non-invasive preimplantation genetic testing (ni-
PGT) versus conventional morphological evaluation 
with 1148 couples in 13 centres across China.

	⇒ Embryo selection with ni-PGT, with a special focus 
on the clinical benefit of ni-PGT as a new effective 
indicator to evaluate embryo.

	⇒ This study is well developed with follow-ups and 
procedures, and uses a dedicated electronic data 
capture system.

	⇒ Trial registration and study protocol publications en-
sure transparency in research.

	⇒ The cost-effectiveness analysis is not performed.
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the ongoing pregnancy rate of PGT-A group aged 35–40 
years was statistically increased, but there was no such 
trend for people <35 years old.11 Chang et al12 compared 
5471 PGT-A cycles with 97 069 non-PGT-A cycles, the 
people age ≥35 in the PGT-A group significantly reduced 
the rate of miscarriage. The problem, however, is that 
such a biopsy procedure is invasive and conveys unknown 
health risks in the long-term development of embryos.13–16 
Therefore, a less invasive method that evaluates the ploidy 
status of embryos is highly preferred in the field of IVF.

The cell-free DNA (cfDNA) in spent culture media 
(SCM) was first demonstrated in 2013.17 Then, several 
studies evaluated the non-invasive SCM-based PGT-A 
approaches. A non-invasive chromosome screening 
(NICS) technology, named ni-PGT, was first reported 
in 2016. It is also the first time that NICS was used in 
balanced translocation patients and five live births were 
obtained from seven couples.18 PGT-A by trophectoderm 
biopsy or whole embryo and SCM showed a consistency 
rate between 78.2% and 100%.18–23 However, other 
studies reported a consistency rate between 32.2% and 
56.3%.24 25

Non-invasive PGT was preliminarily applied by several 
studies.18 21 26 The cfDNA-based ni-PGT showed a poten-
tial ability to ameliorate the ongoing pregnancy rate 
and lower miscarriage. However, the scale of these 

clinical trial was small, larger trials will further support 
ni-PGT as a satisfactory tool evaluating potential embryo 
implantation.

METHODS AND ANALYSIS
Study design
This is a multicentre, randomised, controlled trial evalu-
ating the ongoing pregnancy rate of first embryo transfer 
in 1148 aged couples undergoing intracytoplasmic sperm 
injection (ICSI). Participants will be enrolled at 13 hospi-
tals in China. This clinical trial was approved by the Ethics 
Committee of Peking University Third Hospital Medical 
Science Research Ethics Committee and the participating 
hospitals. The informed consent will be collected before 
any procedure from the enrolled couples. Table 1 shows 
the schedule of enrolment, interventions and assessments 
during the study period. Figure 1 is the flowchart of this 
randomised controlled trial.

Study setting
This study will be conducted in 13 Chinese hospitals: 
Peking University Third Hospital; Affiliated Jinling 
Hospital, Medicine School of Nanjing University; 
Reproductive Medical Centre of Hebei Maternity 
Hospital; Northwest women’s and Children’s Hospital; 

Table 1  Enrolment, interventions and assessments

Study period

Enrolment Pre-allocation Allocation Post-allocation Close-out

Content

Screening 
and baseline 
assessment

Oocyte 
retrieval

Embryo 
culture

Blastocysts 
vitrification and 
randomisation

Embryo 
transfer

Evaluation 
of 
pregnancy

Follow-up of 
pregnancy

Time point

T0 T1 T2 T3 T4 T5 T6 T7

−3 month −1 month −1 weeks 0 day 2–6 months 3–7 months 6–10 months 12 months

Enrolment

 � Eligibility × × ×

 � Informed consent × ×

 � Allocation ×

Interventions

 � NICS+morphology ×

 � Morphology ×

Assessments

 � Baseline data × ×

 � Laboratory tests × × × × × ×

 � Fertilisation ×

 � Embryo quality × ×

 � Pregnancy tests ×

 � Pregnancy outcomes × ×

 � Fetus information × ×

 � Neonate information × ×

 � Safety assessment × × × × × ×

NICS, non-invasive chromosome screening.
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Chinese PLA General Hospital; Shengjing Hospital of 
China Medical University; First Affiliated Hospital; Sun 
Yat-sen University; Reproductive and Genetic Hospital 
of Citic-Xiangya; Peking University Shenzhen Hospital; 
The Second Hospital of Hebei Medical University; 
West China Second Hospital of Sichuan University; 
The Second Affiliated Hospital of Wenzhou Medical 
University and The Third Affiliated Hospital of Zheng-
zhou University. Yikon Genomics and Xukang Medical 
Science & Technology (Suzhou) will provide ni-PGT 
testing using NICS. The progression of the trial will be 
observed by an independent data and safety monitoring 
board (DSMB).

