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Disclosures and Learning Objectives

● No Disclosures

Participants should be able to differentiate the advantages and disadvantages 
among the different methods of PGT-A:
• Invasive
• Minimally invasive
• Non-invasive



Invasive PGT-Aneuploidy

● Biopsy of intact trophectoderm cells allows for
PGT-A testing and the selection of euploid
blastocysts for embryo transfer.

● Specialized micromanipulation equipment.
● Highly skilled embryologists to perform biopsy.
● Dedicated time across 2-3 days per patient cycle.



Invasive PGT-A Outcomes

Non-selection studies have shown the significantly greater reproductive potential of
euploid blastocysts after invasive PGT-A

• Whole chromosome aneuploids showed significantly
higher failure rates from implantation to ongoing clinical
pregnancy and live birth (p < 0.0001).

• Euploid embryo live birth rates were significantly higher
at 51% versus 4.5% for whole chromosome aneuploids
embryo (n=2).

• Approximately 85% of whole chromosome aneuploid
embryos that initiated a pregnancy miscarried within the
first trimester, with more than half after 6.5 week
ultrasound.

• Nearly 75% of the patients that did have an abnormal
embryo transferred could have preferentially transferred
a euploid embryo.Wang et al, 2021



Invasive PGT-A Outcomes

Non-selection studies have shown the significantly greater reproductive potential of
euploid blastocysts after invasive PGT-A

After PGT-A results were unblinded:
• 40.2% of patients who underwent a transfer with an

aneuploid embryo had a positive serum bhCG.
• 23.5% of patients who underwent a transfer with an

aneuploid embryo were identified with a clinical
pregnancy but all of these patients experienced a
spontaneous pregnancy loss.

• 100% of aneuploid embryos failed to reach live
birth.

• In contrast, embryos labeled as euploid resulted in
73.1% clinical pregnancy and 64.7% live birth rate.



Minimal Developmental Impact

• To evaluate the impact of biopsy, the sustained
implantation rate was compared between the
study group, which underwent a biopsy but no
PGT-A analysis, and an age-matched control
group, which similarly underwent IVF/ICSI
followed by FET without TE biopsy.

• The overall sustained implantation rates were
similar for the study group with biopsy at 47.9%
and the control group at 45.8% without biopsy.

• Adjusted for maternal age, BMI, embryo quality
and endometrial thickness before FET.

• Highly reassuring data with respect to the safety
of TE biopsy in regard to achieving live birth.



Why a Non-Invasive PGT-A Approach?

A less invasive approach to PGT-A is always welcomed:
• Especially with lower quality blastocysts that maybe more susceptible to further

micromanipulation.
• Data is still needed beyond the neonatal period to establish long term safety of TE

biopsy.
• Possible link between TE biopsy and a significant increase in preeclampsia (Zhang et al,

2019) and hypertensive disorders among mothers (Makhijani et al, 2021).
• Biopsy requires a high degree of technical skills.
• Significant costs associated with both specialized equipment costs and operator

training.
• However, there are concerns regarding quality, accuracy, sensitivity and specificity

associated with cell free degraded DNA!



Non-Invasive and Minimally Invasive PGT-A Approaches



Minimally Invasive PGT-A Publications



Minimally-Invasive PGT-A: Blastocoel Fluid Aspiration

Magli et al, 2019 published the
most comprehensive data on

blastocoel fluid PGT-A.

Most extensive experience with
TE biopsy and BF aspiration on

256 blastocysts from 91 patients.

Results:
1. Only 45% of euploid BF’s amplified compared to 81% of aneuploid BF’s
2. Chromosome concordance with TE result was observed in 93.6% of the amplified BF’s
3. Authors suggested selection criteria of euploid embryos with failed BF amplification had improved

implantation potential.
4. BF PGT-A results in high amplification failure rates and overall poor ability to positively confirm a

euploid chromosome constitution.



Minimally-Invasive PGT-A: Blastocoel Fluid Aspiration

Conclusions
Even though aspiration of the blastocoel fluid at the expanded blastocyst stage is a promising
technique there are several limitations:
• With overall low concordance, the DNA in the blastocoel fluid, at least in part, could originate

from cells that are necrotic or apoptotic, compromising DNA quantity and integrity.
• Early stage blastocysts would be excluded from PGT-A testing and for women of AMA with

slower developing embryos this could represent a significant portion of the embryo cohort.



Non-Invasive PGT-A Publications



PGT-Aneuploidy: Non-Invasive

A non-invasive approach to PGT-A has the potential to be both embryo and lab friendly 
(no specialist equipment, no biopsy training & expertise, and a more simplified work flow).

Cell-free DNA is readily available in the spent embryo culture media, providing an easier, more
economical removal of genetic material for PGT-A.

Considerations:
• Sampling of the media without disrupting embryo development and IVF lab workflow.
• Cell-free DNA is of lower quantity and lesser quality.
• The origin of the cell-free DNA? Percentage of apoptotic events?
• Or are aneuploid cells preferentially excluded from the embryo?
• For clinical use, a niPGT result must reflect the blastocyst chromosome constitution.



