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1. Describe how embryonic mosaicism is inferred via preimplantation genetic 
testing for aneuploidy (PGT-A) and recognize the limitations of this diagnosis.

2. Differentiate between the significance of mosaic and segmental aneuploid 
results identified in the preimplantation embryo from those identified in the 
prenatal and postnatal periods. 

3. Review current outcome data to rank PGT-A embryos for transfer and 
maximize positive outcomes.

Expected Learning Outcomes



Purpose & Scope of PGT-A
• Purpose: to avoid transfer of embryos that cannot produce a viable pregnancy
• What can current PGT-A platforms detect?

PGT-A is a test for embryo viability, NOT health

Full monosomies/trisomies 

Deletions/duplications >10 Mb 

69,XXY and 69,XYY triploid 

Deletions/duplications <10 Mb Depends on platform
69,XXX triploid and 23,X haploid Depends on platform

Uniparental disomy Depends on platform
Deletions/duplications <1 Mb 

Balanced rearrangements 

Mendelian or polygenic disease 



Evolution of PGT-A

Polar body
mature oocyte, zygote

Blastomere
cleavage-stage

Trophectoderm
blastocyst

As testing becomes more 
sensitive, line between 
euploid and aneuploid 

becoming increasingly blurred

1990s 
FISH

~2010
aCGH, SNP arrays

qPCR

~2015
NGS

~2019
NGS+SNP



Missing Mosaicism

Mosaicism is a known limitation of euploid results
• ACOG and ASRM recommend that all patients 

who conceive via PGT-A be offered prenatal 
screening and diagnosis

1-2% identifiable error rate per 
transferred euploid embryo



Identifying Mosaicism

Does a mosaic result truly 
indicate mosaicism?

Does a mosaic biopsy result 
represent the rest of the 

embryo?

Does a mosaic result predict 
reproductive potential?

What is the clinical impact of 
a mosaic result on an 
ongoing pregnancy?
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2 copies

1 copy

3 copies ~2.5 copies

“MOSAICISM” = INTERMEDIATE COPY NUMBER

Does a mosaic result truly indicate mosaicism?

Mosaicism = Mix of euploid and aneuploid cells



“…propose abandoning the misleading and 
inaccurate designation ‘mosaic.’ … use a 
more accurate term, ‘intermediate copy 
number.’ 

“Mosaicism is certainly one possible 
explanation for intermediate copy number, 
but there are many other possibilities.”

Paulson & Treff, Fertil Steril 2020

Does ICN = mosaicism?

Other causes of ICN:
• Statistical variation
• Amplification artifact/noise
• Contamination



Not all PGT-A is equal

Aneuploidy rates, % of 
cycles with no euploid 
embryos, and live birth 

rates differed 
significantly between 

platforms



‘PGT-A is “very, very powerful” when done well... [but] it isn’t always done well. 
Most labs are not doing such rigorous studies, and most companies use 
commercial tests that aren’t as well-validated... While most PGT-A testing uses 
the same core technologies, there’s variation in exactly how different 
testing platforms amplify and assess the DNA taken from the biopsied 
cells. If a validated PGT-A test used in scientific research is a sports car… many 
commercially available platforms are like minivans: “They all have four wheels, a 
steering wheel, and an engine. But they’re different in almost every way.”’

- Dr Richard Scott via Jamie Ducharme, Time Magazine, March 2025

PGT-A Labs: What’s the Difference?



PGT-A Labs: What’s the Difference?

Amplification methods Analysis Bioinformatics/Reporting

• DNA amplification causes 
noise/artifact
– Overall whole genome amp 

(WGA) is associated with 
more noise than targeted 
amp

– Primary Template 
Amplification (PTA) is a new 
WGA method associated with 
reduced noise



PGT-A Labs: What’s the Difference?

Amplification methods Analysis Bioinformatics/Reporting

• aCGH
• NGS
• SNP
• Combined NGS/SNP



PGT-A Labs: What’s the Difference?

Amplification methods Analysis Bioinformatics/Reporting

• Normal/abnormal/mosaic 
thresholds

• Masking approaches
• Opt-in vs opt-out 

mosaicism models
• Made up terms with 

variable definitions: 
complex, chaotic



20% threshold (euploid range: 1.8-2.2 CN)

40% threshold (euploid range: 1.6-2.4 CN)

The meaning of 
euploid/mosaic/aneuploid varies by 

(arbitrarily) selected thresholds, which 
can vary by lab (and sometimes by 

individual chromosome)

PGT-A Labs: What’s the Difference?

