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EEXXEECCUUTTIIVVEE  SSUUMMMMAARRYY  
 
The DoW suggests that the “Global Schema of the Disease proposes an integrative disease 
modeling approach linking genetic factors with clinically and epidemiologically observable 
phenotypes of the disease” and “provides a strategy for the decision support system that 
incorporates biomedical information as well as clinical information.”  
 
On the way to the development of a comprehensive model, this third version of the 
deliverable - D 12.3 - starts with the definition and description of the various models and 
approaches in the project to generate a model of the disease in certain scientific areas. WP 
4.1 describes the ontological representation of the conceptual space of the project. WP 4.2 
describes the activities of WP 3 in regard to disease simulation (i.e. the virtual patient 
metaphor (VPM)) and presents related views and entity types, though the final definition of 
the VPM is still under discussion. WP 4.3 outlines the workflow model of guideline based 
patient management and WP 4.4 describes the basic concepts essential for the 
epidemiologist. Note that an elaborated schema of the disease is also provided in the shape 
of the CRIM which is being developed in WP 2/WP 5. 
 
This collection of the disease models used in the project constitutes the basis for the 
generation of a global conceptual schema of the disease; central entity types harvested from 
the models are represented in the @neurIST ontology. The @neurIST ontology integrates 
the conceptualization of each of the described methodological approaches to a large extent 
and thus constitutes a system of standardized semantic reference for the project. In this third 
version of the global disease schema relevant entity types from simulation as well as the 
results of text mining for molecular entities related to intracranial aneurysm and the meta-
analysis of literature on risk indicators were added. 
 
In our view, a generic workflow for establishing global schemata should start with an explicit 
definition of the type and scope of schema a project needs, and of the granularity of the 
representation, followed by an acquisition of entity types and the modelling of the conceptual 
space. 
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11  IInnttrroodduuccttiioonn  

Biomedical informatics deals, amongst other aspects, with integrating heterogeneous data. 
Medical data are often acquired and stored to facilitate patient care (e.g. electronic health 
records) or to structure information for scientific studies (e.g. databases designed for clinical 
studies). Electronic health records are in most cases repositories of poorly structured data 
such as free text documents (e.g. pathology reports or referrals) for images (e.g. NMR or CT 
scans) and medical diagnostic data (often in semi- or fully-structured form). Most medical 
databases share a conceptually patient-centric view or are created for epidemiological 
studies focused on populations. 
  
Biological databases, on the other hand, vary significantly. Whereas early genomics 
databases, such as gene sequence databases, could be organised as simple flat file 
databases having only a single large table, bio-databases representing more complex 
information such as protein-protein interactions or gene expression data have to be 
represented in complex relational data models1. Integration of data(bases) in molecular 
biology and genomics has been achieved by various technical approaches (e.g. the SRS 
system2 developed at EBI or the ENTREZ system3 from NCBI) and, generally speaking, we 
can regard the integration of biomolecular databases as a scientific problem which has been 
addressed already although it has not been fully solved yet. 
 
In contrast, medical database integration is still in its infancy. One of the most common 
misunderstandings in this field is that HL7 could form some sort of semantic hub for clinical 
information. But in fact, HL7 is a standard supporting only messaging of information between 
clinical information systems and not an ontology of concepts used to handle clinical 
information. Therefore, HL7 can be used to exchange patient-related data from one hospital 
to another but this does not imply that it can integrate any two heterogeneous clinical 
information systems at an entity relationship (ER) level (although the HL7 RIM may help in 
standardizing the overall structure of the data). 
 
In the EU Integrated Project @neurIST, we are aiming at linking biomolecular and genomics 
information (i.e. genes, proteins, molecular pathways) to medical information (i.e. electronic 
patient records, clinical study data, individual and population data). More specifically, we are 
planning to integrate all information relevant for the prediction of the intracranial aneurysm 
rupture risk, irrespective of its origin from medical or biological data sources. Moreover, we 
intend not only to integrate databases but to provide also a conceptual framework for disease 
modelling. The idea is to directly use concepts representing the global disease schema as 
entities in probabilistic models. The advantage of this approach is that in all cases where 
concepts derived from the global schema are employed in a (probabilistic) model of the 
disease, the attributes in the relevant fields can eventually be used as attributes in the 
disease model. 
 
The global schema of the disease is hence essential for all attempts for semantic data 
mediation4 in the @neurIST project. The “globalization” of the individual data source 
schemata actually provides the basis for a common semantic mediation as the global 
schema provides the template for the mapping of heterogeneously named but semantically 
identical or related entity-types in databases to each other. 
 
The DoW suggests that the "Global Schema of the Disease proposes an integrative disease 
modeling approach linking genetic factors with clinically and epidemiologically observable 
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phenotypes of the disease” and “provides a strategy for the decision support system that 
incorporates biomedical information as well as clinical information." 
  
The version D 12.1 "Global Schema of the Disease" (02/2007) turned out to be more a report 
on the work done in the WP 4 activities than a global schema/view on intracranial aneurysm. 
However, these activity reports showed already views on the disease, for example the view 
of the ontology on disease, morphology and risk factors (WP 4.1) or the model for 
management of cerebral aneurysms (WP 4.3). The view of the "simulation experts” (WP 4.2) 
was completely missing. Due to this fact chapter 4 in this version provides more exhaustive 
information to the work done in WP 3 while, in general, we kept the descriptions of the work 
done and the methods used rather short.  
 
The WP 4 activity leaders agreed that we will not manage to provide a global and unified 
view on intracranial aneurysms in D 12.3. The aim of this third version is to acknowledge the 
existence of different views with common features, to make steps towards an integrated 
model. For this document, each activity provided a description of their models of intracranial 
aneurysms. 
 
WP 4 has collected all needed entity types relevant in the context of the project; the 
@neurIST ontology integrates them and so finally provides a kind of “global schema of the 
disease”.  
 
Finally we want to emphasize that the meaning of the expression “global schema of the 
disease” is rather fuzzy, and especially the term “schema” is ambiguous. “Global schema of 
the disease” may encompass three different aspects: 
 
 1. ontology (“which kinds of entities are addressed”),  
 2. scientific knowledge (“what do we know or postulate about these kinds of entities”) 
 3. clinical pragmatics (“what must be recorded about the known, claimed and supposed 

facts about concrete patients”).  
 
We acknowledge that it is still a desideratum of @neurIST to bring these things together in a 
consistent and communicable way, and to demonstrate that such a more principled (= 
founded by logics and philosophy) account constitutes an advantage over other solutions. 
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22  CCoonnttrriibbuuttiioonn  ooff  AAccttiivviittyy  WWPP  44..11  iinn  EEssttaabblliisshhiinngg  tthhee  GGlloobbaall  SScchheemmee  ooff  

DDiisseeaassee  

Section authors: Susanne Hanser, Martin Boeker, Juliane Fluck and Holger Stenzhorn 
  

22..11  IInnttrroodduuccttiioonn  

In this activity we are creating a global schema (i.e. an organized representation) for the 
knowledge repositories, databases and unstructured texts that currently exist in the 
consortium. Furthermore, we are integrating all relevant biomedical terminologies needed to 
achieve this task. The schema’s goal is to support semantic mediation and mark-up of data, 
GRID services and to integrate a wide range of biomedical description levels together with 
their associated methods, tools and data. The actual implementation of the schema is a 
formally defined ontology.  
 
The goal of the global schema is to exhaustively cover the project’s conceptual space (cf. 
2.3). In the beginning, we concentrated on identifying and “harvesting” entity types (i.e. 
concepts) and associated relations to describe diseases, patients as well as technical 
devices and data structures for processes of description, therapy and prognosis. These tasks 
were performed by adapting various sources and in collaboration with domain experts in the 
project (cf. 2.6). 
 
From this initial collection we created a well structured and unified model that already 
contains a very substantial part of the overall conceptual space of intracranial aneurysm and 
subarachnoid hemorrhage related matters. The current goal is to put this initial version under 
scrutiny and to further expand it together with the help of the experts. 
 

22..22  MMooddeelllliinngg  PPrriinncciipplleess  aanndd  TTeecchhnniiqquueess  ffoorr  OOnnttoollooggyy  CCoonnssttrruuccttiioonn  

We express the global schema by employing a (domain) ontology: The task of such an 
ontology is the definition of a common vocabulary for researchers to ease the sharing of 
information in a given domain. It includes machine-interpretable definitions of all required 
concepts as well as of the relations associating them. 
 
Our modelling approach constitutes of putting the domain concepts in a hierarchical 
classification through “is_a” (subclass) relations and concurrently integrating them with the 
top-level concepts of the Descriptive Ontology for Linguistic and Cognitive Engineering 
(DOLCE)5 (cf. 2.4.2). Those concepts are in turn associated with each other by using 
semantic relations (e.g. “has_location”/“location_of”, “has_part”/“part_of”, 
“has_participant”/“participant_of” or “has_quality”/“has_value”) derived from the Relation 
Ontology (RO) of the Open Biomedical Ontologies (OBO)6. 
 
In the above described process we are also incorporating “approved” existing ontologies, 
adapted (i.e. simplified) if necessary (e.g. the Foundational Model of Anatomy (FMA)7 for 
anatomical terms and the Gene Ontology (GO)8 for modelling the molecular level). 
Additionally, the concepts in the ontology are mapped to the respective concepts in the 
Unified Medical Language System (UMLS)9. 
 
Following the current state-of-the-art in Semantic Web technology, we are using the 
Protégé10 editor and the OWL-DL11 as language for modelling the ontology. Both the 
RacerPro12 and Pellet13 reasoners are continuously employed during the editing process to 
ensure the logical consistency of the ontology. 
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22..33  CCoonncceeppttuuaall  SSppaaccee  

In several discussions, the following are identified as the main conceptual space:  
 
 Clinical Medicine: This area includes diseases, symptoms, treatments, anatomical 

entities (e.g. cerebral arteries as the possible aneurysm location) as well as patient 
attributes, e.g. age, gender, social background. 
 Molecular Biology: Entity types are e.g. “Gene”, “Protein_Sequence”. 
 Epidemiology: Entity types are e.g. “Prevalence”, “Risk_Ratio”. 
 Simulation: In this field parameters to describe blood flow (e.g. “Velocity”) and factors 

affecting the vessel wall (e.g. “Shear_Stress”) are needed. 
 Disease 
 Risk factor  

 
These areas, however, are not strictly disjoint, as certain entity types can belong to more 
than one area. It is especially evident that terms for diseases and risk factors exhibit a strong 
overlap at least within clinical medicine and epidemiology. This reflects their importance for 
the project requiring a sound model of the respective classes. 
 