Eligibility criteria
Women who come to reproductive medical centres of the 
involved hospitals will be screened to determine eligibility 
for our trial.

Inclusion criteria
1.	 Infertile couples receiving ICSI procedures for assisted 

reproduction.
2.	 Women age between 35 and 42.
3.	 Women with body mass index from 18 to 30 kg/m2.
4.	 Women receiving controlled ovarian hyperstim-

ulation treatment, including ultra-long proto-

col, long-protocol, short protocol treatment with 
gonadotrophin-releasing hormone agonist (GnRH-a) 
protocol and GnRH antagonist (GnRH-ant) protocol; 
and the number of oocytes was ≥6.

5.	 Culture embryos to blastocyst stage and all the blasto-
cysts will be individually cryopreserved.

6.	 Single thawed blastocyst will be transferred for the first 
time.

7.	 Only patients whose blastocysts are ≥2 and whose blas-
tocyst morphology is greater than 4BC/4 CB will be 
included.27

8.	 Written informed consent.

Exclusion criteria
1.	 Contraindications for IVF or ICSI, such as liver diseas-

es, kidney diseases, type I or type II diabetes, heart dis-
eases, anaemia, uncontrolled hypertension, history of 
cerebrovascular events, history of deep venous throm-
bosis and/or pulmonary embolism, history of cervical, 
endometrial or breast cancer and undiagnosed vaginal 
bleeding.

2.	 Preimplantation genetic testing cycles, including 
PGT-A, PGT for monogenic disorders (PGT-M) or PGT 
for structural chromosome defect (PGT-SR).

Figure 1  Flowchart of this randomised controlled trial. NICS, non-invasive chromosome screening; ni-PGT, non-invasive 
preimplantation genetic testing.
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3.	 Pathologies potentially affecting pregnancy out-
comes, including genital malformations, hydrosal-
pinx, intrauterine infections, myoma of uterus great-
er than 4 cm, benign tumour of pelvic or abdominal 
cavity greater than 4 cm, endometrial thickness less 
than 8 mm, pituitary tumours, and malignant tu-
mours.

4.	 Untreated hyperprolactinaemia, thyroid disease and 
adrenal disease.

5.	 Women with untreated endometrial polyps before the 
thawing transfer cycle.

Determination of dropout
All patients who signed the informed consent form will 
have the right to withdraw their consent and quit the 
trial at any stage. Drop-outs are only considered after the 
randomisation. Those who withdraw their consent before 
the randomisation, have the stimulation cancelled, have 
poor fertilisation, have suboptimal embryo development 
or whose embryos do not reach the 4BC/4CB stage are 
not drop-outs.

Reasons for dropout:
Researchers decide to drop out:

1.	 Serious adverse events (SAEs) occur, and the patients 
are not suitable to continue the study according to the 
researchers’ judgement.

2.	 Before the blastocyst transfer, the patients have other 
diseases or special physiological changes and are not 
suitable to continue.

3.	 Patients who do not have the first blastocyst transfer 
within 6 months after oocyte retrieval.

4.	 Patients who do not complete the first transfer in the 
preferred order due to thawing failure.

5.	 In case of emergencies during the study, the blindness 
of the patients are broken.

Patients withdraw:
1.	 For whatever reason, the patients refuse to continue 

the trial process or withdraw the consent.
2.	 Although the patients do not withdraw the consent, 

but they no longer receive visits and follow-up.

Recruitment
Outpatient infertile couples will be screened by dedi-
cated researchers. The trial details will be explained by 
a research member. Couples will have time to consider 
participation to the research project. The couples with 
plans to attend will sign the consent form on or before the 
day of oocyte retrieval. Ineligible patients will continue 
the conventional clinical practices.

Randomisation
Allocation and randomisation will be performed when 
the couples have ≥2 blastocysts. They involve an online 
software producing a randomisation list that allocates 
participants at a 1:1 ratio to the ni-PGT or morphology 
group, with a block size of four. The procedures will 
be executed by staff who are not involved in the study 
treatment.

Blinding
Participants and clinicians/nurses involved in exper-
imental procedures, as well as investigators and data 
analysts will be blinded to participant allocation. Embry-
ologists ranking the thawing blastocysts will know the 
allocation. In this study, Yikon Genomics and Xukang 
Medical Science & Technology will also be blinded.

Interventions
Controlled ovarian hyperstimulation and oocyte retrieval
The controlled ovarian hyperstimulation will be 
performed through standard routine procedures 
according to each centre. The selection of either the 
GnRH-a or GnRH-ant protocol will be performed by 
medical personnel involved in the study.