NGS alone relies on a cutoff approach



The meaning of “mosaic” can vary by provider preference

PGT-A Labs: What’s the Difference?



The meaning of “mosaic” can change over time within a lab

PGT-A Labs: What’s the Difference?



The meaning of “mosaic” can change over time within a lab

PGT-A Labs: What’s the Difference?



Amended on request:

Made up terminology can impact outcomes

PGT-A Labs: What’s the Difference?

???



~1/3 IVF cycles had ≥1 embryo 
that would have been issued 
different PGT result using the 

reporting criteria of an 
alternative lab

PGT-A Labs: What’s the Difference?



PGT-A Labs: What’s the Difference?

• Clinicians should understand the 
prevalence and reporting structure 
(including the implications of ‘‘masking’’) 
of mosaic PGT-A results issued by their 
reference laboratory

Presenter Notes
Presentation Notes





Identifying Mosaicism

Does a mosaic result truly 
indicate mosaicism?

Does a mosaic biopsy result 
represent the rest of the 

embryo?

Does a mosaic result predict 
reproductive potential?

What is the clinical impact of 
a mosaic result on an 
ongoing pregnancy?



Does a mosaic biopsy represent the rest of the embryo?



Does a mosaic biopsy represent the rest of the embryo?



Does a mosaic biopsy represent the rest of the embryo?

Consistent with likely origin:
• WCA: meiotic 
• Mosaicism: mitotic (post-zygotic)



Additional Problem: Detecting Mosaicism

Does a mosaic result truly 
indicate mosaicism?

Does a mosaic biopsy result 
represent the rest of the 

embryo?

Does a mosaic result predict 
reproductive potential?

What is the clinical impact of 
a mosaic result on an 
ongoing pregnancy?



International Registry of Mosaic Embryo Transfers (IRMET)

Mission is to create a central database for all mosaic ETs, 
for the purpose of:
• Observing trends with different types of mosaic results
• Adding to the literature with result-specific outcome data

mosaicregistry@gmail.com

www.irmet.net 

501(c)3 non-profit

mailto:mosaicregistry@gmail.com
http://www.irmet.net/


Does a mosaic result predict reproductive potential?



Does a mosaic result predict reproductive potential?

AJHG 2021



Does a mosaic result predict reproductive potential?



How do we explain these inconsistent outcomes?

ET done with knowledge of mosaic result
• Study population more likely to be enriched 

with poorer prognosis patients who did not 
have normal-result embryos to transfer

• Mosaics have lower success rates 
compared to euploids

BLINDED

ET done without knowledge of mosaic result
• Study design removes bias
• No or minimal difference in successful 

outcomes between mosaics and euploids

UNBLINDED

VS
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Fetal mosaicism

• Chromosomal syndrome

• Uniparental disomy

Confined placental mosaicism

• Fetal growth restriction

• IUFD

• Pregnancy complications

What is the clinical impact of a mosaic result?
Prenatal/postnatal mosaicism



What is the clinical impact of a mosaic result?
Preimplantation mosaicism

2/237 (0.8%) 
showed mosaicism in fetus 



Preimplantation mosaicism

What is the clinical impact of a mosaic result?



Preimplantation mosaicism

What is the clinical impact of a mosaic result?



Prenatal/Postnatal Mosaicism Preimplantation Mosaicism

• Suspected based on intermediate copy 
number value

• Frequency is highly dependent on 
clinic/lab

• Detected at early developmental stage 
• Extremely low risk for a pregnancy

• Diagnosed by seeing different 
karyotypes in different cell lines

• Frequency is stable across 
clinics/labs

• Detected at later developmental stage
• Significant risk for a pregnancy/baby

≠

We do not evidence that preimplantation mosaicism impacts risks 
beyond early embryo viability

What is the clinical impact of a mosaic result?