22..44  OOnnttoollooggyy  DDeessiiggnn  

In this section we describe our fundamental ideas behind the design of the ontology. 
 

22..44..11  MMaappppiinngg  ttoo  UUnniiffiieedd  MMeeddiiccaall  LLaanngguuaaggee  SSyysstteemm  ((UUMMLLSS))    

Via mapping of the ontology classes to UMLS Unique Concept Identifiers (CUI), we use the 
UMLS as (mapping) “bridge” to other terminologies to detect additional related terms. Also, 
the UMLS provides concept definitions from several source vocabularies. 
 
The UMLS is a repository of about one million concepts from different biomedical 
terminologies (e.g. Medical Subject Heading (MeSH)14, International Classification of 
Diseases (ICD)15, GO), related via the UMLS Metathesaurus. Where possible, the terms 
were mapped to CUIs using the MetaMapTransfer MMTX tool16. The mapping results were 
controlled and corrected manually in case of wrong automatic mapping which occurred 
frequently especially in the field of anatomical entities. This work was time-consuming but 
extremely useful since the mapping to UMLS CUIs provides a preliminary classification of our 
candidate concepts according to the top level categories of the UMLS Semantic Network17 as 
well as a mapping to existing biomedical vocabularies containing adequate entities.  
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22..44..22  DDOOLLCCEE  aass  OOnnttoollooggyy  TToopp--LLeevveell  ((““PPaarrttiiccuullaarr””))  

 
The DOLCE was designed as the first 
module of the WonderWeb Foundational 
Ontologies Library18. We regard this top-
level ontology as the most suitable base to 
achieve a sound and consistent 
classification of the project’s conceptual 
space. DOLCE classifies “Particular”s (i.e. 
all things) according to the following top 
categories: 
 
 Endurant: object- or substance-like 

entities (e.g. “Internal_Carotid_ Artery”, 
“Blood”) 
 Perdurant: event- or state-like entities 

(e.g. “Angioplasty”, 
“Hypertensive_Disease”) 
 Quality: individual attributes (e.g. 

“Blood_Pressure”, “Sex”) 
 Abstract: mainly conceptual “Region”s 

for structuring attributes (i.e. “Value”s) 
(e.g. “Male” as a possible value for the 
quality “Sex”) 

 

Figure 1:  Top level categories adopted from 
DOLCE, used for the primary classification 
of the entity types considered relevant 
within the project 

 
 

 

22..44..33  SSppeecciiffiicc  TToopp--LLeevveell  ((““PPaarrttiiccuullaarr  iinn  CCoonntteexxtt””))  

Besides our classification of the domain’s entity types under these top-level classes, we 
introduced a secondary hierarchy for representing entity types in certain contexts of human 
knowledge (“Particular” in clinical, epidemiologic, simulation and genetic contexts and risk 
factor). These classes correspond to the respective areas in the conceptual space and model 
entity types like “Risk”, “Risk_Factor” or “Associated_ Disease”. It considers what e.g. an 
intracranial aneurysm primarily is: an abnormal anatomical structure (and not a disease). Our 
view on the entity types on intracranial aneurysms (e.g. “Risk” or “Therapy”) depends on the 
state of the constantly changing human knowledge in the field. Thus, the “Particular” part of 
the ontology provides an accurate model of “the world”, the “Particular_in_Context” part a 
model of human knowledge of the world. E.g. “A cerebral aneurysm is located in the brain.” 
belongs to the first and “Smoking is a risk factor for aneurysm rupture.” to the second 
category. 
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Patient

Hyper-

tensive 

Disease

Ruptured 

Intracranial 

Aneurysm 

State

Intracranial 

Aneurysm

Aneurysm 

Rupture  

Disposition

has_disposition/

disposition_of

realization_of/

has_realization

dol:participant-in

/dol:participant

triggered_by/

/triggers
dol:participant-in

/dol:participant

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Model of the relations between Patient, Hypertensive_Disease, 
Ruptured_Intracranial_Aneurym_State, and the Aneurysm_Rupture_Disposition 

 

In an ontological sense, diseases are not primarily risk factors but biological processes or 
states but they can play the role of risk factors which needs to be represented in the 
ontology. Hence we cannot claiming that e.g. “Hypertension is_a Risk_Factor”. A first 
suggestion to use simple properties like “is_risk_factor_for” was found to be insufficient (i.e. 
not complex enough) and consequently, we decided to create specific classes for certain risk 
factors. The model represents different types of risk factors (i.e., presence of a disease, a 
certain genotype, life style factor, a treatment, see Fig. 1) and also combinations of risk 
factors (e.g. hypertension in conjunction with smoking) and the grade of risk (i.e. “Low”, 
“Medium”, “High” or even “Risk_Increase_of_x_Percent”). “Proven_Risk_Factor”s are distinct 
from “Suspected_Risk_Factor”s and also from factors which, at the moment, are just known 
to co-occur with intracranial aneurysm or aneurysm rupture. At the moment, the ontology 
represents the “Proven_Risk_Factors” and “Suspected_Risk_Factors” of the WP 2.2 
database scaffold (see also Fig. 3, middle column). More input is needed to further extend 
and improve this. 
 

22..44..44  AAnnaattoommyy  

The Foundational Model of Anatomy (FMA) is a domain ontology representing the explicit 
declarative knowledge about human anatomy and provides anatomical information in 
symbolic (non-graphical) form to knowledge modellers and developers of applications for 
education, clinical medicine, electronic health record and biomedical research. The intent is 
to assure a consistent standard in anatomical representation. However, besides adopting the 
FMA model of intracranial vessels, it is essential to add names and acronyms for vessels and 
their segments used by neurosurgeons as well. This need is met by provision of associated 
synonyms and acronyms in a database linked to the ontology. 
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22..44..55  EExxaammppllee  iinn  PPrroottééggéé  

Figure 3 shows an extract of the ontology in the Protégé editor. In the left column the primary 
classification (i.e. the asserted hierarchy) of concepts is shown. This classification is done 
manually according to the DOLCE top level categories (cf. 2.4.2). The middle column 
presents the inferred hierarchy, automatically classified using one of the reasoner 
applications (cf. section 2.2) and presenting different views on certain entity types (e.g. 
biologic processes or states as risk factors). In the right column there are annotations (i.e. 
definition and the UMLS concept identifier (CUI)) and the asserted conditions (i.e. the relation 
to the superclass and associated classes). 
 

 
 

Figure 3: Screenshot of the ontology in the Protégé editor.  

 

22..55  AApppplliiccaabbiilliittyy  ooff  tthhee  MMooddeelllliinngg  AApppprrooaacchh  

Below we describe how the ontology can be employed in different scenarios. 
 

22..55..11  RReepprreesseennttaattiioonn  ooff  DDoommaaiinn  KKnnoowwlleeddggee  

The ontology represents knowledge in the domain of interest and can be used as a 
knowledge base providing textual and formal definitions of classes, linking to standard 
terminologies via UMLS identifiers. In combination with a lexicon, the ontology also provides 
services for synonym control and cross-lingual access to classes.  
As a standardized resource for the given application, the ontology controls the vocabulary for 
documentation tasks and provides a resource for text mining applications. It can furthermore 
help to make implicit knowledge explicit by using reasoner applications to classify the 
ontology. 

Asserted 
(primary) 
hierarchy 

Inferred 
hierarchy 

 

Annotations: 
Definition… 

…and 
asserted 
conditions 
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22..55..22  IInntteerrooppeerraabbiilliittyy  

By providing a semantically defined common resource, an ontology enables interoperability 
between data and applications. The meaning of data and operations on data is specified by 
linking to ontology classes (e.g. in this project, this is already performed by mapping the 
CRIM attributes to UMLS and thus to the ontology). 
 

22..55..33  NNaavviiggaattiioonn  aanndd  DDaattaabbaassee//OObbjjeecctt  MMooddeelllliinngg  

An ontology describes all classes and the relations between them explicitly and formally and 
can thus be used directly in visual or conceptual navigation applications. This explicitness 
can also be applied to create and build databases, object models as well as whole 
architectures. 

 
 

Figure 4: Disciplines providing input to the conceptual space of the aneurIST ontology and its 
main application areas 

 

22..66  SSoouurrcceess  ooff  OOnnttoollooggyy  CCoonncceeppttss  

Sources of relevant entity types in the domain were 1. clinical databases and information 
models (CRIM), 2. literature (high frequency domain specific terms extracted from literature), 
3. domain experts, 4. the UMLS Metathesaurus, and 5. open-source databases (e.g. in the 
molecular biology field). 
 
(For details see D 12.1, chapter 2.1.2, page 15-17) 
 

22..77  OOvveerrvviieeww  oonn  OOnnttoollooggyy  VVeerrssiioonnss  

The following table gives an overview of the versions of the ontology that have been made 
available so far to the consortium via the collaborative workspace on the official project 
website. 
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Publication Date Version Classes Relationship 
Types 

Definitions UMLS Mapping 

09.07.2006 01b 396 6 188 204 

06.10.2006 1_061006 1268 13 550 836 

21.11.2006 1_061121 1439 15 618 936 

14.03.2007 1_070314 2319 85 1096 1183 

15.04.2009 1_1004486 2991 102 2032 1581 

 

Table 1: Published Ontology Versions 

 

22..77..11  FFoorrmmaattss  aanndd  UUssaabbiilliittyy  SSppeecciiffiiccaattiioonnss  

For annotation and retrieval purposes, we additionally stored the ontology terms (i.e. class 
names) in a database table and provided synonyms (i.e. from the CRIM, literature, UMLS, 
etc.) and definitions in additional tables. Also, Python scripts were developed to extract 
certain parts of the ontology (in particular term-CUI-lists). A web interface for easy access 
and navigation is under active development at the moment.  
 

22..88  CCoovveerraaggee  ooff  DDaattaa  SSoouurrcceess  bbyy  OOnnttoollooggyy  CCoonncceeppttss  

In the following we depict how and to which extent each of the mentioned sources is covered 
at the current state of the ontology. 
 