The oocyte retrieval is arranged for 36 hours (±2) after 
human chorionic gonadotrophin (hCG) injection. The 
oocyte retrieval will be executed using a 17–18 G oocyte 
aspiration needle under transvaginal ultrasound guid-
ance. Immediately after oocyte retrieval, the retrieved 
cumulus oocyte complexes will be cultured in a 37°C 
with 5% or 6% CO2 incubator. Considering the existing 
processes of the multiple centres, the culture medium is 
from different manufacturers (Vitrolife, Cook, SAGE and 
Quinns).

ICSI
The ICSI will be performed as previously described.28 In 
short, the integrity and maturity of denuded oocytes will 
be examined. An enzymatic removal will be performed 
during oocyte preparation. Only metaphase-II oocytes 
will be injected.

Assessment of fertilisation
The assessment of fertilisation will be performed approx-
imately 16–18 hours after fertilisation. The zygotes will be 
cultured until day 3, while the embryo quality will be eval-
uated after fertilisation, approximately at 67–69 hours. 
The number and size of blastomeres and the anucleate 
fragmentation will be scored.

Removal of cumulus cells and sample collection
Before ICSI, the oocytes will be denudated. On day 3, if 
cumulus cells remain stick to the oocyte, the residue will 
be removed with an appropriate stripper gently before 
blastocyst culture. Blastocyst culture is done with sequen-
tial media in three-gas system in all centres. On day 4, the 
embryos will be individually transferred into a new blasto-
cyst culture dish. These operations can effectively remove 
exogenous cfDNA contamination, and also ensures the 
accuracy of ni-PGT results.29 The volume of each droplet 
will be around 25 µl. When embryos develop to the blasto-
cyst freezing standard, the blastocyst will be vitrified, and 
about 20 µl culture medium from each corresponding 
blastocyst will be collected through an RNase/DNase-free 
PCR tube. All embryos were morphologically evaluated 
before freezing.27

 on F
ebruary 6, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057254 on 27 July 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Huang J, et al. BMJ Open 2022;12:e057254. doi:10.1136/bmjopen-2021-057254

Open access

Groups
The intervention is different embryo selection methods, 
the ni-PGT group selects the embryo by NICS grade, and 
the morphological group selects the embryo with highest 
morphological score.

Ni-PGT group
The spent culture media will be collected and tested 
using NICS. Blastocysts will be classified into three grades 
from A to C according to the NICS results, with euploid 
probabilities of ≥0.94, 0.7–0.94 and ≤0.7 for A, B and C, 
respectively. In the pilot study for this trail,30 the embryos 
with no result for amplification failure or non-informative 
results were included in grade B. The outcomes of trans-
ferring B-grade embryos were worse than A-grade embryos 
and better than C-grade embryos. Moreover, no or non-
informative results were neither euploidy nor aneuploidy, 
so these embryos were not suitable to be graded as A or 
C. Therefore, embryos with no result for amplification 
failure or non-informative results are graded B. A single 
blastocyst will be thawed and transferred in the prefer-
ence order of A>B>C. The grading system had an area 
under the curve value of 0.92 and a negative predictive 
value of 0.93.30 If the patients have only one blastocyst, 
the ni-PGT result will not be able to provide a reference 
for embryo selection. So randomisation and allocation 
will be performed when couples have ≥2 blastocysts. In 
blastocyst with the same grade, blastocysts with a higher 
morphology grade will be preferentially transferred.

Morphological group
Only the first thawed blastocyst of the morphology group 
will be determined through the Gardner grading system. 
If a patient has multiple embryos with the highest rating, 
embryologists selected and thawed the best embryo 
between the highest rating according to the centre stan-
dards. Embryo morphology rank is 5AA>5AB>5BA>4A
A>4AB>4BA>6AA>6AB>6BA>5BB>4BB>6BB>5AC>5B-
C>4AC>4BC>6AC>6BC>5CA>5CB>4CA>4CB>6CA>6CB, 
which is the consensus of the 13 centres participating in 
this trial.

The spent culture media from the morphological 
group blastocysts will also be collected and tested using 
NICS. The second and later thawed blastocysts will be 
ranked according to the ‘NICS result grade combined 
with morphological standard’.

Blastocyst preparation
As previously described, the expanded blastocysts will be 
vitrified and warmed.31 If the blastocyst needs to shrink 
before freezing, it is transferred in another droplet 
instead of the culture dish.The vitrification and warming 
procedure will be performed according to the standard 
of each centre.

Blastocyst transfer and luteal support
In this study, we focused on the first blastocyst thawing 
cycle, whether the ni-PGT group or the morphological 
group. The endometrium preparation, blastocyst transfer 

and luteal support methods will be performed according 
to the standard of each centre. Endometrial preparation 
includes natural cycle and artificial cycle. Embryo transfer 
was performed during the window of implantation. The 
details are implemented in accordance with the standards 
of each centre.

