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Integrated Biomedical Informatics for the Management 
of Cerebral Aneurysms

http://www.aneurist.org

Personalised risk assessment could reduce unnecessary treatment by 50%, with
concomitant savings estimated in the order of several billions of Euros per year.

Integrated Project, FP6, European Commission
Project duration: 2006-2009 (48 months)
33 Partners
Budget: ~17,5 MEuro

Objectives:

Development of a generic Grid infrastructure for the management and 
processing of heterogeneous data associated with the diagnosis
and treatment of cerebral aneurysms and subarachnoid haemorrhage.

Transform the management of cerebral aneurysm by providing new 
insight, personalised risk assessment and methods for the design of 
improved medical devices and treatment protocols. 
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Integrative Application Suites

@neuEndo

@neuRisk

Improve decision making processes in 
the management of unruptured 
aneurysms by providing a score that 
integrates all the available information for 
identifying at-risk patients and reducing 
current over treatment

Support computational design processes
towards a next generation  of smart flow-
correcting implants to treat ruptured 
aneurysms and reduce current treatment 
costs, side effects and recurrence.

Support the knowledge discovery for 
linking genetics to disease, vasospasm 
and blood clotting after cerebral 
hemorrhage 
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Support the integration of modeling, 
simulation and visualization of 
multimodal data

@neuCompute/Info Support integration of data and 
computing resources.
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Storage Resources
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Compute Resources

AnalysisSimulationModeling

Interoperable Grid Layer

Data 
MediationData AccessData TransferJob Execution

@neuInfo Services
Distributed and heterogeneous data access

@neuCompute Services
Computing and data transport services

Semantic Technologies

Client APIs
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@neurIST Grid Infrastructure – High-Level View
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Data

Service

Service Oriented Architecture
Compute Services
Data Services

Virtualization
Generic service interfaces
QoS support
SLA negotiation

Privacy & Security
patient data made available only to authorized personnel
privacy of the patient is preserved at all times

Technologies
Grid Middleware: GEMSS2, InnerGrid; VGE; Web Services 
Data Integration: OGSA-DAI – WS-DAI; DQP; SQL 
Semantics: OWL, RDF
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DB

@neuInfo Services
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download <result file(s)>

@neuCompute Services

App
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push <result file>
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App. Execution
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Compute Service Scenario - Interaction with Fura

App. Execution

Data Transfer

Compute
Service

Fura
Server

Virtual
Filesystem

Agent

Agent

Agent

Commercial Grid middleware developed by Grid Systems S.A.
Intra-organizational Grid
High-throughput computing
Parameter studies
Load balancing
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@neurIST Data Integration Scenario

Clients

EHR

PDD

EHR EHR

PACSPUBMED

PACS

Data ServiceData Service

Data Service

Approach
Semantic Data Mediation
Federation of Services
CRIM, Ontology
Security, Pseudonymization, …

Hospital information systems
Sheffield, Geneva, 
Rotterdam,…
EHR, PACS, …

Public databases
Genetic: EBI,NCBI
Literature: Medline,
etc.

Product design databases
COTS stents, coils, etc.
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Clinical Reference Information Model (CRIM)
Defines all information to be captured for a patient

clinical information (imaging, diagnostic and treatment data, …)
administrative information
research results produced (indicators)

Biomedical data infostructure
Two different architectures (CIS anonymized DB; on-the-fly access to CIS)

Research ContextTreatment context

Federated
Biomedical

Info 
Structure

Data Capturing
Imaging data
Patient record

Application Suites
Processing &

Analysis

Distributed
queries

Knowledge
discovery

Denormalization
Re-identification

Normalization
De-identification

Information
aquisition & 
structuring

Information
access, analysis
& enrichment
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Virtualization of heterogeneous data sources 
as services

Same access mechanisms 
as compute services 

Different Variants

Data Access Services
access to single data source

Data Mediation Services
integration of multiple data sources

Based on (Grid) standards 

OGSA/DAI, OGSA/DQP

SQL, XML

@neuInfo Data Services
DBS

DBS

CSV
File

CSV
File

Data
Service

Data
Service

XML
DB

Data
Service

Data
Service

DBS

Registry
Registry

Client

Client

Client
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Data Mediation Services

GDMS
Transform.
Functions

OGSA-DAI
Perform 
Document

OGSA-DAI
Response 
Document

GDMS
Mapping
Schema

Data Service

OGSA/DAI

GDMS

Relational XML CSV

Virtual DB

Transparent access to multiple 
data sources

Virtual global schema
Data stays where it is; always live
Schema, language and interface 
transparency

GDMS Mapping Schema
Global-as-View query reformulation
Different views of data

GDMS Transformation Functions
On-the-fly data transformation
via user-defined Java methods
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Distributed Query Processing

Relational 

Data
Service

Host 1

XML 

Data
Service

Host 2

Relational 

Evaluation
Service

Data
Service

Host 3

Data Service
GDMS

OGSA-DQP
Coordinator

OGSA-DAI

Evaluation
Service

Optimize complex queries using multiple 
evaluation services on different hosts.

based on OGSA-DQP

GDMS generates query plan from query 
against global schema

DQP coordinator service distributes 
query plan onto evaluation services

Evaluation services execute parts
of query plan in parallel.
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@neurIST Semantic Technologies

@neurIST Ontology
Global “schema” of the disease
Implemented in OWL-DL
Incorporates existing ontologies

FMA (Foundational Model of Anatomy)
GO (Gene Ontology), DOLCE as Upper Ontology
Concepts mapped to UMLS (Unified Medical Language System)