22..88..11  CClliinniiccaall  DDaattaa  SSoouurrcceess    

The majority of the classes of the latest ontology version originate from the CRIM. Thus, we 
already have a good coverage, especially in the area of clinical medicine (i.e. diseases, 
substances, therapies and patient attributes). The majority of the terms extracted by 
terminology analysis also cover the field of clinical medicine. In addition, Robin Poston 
provided an elaborated model of aneurysm formation from a pathologist’s view, including 
about a dozen additional entity types and relations. 
 

22..88..22    EEppiiddeemmiioollooggiiccaall  FFaaccttoorrss  

Miriam Sturkenboom (MI-EMC) provided a list of epidemiological entity types (“Incidence”, 
“Prevalence”, “Odds_Ratio”, etc). The knowledge on risk factors (56 classes) currently 
comes from the Patient Database scaffold. 
 

22..88..33  SSiimmuullaattiioonn  CCoonncceeppttss  

We were provided us with the concepts needed to cover the area of simulation. They 
encompass concepts for identifying input conditions required for individualised predictive 
simulations values and for defining analysis protocols and data reduction strategies as well 
as concepts for image processing and hemodynamics simulation workflows. 
 

22..88..44    OOtthheerr  AArreeaass  

For the molecular information there exist several data sources for genes, chromosomal 
locations and Single Nucleotide Polymorphisms (SNPs) associated with aneurysm which has 
to be integrated into the ontology. Sources for genes involved in aneurysms are the 
databases GAD (15 genes) and OMIM (6 genes plus 4 chromosomal locations), the CRIM 
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and also information from epidemiological studies and the results of text mining approaches. 
Genes and corresponding Single Nucleotide Polymorphism (SNP) information extracted with 
text mining methods will be entered into the ontology. A biological classification for these 
genes extracted from GO (i.e. biological process, molecular function and cellular component) 
are also to be integrated in the ontology.  
 
Additionally, processes directly involved in the aneurysm aetiology will be classified in more 
detail and include expert knowledge from other work packages (e.g. WP 3.5). 
 

22..99  OOnnttoollooggyy  UUssee  CCaassee::  TTeexxtt  MMiinniinngg  AApppprrooaacchh  ttoo  IIddeennttiiffyy  MMoolleeccuullaarr  EEnnttiittiieess  

Scientific publications are the most comprehensive source for knowledge. For the MeSH 
term “intracranial aneurysm” in PubMed approximately 16.000 articles and 1,400 reviews are 
listed and this number will grow further over time. Extending the search by diseases known 
as risk factors (e.g. polycystic kidney disease) or biological processes having an impact for 
the risk of the formation of cerebral aneurysm (e.g. mechanical stability of the vessel) will 
multiply the number of relevant publications. Text mining systems can be used here to 
automatically extract relevant information for generating of a disease specific ontology. Term 
recognition and analysis of the mentioned text corpora could identify relevant biomedical 
terms, thereby identifying the terminology which should be incorporated in the disease 
related ontology.  
 
Furthermore, text mining systems can be used to automatically extract relations between 
molecular entities and aneurysm from texts and provide a condensed overview about the 
disease area. Specific variations in genes such as insertions, deletions, and named 
sequence variants (collectively referred as SNPs for simplicity) could be involved in the 
formation of aneurysm and may increase rupture risk. A few alleles of genes that are 
suspected to contribute to the overall risk of aneurysm formation and aneurysm rupture were 
integrated in the CRIM framework already. Additionally, changes in gene expression or in the 
amount of specific proteins could be accompanying factors linked to the disease and may 
serve as important diagnostic factors for medical decision support. Moreover, the knowledge 
on the molecular networks of genes and proteins interacting at different levels (protein-
protein interactions; gene regulatory networks) that are presumably involved in the molecular 
aetiology leading to the formation of cerebral aneurysm could support the determination of 
the rupture risk. Besides genes and proteins, other biological entities like hormones, 
metabolites, extracellular matrix components or drugs are candidates to be included in a 
disease model. 
 
Searching for occurrences of gene and protein names with the ProMiner19 software in an 
intracranial aneurysm abstract corpus of 16 000 articles identified 273 genes which may be 
linked in any way to the disease. An analysis of the relationship of a part of these genes 
revealed a higher number of genes than already included in the CRIM, which may be 
suspected to influence aneurysm formation. But also other relationships of genes/proteins to 
the disease do exist. The expression of genes is altered with aneurysm formation and some 
proteins could be used as treatment. Other proteins are used as diagnostic factors. To 
provide an overview of the relationship between molecular entities and the disease 
aneurysm, a classification of these relationships is necessary and additionally relations to 
risk factors or relevant biological processes should be included. Here, the terminology and 
classification provided by the aneurysm ontology will serve as basis for the development of 
automatic text mining strategies.  
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The terminology will be used for the extraction of relationships between aneurysm-related 
concepts and molecular entities and the classification for structuring and categorisation of the 
results. These classes of the ontology will then also be used for a structured visualization of 
the text mining results (cf. WP 5.1 @neuLink). 
 
SNP information and other types of gene sequence variants, such as insertions or deletions 
will be identified by the OSIRIS20 tool and linked to genes found to be related to aneurysms 
in the texts. OSIRIS integrates different sources of database information and searches for 
gene specific SNP information in the relevant MEDLINE abstracts. 
 
To unravel biological functional networks of interacting proteins, gene regulatory events and 
signalling pathways involved in cerebral aneurysm formation and rupture interaction, 
networks of the genes identified in the above-described approach will be extracted from the 
entire MEDLINE with the help of text mining methods. Biological processes that might be 
affected by these alleles could be identified in this way. The inclusion of other molecular 
entities, like metabolites or drugs, will depend on available sources for the generation of 
comprehensive dictionaries. 
 

22..1100  VViieeww  ooff  WWPP  44..11  oonn  tthhee  GGlloobbaall  SScchheemmaa  ooff  tthhee  DDiisseeaassee  

Below we describe how this particular work package activity sees the global schema of the 
disease. 
 

22..1100..11    CCaappaacciittyy  ooff  tthhee  OOnnttoollooggyy  ttoo  PPrroovviiddee  tthhee  GGlloobbaall  SScchheemmaa  ooff  tthhee  DDiisseeaassee    

A “global schema of the disease” has to cover basically all areas of clinical medicine, 
molecular biology, epidemiology, simulation, disease and risk factors (cf. 2.3). At the 
moment, the ontology models the already collected entity types. These concepts mainly 
belong to clinical medicine, including e.g. “patient” and the corresponding characteristics, 
anatomical entities, diseases, signs and symptoms. 
 
The area of “risk” and “risk factors” is also represented in a basic way, ready for expert 
review and for expansion in the course of further knowledge acquisition. For an illustration, 
see section 2.10.3 below, giving an example clinical situation related to the disease. Our 
approach to generating this representation, however, can be applied to other fields as well: 
Terminology and knowledge acquisition (i.e. identification of relevant entity types and the 
relations associating them) through input from experts, from literature (i.e. terminology 
analysis) and from database structures. Therefore it is crucial to get timely and exhaustive 
access to these sources. 
 

22..1100..22    RReeqquuiirreemmeennttss  ffoorr  CCoovveerriinngg  tthhee  EEnnttiirree  FFiieelldd    

To achieve a better coverage, the identification (through the help of experts) and integration 
of additional entity types from histology, molecular biology and genetics, epidemiology and 
simulation is necessary. Furthermore, we need an overview of the information in those fields 
stored in sources both within the project as well as publicly available (i.e. databases and data 
structures). 
 

22..1100..33    FFiirrsstt  AApppprrooaacchh  ttoo  tthhee  GGlloobbaall  SScchheemmaa  ooff  tthhee  DDiisseeaassee  

The ontology constitutes a model of the conceptual space related to intracranial aneurysm 
and subarachnoid hemorrhage. Besides hierarchical information (e.g. an “intracranial 
aneurysm” is a subordinate concept of “aneurysm”), the ontology relates entities using 
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various relations (e.g. “part_of”, “participates” or “triggers”) and defines the meaning of entity 
types in a formal language. 
 
The actual model of the conceptual space currently presents nearly 3000 entity types, 
classified in a hierarchy as perdurants, endurants, qualities and value ranges. Using a list of 
102 properties, the ontology defines relations between different classes, like: 
 
 patient, pathologic anatomic entity and disease (“participates_in”/“has_participant”) 
 ability and diagnostic test (“evaluated_by”/“evaluates”) 
 artery and artery segment (“has_part”/“part_of”) 
 substance and drug (“active_ingredient_of”/“has_active_ingredient”) 
 finding and disease (“realization_of”/“has_realization”)  
 abnormal anatomical entity and anatomical location (“has_location”/“location_of”) 
 biological states or processes (“Risk_Factor”) and dispositions (“triggers”) 
 other associations between entities (“associated_with”) 

 
The following Figure 5 illustrates our representation of a possible situation and shows part of 
the ontology model for entity types in the context of cerebral aneurysms, aneurysm rupture 
and subarachnoid hemorrhage. The example displays entity types from the area of clinical 
medicine (i.e. “Patient”, “Intracranial_Aneurysm_State”, 
“Member_of_Affected_Family_State”, “Middle_Cerebral_Artery_A1_Segment” and 
“Intracranial_Aneurysm” which are anatomical entities and also a “Disposition” to bear or 
develop an aneurysm) and the relations between them. 
 
Scenario: "A patient with a positive familial history of Intracranial Aneurysm (IA) is bearer of 
an IA of the MCA-M1 Segment" 
 
A “Patient” “participates_in” a disease (“Intracranial_Aneurysm_State” which is the pathologic 
state of bearing an aneurysm). An “Intracranial_Aneurysm” (i.e. an anatomical abnormality) 
participates, too. The patient has a positive family history of cerebral aneurysm. In our model, 
he “participates_in” a biologic state related to this fact (i.e. bearing a certain genotype). 
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Patient

Intracranial

Aneurysm

Intracranial

Aneurysm State

Intracranial

Aneurysm State 

Disposition

Member of 

Affected Family

State

participates_in /

has_participant

participates_in/has_participant

triggers /

triggered_by

has_disposition /

disposition_of

ćrisk factors ĥ are States or Processes ćtriggering ĥ a disposition

Middle Cerebral Artery A1 Segment

has_location/location_of

 
Figure 5: Model of a possible clinical situation in the @neurIST project 

 
Table 2 recapitulates this example by stating the used classes and relations. 
 

