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Background 
and definitions



5-10Mb
Resolution in 

PGT 

SEGMENTAL ANEUPLOIDIES in PGT
Sub-chromosomal copy number changes 
involving the gain or loss of a portion of the 
chromosome 

Mis-segregation of 
translocations/inversi

ons

Background

• No clear embryologic phenotype

GAIN

LOSS

Expected fragments 
involved

Inherited from parents with abnormal 
karyotype

• The majority occur de novo in the embryo, 
involving any of the 24 chromosomes



Frequency of 
segmental 
aneuploidies in 
oocytes and 
preimplantation 
embryos



Incidence of segmental aneuploidies in 
oocytes, cleavage and blastocyst stage 
embryos

The rates of segmental aneuploidies peak in early mitotic 
divisions 

The prevalence of SA decreases as the 
embryo progresses through its 
developmental stages



Incidence  and features of de novo segmental 
aneuploidies detected in preimplantation 
embryos

Girardi et al, AJHG 
2020

• SA’s  incidence does not increase with maternal 
age

Mean incidence 
of SA 8.5%

3%

15%

• SA appear to be more frequent in the q arm

• SA are more frequently telomeric then 
interstitials

Picchetta et al. F&S Science, 2023

p arm

q arm



Impact of segmental aneuploidies in 
later stages of development

Mean incidence 
3.5%

• At 
BIRTH:

• In PREGNANCY LOSS:

• In PRENATAL 
DIAGNOSIS 

Size: 200kb-100Mb
Arnadottir, G.A., Jonsson, H., Hartwig, T.S. et al. 
Sequence diversity lost in early pregnancy. 
Nature (2025).

Picchetta et al. F&S Science, 
2023

1.3%

• In the FETUS: 0.45%*

0.015%*

Schlaikjær Hartwig, 2023, 
Lancet

Extrapolated from UK 
Biobank



Nature and 
origin of 
segmental 
aneuploidies in 
PGT



Cell divisions origin of aneuploidies: 
multifocal biopsies in the research 
setting

INNER CELL 
MASS (ICM)MULTIFOCAL 
BIOPSIES (TE 
1,2,3)

CLINICAL 
TROPHECTODERM 
BIOPSY (cTE)

embryos 
donated for 

research

Design: embryo disaggregation 
models and NGS-based PGT-A analysis

multifocal 
biopsies

Initial PGT-A 
result:
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Mean concordance rates 
~30%

Cell divisions origin of aneuploidies: 
multifocal biopsies in the research setting

Euploidy Aneuploidy

Reciprocal Other aneuploidy

Legend

32.1%
[19.92-46.32]Uniform concordance

Low grade mosaic or artefact

Confined to TE
2/5, 4 TE segmental 
3/5, 3 TE segmental

Reciprocal segmental

Partial concordance
4/7, 1 discordant sample
2/7, 2 discordant samples
1/7, 3 discordant samples

Meiotic

9.4%
[3.13-20.66]

39.6%
[26.45-54.00]

13.2%
[5.48-25.34]

5.7%
[1.18-15.66]

67.9%

Mitotic/
mosaic

32.1%

SEGMENTAL ANEUPLOIDIES CONFIGURATIONS

Girardi et. al 2020. American 
Journal of Human Genetics

Picchetta et al. F&S Science, 2023



Cell divisions origin of whole chromosome 
aneuploidies

Different etiology for subchromosomal alterations: more frequently mitotic in 
nature, arising during the first embryonic cell divisions. Mosaic in preimplantation 
embryos

Concordance rates of SA bewteen multiple TE biopsies as well as vs ICM are 
significantly reduced compared to whole chromosome aneuploidies

1

2

Initial PGT-A 
result:

Whole  
chromosome  

aneuploidy

TE1 
+21

TE2 
+21

TE3 
+21TE4 

+21

ICM 
+21

Mean concordance 
rates >98%

Trisom
y 21



How to move to the clinical setting: 
additional parameters to better classify SA
Clinical application of a risk stratification 
model

Girardi et al, AJHG 
2020

Re-biop
sy 

result

Length of 
the region 

involved 

Re-biopsying the embryo can be an option for 
obtaining a more reliable clinical diagnosis if a SA is 

detected in PGT

Re-biopsy, euploid transfer and pregnancy follow-up

1st Biopsy: 82.5 Mb duplication on chr 
11

At week 13, amniocentesis was 
performed

(WGA)-based NGS 
PGT-A

2nd Biopsy: Euploid

Genetic counselling + specialized 
informed consent outlining the 
associated risks

Embryo 
transfer

Cytogenetic 
46,XX

SNP microarray 
arr(X,1–22) × 2

Viotti et al, JARG 
2025



How to move to the clinical setting: 
additional parameters to better classify SA

Clinical re-biopsy and type of alteration: gains vs losses

72.7% simple segmental gains were 
reclassified as mosaic 

(vs 22.6% of single loss) 

Reclassification  of 
88% segmental gains 
vs 37% losses
ICM involvement : 27% 
segmental gains vs 74% 
segmental losses

SEGMENTAL 
MONOSOMIES 

are more likely to be 
confirmed in a 2nd 

biopsy and in the ICM



Transfer 
outcomes of 
non-mosaic 
segmental 
aneuploid 
embryos



Design : Non-selection study
PGT-A platform/technology: target NGS
Number of embryos transfer: 39 
embryos with uniform segmental 
aneuploidies 
Sustained implantation rate : 30.8%  
(n=12/39)
Follow-up: noDesign : Retrospective

PGT-A platform/technology: NGS, 
SNP array, Array cgh
Number of embryos transfer: 25 
embryos with non-mosaic 
segmental aneuploidies 
Live birth rate : 24.0%  (n=6/25)
Prenatal testing : 4/6 live birth 
tested and normal  (CVS, Amnio or 
cfDNA)

Transfer outcomes of non-mosaic 
segmental aneuploidies



What do we know about transfer outcomes of 
uniform whole chromosome aneuploidies

Lethality rate: 
98%



Research and future perspectives

Segmental score: specificity 92.5% sensitivity 20.0%

Blastocysts with SA and WCA exhibit a delay in reaching the 
expanded blastocyst-stage compared with euploid.

Adding genotyping data and parental DNA 
analysis in PGT to better predict the origin of 

aneuploidy

Adding time-lapse and morphokinetic analysis to predict 
segmental aneuploid embryos

Figliuzzi et.al, Fertil Steril 
2025

SA embryos have a distinct morphokinetic signature 



Conclusions 
and 
management 
strategies 
for transfer  



Conclusions and management strategies 
for transfer

SA should be considered as a separate category 
compared to WCA and should be subjected to different 
interpretation and ad-hoc management strategies.

Historically, embryos diagnosed as segmental aneuploid 
have been categorized alongside whole chromosome 
aneuploid embryos and considered unsuitable for transfer .

All patients should receive genetic counselling and close 
monitoring

MANAGEMENT STRATEGIES FOR UNIFORM SEGMENTAL ANEUPLOIDIES 

🡺 Deletions/duplications can be associated with a wide range of phenotypes: genetic syndromes, embryonic 
lethality, miscarriage, no clinical consequences

� Transfer outcomes of uniform segmental aneuploidies are limited but…transfer “may be considered” as 
25-30% success rate is significantly different from <1% of uniform WCA

�  The assessment of a second TE biopsy can enhance predictivity on ICM constitution and empowering 
the decision-making process

� Risks associated with double round of re-biopsy and vitrification should considered and commented
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