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multi-factorial disease → multi-scale data
‣ Intracranial aneurysms: a complex & multifactorial disease  

‣ Inter-disciplicary efforts needed for a better understanding of the 
pathology 

‣ Specific data produced at very specific scales 
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How to jointly analyse  
these  

diverse datasets ? 



❶ what is observed with data ? 
Computational ontology 

 a formal specification of a shared conceptualization  (Borst, 1997)  
→ 1,049 life science ontologies registered in BioPortal (2023)
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Human Phenotype Ontology 

Cerebral berry aneurysm

Dilatation of the cerebral artery

Abnormal cerebral artery morphology

Abnormal systemic arterial morphology

Abnormal vascular morphology

Abnormal vascular morphology

Abnormality of the cardiovascular system

is a

" Concepts (nodes) are connected 
with generalization relations (edges) "
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❷ how to link data from multiple scales ?
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= database: information 
storage / extraction 

= graph: network analysis 

= knowledge base with 
formal semantics : 
    + logical facts  
    + logical inferences
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Knowledge graphs:  a collection of interlinked descriptions of things  
(real-word objects, abstract concepts, events, etc.) 



Bridging 
imaging-omics-

clinical data: 
INEX-MED Multi-scale « Knowledge Graph »

Cells

Organs

Open Data
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Clinical observations
‣ Aim : representing key characteristics of ICA patients
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Subject

Person

has_center 
has_clinical_validation

sub_class_of
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has_phenotype 
rupture

… …

has_history_carotid_artery_stenosis 
has_history_ischemic_artery_disease 
has_history_ischemic_stroke 
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…
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Genomic markers
‣ Aim : representing associated genetic variations by  

extending reference ontologies (Sequence Ontology, VARIO) 
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Subject

Person
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Sample
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d1, d2 : distances between bifurcations 

r1, r2, r3 : radius of vessels   

𝜃1, 𝜃2 : angles of bifurcations  

r3

Radius

Morph. parameter
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is estimated by

Anass Nouri

Imaging markers
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Florent Autrusseau



Imaging markers
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Subject
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Searching 
in multi-scale data ?



Queries with graph patterns
"Give all patients with a mutation in ANGPTL6,  
in the case of a rupture, give me also the age and  
the location of the ruptured aneurysm."

❓
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Select "extreme phenotypes" for genomic studies
< 30 years old ? 

2+ aneurysms ? 

familial forms ?

usable images ?
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Train machine-learning models …
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(controlled) access and sharing

Web demonstrator → https://inexmed-api.univ-nantes.fr
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Related works



Sample knowledge graphs : SPHN network
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Sample knowledge graphs : SPHN network

+ Allergy 

+ Biobank 

+ Consent 

+ Radiology diagnosis 

+ Genomic variants 
position 

+ ECG
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Sample knowledge graphs: Malik et. al. 2020

Malik, K. M., Krishnamurthy, M., Alobaidi, M., Hussain, M., Alam, F., & Malik, G. (2020). Automated domain-specific healthcare knowledge graph curation framework: Subarachnoid 
hemorrhage as phenotype. Expert Systems with Applications, 145, 113120. 19



Unruptured IA:  51 "core" common data elements / 1254 
Age value, Birth date, Birth sex assigned type, Body system category, Race USA category, Sex genotype 
type, Ethnicity USA category, Gender identity type, Gender type,  
 
Aneurysm diameter maximum measurement, Aneurysm height measurement, Aneurysm morphology type, 
Aneurysm width measurement,  
 
Hypertension indicator, 
 
Tobacco current use indicator, Tobacco prior use indicator, Tobacco use started age value, Tobacco use 
stopped age value,  
 
World Federation of Neurological Surgeons (WFNS) - grading system subarachnoid hemorrhage scale 
 
Behavioral history assessment date and time,  
 
Biospecimen collection other text, Biospecimen collection type, 
 
Cerebrospinal fluid collection anatomic site, Cerebrospinal fluid collection anatomic site other text, 
Cerebrospinal fluid collection method other text, Cerebrospinal fluid collection method type,  
 
Data collected date and time, Data source,  
 
History data not obtained reason,  
 
Imaging modality other text, Imaging modality type, Imaging modality vessel imaging angiography type, 
Imaging vessel angiography arterial anatomic site, Imaging vessel angiography arterial result,  
 
Intervention endovascular status, Intervention surgical status, Lab specimen collection date and time,  
 
Medical history condition SNOMED CT code, Medical history condition text, Medical history taken date and 
time,  
 
Specimen acquisition anatomical site, Specimen baseline collection indicator, Specimen biologic source type, 
Specimen centrifugation duration, Specimen centrifugation revolutions per minute value, Specimen 
centrifugation temperature value, Specimen collection tube other text, Specimen collection tube type, 
Specimen not collected reason, Specimen storage temperature value, Specimen time collection process 
interval, 

✓  Large community effort 

✓  Consensual definitions 

⚠  Flat list of terms  

⚠  No recommendation  
     data structures  
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Future works



Wrap up & next steps

‣ Gather consensual expert 
knowledge with 
computational Ontologies 

‣ Knowledge Graphs are 
"machine-processable" 

‣ Link multi-scale data with 
Knowledge Graphs 

‣ Query multi-source data  

ATCGCGTGG
CCTAACGAT
GCGCGATCG
TCGACGCAA
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‣ Include familial relations to query 
IA familial forms  

‣ Share and enrich data models 
with international initiatives  

‣ Further develop predictive 
approaches (rupture risk 
prediction) 

‣ Develop a national data hub on 
intracranial aneurysms (France 
2030 PEPR Santé Numérique 
funding) 
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