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Preimplantation genetic screening or testing-aneuploidy (PGS/PGT-A)

has been introduced in clinical practice as a tool for selecting ‘healthy’

embryos before their transfer in utero.
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∙ Who is suggested for embryo biopsy?
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Who suggests Embryo Biopsy:

1. Sex selection

2. Some cases of infertility:

- Patients with recurrent abortions

- Recurrent implantation failures

- Unexplained infertility

3. Advanced maternal age

4. Genetic abnormality:

- Patients with specific genetic disorders/ inherited genetic disorders

- History of chromosomally abnormal child or pregnancy.

- Single gene disorder



Different types of biopsy samples obtained at various stages 
of early development
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Polar body biopsy

∙ Advantage:

∙ Less invasive

∙ is useful in certain cases, to detect abnormal patterns of maternal chromosome 

segregation

∙ Disadvantage:

∙ the effect of the paternal genome is ignored 

∙ False results

∙ Time consuming
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Polar body biopsied-embryo

Neonatal 
outcome

• comparable to those obtained 
with cleavage stage-based 
approach 

Developed 
Embryo quality

• higher fragmentation rate,

• a lower embryo quality, 

• a higher cleavage arrest rate

• a lower mean number of 
blastomeres in day 3 
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Key technical points in polar body biopsy

✓ Proper timing of biopsy: 8-14 hours after fertilization

✓ Simultaneous biopsy is preferred
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earlier risk of 
enucleation 

later
disintegration 

or 
degeneration 

Cimadomo et al. Biomed research international. 2016



Evaluation of embryo quality

Cells number

fragmentation

nucleation

Cleavage stage Biopsy



Nuclear morphologies indicative of 
chromosomal instability

10Franck Pellestor (ed.), Chromothripsis: Methods and Protocols, Methods in Molecular Biology, 2018



Cleavage stage Biopsy



Day 3 embryo biopsy

30 m m

Optimal method:

- Hole ideal size is 30 µm

- Ca/Mg free media with amino acids

- Only ONE cell biopsied

Advantages:

- 30% more abnormalities detected than PB biopsy

Disadvantages:

- 1/8 cells = 12.5% body mass 

- Cell polarization?

- Inexperience = damage



Cleavage stage mosaicism
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Even More so if

an Embryo Has The 

Ability to Self-correct

The

Mosaicism of  a 

Preimplantation Embryo 

Presents Formidable

Challenges to The 

Accuracy of PGT-A 

Methods

Bolton et al., 2016



Impaired developmental dynamic in :

Timing of blastulation

Timing of 
expansion/contraction

Movements and hatching
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There is no consensus on correlation between 

embryo biopsy and pregnancy complications.
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Though the majority of studies did not show an increased incidence of pregnancy

complications following embryo biopsy, some reported that Blastomere Biopsy is associated

with reduced implantation rates, increased risks of low birth weight or preterm birth (Banerjee

et al. 2008, Thomaidis et al. 2012, Cimadomo et al. 2016) and, in early childhood, with

impaired cognitive and/or motor development (Banerjee et al. 2008, Middelburg et al. 2011,

Thomaidis et al. 2012, Cimadomo et al. 2016).



Reproductive fitness in mice conceived following
blastomere biopsy

∙ In the aged female mice, born following BB, had reduced pregnancy rates,

numbers of developing follicles and ovarian weights, in addition to altered

steroid levels.

∙ Ovarian tissues from both BB-pubertal and BB-aged females were

characterized by impaired expression of three proteins (HSPA4, PSMB8 and

ALDH1A1) associated with ovarian development, follicle formation and could

indicate a higher risk of ovarian cancer (Yu et al. 2013, Zacchini et al, 2017).
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Morula Stage Biopsy

∙ Disadvantage

∙ the need for Ca++/Mg++-free buffer to loosen compaction 

∙ Advantage 

∙ the number of cells retrieved.
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Blastocyst Biopsy



Blastocyst biopsy: Advantages

1) More DNA: More robust diagnosis

2) Lower aneuploidy rate: 
Blastocysts: 38.8% , embryos at earlier stages:51%

3) Blastocysts have less mosaicism:
day 3 embryo: from 55% to 73%, Blastocyst: 3.9%

4) Higher reliability of blastocyst stage analysis compared to cleavage 
stage biopsy (48.2% versus 29.2%) 

Scott Jr, et al. Fertility and Sterility. 2012









key points for blastocyst biopsy

26
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Is the trophectoderm representative of the ICM?

ICM: embryo (ectoderm, mesoderm and endoderm)

viteline vesicle, amnion

Trophectoderm: non-embryonic tissues (chorion, 

placenta, umbilical cord)

• ICM and TE were concordant in 97% embryos.