Subject Class Relation Object Class 

Patient participates_in Member_of_IA_Affected_Family_State 

Patient participates_in Intracranial_Aneurysm_State 

Intracranial_Aneurysm participates_in Intracranial_Aneurysm_State 

Intracranial_Aneurysm has_location Middle_Cerebral_Artery_M1_Segment 

Member_of_IA_Affected_Family_State triggers IA_State_Disposition 

 

Table 2: Example of the clinical scenario with ontology classes and relations 
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33  CCoonnttrriibbuuttiioonn  ooff  AAccttiivviittyy  WWPP  44..22  iinn  EEssttaabblliisshhiinngg  tthhee  GGlloobbaall  SScchheemmee  ooff  

DDiisseeaassee  

Section author: Alessandro Radaelli, Guntram Berti (update & data model section) 
 

33..11  IInnttrroodduuccttiioonn  

The objectives of WP 4.2 are a formal description of the global disease simulation model 
integrating concepts and entity types defined in WP 3. This includes the identification of input 
conditions required to give individualised predictive value to simulations and support the 
definition of the analysis protocol and data reduction strategies addressed in WP 3. 
 
A formal description of the medical image processing and hemodynamics simulation 
workflows has already been included in WP 4.221. This description has focused on the 
integration of modules developed in WP 3 within @neuFuse, reflecting the main effort of 
activities in WP 3 for the period PM 1 to PM 15. 
 
The second phase of WP 4.2 applies to the development of a conceptual framework for the 
disease simulation model and its integration in the global disease schema addressed in WP 
4.  
 
The third phase of WP4.2 concentrated on work towards a concrete implementation of these 
concepts, and has lead to a data model for the data derived by the simulation workflows. 
 
Figure 6 provides an illustration of the disease simulation model where each component and 
their intrinsic relationship are depicted. As described in the DoW, “the quantitative 
characterizations developed in WP 3 will be integrated in WP 4 with the data collected in WP 
2, where epidemiological and statistical processing tools will establish associations with 
patient risk. This will be exploited directly in @neuRisk.”22 The work in WP 4.2 involves the 
identification of inputs and outputs of each quantitative characterization model component 
developed in WP 3, the design of a strategy for the definition and retrieval of input data from 
WP 2 or other sources, the identification of the relevant physical entities output of the 
disease simulation model defined in WP 3 and the extension of the Global Disease Schema 
and the existing @neurIST ontology by these entities and their relationship.  
 
An important activity in this process is the development of the Virtual Patient Metaphor 
(VPM). The VPM represents a conceptual integration framework of all input conditions 
required by the complex processing chain in WP 3. The VPM represents the totality of a 
patient and is the product of the integration of input entities, values and ranges of values 
identified for each model developed in WP 3. From the D11, “It is hypothesised that, although 
many input parameters for the physical characterisation process cannot be measured (and 
even more cannot be measured under the appropriate physiological conditions), they can be 
deduced from available patient, group or population data. It is this hypothesis that underpins 
the development in @neurIST of ‘the virtual patient metaphor’. […] This metaphor has great 
value in its own right, because in itself it represents a characterisation of the patient or class 
of patient, but furthermore it serves as a principal data source for the ‘complex information 
processing’ characterisation of WP 3 (and particularly for WPs 3.2, 3.3, 3.4 and 3.5). The 
virtual patient metaphor will be the source of input information when directly-measured 
patient-specific data is unavailable, or when extrapolation is required.”23 
 
The VPM was originally conceived as an interface to the final result of the @neurist project, 
aiming to produce a single, understandable and upgradeable front end to the complex 
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models underlying in the @neurist software. The final user of the @neurist software should 
be able to formulate queries to the system by providing variable amount of data regarding the 
patient. Sometimes, the only data available for the patient is the age and clinical data coming 
out of a preliminary anamnesis, in occasions, detailed radiological data would be available. 
Another source of diversity is the purpose of the query itself, in the sense that some potential 
users of the @neurist software could be interested to obtain predictions about groups of 
patients. In either case, a single software front end must allow the input of all the information 
available, which will be completed with information provided by the system (usually average 
input, based on the data provided) to build a full “virtual patient” profile in every query (see 
Figure 7). This model of user interaction has the advantages of (i) provide a single query 
metaphor for carrying out diverse kind of interrogations (ii) hide the system complexity from 
the user and (iii) present the non-expert users familiar concepts and terms, easy to 
understand. 
 
The proposed VPM and its apparent simplicity must isolate the user from two of the more 
complex aspects of the @neurist software: the diversity of the models and it dynamic nature. 
With respect to the first aspect, a user query can trigger predictions from statistical and 
probabilistic models or start computational simulations in remote servers. At the end, the 
results will be integrated and the system will present the user an integrated prediction in 
terms of risk or advice. With respect to the second aspect, all the models used by the system 
can be updated using new data and knowledge, including the data from the present query. 
The VPM simply uses the current status of the model set to produce the best possible 
answer.  
 
The definition of the VPM strongly depends on the identification of those entities representing 
the outputs of each characterization model. These are the descriptors identified in WP 3 and 
include morphodynamic factors (WP 3.1), mechanobiological factors (WP 3.2), hemodynamic 
factors (WP 3.3), patient level data and systemic factors (WP 3.4) and molecular, cellular and 
biological factors (WP 3.5). Each activity corresponds to an independent model component 
that outputs descriptors of physical factors that have been associated to aneurismal rupture 
and/or growth. As described in the D11 regarding the analysis protocol, “established 
characteristic measures of the aneurysm will be returned to the @neurIST databases, and 
will subsequently be subjected to statistical investigation to find association between these 
characteristics and the risk of rupture.” However, in general we find, in cases where “the 
effects of changes in patient physiology on the characteristic measures” (which will be 
considered diagnostic power of the output) are likely to be higher, the availability of the 
corresponding input conditions and the confidence in their measure for individual patients 
tend to be lower. For instance, exact knowledge of the stress distribution in the aneurysm 
would permit rather accurate predictions of rupture risk, yet the physiological parameters 
needed for computing this stress distribution are generally unknown. It is a task of WP 4.2 to 
propose a strategy to establish whether input conditions require individualization or if 
extrapolation for them would be more appropriate, and to deduce average input conditions, 
for example taking into account factors in the patient phenotype or genotype. 
 
However, the use of average input conditions and the need of individualization have to be 
balanced against the impact of such modeling strategies onto the reliability of the 
placemarkers that will be returned to the @neurIST databases. It must be noted that the 
identification of relevant output entities in WP 3 has gone through a debate that is still open. 
The approach adopted by the simulation community has typically been to test on a given 
patient population clinical hypothesis related to the relevance and association of a given 
entity (commonly associated to a physical factor) with aneurismal risk of rupture. However, 
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studies have been conducted on limited patient populations (30-40 aneurysms) and often 
presented a bias towards a particular aneurismal location and size24,25,26,27,28,29,30,31. The 
relationship of the associated physical factors with disease biology is often work in progress 
and the relationship of the derived entities with aneurysmal risk of rupture is sometimes not 
universally agreed even within the simulation community. In addition, simulation models 
developed in WP 3 involve important simplifications and assumptions, which require to be 
verified. For example, the association to rupture of physical factors such as, inter alia, wall 
shear stress and pressure elevation is commonly observed on aneurysms after rupture has 
occurred. The accuracy of image acquisition has also an impact on the reliability of the 
simulation models.  
 
The design of the VPM has the potential of providing a framework for the verification, 
validation and sensitivity analysis of the proposed output entities to the VPM input conditions. 
A task in WP 4.2 will be the definition of focused studies to assess the sensitivity of the 
proposed disease simulation model and its components to the input conditions and to 
establish whether these require individualization or can be deduced from available patient, 
group or population data.  
 
As a first step, this document focuses on the identification of those entities describing inputs 
and outputs of each model component developed in WP 3. This contributes to the deliverable 
D 12.3, which aims at the identification of a Global Disease Schema representing, from the 
DoW, “an integrative disease modeling approach”. We provide here an inventory of entity 
types used for the description of aneurysm in the disease simulation models and give a 
framework for the identification of the relations between them. 
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Figure 6: Illustration of the global disease simulation schema. Activities, institutions in charge 
of the execution of each model component and the intrinsic relationships between research 

groups in WP 3 are also depicted. 

 

33..22  DDeessccrriippttiioonn  ooff  DDiisseeaassee  SSiimmuullaattiioonn  MMooddeellss  

Figure 7 provides a general description of the simulation disease model and its interaction 
with the VPM. The model requires input conditions that are patient-specific or derived from 
the VPM. The VPM includes data acquired from several sources and adapts values and 
ranges of values of the required input conditions to determinants such as age, sex, 
phenotype, etc. of the patient. The VPM should also provide a framework to predict changes 
in input conditions upon changes in patient status. The simulation models are then applied as 
described in 26. These provide descriptors of specific factors that have been associated to 
aneurysmal rupture. Hemodynamic and mechanobiological factors may correspond to large 
amount of data. Data reduction is applied to the model outputs so as to provide a minimal 
and manageable number of characteristic measures to support risk assessment and clinical 
decision making. 
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Figure 7: Illustration of the general conceptual framework for the disease simulation model and 
the Virtual Patient Metaphor (VPM) 

 
In the following sections, an inventory of specific inputs and outputs of each characterization 
model developed in WP 3 is provided. Interactions between models are identified and 
reduced output data are detailed where applicable.  
 

33..33  MMoorrpphhooddyynnaammiicc  FFaaccttoorrss  ((WWPP  33..11))  

Morphodynamic factors refer to static and dynamic morphological descriptors selected to 
characterize the aneurysm and its deformation during a heart cycle and predict aneurismal 
growth and rupture.  
 