Semantic grid support (Ongoing Work!)
Semantic annotation of services
Semantic broker (semantic service discovery)
Semantic query resolver (reduce relational complexity)
Semantic mediation between data sources (generation of mapping files)

1183852319

UMLS MapRelationship
Types

Classes

Siegfried Benkner, University of Vienna Copyright © 2009 @neurIST Consortium Grid technologies in e-Health, OGF 25, March 5, 2009 16

Semantic Technologies in @neuInfo

Knowledge Base

Supporting
ontologies (e.g. data

source relations)Semantic data source
annotation

@neurIST domain
ontology

registered

Data
Service

Semantic
Broker

Semantic
Query Resolver

1

2

4

3
5

6

Data
Service

Goal: simplify access to complex distributed data sources utilizing
@neurIST ontology concepts

Semantic Broker to answer the question „What data to combine?“
Semantic Query Resolver to answer the question „How to combine?“

reduces relational complexity
(semi-)automatic generation of mapping schemes

Development of SQR based on UNITY framework
by University of British Columbia.
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Semantic Data Mediation Services

Data ServiceData ServiceData Service

SchemaSchema Schema

Virtual
Schema

Mapping
Schema

Ontology
SDMS

Relational XML CSV

(Semi-)Automatic generation of mapping schemas
Keeps source data untouched (annotations stored in separate repository)

annotation
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@neurIST Trust & Security
Identity established via Security credentials (certificates, …) 
Local security token service (STS) issues security token (SAML) with 
associated attributes.
STS of service provider controls access to services by enforcing 
local policy (XACML). 
Message and transport layer security based on standards.
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Conclusions
@neurIST Project

Develops generic Grid infrastructure for the management and
processing of heterogeneous data for diagnosis and treatment
development for multi-factoral diseases.
SLA-based on-demand simulation and data-integration services
handling multi-scale, multi-modal information at distributed sites.

@neurIST Grid Environment
Compute and Data services with uniform interface based on WS-Standards
leverages GEMSS, VGE, Fura and OGSA-DAI/DQP developments

Challenges
Semantic Data Integration
Security, legal issues, provenance wrt. to patient data
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Contact

Project co-ordinator:
Universitat Pompeu Fabra

Contact person:
Dr. Alejandro Frangi
Tel: +34 93 542 14 51
Fax: +34 93 542 25 17
Email: alejandro.frangi@upf.edu

WWW: http://www.aneurist.org
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Semantic Query Resolver – Use Case
Find patients who

Did not have ischemic events
admission happend with symptomatic aneurism with 5 mm diameter at the Arteria Basilaris 
some cerebrale perfursion X occured

Target Concepts for semantic query:
aneurysm_state
interacranial_aneurysm_location
maxium_diameter
cerebral_ischemic_event
regional_cerebral_perfusion_reserver

Just 4 target tables in two DBs, but
distance between them high (6 joins required)
find the right ones in around 100
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Semantic Query Resolver – Use Case
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Pseudonymisation Service
End-to-end security
Attribute-based access control (SAML, XACML)

Certificate and Registration Authorities; Federated VO model

Security Token Service

Logging, Filtering Services

Auditing

Provenance

built on top of Web services security standards.

@neurIST Security Architecture
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@neurIST Trust & Security
Identity established via Security credentials (certificates, …) 
Local security token service (STS) issues security token (SAML) with 
associated attributes.
STS of service provider controls access to services by enforcing 
local policy (XACML). 
Message and transport layer security based on standards.
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@neurIST bases its development on a

Source: Peter Hunter, Human Physiome Project

service-oriented Grid infrastructure providing
on-demand simulation, analysis and data-integration services
handling multi-scale, multi-modal information at distributed sites.
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Hospital

Hospital 

Hospital

Clinicians

eHealth
Researcher

Ethical
committee

General Practitioner,
Patient

Generic Processes
Obtaining relevant clinical information of patients 
Providing clinical decision support
Offering simulation services
Creating normalized population-based datasets
Providing knowledge discovery services

Data access and integration
Compute power for simulations
Patient data confidentiality

Compute resource
providerData resource

provider
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Integrative Application Suites

Gen data

Personal data

Imaging data

@neuLink

@neuRisk

@neuFuse Genetic risk
databases 

@neuEndo

Epidemiology
knowledge 

Patient

Pharma treatment 

Modelling, simulation
and analysis services 

Modelling, simulation
and analysis services 
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SLA Negotiation and QoS

Compute 
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QoS
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Resources
Client Application

QoS
Negotiator

Request
N=10000

QoS
Start: 2:00
End: 3:20
Price:  10€

Ask for
WSLA offers

Offer WSLA

Accept/
Reject offers

Start: 2:00
End:  3:30
Price: 8€

WSLA offered

Compute 
Service

QoS
Manager Sc
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du
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r

Resources

Service Provider N

Start: 2:00
End:  3:10
Price: 12€
WSLA offered

…

App

App

Client-driven QoS negotiation with potential service providers 
Signed Service Level Agreement (WSLA) exchanged with winner
QoS Negotiation: request/offer model, auction models, ...
QoS Management: performance estimation, resource reservation, …
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Geneva
(OTF)

Sheffield
(ANO) anoDB

XML/DICOM filesFiles

WS with SQL query

XML

WS with SQL queryXML

Hospital Intranet

Data forms
EHR

PACS

IDDB

PACS EHR

Acquisition tool

IDDB

Private @neuInfo
Service

Public @neuInfo
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