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How to perform human embryo aneuploidy testing



Embryo cell-free DNA is released during embryo development



Updated publications on embryo cfDNA analysis

High variability between results
Maternal DNA 
contamination

Embryo 
mosaicism

PGT-A Embryo cfDNAversus

Shamonki et al., Fertil Steril 2016  

Feichtinger et al., RBMonline 2017

Ho et al., Fertil Steril 2018

Xu et al., PNAS 2016

Yeung et al., 2019 JARG

Huang et al., 2019 PNAS

Kuznyetsov et al., PlosOne 2018

Jiao et al., Hum Reprod 2019

3.5%  concordance  (N=55) (+D3 AH, D5 biopsy)

27%      concordance  (N=22) (D1 AH, PB biopsy)

65.0%   concordance  (N=61) (with and without AH, D5 biopsy)

85.7%   concordance  (N=42) (D3 AH, + vitrification, whole blastocyst)

62.1.%   concordance (N=167) (D3 AH, + vitrification, D5/6 biopsy)

82.0%   concordance  (N=52) (Biopsy +vitrification, concordance 93.8% whole blastocyst)

87.5%   concordance  (N=47) (BF+SBM, concordance 96.4% whole blastocyst)

75.0%   concordance (BF+SBM, D5 biopsy, concordance 96.8% whole blastocyst)



Proof of concept
• Presence of cfDNA
• Concordance
• MCC

2018 2019 2020

Pilot Study
• Improved Protocols
• Timing for collection
• Clinical Impact

Multicenter prospective study
• Concordance among centers
• Impact of culture conditions
• Concordance with ICM

Igenomix Research and Experience



Our experience in embryo cfDNA analysis: PROOF OF CONCEPT 

Higher [DNA] in spent culture 
media than in controls →

DNA secreted by the embryo

[DNA] is similar in both 
euploid aneuploid TE → No 

apoptotic origin?
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Concordant

30.4%

Partial maternal 
contamination

30.4%

17

Full maternal 
contamination

30.4%

17

Non-informative

8.9%

5

12 embryos

NGS

WGA WGA

Day 3 to Day-5 culture (Embryoscope)

WGA: Whole Genome Amplification
NGS: Next Generation Sequencing

Our experience in embryo cfDNA analysis: PROOF OF CONCEPT 



Our experience in embryo cfDNA analysis: PILOT STUDY

1) To improve IVF conditions and 

NGS protocol

2) To estimate the optimal time 
for media collection

3) To assess the impact in clinical 
outcome

AIMS:



Prospective pilot study by Igenomix-Genera (November 2017 - March 2018)

in 115 blastocysts to define optimum time for media collection with the new protocol

Serial 

Washes

DAY 4

Fresh drop

DAY 5/DAY 6

Medium collection
Standard 

culture to D4

Optimization to minimize 
maternal DNA contamination

D1-D4 embryos D4 Washings D5/D6 biopsyNew drop

Cell-free DNA

Our experience in embryo cfDNA analysis: PILOT STUDY

Rubio & Rienzi et al., Fertil Steril 2019



Ion Torrent™ Technology (S5)

Modified Reproseq protocol <15 h

Ion Reporter 5.4

WGA with conventional and modified protocol

30h 30h 30h 48h 48h 72hTime in culture:

Elecrophoresis
Gel

C       M C       M C       M C       M C       M C       M

Our experience in embryo cfDNA analysis: PILOT STUDY

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

RESULTS DAY 5

TE BIOPSY vs. SBM

(N=27)

INFORMATIVITY

81.8%

CONCORDANCE

63%

Concordance rates of TE biopsies versus cfDNA

RESULTS DAY 6

TE BIOPSY vs. SBM

(N=81)