Results Summary: 
Prospective blinded study 
Concordance = 78.7% 
Sensitivity = 94.5% 
Specificity = 71.7%
Media drops at day 6/7
showed higher concordance



FET Outcomes:
• When euploid TE was concordant with euploid SBM the

ongoing implantation rate was 52.9%.
• This was significantly higher than the ongoing

implantation rate for euploid TE with discordant
aneuploid SBM at 16.7%.

• However, this sample size was very small so differences
were not significant and indeed a limitation for
interpretation.





Study Limitations:
Blastocysts were warmed and cultured for 24 hours which does not represent routine in vitro embryo culture.
Four different PGT-A labs were utilized for TE biopsy testing from only n=13 patients.
Very small sample size (n=48) to conclude that niPGT-A is possibly more reliable than nucleated TE cells.



• Embryos were cultured in 30ul medium.

• Day of medium changeover was investigated
(Day 3 or Day 4).

• Day of blastocyst culture and biopsy (Day 5, 6
or 7) studied.

• Number of days of embryo exposure to
culture medium (1, 2, 3 or 4) studied.



• DNA amplification failure occurred with niPGT-A in
37.3% (62/166) of the spent media samples versus
0% in the TE biopsy group.

• Of 104 embryos with both niPGT-A and TE biopsy
results available, whole-chromosome discordance
was noted in 42 cases (40.4%).

• Conclusion: The rates of DNA amplification failure
were high among the niPGT-A samples, precluding
the clinical applicability of niPGT-A in its current
form.



Spent Blastocyst Media versus Blastocyst:
• Whole embryo is considered the gold standard

for comparison.
• Varied amplification rates ranging from 78.7% to

100%.
• Varied concordance rates ranging from 45.5% to

93.8%.
• Varied drop volume ranging from 10ul to 30ul.
• Varied time in culture including D3-D5, D1-D5,

D5-D6, D4-D6, D6-D7 etc..
• The significant heterogeneity of all these

procedures limits the comparison and
interpretation of these data sets.



TE Biopsy versus Spent Blastocyst Media:
• Varied amplification rates ranging from 69%

to 97.6%.
• Varied concordance rates ranging from

33.3% to 89.1%.
• Varied drop volume ranging from 10ul to

30ul.
• Varied time in culture including D3-D5, D0-

D5, D1-D5, D4-D5, D5-D6, D4-D6 etc..
• The significant heterogeneity of these

procedures limits the translation of these
approaches into the clinic.



TE Biopsy/Embryo versus Spent Blastocyst
Media+Blastocoel Fluid Aspiration:
• Varied amplification rates ranging from 87.5% to 100%.
• Varied concordance rates ranging from 76.3% to 100%.
• Varied drop volume ranging from 10ul to 25ul.
• Varied time in culture including D3-D5, D4-D5, D5-D6,

D4-D6 etc..
• The number of samples analyzed in all cases was low

and the results were heterogeneous.
• This approach of including blastocoel fluid aspiration did

not provide an advantage to the analysis of the spent
media alone.



Reasons for Disparate Results?

Experimental variables:
• Culture media volume: 10-20ul
• Timing of media drop collections: Day 5/6/7 of blastocyst development

(D5 = higher maternal DNA contamination)
• Interval of culture time: 24-48 hours
• Method for media drop collection (DNA contamination)
• Blastocyst developmental stage and quality relative to DNA yield/degradation
• PGT lab testing platforms including; DNA amplification, NGS, diagnostic algorithms etc..

More clinical studies are needed to
evaluate, optimize and standardize these variables!







Summary: The results of this prognostic accuracy study of niPGT-A revealed a high PPV when aneuploidy of whole 
chromosomes were detected, suggesting that SCM may provide a reliable source for aneuploidy screening.

Although niPGT-A poses no direct harm to the embryo, valid concerns regarding unintended disposal of viable 
embryos due to unreliable or poorly predictive results are still relevant. This concern is underscored by the data 
which demonstrates that CNV other than whole chromosome abnormalities were not associated with significant 
PPV.

Optimizations of technical aspects of niPGT-A, including sample collection, pre-analytical processing, DNA 
amplification and sequencing, bioinformatics, and careful interpretations of CNV profiles are necessary before 
clinical utilization.

Ultimately, randomized controlled trials are required to not only validate the predictive value of niPGT-A for 
embryonic reproductive potential, but also to demonstrate that utilization will actually improve outcomes.



Non-Invasive PGT-A: Future Directions

ü NIPGT is an exciting area of research and approach to aneuploidy screening

ü Ongoing research and larger sample size studies are essential to answer the 
question: Is the media drop PGT-A result concordant with the embryo’s 
chromosome constitution?

ü Other important questions remaining:
ü What is the source of the cell-free DNA?
ü Is there preferential apoptosis of aneuploid cells that could lead to

discordance and/or mosaicism?
ü Impact and challenge of external DNA contamination?
ü If standard embryology practices are required to be altered for NIPGT

success will that burden IVF lab practices, impact the embryo and thus
remove any cost benefit?



Thank you! 

Questions?