Documented cases of fetal aneuploidy following diagnosis in the embryoFalse negatives (non-mosaic meiotic aneuploidies) may be the primary risk

What is the clinical impact of a mosaic result?
Preimplantation mosaicism

Source PGT-A result Prenatal/postnatal result Phenotype

Kahraman, Hum Reprod, 
2020 Mosaic -2 (35%)

Amnio: mosaic trisomy 2 (2/100 cells)
Postnatal blood: mosaic monosomy 2 (2/100 cells)
Postnatal buccal: euploid (400 cells analyzed)

No phenotypic abnormality at birth

Yang, Nat Cell Bio, 2021
Mosaic 
dup(10)(q11.21-
q21.1)

Blood: Non-mosaic 46,XY,dup(10)(q11.21-q11.23) Coarctation of aorta detected prenatally, 
“newborn deemed healthy after neonatal 
correction of the coarctation”

Schlade-Bartusiak, F&S 
Reports, 2022

Mosaic +15, 
del20q11.23-qter 
(“high level”)

Blood: Non-mosaic 47,XY,+del(15)(q12q23), 
maternal UPD(15)

Submucous cleft palate, patent foramen 
ovale, feeding difficulties

Viotti, PGDIS 
presentation, 2022 Mosaic +21 (<50%)

NIPT: mosaic trisomy 21
CVS: mosaic trisomy 21
POC: mosaic trisomy 21

Ultrasound anomalies (unspecified)

Greco, Hum Reprod, 2023 Mosaic +1q,-7,-8,+9,-
19,-20,+21 (40%)

CVS: mosaic trisomy 21 (80%)
Amnio: mosaic trisomy 21 (16%) Ultrasound anomalies (unspecified)

Greco, Hum Reprod, 2023
Mosaic del1p36.33-
p31.1 (40%) Amnio FISH: mosaic 1p deletion (15%)

Deletion present in 1.5% of brain cells s/p TAB
Deletion absent in skin, myocardium, chorion, 
bone marrow



28.4% of “mosaics”
 were in fact full aneuploids

32.6% of ”mosaic” 
chromosomal abnormalities 
showed evidence of meiotic 

SNP signatures

What is the clinical impact of a mosaic result?
Preimplantation mosaicism

False negatives (non-mosaic meiotic aneuploidies) may be the primary risk



Is the risk any higher after mosaic ET?

What is the clinical impact of a mosaic result?

Remember… aneuploid pregnancies also occur after euploid ET!

Presenter Notes
Presentation Notes
Friedenthal 1/709 ongoing pregnancies had a missed aneuploidy (vast majority untested)
Viotti 2/711 ongoing pregnancies had an aneuploidy consistent with mosaic result



What is the clinical impact of a mosaic result?

No evidence that these lists can accurately be applied

Prenatal Mosaicism ≠ Preimplantation Mosaicism

Does chromosome # factor in?

Presenter Notes
Presentation Notes
Counseling using prenatal/pediatric data is exceptionally cautionary and often irrelevant




Source PGT-A result Prenatal/postnatal result Phenotype

Kahraman, Hum Reprod, 
2020 Mosaic -2 (35%)

Amnio: mosaic trisomy 2 (2/100 cells)
Postnatal blood: mosaic monosomy 2 (2/100 cells)
Postnatal buccal: euploid (400 cells analyzed)

No phenotypic abnormality at birth

Yang, Nat Cell Bio, 2021
Mosaic 
dup(10)(q11.21-
q21.1)

Blood: Non-mosaic 46,XY,dup(10)(q11.21-q11.23) Coarctation of aorta detected prenatally, 
“newborn deemed healthy after neonatal 
correction of the coarctation”

Schlade-Bartusiak, F&S 
Reports, 2022

Mosaic +15, 
del20q11.23-qter 
(“high level”)

Blood: Non-mosaic 47,XY,+del(15)(q12q23), 
maternal UPD(15)

Submucous cleft palate, patent foramen 
ovale, feeding difficulties

Viotti, PGDIS 
presentation, 2022 Mosaic +21 (<50%)

NIPT: mosaic trisomy 21
CVS: mosaic trisomy 21
POC: mosaic trisomy 21

Ultrasound anomalies (unspecified)

Greco, Hum Reprod, 2023 Mosaic +1q,-7,-8,+9,-
19,-20,+21 (40%)

CVS: mosaic trisomy 21 (80%)
Amnio: mosaic trisomy 21 (16%) Ultrasound anomalies (unspecified)

Greco, Hum Reprod, 2023
Mosaic del1p36.33-
p31.1 (40%) Amnio FISH: mosaic 1p deletion (15%)

Deletion present in 1.5% of brain cells s/p TAB
Deletion absent in skin, myocardium, chorion, 
bone marrow

No consistency in chromosome gain/loss among fetal mosaicism cases

What is the clinical impact of a mosaic result?
Does chromosome # factor in?



