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Prediction of vascular disease progression and the
risk of cardiovascular events in 

AAA and PAD patients
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Lifestyle data 
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Personalized cardiovascular 
and disease progression risk-
predictive platform

• Genomics
• Proteomics
• Lipidomics
• Medical Imaging
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(walking 
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• Heart rate 
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• Smoking habit
• Medication
• Quality of life

MEDICAL & PATIENT 
REPORTED DATA PERSONALIZED 

PREVENTION 
STRATEGIES

LOW-RISK
• Spacing medical follow-

up
• Medication and lifestyle 

adjustments (if needed)

HIGH-RISK
• Early referrals to 

cardiologist or vascular 
internal medicine 
specialist for strict CV risk 
management

• Medication and lifestyle 
adjustments

• Early vascular intervention

platform
WP3: 
Predictions based on imaging

Associate Prof. Dr. Jelmer Wolterink
AI & Mathematics, University of Twente
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AAA prediction

2022 2024

4.74 cm

2023

4.83 cm 4.84 cm 5.56 cm

Historic data Future

Scale-invariant rotation-equivariant segmentation

Alblas, D., Suk, J., Brune, C., Yeung, K. K., & Wolterink, J. M. (2023). SIRE: scale-invariant, rotation-equivariant estimation of artery orientations using GNNs. arXiv:2311.05400.
Rygiel, P., Alblas, D., Brune, C., Yeung, K. K., & Wolterink, J. M. (2024). Global Control for Local SO (3)-Equivariant Scale-Invariant Vessel Segmentation. STACOM 2024

Dieuwertje Alblas

Smooth blending of SDFs
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• 100 3D models
• Open data: Zenodo

AAA-100

Growth prediction

11

AI model that predicts
values on 100,000s points

Computed using AI

Wall shear stress estimation

12

• AI predicts wall shear
stress on surface
• 6000 times faster than

CFD
• Very little training data

required (100 pts)
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Wall shear stress estimation

CFD (8 h)

SNELLIUS

LaB-GATr (5 s)

Workstation GPU

Growth prediction

15

Novel Biomarker Prediction from omics
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Novel Biomarker Prediction from omics
Methodology:

•Positive Unlabeled Learning (PU Learning):
• Employ PU learning techniques to refine predictions based on known positive 

examples (semi-supervised).

Biological relevance:
•Functional similarity assessment:

• Compare GO terms associated with known and novel proteins to identify shared 
biological processes, molecular functions, and cellular components. 

•Pathway enrichment analysis:
•Assess the overlap between pathways containing known and novel proteins to identify 
common functional themes. 

•Tissue expression:
• Compare the protein expression profiles of the predicted proteins with those 

ofknown disease-related proteins across various anatomical tissues
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Harmonizing data resources
• To harmonize the primary resources into the graph, established ontologies 

were selected for each node type. 

• Overlap across ontologies is resolved.

Entity Ontology Resource

Diseases Mondo disease ontology https://www.ebi.ac.uk/ols4/ont
ologies/mondo

Genes Entrez ID https://www.ncbi.nlm.nih.gov/g
ene

Proteins Protein ontology https://www.ebi.ac.uk/ols4/ont
ologies/pr

Anatomical entities Uberon https://www.ebi.ac.uk/ols4/ont
ologies/uberon

Biological processes Gene ontology https://geneontology.org/

Molecular functions Gene ontology https://geneontology.org/

Cellular components Gene ontology https://geneontology.org/

Pathways Reactome https://reactome.org/ 18

Pathway enrichment analysis
- Reactome pathway enrichment analysis to assess functional similarity between 
the predicted proteins and known disease-related proteins. 

Pathways enriched in both sets
Significant pathways in predicted set
with relevance to AAA
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Integration to AI workflow

Graph Neural Networks (GNNs) for Multi-Omics Integration:
•GNNs leverage proteomics data AAA patient classification.

•Nodes in the graph represent proteins (both known and novel predicted), and
edges represent relationships between proteins (interactions or co-expression).

•Experimental omics data (protein expression levels in blood and aneurysmal
tissue, experiments ongoing) serve as node features.

Patient-level classification:
•Graphs are aggregated at the patient level, and the patient’s risk category (e.g., low, medium, high risk 
for AAA) is predicted based on the protein expression patterns and network structure.

Dynamic Learning:
•GNNs can adapt as new data (novel proteins, new pathways, etc.) becomes
available.

Clinical Application:
• Personalized treatment strategies for AAA, with precision medicine approaches based on proteomics and pathway data.
• Improved identification of high-risk patients for targeted interventions and monitoring.
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Multi-modal model 
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clustering regression classification

Thank you!

Project coordinator: Kak Khee Yeung (k.yeung@amsterdamumc.nl)

https://vascul-aid.eu

https://vascul-aid.eu/

