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Comprendre les pathologies 
cardio-vasculaires, métaboliques 
et respiratoires pour mieux les 
prévenir  

Médecine translationnelle :  
Patients ← → Recherche 

Lien entre fonction biologique et 
séquences génétiques ?

l’institut du thorax

Bio-informatique  

Données de santé en grand nombre 

‣ calcul haut-débit : infrastructure distribuées  

‣ intégration de données hétérogènes  

‣ modèles explicatifs / prédictifs (IA)

données massives  ➞  nouvelles connaissances



Intracranial aneurysms
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Intracranial aneurysm (ICA)

‣ 3% of the general 
population 

‣ unpredictable rupture 

‣ 50% of death in case of 
rupture 



Type	I

Type	II

Type	III

ICA rupture / stroke

Risk factors 

‣ smocking, alcohol consumption, hypertension, female sex, 
age  

‣ familial history (RRx4) 

In 10% of ICA cases = familial form of AIC with at least 
2 first-degree relatives affected



Surgical clipping

How are they treated ?

Hemorragie clipping

courtesie	of	Dr	Ambrosi	–	CHU	Nantes,	Anesthésie-Réanimation
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+	endovascular	surgeryRegular	MRI

How are they treated ?
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Predict ? 
Understand ? 

Prevent ? 



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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Multi-centric study: 29 contributing centers
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2023 
4 000 ICA cases 
TOF MRIs  
800+ whole genomes

2024 + 
> 3 000 patients per year 

ICAN, UCAN, weCAN projects  

+ recently funded eCAN RHU project



Multi-modal data analysis
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Is it possible to predict IA 
rupture from clinical data ?

Olivia Rousseau



PHASES score

Greving et. al. 2014 : Development of the PHASES score for prediction of risk of rupture of intracranial aneurysms: a pooled 
analysis of six prospective cohort studies.



Applying PHASES score to ICAN clincal data 

• Unfortunately, poor prediction 
accuracy for PHASES (0.59)  

• Better prediction accuracy  
with state-of-the-art  
Machine Learning / Statistical methods 
+ other variables 

• Predictions are still failing in 
around 25% of cases …

integrating imaging or genomic markers ? 

Rousseau O, Karakachoff M, Gaignard A, et al Location of intracranial aneurysms is the main factor associated with rupture in the ICAN population Journal of 
Neurology, Neurosurgery & Psychiatry Published Online First: 23 October 2020. doi: 10.1136/jnnp-2020-324371



Intracranial aneurysms,  
current challenges 

Complex and multi-scale biological phenomenons involved :  

• Impact of life habits ? Image-based evaluation ?  

• Any genetic variant specific to image-based phenotypes ?  

• Mirror aneurysms patient sub-grouping ? (Vincent Lallinec) 

Needs for jointly exploiting genomic data, MR imaging and clinical 
observations … 

… to better understand and predict evolution schemes. 
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#CHROM  POS     ID      REF     ALT     QUAL    FILTER  INFO    FORMAT  39458_2001      39458_2003      39458_2005      
39458_2007      39458_2009      39458_2012      39458_3003      39458_39461     39458_39462     39458_39465     39458_39466     
39458_CD12099   39458_CD12100   39458_CD12252   39458_CD12350   39458_CD12380   39458_CD12406   39458_CD12466   39458_CD12480   
39458_CD12501   39458_CD12586   39458_CD12587   39458_CD12588   39458_CD12704   39458_CD13016   39458_CD13018   39458_CD13178   
39458_CD13363 
1       752566  rs3094315       A       G       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/1     0/0     0/1     0/1     0/1     0/0     0/1     0/1     0/1     0/1     0/1     
0/1     0/0     0/0     0/1     0/1     1/1 
1       754105  rs12184325      C       .       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     
0/0     0/0     0/0     0/0     0/0     0/0 
1       754182  rs3131969       G       A       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/1     0/0     0/1     0/1     0/1     0/0     0/1     0/1     0/1     0/1     0/1     
0/1     0/0     0/0     0/1     0/1     1/1 
1       758626  rs3131954       T       .       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     
0/0     0/0     0/0     0/0     0/0     0/0 
1       768448  rs12562034      G       A       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/0     0/0     0/0     0/1     0/0     0/1     0/1     0/0     0/0     0/0     0/1     
0/0     0/0     0/0     0/0     0/0     0/0 
1       792534  rs2518996       G       .       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     0/0     
0/0     0/0     0/0     0/0     0/0     0/0 
1       798801  rs12132517      G       A       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/1     0/0     0/0     0/1     0/0     1/1     0/1     0/0     0/0     0/0     0/1     
0/1     0/0     0/0     0/0     0/0     0/0 
1       798959  rs11240777      G       A       .       .       PR      GT      ./.     ./.     ./.     ./.     ./.     ./.     
./.     ./.     ./.     ./.     ./.     0/1     0/0     0/0     0/1     0/1     1/1     0/1     0/1     0/1     0/1     0/1     
0/1     0/0     0/0     0/0     0/1     0/0