Follow-up
Measurements of blood and urinary hCG will be 
performed 12 days after blastocyst transfer. Participants 
will be diagnosed with a clinical pregnancy according to 
the ultrasonography evaluation 28 days after transfer. An 
ongoing pregnancy is defined as a fetal heartbeat occur-
ring 12 weeks after the embryo transfer. After delivery, the 
following information will be collected within 2 weeks: 
pregnancy complications, gestational age, delivery, new-
born sex and weight and birth complications.

Outcome measures
Our primary outcome will be the ongoing pregnancy rate 
of the first transfer cycle within 6 months after oocyte 
retrieval. The time frame will be 12 weeks after the 
transfer of the first embryo. The ongoing pregnancy rate 
is defined as the number of women with a clinical preg-
nancy/ number of women randomised to each group.

The secondary outcomes of our trial include the clin-
ical pregnancy, miscarriage and live birth rates. However, 
only the culture medium will be tested, and there will be 
no additional treatment for patients and embryos. The 
embryos will only be ranked according to the study crite-
rion, and no embryos will be discarded. As a result, there 
will be few AEs.

Data management
The data will be collected at the baseline and during 
follow-up from medical records. To guarantee authen-
ticity of the study results, all researchers and clinicians 
involved in the study will master all details of the research. 
All participant-identifiable data will be stored in dedi-
cated files and only delegated members will have access 
to them.

Safety reporting
AEs: any adverse experience to a patient during the trial. 
Adverse experience can be symptoms (eg, nausea, pain), 
signs (eg, tachycardia, hepatomegaly) or abnormal test 
results (eg, laboratory tests, ECG). SAEs: any adverse 
events occurring during the trial that meets one or more 
of the following criteria: resulting in death; immediate 
life-threatening; requiring hospitalisation or prolonga-
tion of current hospitalisation time; resulting in perma-
nent or apparent disability/insufficiency, or severely 
impairing daily life; resulting in congenital malforma-
tions or birth defects.

All AEs and SAEs will be reported to the DSMB and 
accredited by Medical Education Technology Committee, 
according to the study protocol requirements.
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Statistical analysis
Sample size calculation
We hypothesised that ni-PGT results will increase the 
ongoing pregnancy rate, decreasing the miscarriage rate. 
According to the average ongoing pregnancy rate in the 
13 participating centres, in the 35–42 age group, the 
ongoing pregnancy rate of embryos selected according to 
‘morphology’ was approximately 38.8%, and it is expected 
that there will be a 10% difference in the ongoing preg-
nancy rate between groups. Accordingly, we used a two-
sided test with a 5% alpha error and 90% statistical power, 
at least 516 subjects will be included in each group, with 
a total of 1032 subjects (ni-PGT group: morphology 
group=1:1). Considering fully completed the clinical trial 
with a relatively generous estimation method, we calcu-
lated the sample size according to the 10% dropout rate, 
each group included 574 participants (1148 participants 
in total).

Statistical analysis
The results will be analysed according to the intention-
to-treat (ITT) principle. As sensitivity analysis, the per-
protocol (PP) method will also be implemented. The ITT 
populations refer to all randomised patients who experi-
ence at least one intervention and have post-intervention 
evaluation data. The PP populations refer to those who 
are randomised and meet at least the following criteria: 
(1) Meet the inclusion criteria and follow the protocol; 
(2) Complete all planned visits; (3) No drugs or treat-
ments that may affect the evaluation of efficacy were used 
during the trial. Those cases when the embryo does not 
survive the thawing for the first transfer within 6 months 
after oocyte retrieval, were included as the ITT popula-
tion but not PP population.

The missing data will be considered as randomly 
missing. The last-observation-carried-forward method 
will impute missing data. A sensitivity analysis will test 
best-case and worst-case hypotheses of distribution of the 
missing values. All secondary outcomes are considered 
exploratory.

The statistical analysis will be performed by using SPSS, 
V.25.0 (SPSS, Chicago, Illinois, USA). The significance is 
defined as p<0.05, two-sided.

Trial status
In each study centre, the recruitment started in April 
2020. The last recruitment is estimated in December 
2022.

Patient and public sector involvement
Neither patients nor the public sector was involved in the 
research project. Patients will not participate in interpre-
tation of the results or writing the final manuscript. As 
study interventions are routine procedures, the burden 
of the interventions will be assessed by enrolled couples.

Ethics and dissemination
The study protocol was approved by the Ethics Committee 
of Peking University Third Hospital and the participating 

hospitals. The informed consent will be collected before 
any study procedure from the enrolled couples. The 
Research Electronic Data Capture will store the collected 
data. The results will be presented at international confer-
ences and published in peer-reviewed journals.
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