33..33..11  MMoorrpphhoollooggiiccaall  CChhaarraacctteerriizzaattiioonn  

 

33..33..11..11  WWoorrkkiinngg  HHyyppootthheessiiss  

The risk of rupture of an aneurysm can be (partly) estimated by studying its shape. Current 
shape descriptors in use in clinical practice include size or aspect ration. It is believed that a 
robust shape analysis at different level of details will produce an accurate description for 
discriminating ruptured from non-ruptured aneurysms in a training database and estimating 
the risk of rupture of a new aneurysm from the rupture information of its closest neighbours 
(in terms of shape) in the database. 
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33..33..11..22  PPrroocceessss  DDeessccrriippttiioonn  

The morphological characterization process is performed on a surface representation of the 
aneurysm (triangular mesh). To produce such surface representation from the 3D medical 
image (the modalities in use are Computed Tomography Angiography (CTA) and 3D 
Rotational Angiography (3DRA)), the following image processing components are required 
(all of them are being implemented in WP 3.1): 
 
 A segmentation algorithm that extracts the vasculature and the aneurysm from the 

input image (the output of the segmentation algorithm can be represented as a distance 
map); 
 Topological correction tools that correct inconsistencies in the segmentation output 

(holes, missing vessel section, fused vessels, ...); 
 Meshing tools that produce a (topologically correct) surface representation. 

 
From the surface representation the following operations are performed during the shape 
characterization process: 
 
 Computation of the shape skeleton (centre line); 
 Cut planes selection for isolating the aneurysm and the closest bifurcations; 
 Centring and scaling of the extracted shape in a unit sphere; 
 Computation of Zernike moments; 
 Computation of moments invariants from the Zernike moments; 

 
The whole process is illustrated in Figure 8 
 

 
 

Figure 8: Description of the morphological characterization process 

 
Zernike coefficients decompose the aneurysm shape at different level of detail. The lower 
levels describe features corresponding to render low spatial frequencies. The first order 
represents the closest sphere, while higher orders represent high curvature details. A visual 
rendering of the surface recovered by considering successive moment orders is given in 
Figure 9. 
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Figure 9: Representation of the shape obtained by including orders of increasing magnitude in 

the reconstruction of the shape 

 

Inputs Outputs 

Triangular surface mesh representing 
aneurysm and vasculature extracted from 
medical images (cluster of numbers 
representing nodes sampled on the 
vascular surface and connectivity between 
them) 

Volume and area of the aneurysm (two 
numbers) 

 
A vector of Zernike moments until order 
20 (around 1000 complex numbers) 

 
A vector of Zernike moment invariants 
until order 20 (121 real numbers) 

 

Table 3: Input and output relation 

 

33..33..22  MMoorrpphhooddyynnaammiicc  CChhaarraacctteerriizzaattiioonn  

 

33..33..22..11  WWoorrkkiinngg  HHyyppootthheessiiss  

Morphological characterization (as described above) is based on static acquisition over the 
cardiac cycle. It is believed that a time representation of the aneurysm shape over the 
cardiac cycle (i.e. a morphodynamic characterization) can provide local descriptors based on 
movement analysis and that such local characterization can help to predict the rupture site.  
 

33..33..22..22  PPrroocceessss  DDeessccrriippttiioonn  

Cardiac gated 4DCTA acquisitions provide the reconstruction of the studied volume at 
different instants during the cardiac cycle. Such sequences could be used in combination 
with image registration techniques to obtain a volumetric displacement field representing the 
morphodynamics of an aneurysm. Figure 10 illustrates the resulting 4DCTA acquisition for a 
silicon sidewall aneurysm phantom. 
 
 
 
 



 

26 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

Inputs Outputs 

A cardiac gated 4D CTA image 
sequence (sequence of 3D 
volumetric data, which is a 
structured 4D matrix of numbers) 

A volumetric displacement field providing, at each point 
in the volume, the sequence of 3D displacement over 
time (cluster of numbers, whose size depends on 
aneurismal/image size) 

 

Table 4: Input and output relation 

 

 
Figure 10: 4DCTA acquisition of a pulsating phantom 

 

33..44  MMeecchhaannoobbiioollooggiiccaall  FFaaccttoorrss  ((WWPP  33..22))  

Mechanobiological factors describe the structural characteristics of the aneurysm, including 
strain or stress fields or combinations of the two. It is hypothesised that the best measure of 
imminent rupture of an aneurysm is likely to be associated with the stress or strain 
distribution in the wall. Most materials, including tissue, fail when these parameters reach 
critical values. These are important partial indicators of the likelihood of rupture of a particular 
aneurysm.  
 

33..44..11  PPrroocceessss  DDeessccrriippttiioonn  

The structural analysis requires as input a medical image as an anatomical and geometrical 
representation of the aneurysm, tissue constitutive equations, the structural support to the 
aneurysm, and the internal pressure distribution. None of these is likely to be measured (or 
indeed measurable) in clinical practice and indeed with current imaging techniques even the 
wall thickness of the aneurysm (and its spatial variation) is likely to be unknown. In particular, 
the inputs correspond to: 
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 Medical image of aneurismal and/or extracted surface mesh representing a patient-
specific reconstruction of the aneurysm(s) and attached vasculature. 
 Support conditions: these describe how the structure is supported. If the structure is 

inadequately supported it will be possible for it to undergo rigid body motion that would, in 
general, represent a pathological condition for the structural analysis performed in this 
context. Transactional degrees of freedom at the inlet(s) and outlet(s) of the model will be 
constrained to prevent rigid body motion. 
 Tissue constitutive equations: these describe the relationship between stress and strain 

in the material. Vascular wall normally exhibits a nonlinear response, with the stiffness 
increasing as the stress (or strain) is increased. A survey of the literature for constitutive 
relationships that might be appropriate for aneurysmal tissue was conducted in WP 3.232. 
Constitutive equations for tissue are often expressed in terms of derivatives of strain 
energy functions (SEF). The exact form of the equations, or certainly the constants in it, 
is determined by the composition of the tissue. Simple but physiologically relevant SEF 
will be derived from experimental strain-stress data on human aneurismal tissue. 
 Wall thickness distribution: this is quite unlikely to be measurable with current imaging 

capabilities as the aneurismal wall is too thin. Average data based on experimentally 
observed distributions of wall thickness at different aneurismal locations will be used. 
 Structural loading: this corresponds to the transient transmural pressure distribution 

across the model boundaries over the entire cardiac cycle. It is assumed that the external 
pressure is equal to zero, so that the transmural pressure is equal to the internal 
pressure, which could be available from transient hemodynamic simulations. However, a 
spatially constant pressure is regarded as an adequate assumption for a stress analysis 
as the spatial variation of pressure in cerebral aneurysms is generally low when 
compared to the mean pressure magnitude, so that loading conditions could be 
determined from simple models as described in Section 2.4. 

 
An issue of concern is the establishment of a zero-stress state, since images are naturally 
taken under load associated with the cardiac cycle. The zero-stress state represents the 
aneurysm configuration where stress in the vascular wall is absent. A strategy for 
determination of the zero-stress state, or for imposition of pre-stress in the ‘average 
pressure’ condition in which the geometry of the aneurysm is imaged, has been developed 
and implemented in WP 3.2. Another ongoing subject in WP 3.2 is the possible calculation of 
actual wall displacements based on dynamic images, which would provide the distribution of 
strains in the region of interest. Stresses can be then computed from these strains using the 
tissue constitutive equations, although again a strategy for the determination of the zero-
stress state would be required. 
 
The outputs measures correspond both to detailed displacements and stress and strain 
tensors determined at every node in the structure (a map of structural stress magnitude is 
illustrated in Figure 11), and to reduced data corresponding to compact descriptors that will 
be returned to the @neurIST databases. 
 



 

28 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

 
 

Figure 11: Structural stress magnitude distribution in a realistic aneurysmal model. 

 
A general outline of data reduction associated to the output measures is provided in the table 
below, although both data reduction operations and the resulting characteristics are yet to be 
determined. 
 

Inputs Outputs 

Medical image (3D matrix of numbers) 
and/or extracted triangular surface mesh 
representing aneurysm and vasculature in 
the vicinity of the aneurysm 

Detailed stress and strain fields in 
analysis (pointer to external file) 

Support conditions Reduced strain (up to 20 numbers) 

Tissue constitutive equations Reduced stress (up to 20 numbers) 

Wall thickness distribution 
Spatial and temporal derivatives of stress 
and strain (up to 100 numbers) 

Structural loading 
Area measures of elevated or reduced 
stress/strain (less than 10 numbers) 

 

Table 5: Input and output relation 

 

33..44..22  HHeemmooddyynnaammiicc  FFaaccttoorrss  ((WWPP  33..33))  

There is significant evidence of the association between hemodynamic factors and biological 
events on cellular and sub-cellular length scales, including gene expression. Hemodynamic 
forces such as pressure elevation, wall shear stress and oscillatory shear index are believed 
to play an important role in aneurismal disease progression. In particular, wall shear stress is 
known to regulate mechanobiological processes associated with cell apoptosis and arterial 
wall remodelling. Other hemodynamic factors include the size and strength of the flow 
impingement jet, measures of stagnation and recirculation zones and proclivity to clotting into 
the aneurysmal sac33.  
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33..44..33  PPrroocceessss  DDeessccrriippttiioonn  

The simulation of blood flow through a 3D representation of the cerebral vasculature is 
performed by solving mathematical equations describing the motion of a fluid in a finite 
domain representing the aneurysm and vessels of interest under the action of forces such as 
pressure, viscous forces and gravity. The vascular domain is obtained from medical images 
using the segmentation tools developed at UPF in WP 3.1. Boundary conditions are applied 
at specified points along the domain and include flow and pressure values derived from 
either patient-specific measurements or average population measures or the 1D model 
technique developed in WP 3.4. Blood constitutive equations are also necessary to describe 
blood as a homogenous fluid with specified density and viscosity. A survey of blood rheology 
in the context of homogeneous models for ‘large’ vessels has been provided in 34. 
 
