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Embryo cell-free DNA is released during embryo development



niPGT-A concordance studies vs TE biopsies

Authors No. of SBM Informative media
Ploidy concordance

TE-SBM
False positives False negatives Embryo manipulation Time in culture WGA method PGT-A technique

hamonki et al., 2016 57 96.5% 33.3% - - AH on D3 D3-D5/6 Repli-G (Qiagen) aCGH (Agilent Technologies)

Feichtinger et al., 2017 22 81.8% 72.2% 5.6% 22.2% PB biopsy, AH on D3 D0-D5/6 SurePlex (Illumina) aCGH (Illumina)

Vera-Rodríguez et al., 

2018
56 91.1% 33.3% - 66.7% AH on D3 D3-D5

Sureplex (Illumina) + 

ReproSeq (Thermo)
NGS (Thermo)

Ho et al., 2018 41 97.6% 65.0% - - AH on D3 vs no AH D1 to D5 Picoplex (Rubicon) NGS (Thermo)

Huang et al., 2019 52 92.3% 89.1% 2.2% (1/46) 8.7%
AH on D3, TE biopsy plus 

vitrification on D5/6

D5-D6; D6-D7                              

24h culture after thawing
MALBAC (Yikon) NGS (Illumina)

Yeung et al., 2019 168

69.0%                             D5: 

55.6% D6: 

84.6%

73.3%                                                       

D5: 76%

D6: 71.2%

12.9%                                      

D5: 12%

D6: 13.6%

13.8%                                              

D5: 12%

D6: 15.2%

AH on D3
D3-D5                                            

D3-D6
Sureplex (Illumina) NGS (Illumina)

Rubio et al., 2019 115

93.9%                                       

D5: 81.8%

D6/7: 98.8%

78.7%                                                          

D5: 63%

D6/7: 84%

13.9%                                            

D5: 29.6%

D6/7: 8.6%

2.8%                                                

D5: 3.7%                                    

D6/7: 2.5%

NO
D4-D5                                   

D4-D6/7
Reproseq (Thermo) NGS (Thermo)

Rubio et al., 2020 1301 85.2% 78.2% 12.4% 8.3% NO D4-D6/7 Reproseq (Thermo) NGS (Thermo)

Lledo et al., 2021 92 92.4% 74.7% or 72.3% 12.0% or 15.7% 13.3% or 12.0% AH on D3 D3-D5/6
MALBAC (Yikon) or 

Sureplex (Illumina)
NGS (Illumina)

Shitara et al., 2021 20 95% 88.9% 5.6% 5.6%
Vitrified D5/6 embryos

Zona pellucida removed
24h for D5

3h for D6 blastocysts
Sureplex (Illumina) NGS (Illumina)

Hanson et al., 2021 166

62.7%                                       

D5: 17.6%

D6/7: 74.2%

63.5%                                                

D5: 50.0%

D6/7: 64.3%

26.9%                                             

D5: 33.3%

D6/7: 26.5%

8.7%                                             

D5: 16.7%

D6/7: 8.2%

AH on D3

D5: 24-48h

D6: 48-72h

D7: 72-96h

MALBAC (Yikon) NGS (Illumina)

Chen et al., 2021 265 96.6% 74.2% 14.5% 11.3% NO D3-D5/6 MALBAC (Yikon) NGS (Illumina)

Lei et al., 2022 113 98.2% 68.5% - - AH on D3 D3-D5/6 MALBAC (Yikon) NGS (Illumina)

Xie et al., 2022 161
91.3%   D5: 81%,              

D6: 92%, D7: 100%
75% 21.5% 3.5% NO D4-D5/6 MALBAC (Yikon) NGS (Illumina)

Xu et al., 2023 35 74.3% 58.3% 33.3% 8.3%
Previously vitrified on D3 

or D5
D3-D5/6 or D5 +24h PicoPLEX (Takara) NGS (Basecare)

Handayani et al., 2024 28 92.9% 30.8% 0% 50% AH on D4 D0-D5/6 Sureplex (Illumina) NGS (Illumina)

Takeuchi et al., 2024 35 80.0% 71.4% 21.4% 7.1%

Previously vitrified on D4 

or D5. Some also AH. 