INFORMATIVITY

100%

CONCORDANCE

84%

Consistent results with 
media collected on D6

N=108 blastocysts

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

Day 6 concordance: TE biopsy vs. SBM

CONCORDANT 
RESULTS

84%

CONCORDANT RESULTS
With different gender

5%

FALSE NEGATIVES:
Aneuploid biopsy
→Euploid media

2.5%

FALSE POSITIVES:
Euploid biopsy

→Aneuploid media

8.5%

Discordant results between TE biopsies and cfDNA

N=81 blastocysts

Rubio & Rienzi et al., Fertil Steril 2019



Our experience in embryo cfDNA analysis: PILOT STUDY

Rubio & Rienzi et al., Fertil Steril 2019

Clinical outcome after SET of euploid versus aneuploid SBM

Clinical Outcome
Euploid TE/

Euploid SBM

Euploid TE/

Aneuploid SBM
TOTAL

Number of transfers 17 12 29

Mean maternal age (SD) 37.5 (2.5) 37.4 (2.3) 37.5 (2.4)

Positive pregnancy test 11 (64.7) 4 (33.3) 15 (51.7)

Biochemical pregnancy loss 2 (18.2) 0 2 (13.3)

Clinical pregnancy rate (%) 9 (52.9) 4 (33.3) 13 (44.8)

Clinical miscarriage (%) 0 2 (50.0) 2 (15.4)

Ong implantation rate (%) 9 (52.9) 2 (16.7) 11 (37.9)

Lower miscarriage rates with 

euploid cfDNA



Our experience in embryo cfDNA analysis: MULTICENTER STUDY



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

VS.

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

75.3% 76.6% 77.6% 79.9%
84.7%

≤ 30 years (n=298) 31-35 years (n=316) 36-38 years (n=296) 39-40 years (n=200) 41-44 years (n=191)
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Higher concordance with higher female age: significant linear trend

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

No significant differences according to the culture media

80.0% 77.0%
85.0% 86.3%
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Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

No significant differences according to the incubator model

77.0%

86.3%
82.4%
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81.1%
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Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

In addition, in a subgroup of 81aneuploid blastocysts donated for research, the comparison of the 

inner cell mass with the embryo cell-free DNA and the trophectoderm biopsies has shown similar 

concordance rates, 84.4% and 87.5% respectively (64 informative for the three sample types).

GLOBAL 
CONCORDANCE 87.5% 84.4% 87.5%

False positives 0% 6.3% 10.9%

False negatives 12.5% 9.4% 1.6%

WC: Whole Chromosome; LM: Low Mosaic; SC: Segmental Chromosome

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



Our experience in embryo cfDNA analysis: MULTICENTER STUDY

If only whole chromosome aneuploidies of meiotic origin are considered, the comparison 

of the inner cell mass with the embryo cell-free DNA and the trophectoderm biopsies has 

shown concordance rates of 85.9% and 93.7% respectively.

Only WC Aneuploidies
92.2% 85.9% 93.7%

False positives 0% 4.7% 4.7%

False negatives 7.8% 9.4% 1.6%

WC: Whole Chromosome; LM: Low Mosaic; SC: Segmental Chromosome

Rubio et al: Multicenter prospective study of concordance between embryo cell-free DNA and 

trophectoderm biopsies from 1,301 human blastocyst. American Journal of Obstetrics and Gynecology.



BASIC RESEARCH (Plachta Lab) 

Origin of the DNA? From inner cell mass and trophectoderm cells? 

Mechanism? Different embryonic DNA replication? Tubulin bridges?

RCT STUDY on Clinical Outcome

Could be applied with the aim of improving implantation for all IVF patient?

If this is the case, could transfer prioritization be an acceptable alternative?

Open questions? Work in progress





Aim: To investigate if niPGT-A can improve ongoing pregnancy rate (≥12 gestational weeks) in 

the first SET compared to embryo selection based on morphology (10% improvement). 

RCT (15 centers involved, n=1108 SETs)



RCT (15 centers involved, n=1108 SETs)



Conclusions
The cfDNA can be amplified and analysed by NGS and it 

is representative of embryo chromosomal content.

High concordance rates of the cell-free DNA in the culture 

media with inner cell mass.

Concordance rates with TE biopsies and ICM have been 

found as high as 84-85% at D6 of development.

This new strategy would avoid embryo biopsy and 

the conflict of discarding potentially euploid 

embryos in PGT-A.

This approach shows robust results with different culture 

conditions and incubator systems, therefore can be applied 

in any IVF lab without the need of additional equipment.
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