The outputs of the 3D hemodynamics processing chain include detailed pressure (scalar) 
and velocity (vector) fields at a sequence of time points throughout the cardiac cycle and a 
hemodynamic characterisation of the aneurysm, represented by a reduced dataset. The data 
reduction operations are discussed in. In summary, for each aneurysm, the proposed entities 
describing relevant hemodynamic factors are: 
 
 Static pressure: when blood flow impacts against the vascular wall, static pressure 

corresponds to a force that acts perpendicularly to the vessel wall, leading to local 
pressure elevation at given locations on the aneurysm. The associated descriptors are: 
 Spatial (along the vasculature) and temporal (in a cardiac cycle) peak with location 

(Figure 12) 
 Temporal mean at peak location 
 Regions surrounding local peaks (Figure 12) will be used to quantify blood jet 

impingement inside the aneurysm 
 Wall shear stress (WSS): WSS represents the viscous frictional force of blood that acts 

parallel to the vessel wall. The associated descriptors are:  
 Spatial and temporal peak with location (Figure 12) 
 Temporal mean at peak location 

 Oscillatory Shear Index (OSI): this is a measure of fluctuation of WSS over a cardiac 
cycle. The associated descriptors are: 
 Spatial peak (Figure 12) 
 Proportion of the vascular wall over which it exceeds a threshold value 

 Measurements at the neck of the aneurysm: these measures provide information on the 
strength and quality of the jet of blood into the aneurysm. 
 Spatial and temporal peak of the blood velocity component into the aneurysm along 

the local surface normal of the neck (Figure 12) 
 Temporal peak inwards momentum blood flux into the aneurysm 
 Area over which blood flux is inwards at instant of peak flux 
 Fraction of neck area over which blood flux is inwards at instant of peak flux 
 Temporal mean inwards momentum flux 

 Qualitative flow descriptors: these are derived from classification of the intraaneurysmal 
flow patterns, based on their complexity and stability and are textual descriptors such as 
stable/unstable, simple/complex, etc.. 
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Figure 12: Illustration of proposed descriptors of hemodynamic factors associated to 
risk of aneurysmal rupture. 

 
In Figure 13, the results correspond to a blood flow simulation performed in a patient-specific 
geometry and under physiological conditions. Top row (from left to right): Physiological flow 
rate waveform used to describe the input flow rate condition for hemodynamic simulation; 
Location of blood static pressure spatial and temporal peak (Pp); Extension of pressure 
spatial and temporal peak (Ap); Bottom row (from left to right): Location of vascular WSS 
spatial and temporal peak (PWSS); Location of vascular OSI spatial peak (POSI); Blood velocity 
vectors perpendicular to the identified aneurysmal neck. 
 

Inputs Outputs 

Triangular surface mesh representing 
aneurysm and vasculature extracted from 
medical images (cluster of numbers 
representing nodes sampled on the 
vascular surface and connectivity 
between them) 

Detailed blood pressure and velocity fields 
in time in the aneurysm and vasculature 
(Gigabyte of data, pointer to external file) 

Blood pressure and/or flow rate 
waveforms at identified inlets and outlets 
defined from patient-specific data, 
population-means or 1D model (2D array 
of sequential numbers, up to 200 
numbers) 

Pressure: local pressure increases and 
their extension (up to 10 numbers)  

Blood hematocrit and density for blood 
constitutive equations (2 numbers) 

Wall Shear Stress: local WSS increases 
and their extension, spatial and temporal 
derivative measures (up to hundreds of 
numbers) 

 
Oscillatory Shear Index: spatial peaks (up 
to 10 numbers) 
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Measurements at the neck of the 
aneurysm (tens of numbers) 

 
Qualitative flow descriptors (up to 10 
textual descriptors) 

 

Table 6: Input and output relation 

 

33..55  PPaattiieenntt  LLeevveell  DDaattaa  aanndd  SSyysstteemmiicc  FFaaccttoorrss  ((WWPP  33..44))  

 

33..55..11  WWoorrkkiinngg  HHyyppootthheessiiss  

Patient level data and systemic factors are described through the simulation of flow and 
pressure wave propagation across a simplified model of the vascular network. The aim of the 
model is to provide realistic hemodynamic data on pressure and flow waveforms in the main 
cerebral arteries. In the frame of the @neurIST project, the model will allow the evaluation of 
the proximal and distal flow conditions in models of cerebral aneurysms. These data will be 
used as boundary conditions for hemodynamic simulations of blood flow inside aneurysms in 
a variety of physiological or pathological situations. 
 

33..55..22  PPrroocceessss  ddeessccrriippttiioonn  

Patient level data and systemic factors are provided through a 0/1D circulation model, which 
will also supply appropriate boundary conditions at the interfaces with the local 3D domain of 
the aneurysm for the model developed in WP 3.3. A report on the development of this model 
is presented in 35. 
This model operates on patient specific data from WP2/@neuFuse (e.g. systolic/diastolic 
blood pressure) where available, and otherwise on population-means, and returns 
pressure/flow data to @neuFuse to provide boundary conditions for the 3D solvers. Another 
useful function of the reduced model is that of providing the boundary conditions to the local 
subdomain in those physical conditions where aneurysms most commonly rupture (Valsalva 
manoeuvre, etc.). 
 

Inputs Outputs 

Definition of the 1D model domain 
representing the vascular network (a 
cluster of numbers, representing the 
nodes of the 1D skeleton and the 
connectivity between them) 

Maximum and minimum blood pressure in 
given vascular segment (two numbers) 

Temporally resolved cardiac volumetric 
output or transient blood pressure (2D 
array of sequential numbers, up to 200 
numbers) and/or flow measurements at 
the boundaries of the 1D domain defined 
from patient-specific measurement or 
population averaged flow rates (2D 
array(s) of sequential numbers, hundreds 
of numbers) 

Maximum and minimum blood flow at 
given locations (typically up to 10 
numbers) 

Capillary pressure (typically = 0) 
 

Blood pressure waveform at selected 
locations under different physiological 
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conditions (10 Fourier coefficients at each 
location and for each simulation) 

 Blood flow waveform at selected locations 
under different physiological conditions 
(10 Fourier coefficients at each location 
and for each simulation) 

 

Table 7: Input and output relation 

 

33..66  MMoolleeccuullaarr,,  CCeelllluullaarr  aanndd  BBiioollooggiiccaall  FFaaccttoorrss  ((WWPP  33..55))    

 

33..66..11  WWoorrkkiinngg  HHyyppootthheessiiss  

WP 3.5 will yield improved understanding of the underlying physiological mechanisms that 
explicitly link growth and remodelling of arterial tissue, and thus the development of an 
aneurysm, to its mechanical environment. From a long-term perspective, it is hypothesised 
that computational models that can predict the growth and evolution of an individual’s 
aneurysm may aid the decision process to determine if clinical intervention is necessary.  
 

33..66..22  PPrroocceessss  DDeessccrriippttiioonn  

The activity WP 3.5 encompasses five main tasks that are intricately linked with each other: 
 
 Growth and Rupture Modelling  
 Thrombosis Modelling 
 Signalling Pathways Modelling 
 Protein Interaction Network Analysis of Proteins Related to Aneurysm 
 Dynamics of protein interaction networks related to Aneurysm 

 
Growth modelling will attempt to incorporate stimuli from the fluid mechanics, information 
from the wall modelling and properties emerging from genetics/pathway modelling in a 
framework that will allow the development of an aneurysm to be predicted. Based on the 
assumption that aneurysm formation is due to abnormal shear stresses, the relevant 
signalling pathways from endothelial stimulus to effect on tissue components will be 
identified. Research will focus on how these pathways link in with cerebral aneurysm 
formation and with the degradation of the extra-cellular matrix. The pathway modelling is 
complemented by the construction of a protein interaction network involving proteins related 
to aneurysm. The protein interaction networks provide the basic skeleton for a dynamics 
study of the relevant cellular signalling mechanisms involved in aneurysm formation. The 
dynamic simulation of the network response includes the determination of the kinetic 
coefficients appearing in the hypothesised network topology.  
 
Thrombosis modelling involves the development of a model that can simulate the clotting 
cascade that takes place within the aneurysm following an interventional procedure. There is 
a lack of understanding of the process of clot formation following the introduction of a series 
of coils or of a flow-correcting stent. This research aims to elucidate the biological pathways 
that represent the clotting cascade after coiling or stenting. Ultimately, this work will be 
exploited in @neuEndo, the purpose of which is to support the development of the next 
generation of endovascular devices and to promote clinical understanding of the thrombotic 
consequences of implantation of these devices. 
 



 

33 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

Inputs Outputs 

A volumetric displacement field giving, at 
each point, the sequence of 3D 
displacement over time of an aneurysm 
subject to a physiological pressure pulse 
(WP 3.1) 

Validation of aneurysm growth models. 
For example, comparison of predicted 
changes in tissue histology, geometry and 
mechanical properties with physiological 
data. 

Detailed stress analysis of physiological 
aneurysms (WP 3.2)  

Development and testing of hypotheses 
regarding how the structure and 
composition of arterial tissue remodels in 
response to changes in its mechanical 
environment. 

Detailed blood pressure and velocity 
fields in the aneurysm and vasculature 
(WP 3.3)  

 

Proximal and distal flow conditions, wall 
shear stresses in models of cerebral 
aneurysms. (WP 3.3 - 3.4)  

 

[DESIRABLE] Following evolution of 
aneurysm geometry for clinical cases. 
(Segmented MRI images which describe 
3D geometry and aneurysm thickness 
would be ideal) 

 

[DESIRABLE] Histological description of 
healthy and aneurysmal cerebral arterial 
tissue. Analysis of tissue histology, i.e. 
collagen, elastin, smooth muscle cell 
content, collagen type, collagen cross-
linking. Analysis of the spatial variation of 
tissue components within the aneurysm 
and how the distribution evolves as the 
aneurysm develops. 

 
 

[DESIRABLE] Measured levels of matrix 
degrading enzymes, e.g. MMP2, MMP9, 
elastase in healthy and diseased tissue. 
Measured number counts of fibroblasts 
and smooth muscle cells (detail of 
phenotype, i.e. contractile/synthetic) – 
spatial density variation within the 
aneurysm. 

 

 

Table 8: Input and output relation 

 

33..77  AA  ddaattaa  mmooddeell  ffoorr  ssiimmuullaatteedd  bbiioommeecchhaanniiccaall  ddaattaa  

 
In order to link the biomechanical data obtained by means of simulation to the other types of 
data in @neurIST, and to maintain the connection between inputs and outputs of the various 
simulation approaches described in detail above (i.e. to keep track of the provenance of the 
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data), the relationship between the various entities must be formalised in a data model (cf. 
Figure 13:). As can be seen in the discussion above, one primary outcome of the simulation 
tool chains are highly condensed summaries of the full simulation output, called 
(biomechanical and geometric) indexes (or descriptors).These indexes will be candidates for 
deriving biomechanical risk factors using knowledge discovery algorithms. It is important to 
notice that such indexes do not relate directly to a patient as a whole, but to an individual 
aneurysm – one patient may have several aneurysms with very different characterisations in 
terms of biomechanical indexes. 
 
