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• Why analysis spent culture medium 

• Part I: Non-invasive PGT-A (niPGT-A)

• Part II: Metabolic profiling

Outline
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Biopsy hurts the embryo



Copyright © 2017. All Rights Reserved. Faculty of Medicine, The Chinese University of Hong Kong

What are the down sides of PGT?

• Increases costs IVF

• Need elective cryopreserving embryos, delay ET until results back

• Invasive procedure

– Embryo biopsy may affect embryo development

– Lead to potential loss of embryo  

– Long –term effect of embryo biopsy not defined at this time

– Reported to have 5% relative reduction in live birth rate due to 
damage and also false positive results from inherent technical errors



• Embryos release DNA, RNA, and protein molecules into its surroundings 

(handling and/or culture media)

• The identities and quantities of these molecules reflect the health and birth 
potential of the embryo

Hypotheses to analysis spent culture medium

Figure from the proof-of-concept paper: Assou S, et al. Med Hypotheses 2014
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Human embryo reveals nuclear DNA
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Leaver M and Wells D.  Hum Reprod Update. 2020

Analysis spent culture medium
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Part I: Non-invasive PGT-A (niPGT-A)
  in 2016

Xu J et al., PNAS 2016
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First clinical case
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Non-invasive PGT-A (niPGT-A)

Spent Embryo 

culture medium (SCM)



PGT-A vs niPGT-A concordance rate

PGT-A concordance 62% between SCM and trophectoderm (TE)
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Overview of current niPGT-A application 

Table from Leaver M, Wells D. Hum Reprod Update, 2019;1–27. 

• Currently by niPGT-A, not all 
groups can achieve 100% 
amplification rate. 

• The highest sensitivity is 88.6% 
and 87.5% by Kuznyetsov, V. et
al.

• An estimated >20% to 80% of 
instances involve 
contamination with maternal 
genetic material
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-woman of age 35 years or 
younger at the time of oocyte 
retrieval

-NOT all CNV abnormalities 
apparent on NGS profiles 
are equally predictive of 
nonviability.
-Sex chromosome: 
consistent results in 74.1% 
(n = 40/54). 
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Fertility&Sterility (April, 2021)

Pros and cons:
1. How reliable is embryo cfDNA versus teDNA as a representative of embryo chromosomal 

constitution?

2. Is embryo cfDNA secretion related to embryo chromosomal self-correction and/or apoptosis?

3. What are the reasons that the noninvasive model will prevail or not over the invasive model?
4. niPGT-A still an expensive approach
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The Multi-omics  approach?

Bracewell-Milnes T, et al. Hum Reprod Update 2017
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compared between embryos from RIF patients (n=35) and oocyte donors 

as controls (n=15)

Application to predict Repeated Implantation Failure (RIF)

Nami S et al Clin Exp Reprod Med [Epub ahead of print]
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Metabolic profiling-(niPGT?)

• Embryo scecrets DNA、RNA and protein into the spend culture medium

• The identities and quantities of these molecules reflect the health and birth 

potential of the embryo

Seli et al., 2007 Fertil Steril. 88(5):1350-1357.
 Xu et al., 2016 Proc Natl Acad Sci. 113(42):11907-11912.

Hypothesis
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Previous Embryonic Metabolomic Profiling

Metabolomic profiling by 
liquid chromatography mass 
spectroscopy of 15 SCMs 
from Trisomy 21 Day 3 
embryos and 15 controls.

Sánchez-Ribas I, et al. Fertil Steril 2012



• SCM sample collection
– Single embryo culture

– Sequential (G-2) or One-step (G-TL) medium

– Collect the culture medium and store at -20 oC

Methods & Materials

Side view Top view

medium microdrop
(of 30ul)

microdrop fully covered 
with mineral oil

one embryo per 
microdrop



• Non-invasive Preimplantation Genetic Testing

– Spent Culture Med

To assess the Aneuploidies or implantation potential 

of an embryo by Metabolomic Profiling by Raman 

spectroscopy?

Hypothesis



What is Raman spectroscopy? 

Butler HJ, et al. Nat Protoc. 2016

Obtain instant result in 
A few seconds



Is Raman spectroscopy combining machine learning applicable for different types of culture 

media as a first-tier non-invasive screening test for aneuploidies?

Objectives 

Raman 200 machine Differential scattering intensity across Raman spectrum, 
classified by PGT-A result on trophectoderm biopsies 
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Unique embryonic metabolomic 

profiling

Liang B, et al. Fertil Steril ,2019

Mean-centered Raman spectra 
demonstrated differential intensities of 
SCMs from euploid and aneuploid among 
Day 5 embryos
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• Proof-of-concept of Raman combing machine learning for ploidy prediction

• One type of medium

• Validation size need to be expanded

• Reproducibility

Liang B, et al. Fertil Steril ,2019

Message from this paper:



让更多家庭生育健康的孩子 Bo Liang and Liang Hu et al. Frontiers in Physiology . 2021

prediction sensitivity 73.35%

Metabolic profiling predicts the 
blastocyst development potential



Phase I completely repeat the method by Liang et al. to test the reproducibility.

Liang B, et al. Fertil Steril ,2019

Reproducibility study
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Aim: Optimization and Validation Study 

Optimization by:

1. Testing wet lab improved quality control standard
2. Algorithms optimized by re-seeking hyperparameters 
3. Euploid & aneuploid for training re-shuffled and retrained
4. Added Convolutional Neural Networks (CNN)
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Phase II – M1 Training (30 euploid vs. 30 aneuploid)

CNN kNN RF XGB Stacking

Sensitivity 86.7% (26/30) 93.3% (28/30) 76.7% (23/30) 86.7% (26/30) 93.3% (28/30)

Specificity 83.3% (25/30) 76.7% (23/30) 76.7% (23/30) 100.0% (30/30) 83.3% (25/30)

Phase II – Optimization and Validation

Re-trained & tested M1 media

Phase II – M1 Testing (43 euploid vs. 56 aneuploid)

Sensitivity 75.0% (42/56) 73.2% (41/56)
69.6% 

(39/56)
76.8% (43/56) 80.4% (45/56)

Specificity 83.7% (36/43) 83.7% (36/43)
81.4% 

(35/43)

100.0% 

(43/43)
81.4% (35/43)

Stacking out

Zhang Y et al (unpublished)
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New algorithm for PGT-A

SCM ni-PGT-A

        or 

Metabolic 
profiling 

Euploid screening

All in one PGT
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General Research Fund (GRF) 
Collaborative Research Fund

Thank You!!

E-mail: richardchoy@cuhk.edu.hk
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THANK YOU
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