What is the clinical impact of a mosaic result?
Does chromosome # factor in?



What is the clinical impact of a mosaic result?

• Fetal aneuploidy related to the mosaic 
PGT-A result is very low (likely <1%)

• Although categories of mosaic result types 
may be useful for assessing reproductive 
potential and prioritizing ET, it is unclear 
whether they can be used to predict 
prenatal and postnatal risks accurately

• As with all pregnancies, genetic counseling 
and prenatal testing should be offered to 
patients who conceive after MET in 
accordance with ACOG and ACMG 
guidelines

Presenter Notes
Presentation Notes





Segmental Aneuploidy Can Be Mosaic or Non-Mosaic

Intermediate copy number 
for the segmental aneuploidy

Segmental Mosaic

Full copy number for the 
segmental aneuploidy

Segmental Aneuploid (NON-mosaic)

dup 12q [mos]dup 7q

Chromosomal deletion or duplication
AKA partial monosomy/trisomy

Typically reported as 
abnormal by lab



Identifying Segmental Aneuploidy

Does a SA result truly 
indicate SA?

Does a SA biopsy result 
represent the rest of the 

embryo?

Does a SA result predict 
reproductive potential?

What is the clinical impact of 
a SA result on an ongoing 

pregnancy?



Does a SA result truly indicate SA?

• Remember WGA introduces amplification bias/artifact
• Copy number status can be impacted by different genomic regions in S 

phase of cell cycle

Can result in false-positive identification of aneuploidy
Impact for segmental >>> whole chromosome

Presenter Notes
Presentation Notes
Amplification bias/artifact introduced during WGA (Sabina 2015, Goodrich 2017)
Variable copy number status of different genomic regions in S phase (Van der Aa 2013, Dimitriadou 2014)




Does a SA biopsy result represent the rest of the embryo?

Reduced ICM/TE concordance compared to WCA

Many SAs are mitotic (post-zygotic) errors and mosaic within the 
whole embryo even if the biopsy does not show mosaicism

Presenter Notes
Presentation Notes
Concordance rates range from 0-55% in studies in the table
Average of ~30%






84% of duplications were euploid on re-biopsy, 
compared to 33% of deletions

Does a SA biopsy result represent the rest of the embryo?



Only 12% of duplications were 
present in the entire embryo, 
compared to 67% of deletions

Does a SA biopsy result represent the rest of the embryo?

Presenter Notes
Presentation Notes
Orange = duplications
Purple = Deletions



Reproductive Potential/Clinical Impact of Non-Mosaic SAs

Live birth rate: 6/25 (24%)
All reported healthy, 3 with normal 

prenatal diagnosis (3 untested)



Reproductive Potential/Clinical Impact of Non-Mosaic SAs

In prenatal/postnatal samples, 
del/dups are often clinically significant

PGT-A has ~10 Mb resolution;
del/dups above this size are rare in LB

Presenter Notes
Presentation Notes
Find ref with #



Clinical utility of reporting mosaic results is questionable
• Mosaicism reporting does not consistently improve pregnancy rates

– Can decrease pregnancy rates if selecting against better morphology embryos due 
to mosaicism

– Some types of mosaic results have more consistent impact on reproductive potential, 
but need to be distinguished from full aneuploids for meaningful interpretation

• Embryos with mosaic results do not seem to present a greater risk to ongoing 
fetus than euploids
– Can unnecessarily eliminate embryos due to unfounded anxiety
– Can lead to unnecessarily prenatal procedures with additional risks, costs, and 

burden on healthcare system

Summary

Presenter Notes
Presentation Notes
We lack evidence to support embryo selection decisions & prenatal recommendations




There appears to be some clinical utility of reporting segmental aneuploid results, 
however more data is needed
• Many of these are full meiotic abnormalities
• Reproductive potential appears to be clearly impacted
• Risks to ongoing pregnancies are likely low due to size of segmental aneuploidies

– How low remains TBD

Summary



The Missing Puzzle Piece: Clinical Validation

• Determines predictive values (PPV and NPV)
• Enables this statement: “The chance that an embryo 

with X result from our lab will result in X outcome”
• Evidence-based counseling cannot happen 

without it!
• Gold standard is a blinded “non-selection” study
• Vast majority of labs have NOT done this for PGT-A
• Why are we not demanding this for our patients?



THANK YOU!
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