The necessary first step in the processing pipeline is to take the medical image(s) describing 
the vasculature (called series and study in the @neurIST CRIM) and to create a description 
of the geometry suitable for subsequent simulation (cf. Section 3.3.1.2). This tedious manual 
process, which involves the correction of imaging artefacts, leads to a processed geometry, 
which is the basis for all three-dimensional simulations.  
 
It has been remarked before, that simulations can be used to cover various physiological 
states, which might or might not be measurable in practice. The setup describing the specific 
physical situation which leads to a certain observable (like an index) is called analysis in the 
data model. For example, in the hemodynamics case, we define two different analyses per 
case: One with a normal blood pressure, and one with a blood pressure corresponding to a 
stress state. 
 
We must make a sharp distinction between an analysis and a (simulation) run, by which we 
mean the actual computation for solving the computational problem described by an 
analysis. A run may generate a huge amount of output data (e.g. fields corresponding to 
spatially and temporally resolved physical quantities, e.g. time-dependent pressure values. 
From these results, finally indexes are generated in a reduction step. In principle, different 
runs corresponding to the same analysis must generate (essentially) the same outcome. 
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Figure 13: Entity Relationship diagram for the derived data model. 
CRIM entities are shown in green, derived data entities in red. Note that 
there is in fact a number of different analysis and run entities (corresponding 
to the different types of simulation), which have been omitted for clarity. 



 

36 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

44  CCoonnttrriibbuuttiioonn  ooff  AAccttiivviittyy  WWPP  44..33  iinn  EEssttaabblliisshhiinngg  tthhee  GGlloobbaall  SScchheemmee  ooff  

DDiisseeaassee  

Section author: Yiannis Chronakis 
 

44..11  IInnttrroodduuccttiioonn  

WP 4.3 deals with the modelling of the management of the disease. In our model the 
information flows as follows: 
 

 
Figure 14: Information flow 

 
In WP 4.3 context, we are modelling medical guidelines based on the existing evidence. A 
guideline consists of a workflow of tasks. These tasks can be simple actions (like ordering a 
test) or much more complex decisions. To accomplish our task we use the PROforma 
language36. 
 
(For a detailed report on the methods used by this activity see D 12.1) 
 

44..22  WWoorrkkffllooww  MMooddeell  

A workflow (i.e. the guideline) consists of a series of tasks. A task is an abstract base entity. 
There are four different tasks available which are the enquiry, the action, the decision and 
the plan tasks. Figure 14 and Table 9 illustrate the model. 
 

Decision       support 

Studies, Epidemiology, 
Publications 

Text guidelines 

Formal guideline 
representation 

Computer executable 
applications 

Clinicians 
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Figure 15: Task model 

 

Task 
type 

Definition Example 

Enquiry Represents a data acquisition 
process 

The personal history form of a patient record 

Action Represents a process that changes 
the environment 

Instruction to perform a brain MRI 

Decision Choice between alternatives based 
on the existing knowledge 

Decide whether to perform an endovascular 
coiling, a clipping, or do nothing for an 
asymptomatic cerebral aneurysm 

Plan Represents a complex process that 
consists of various subtasks, but is 
useful to refer as a one. 

A post operative recurrent assessment that 
consists of an interview, a test and a 
decision. 

 

Table 9: Task Types 

 

44..33  SScchheedduulliinngg  

A guideline is a set of tasks that represent a complex medical procedure. While the tasks 
remain the same four types described above, there is a rich scheduling that is used to 
combine them to a meaningful workflow. 
 

Scheduling Definition Example 

Linear 
 

One task is performed 
after the other 

Enter personal history data (enquiry) then enter 
physical examination findings (enquiry) 

Event driven Certain events can 
alter the workflow 

Clinician decides to go directly to a specific test that is 
usually scheduled later 

Trigger 
based 

Certain conditions 
become true 

Patient’s temperature found more than 40 degrees 
activates an emergency fever management plan 

 

Task: The simplest process. Abstract, only subclasses can be 

Types of tasks 

 Enquiry: A task which requires information input 

Action: A task which changes the outside world to some extent 

Decision: A task representing the choice among alternatives 

Plan: A task that represents “complex activities”. It is a container that groups subtasks 
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Table 10: Scheduling 

 
In Figure 16 we can see a sample part of a guideline showing a hypothetical scenario of a 
patient going a screening for a disease like cerebral aneurysms 
 

 
Figure 16: A sample part of a guideline 

 

44..44  MMooddeelllliinngg  DDeecciissiioonnss  

A core task of the PROforma model is the decision. It uses a logic model to either make 
automatic decisions or in most cases providing support by suggesting the preferred 
decisions. 
 
In more detail, each decision is considered as a set of available choices (candidates). These 
choices are extracted form the existing knowledge on the domain of the decision, e.g. for a 
cerebral aneurysm a decision might model the choices of “Perform a endovascular coiling”, 
“Perform a neurosurgical clipping” or “Follow up without any intervention”. 
 
The existing evidence base (studies, publications, and epidemiology) is used to form 
arguments which support or contradict each candidate. The strength of each argument can 
vary based on the level of belief or the nature of the argument itself. 
Figure 17 shows a diagram of a decision. 
 

 

Personal 
History 

 

Physical 
Examination 

Risk 
Decision 

High Risk 
Management plan 

Low risk action 
(No further) 

Emergency triggered 
Plan (i.e. neurological symptoms) 
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Figure 17: A decision diagram 

 

44..55  AAnnaattoommyy  ooff  aann  AArrgguummeenntt  

In our model, each argument has the parts that are illustrated on Table 11 and Figure 18. 
 

Part  Definition Example 

Candidate 
or claim 

One of the available choices 
 

Do a coiling for an aneurysm 

Reason or 
Warrant or 
Knowledge 

The knowledge that this 
argument has.  

Aneurysms larger that 14mm in diameter 
have to be coiled 

Backing or 
Evidence 

The backing or justification of the 
knowledge. 

The ISUIA and ISAT studies clearly show 
there is significantly higher risk of death 
because of rupture than coiling  

Instance How the argument is instantiated 
on a specific case 

The patient has an aneurysm that is 
16mm in diameter 

  

Table 11: Analysis of an argument in the PROforma model 

 
 

+ + - - - 

Decision 

Candidates 

Arguments 
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Figure 18: Anatomy of an argument that is based on the knowledge that aneurysms 

larger than 14mm must be coiled 

 
Each decision is a combination of more than one candidate and one or more arguments 
supporting or opposing them. 
 

44..66  IInntteeggrraattiioonn  

A refined model shows how the information from other activities of the project will be used to 
create the decision tasks and especially form the arguments of the decisions. 
 

 
 

Figure 19: Integration model 
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55  IImmpplleemmeennttiinngg  tthhee  OOnnttoollooggyy  iinn  @@nneeuuRRiisskk  

Section author: Robert Dunlop 
 
@neuRisk is one of the @neurIST Suites. It provides patient-specific risk assessment and 
treatment recommendations for unruptured cerebral aneursyms. @neuRisk content is based 
on pre-existing information and the scientific discoveries from the @neurIST Project. The 
content is delivered using the PROforma guideline representation language, which is 
executed with the Arezzo inference engine. 
 
The Arezzo application includes a class editor, known as ACE (cf. Fig. 20). A subset of the 
@neurIST Ontology was transferred into ACE. Specifically, the information about the 
cerebral vessels was parsed into ACE. 
 

 
 

Figure 20: AREZZO Class Editor 

 
The @neurIST Ontology was then used for inference purposes. In the @neuRisk guideline, 
the risk of rupture is partially dependent on the location of the affected artery. Unruptured 
aneurysms in the anterior circulation have a lower risk than otherwise similar aneurysms 
located in the posterior circulation. This is illustrated in the following arguments for 
aneurysms located in the anterior and posterior respectively: 
 
 'Annual risk of rupture is negligible for aneurysm #1, which is less than 7mm, located in 

the anterior circulation, and no history of ruptured aneurysm. (ISUIA Study. Wiebers et al. 
Lancet, 2003)' 
 'In people without prior history of aneurysm rupture, aneurysms ( #1 ) located in the 

posterior circulation that are smaller than 7mm have a 0.5% annual risk of rupture. (ISUIA 
study: Wiebers, 2003).' 
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These arguments are contained within the Annual Rupture Risk Decision of @neuRisk. The 
decision is represented by the upper purple decision icon in the Arezzo Composer 
screenshot below (cf. Fig. 21). 
 

 
 

Figure 21: InferMed Composer 

 



 

43 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

When the Annual Rupture Risk Decision is opened, a list of Candidates is displayed: For 
each decision candidate, there is a set of 1 or more arguments. Each argument consists of a 
logical expression that, if true, results in the Argument Explanation being displayed to the 
user. Examples of argument explanations have been given above, for example: 
 
 'Annual risk of rupture is negligible for aneurysm #1, which is less than 7mm, located in 

the anterior circulation, and no history of ruptured aneurysm. (ISUIA Study. Wiebers et al. 
Lancet, 2003)' 

 
The logical expression that triggers this explanation must evaluate each possible aneurysm 
location to determine if the location is in the anterior circulation. Without the ontology, the 
expression was long and complex. The following screenshot illustrates the complexity. The 
blue highlighted section contains a subset of the complete expression referencing 9 of the 
possible arteries in the anterior circulation (cf. Fig. 22 and Fig. 23). 
 

 
 

Figure 22: Decision Editor 
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Figure 23: Editing of Argument Conditions 

 
With the @neurIST Ontology, it has been possible to fundamentally re-engineer the logical 
expressions. The following screenshot (cf. Fig. 24) illustrates the revised logical expression. 
The contribution of the ontology is highlighted in blue. Instead of a long list of possible artery 
locations, there is a single expression that evaluates if the location of the aneurysm, i.e. the 
value of the Aneurysm_Location data item, is a descendant of the 
Anterior_Circulation_Intracranial_Artery Class in the ontology. 