Capalbo, Wright, Themaat, Elliott, Rienzi, Nagy (2011) ASRM meeting



key points for blastocyst biopsy

∙ No pick up excluded cells in morola and blastocysts

28
L. Daughtry. Chromothripsis: Methods and Protocols, Methods in Molecular Biology, 2018.



Impact of blastocyst biopsy procedure in technical 
and clinical results 

A. Capalbo et al. Human Reproduction. 2015
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∙ No significant differences across 7 different operators

from 3 IVF centers in terms of both technical and clinical

results were reported. In particular, amplification rate,

qPCR data concurrence, and estimated number of cells

retrieved, as well as ongoing implantation, biochemical,

and miscarriage rates, were comparable.
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Pregnancy outcomes with PGS-CCS by embryo expansion at 
time of embryo biopsy: impact of blastocyte expansion
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Higher Pregnancy outcomes for PGS-CCS of hatching embryos  
compared to fresh and frozen non-PGS-CCS cycles 
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Singh et al. Journal of Assisted Reproduction and Genetics (2019)
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∙ embryo grade was not predictive of

clinical miscarriage rate in this cohort of

RPL patients, suggesting that additional

embryonic or uterine factors may

influence their risk of pregnancy loss.
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Impact of PGT-A in results of RIF patients

∙ Two RCTs (Rubio, C. et al, 2013, Blockeel, C. et al, 2008) and three observational

studies investigated the potential role of PGT-A in improving IVF outcomes in women

with RIF.

∙ Primary outcomes Meta-analysis of RCTs failed to show an improvement in both

clinical pregnancy and live birth chances in women who underwent PGT-A.

∙ Pooling of results of observational studies did not show a beneficial effect of PGT-A

on both pregnancy and live birth chances.

∙ Secondary outcomes Rubio et al. did not observe an impact of PGT-A on chances of

embryo implantation and miscarriage in women who underwent PGT-A.



Potential role of NGS-based PGT-A for RIF patients with 
advanced maternal age
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Tong et al. Reproductive Science.2021
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Effect of blastocyst biopsy in recurrent 

pregnancy loss

P
G

T
-A

Biopsy of 5–6 Trophectoderm (TE) Cells

Comprising of Approximately 3% of Total TE

From a Day 5/6 Blastocyst Stage Embryo

Identification /Screening of Preimplantation Embryos by Ploidy Status

Improve Pregnancy Outcomes in Women With Recurrent Pregnancy Loss

Bhatt et al., 2019; Kim et al., 2019



∙ - A total of 62 patients with idiopatic RPL underwent 101 PGT-A cycles (iRPL

group), and 212 patients underwent 311 PGT-M cycles (control group).

∙ - significantly higher rate of chromosomal abnormalities in blastocysts of

young women with RPL.

∙ - euploid embryos were transferred after PGT-A, young patients with iRPL had

a higher miscarriage rate

∙ - chromosomal abnormalities might not be the only causal factor for iRPL.
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A Randomized Clinical Trial in 2019 Showed That:

✓ improve the ongoing pregnancy rate in woman aged 35–40

but

✓ PGT-A did not improve the ongoing pregnancy rate in women aged 25–40

Why?

✓ actual mosaic preimplantation embryos that are identified as euploid by PGT-A
✓ there are likely other factors beyond ploidy status that allow a preimplantation 

embryo to successfully implant and lead to an ongoing pregnancy

Therefore:

✓ The Most Viable Preimplantation Embryo May Be Selected by observing a
Euploid Ploidy Status Via PGT-A Analysis and Detection of Specific

Proteins, mRNA or Metabolites Within Its Blastocoel Fluid



Ng, Chang, and Wu. 1999
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Blastocoel Fluid?
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PGT-A from TE Biopsy

Embryonic cfDNA
analysis

Improved Implantation 
Rates

Rubio et al., 2019



To sum up:

∙ -Embryo biopsy and consequent PGT-A are useful especially for

patients with advanced maternal age.

∙ -Hatched blastocyst are best developmental stage for biopsy.

∙ -Technical procedure of blastocyte biopsy does not interfere in the

clinical results.

∙ -Due to mosaicism even in blastocyst stage, transfer of euploid

embryo in not assured.

∙ -Combination of PGT-A and cell-free DNA is suggested to assure

healthy euploid embryo.
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Thanks for your attention

I wonder,” he said, “whether the stars are set

alight in heaven so that one day each one of us

may find his own again...”

― Antoine de Saint-Exupéry, The Little Princ