Some ZP removed

D4: 24h

D5: 8, 16 or 24h
Reproseq (Thermo) NGS (Thermo )

Bednarska-Czerwińska et 

al., 2024
143 99.3%

83.7%                                                

D5: 79.7%

D6: 87.5%

12.8%                                              

D5: 20.3%

D6: 5.6%

3.5%                                             

D5: 0%

D6: 6.9%

NO D4-D5/6 Sureplex (Illumina) NGS (Illumina)



Authors No. of SBM Informative media
Ploidy concordance

WB-SBM
False positives False negatives Embryo manipulation Time in culture WGA method PGT-A technique

Xu et al., 2016 42 100% 85.7% 9.5% 4.8% Vitrification on D3 D3-D5 MALBAC (Yikon) NGS (Illumina)

Ho et al., 2018 41 97.6% 45.5% - - AH on D3 vs no AH D1 to D5 Picoplex (Rubicon) NGS (Thermo)

Huang et al., 2019 52 92.3% 93.7% 6.3% (3/48) -
AH on D3, TE biopsy plus 

vitrification on D5/6

D5-D6; D6-D7

Cultured for 24h after thawing
MALBAC (Yikon) NGS (Illumina)

Rubio et al., 2020 81 90.1% 84.4% 6.2 % (4/64) 9.4% NO D4-D6/7 Reproseq (Thermo) NGS (Thermo)

Yin et al., 2021 75 78.7% 89.8% 10.2% (6/59) -
Biopsy on D5/6 and 

vitrification
Cultured for 24h after thawing MALBAC (Yikon) NGS (Illumina)

Shitara et al., 2021 20 95% 93.8% - 6.2%
Vitrified D5/6 

Zona pellucida removed
24h for D5; 3h for D6 blastocysts Sureplex (Illumina) NGS (Illumina)

Chen et al., 2021 265 96.6% 78.1% 16.8% 5.1% NO D3-D5/6 MALBAC (Yikon) NGS (Illumina)

Shi et al., 2022 212 100% 84.4% 13.2% 2.4%
artificial shrinkage before 

vitrification
Cultured for 18-24h after thawing MALBAC (Yikon) NGS (Illumina)

Sonehara et al., 2022 46 100%
Low: 59.1%             

High:  70.8%

Low: 13.6% 

High: 12.5%

Low: 22.7% 

High: 16.7%
NO D3-D6/7

PG-Seq Rapid Non-

Invasive kit (Perkin 

Elmer)

NGS (Illumina)

Xu et al., 2023 35 74.3% 61.9% 38.1% -
Previously vitrified on D3 or 

D5
D3-D5/6 (n=26)  or D5 +24h (n=9) PicoPLEX (Takara) NGS (Basecare)

Ardestani et al., 2024 135 81.5% 92.5% 7.5% -

Previously vitrified on D5 or 

D6. Some with previous TE 

biopsy

8 or 24h for D5; 8h for D6 Reproseq (Thermo) NGS (Thermo)

Takeuchi et al., 2024 35 80.0% 75.0% 21.4 % 3.6%

Previously vitrified on D4 or 

D5. Some also AH. Some ZP 

removed

D4: 24h; D5: 8, 16 or 24h Reproseq (Thermo) NGS (Thermo)

niPGT-A concordance studies vs whole blastocysts



How to improve and standardize niPGT-A results

TIMING FOR MEDIA

COLLECTION

DECREASE
CONTAMINATION

LAB PROTOCOL

AND EMBRYO CULTURE
PRIORITIZATION 

ALGORITHMS

✓ Informativity rate range: 81.8% D5 → 98.8% D6

✓ Concordance rate range TE-cfDNA: 76% D5 → 89.1% D6

✓ Concordance rate with full frozen blastocyst/ICM: up to 93.7% D6/7



2021

Origin of the cfDNA in the culture medium

Results regarding sampling time→ The amplified DNA amounts were significantly higher in the Day 6 samples 
than in the day 5 samples samples, with lower contamination with cumulus cells observed on Day 6.

✓ Polar body contamination mainly comes from the second polar body: 
→27% SECM with PB contamination (higher or Day-5 than on Day- 6).

✓ On Day-6 approximately one-third  of samples were positioned with TE 

and that approximately two-thirds were positioned with ICM.



Tips to decrease contamination

Pre-clinical validations in each lab are crucial



Culture up to day 4
Culture in droplets of 20-25µl

Day 4 up to day 6/7

IVF lab protocol and embryo culture conditions

NGS analysisniPGT-A report & prioritization

Day 6/7

Check the embryos that have 
reached the blastocyst stage

Blastocyst vitrification

Extra washes after 
denudation

Day 0/1 Day 4

Individual extra 
washes

Media aspiration + 
Freezing at -20°C



IVF lab culture and protocol – Fresh Blastocysts

A validation must be carried out before starting with clinical cases: to practice and become familiar 
with the changes and to check that the viability of the embryo is not compromised.
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American Journal Obstetrics & Gynaecology, 2020

Final Study→ 2,538 blastocysts

Prospective Multicenter Concordance Study (NCT03520933)

Updated unpublished results
Publication in progress



American Journal Obstetrics & Gynaecology, 2020

Final Study→ 2,538 blastocysts

Euploid/Euploid Euploid-Aneuploid

Number of SET 231 73

Mean age (SD) 35.4 (5.0) 34.5 (5.2)

Updated Clinical results 304 SET, unpublished
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American Journal Obstetrics & Gynaecology, 2020

Prospective Multicenter Concordance Study (NCT03520933)



Trophectoderm DNA
To evaluate the concordance and 
reproducibility of testing embryo cell-
free DNA versus TE biopsies from day 
6 and day 7 human blastocysts,

Inner cell mass DNA
To assess the concordance rates with the inner cell 
mass of the blastocysts donated for research.