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

ATCGCGTGGCCTA
ACGATGCGCGATC
GTCGACGCAATCG
GCCTAACGTGGC
CTAATCCGAATCG
ACGCACCGAATC

Genes

FAIR

145 Million facts



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

Person

has_center 
has_clinical_validation

sub_class_of

is_sporadic 
has_phenotype 
rupture

… …

has_history_carotid_artery_stenosis 
has_history_ischemic_artery_disease 
has_history_ischemic_stroke 
has_history_peripheral_artery_disease

…

…

has_hypertension 
has_diabetes 
has_dyslipidemia

…

Tobacco 
consumption

Alcohol 
consumption

has_tobacco

has_alcohol

…

…

duration_in_years 
packs_a_day 
packs_a_year 
status 

absorbed_quantity_g

Aneurysm

has_gender 
has_size 
has_weight 
has_bmi 
has_number_aneurysms 

has_aneurysm

…

has_size 
has_location 
has_been_treated 
has_ruptured 



Genomic markers
‣ Aim : representing associated genetic variations by  

extending reference ontologies (Sequence Ontology, VARIO) 
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Subject

Person

sub_class_of

…

Sample

has_biological_sample

Variant

is_heterozygotous

is_homozygotous_ref 
is_heterozygotous_alt

…has_chromosome 
has_position 
has_ref_allele 
has_alt_allele 
has_quality_score 
has_gene_ensembl_id 
has_gene_name

so:0000694 
(SNP)

is_a

…

…

has_loss_of_function

Loss_Of_Function

GWAS
reported_in_GWAS

vario:0043

sub_class_of

has_trait 
has_pvalue 
has_pubmed_id 

❌



d1, d2 : distances between bifurcations 

r1, r2, r3 : radius of vessels   

𝜃1, 𝜃2 : angles of bifurcations  

r3

Radius

Morph. parameter

Anat. measurement

is a

is a

is a

has unit

 mm 

Dilatation of the cerebral artery

is a

is measurement of

MR device

is generated by

Segmentation algo.

 2.3 

has value

Cerebral berry aneurysm

is estimated by

Anass Nouri

Imaging markers
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Florent Autrusseau



Imaging markers
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Subject

Person

sub_class_of…

…

Bifurcation

Bifurcation

has_bifurcation

has_bifurcation

Quantitative 
Imaging 

Biomarker

Tortuosity

Angle

Diameter

to_bifurcation

from_bifurcation

has_tortuosity 
has_cross_section 
has_min_diameter 
has_max_diameter 
has_angle 

…

…
has_value

has_unit

sub_class_of

CrossSection

sub_class_of



Searching 
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 …

AU
C 

= 
0.7

2
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(controlled) access and sharing

Web demonstrator → https://inexmed-api.univ-nantes.fr
29



Related works



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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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. 34



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 

‣ Represent care pathways and 
guidelines 

‣ Develop a national data hub with  
FAIR intracranial aneurysms data  

‣ Share and enrich data models 
with international initiatives,  
but which ones ?  

‣ Further develop predictive 
approaches (rupture risk 
prediction)
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