Prioritization for

Embryo Transfer

Specific thresholds/chr

Aneuploidy calling

Rubio et al. AJOG. 2020; 223(5):751.e1-751.e13.

Prospective Multicenter Concordance Study (NCT03520933)



Clinic A→ All embryos in study group with modified culture conditions and all extended culture to D6.

No differences among groups, for modified culture 
conditions and/or extended culture to day-6.

Clinics B-F → All embryos in study group with modified culture conditions, only slow ones cultured to D6.

Impact of extending embryo culture up to day-6



High ongoing pregnancy rate with EMBRACE in 
good prognosis patients < 38yrs vs. morphology 

embryo selection

Yosu Franco, Ruber International (Spain). 
ESHRE 2022

80%
75%

5%

58% 55%

3%

CLINICAL PREGNANCY ONGOING 
PREGNANCY

MISCARRIAGE

niPGT-A Morphology

RedLara 2023
First cases of niPGT-A performed. Better clinical outcomes for 
niPGT-A when compared to morphology,  but not statistically 
significant results due to small sample size.

Clinical experience 2020-2023 comparing with morphology 



• Profile: Poor prognosis→ like PGT-A
• > 200 EMBRACE cases up to date
• ~ 70% of patients with IVF failure history
• Average ~2,5 IVF cycles and ~ 1 IUI per patient

Invimed (Poland). Embrace Users Meeting ESHRE 2023

Several indications

Distribution of 
indications

Clinical experience 2020-2023 comparing with PGT-A 



Good Prognosis patients

Non-selection studies in niPGT-A



Preliminary results Interim Analysis
(8 centres, 160 SETs)  NCT04000152 (IGX promoted study)

Non-selection studies in niPGT-A

Segmentals*Euploidy Score

81%

Whole Aut ChrClinical PR: 45.7

LBR: 38.3

Monosomy X*

Euploidy Score

71%

Cinical Outcomes according to
blinded niPGT-A results

Transfer of Aneuploid
BlastocystsTransfer of Euploid

blastocysts

Similar Female 
Mean age (<40yrs)

Clinical PR: 75.0%

LBR: 75%
Euploidy Score

24%

Clinical PR: 30.6%

LBR:19.4%

Euploidy Score

36%

Clinical PR: 33.3%

LBR: 0%

Clinical PR: 

30.8%

LBR: 17.9%

Clinical PR: 46.4%

LBR: 39.2%



niPGT-A in clinical practice: Where are we now?

niPGT-A 
Prioritization 

Test
 

niPGT-A 
Diagnostic Test

• Improved informativity and 
concordance results

•Optimized laboratory workflow

•Low DNA yield in some embryos. 
When to collect the medium in 
these cases.

•Presence of non-embryonic DNA 
in some samples

•Need to improve informativity 
and concordance

•Room for more automation in the 
laboratory workflow to avoid 
contamination

•Personalization of  timing for 
media collection 

•Detection of non-embryonic DNA



What´s next? How to move from prioritization toward diagnosis?

FUTURE SOLUTIONS TO IMPROVE 

niPGT-A

Bioinformatics

Algorithms based in 

CNV ratios (XY)

AI to identify the optimal

moment for media 

collection

Morphokinetics

Identify Contamination

To incorporate SNPs

analysis

Other omics?

AI to develop combined

scores cfDNA+ time-lapse



How SNPs can help to identify contamination in SBM

Low 
contamination

Euploid SBM

High mosaic -2 → Monosomy 2 

Low 
contamination

Low 
contamination

Low mosaic -16 → Monosomy 16 



>200 patients
>800 embryos

8 clinics

Comprehensive embryo evaluation combining EmbryoScope & niPGT-A

Multicenter 
clinical study

Synergies between niPGT-A and Morphokinetics



Time-lapse – To determine readiness for media collection

Euploid

iDAScore D5
6,4

iDAScore D5
4,6

Aneuploid

No-DNA detected

iDAScore D5
2,2

iDAScore D6
7,1

Wait. Collect medium 12hrs 
later

Early results



Non-invasive approaches for embryo assessment: combining imaging & genetics

Holistic View of Embryo Viability 

Bioinformatic analysis



THANK YOU !

Research & Development Team
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