 

45 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

 
 

Figure 24: Editing of Argument Conditions 

 
The class name was inserted into the expression from the ACE (cf. Fig. 25). 
 

 
 

Figure 25: Tree View of Ontology 
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At runtime, the Arezzo inference engine checks the value of the Aneurysm_Location value 
with the ontology. If the value is a descendant class of 
Anterior_Circulation_Intracranial_Artery class, then the expression is true. If the other 
elements of the expression are true (rupture status and aneurysm size), then the argument 
explanation is displayed to the user. 
 
The @neurIST Ontology has made a significant difference to the implementation of the 
@neuRisk Suite. It is now possible to use first-order logical inference for establishing the 
relative location of any cerebral aneurysm. This has improved the authoring of logical 
expressions, significantly reducing the likelihood of creating errors in writing complex 
expressions. 
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66  CCoonnttrriibbuuttiioonn  ooff  AAccttiivviittyy  WWPP  44..44  iinn  EEssttaabblliisshhiinngg  tthhee  GGlloobbaall  SScchheemmee  ooff  

DDiisseeaassee  

Section author: Roelof Risselada  
 

66..11  IInnttrroodduuccttiioonn  

One division of the Global Scheme comprises epidemiology. On the one hand it is of 
paramount importance to have implemented epidemiological terminology into the Disease 
Ontology. On the other hand results from epidemiological research should be incorporated in 
the Global Scheme to capture and register knowledge. 
 
In the previous deliverable the epidemiological view on the model was stated as follows: 
 
“...the model consists of conditions (or outcomes/endpoints), risk factors  (determinants), and 
probabilities of changes in states or conditions. The disease model should be able to 
describe the relevant items in order to predict changes in outcomes upon changes in risk 
factors, treatments, etc.” 
  
The main objective of research is to investigate relations between determinants and 
outcome. For a detailed report on the methods used by this activity see D 12.1. 
 

66..11..11  CCoonnddiittiioonnss  

In our research the following end points are now under investigation: 
 
 Unruptured intracranial Aneurysm 
 Drug use and aneurysmal subarachnoid haemorrhage (aSAH) 
 Outcome of treatment 

 Complications of treatment 
 Rerupture 
 Survival 

 Prognosis after aSAH 
 

66..11..22  DDeetteerrmmiinnaannttss  

For each outcome, risk factors are identified from literature or original research; they have 
been updated during the project. Smoking, hypertension and gender will be considered as 
true “risk factors”. The other determinants as collected in Mike Clarke’s Review of Reviews 
will be investigated and be considered as “risk indicators”.  
 

66..11..33  RRiisskk  mmeeaassuurreess  

As explained in more detail in D12.3, associations are expressed in the following measures: 
 
 Relative risk (RR): ratio of absolute risks of the index-group and the reference group. 

When this RR is statistically different from 1, the determinant under investigation can be 
considered to be a risk indicator/risk factor. 
 Odds ratio (OR): ratio of ‘odds’, especially used in case-control studies. When this OR is 

statistically different from 1, the determinant under investigation can be considered to be 
a risk indicator. 
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 Risk difference (RD): difference of absolute risks of the index-group and the reference 
group. When this RD is statistically different from 0, the determinant under investigation 
can be considered to be a risk indicator. 
 Risk function (logistic regression): 

 
 
Similar functions are being used to develop prediction models for mortality and morbidity 
outcomes in SAH patients. In collaborative efforts from MI-EMC, SCAI, and IMIM modelers 
try to find reasonable models, initially based on data from the ISAT study. Later these models 
are to be extended to include also data from the @neurIST study on rupture of unruptured 
aneurysm (i.e. a subarachnoid hemorrhage, based on an intracranial aneurysm). In this kind 
of formulas the influence of different individual determinants is represented by the beta 
coefficients. 
 

66..11..44    IInntteeggrraatteedd  eeppiiddeemmiioollooggiiccaall  kknnoowwlleeddggee  aaddddeedd  ttoo  tthhee  gglloobbaall  sscchheemmaa  

 
To provide modelers and decision makers from within and outside the @neurIST consortium, 
results from Mike Clarke’s Review of Reviews have been made digitally available in the 
@neuLink suite (http://aneulink.aneurist.org). 
 
Based on this review studies on several risk factors have been conducted. The actual effect 
of oral contraceptives on SAH risk is still undecided. 
 
Extending the search for potential risk factors lead in the direction of statins and 
antithrombotics. We conducted a study on statin use and withdrawal and found an increases 
SAH risk in persons who withdrew from statin use, especially in case they also withdrew from 
antihypertensives. Separately, we investigated the use of antithrombotics and there seems to 
be increased risk of SAH in users of platelet aggregation inhibitors and vitamin K 
antagonists. 
 
Combined efforts from MI-EMC, SCAI, and IMIM lead to a pragmatic prognostic prediction 
model in patients suffering an aneurysmal SAH. Risk coefficients obtained by models based 
on the ISAT study were successfully incorporated into the @neuRisk suite 
(http://www.cilab.upf.edu/aneurist1/index.php?option=com_content&task=view &id=31& 
Itemid=49). 



 

49 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

 

77    CCoonncclluussiioonn  

In the following we give a brief summary of our current view regarding the work package’s 
overall goal of developing the global model of disease. 
 
To begin, we acknowledge that, up to this point, we have not created one single, monolithic 
global scheme of the disease - such a scheme is supposed to cover, integrate and formalize 
all of the diverse aspects of the scientific sub-disciplines within the context of the project. 
Rather, there currently exist several different, particular sub-schemata, one schema for each 
specific sub-discipline of the project (as documented in this deliverable), e.g. 
 
 Simulation (WP 3 / 4.2): In the context of simulation the main focus is on looking at 

different bio-physical models of the disease on an individual level  
 Guidelines (WP 4.3): This view is mainly oriented towards the treatment and 

management of diseases based on the foundation of rule-based (heuristic) systems; it 
constitutes a workflow model, integrating state-of-the-art-knowledge on intracranial 
aneurysms.  
 Epidemiology (WP 4.4): The focal interest within epidemiology is the analysis and 

description of diseases at the level of populations (i.e. incidences, prevalences, risks, 
etc.)  
 Ontology (WP 4.1): The @neurIST ontology supports the data and knowledge handling 

activities of the project by providing reference to a logic-based hierarchy of the basic 
types of entities of the domain. We use OWL-DL, the formal description language 
standardized by the Semantic Web community, together with DOLCE, one of the most 
established upper ontologies. Thus, by providing a set of “conceptual” building blocks, or 
– in other words - by creating a system of standardized semantic reference, we render 
the meaning of terms more precise and contribute to the interoperability between different 
information models and database schemas. The @neurIST ontology is connected to 
renowned ontologies such as the Gene Ontology (GO) or the Foundational Model of 
Anatomy (FMA), cf. section 2.2. 
 CRIM (WP 2): The Common Reference Information Model (CRIM) constitutes a global 

database schema developed for the acquisition, manipulation and storage of clinical and 
experimental data. Formulated via SQL Data Definition Language (DDL) it represents an 
elaborated documentation model. Actually the CRIM represents the scaffold for clinical 
and experimental data and its semantics is so far only implicitly contained within the table 
and field names. This latter fact will however be gradually alleviated by connecting the 
CRIM to the ontology: Thus the CRIM will acquire explicit semantics. 

 
We intend to integrate the conceptualization of each of the described methodological 
approaches but we are not able and also do not intend to integrate (on a formal, axiomatized 
level) the actual models created by each of them. But it has become evident that common 
concepts such as risk factors or certain anatomical sites can be found and subsequently 
used to interface and link those models. This in turn assures that each particular sub-part of 
the project is able to employ and communicate via common terminology and meaning. 
Furthermore, it ascertains ease of cooperation and interoperation between the project’s 
partners (e.g. exchange of data between clinical partners or the making accessible of clinical 
data to laypersons). 
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77..11  TToowwaarrddss  aa  CCoonnsseennssuuaall  MMooddeell  ooff  IInnttrraaccrraanniiaall  AAnneeuurryyssmmss  

In our view, a generic workflow for establishing global schemata should start with explicit 
definitions. 
 
 It must be explicitly defined what the project partners understand by “schema”. In the 

@neurIST project for example, diverse models/schemata are in use, e.g. conceptual 
models, mathematical models, experimental models and database schemata and even 
ontologies. 
 An overview of schemas which are already in use or under development should be given. 
 It must be explicitly defined in which scenarios the “global schema” will be applied, the 

result should be a compilation of resulting requirements. 
 
The next steps are 
 
 Acquisition of terms/entity types (concepts)  
 Specifying their types and properties 
 Incremental review and revision by experts 

 
The workflow applied for ontology construction (using different sources such as literature, 
expert knowledge, data bases) was that of an evolving prototype, modelling the “material” 
(entity types) which was available in the project, according to chosen design principles and 
given user requirements. It must be taken into account, however, that for the users of a 
domain ontology with its not always intuitive formalism and entity classification, is not easier 
to understand in the first place than e.g. a mathematical representation of fluid dynamics. 
 

77..11..11  CCoonnsseennssuuaall  LLiisstt  ooff  EEnnttiittyy  TTyyppeess  

We refer to the last version of the @neurIST ontology, available at the shared workspace at 
the location: WP 4 / 4.1 Biomedical Knowledge Retrieval and Structuring / Ontology & Model 
Repository. We recommend Protégé as an ontology editor that is well suitable for viewing 
and editing the @neurIST ontology. A view on the content is also possible using the demo 
prototype of the @neurIST ontology browser at http://ontology.aneurist.org/browser.



 

51 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

References 
 

                                                
1
 http://www.ebi.ac.uk/arrayexpress as an example for a relational database implemented in Oracle 

and http://www.ebi.ac.uk/intact/site/index.jsf as an example for a database implemented as an XML 
database 
2
 EMBL-EBI SRS: http://srs.ebi.ac.uk/srsbin/cgi-bin/wgetz?-page+top 

3
 National Center for Biotechnology Information (NCBI): http://www.ncbi.nlm.nih.gov 

4
 Tutorial on Data Integration and Mediation: 

http://users.sdsc.edu/~ludaesch/Paper/AHM02/tutorial5.html 
5
 Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE): http://www.loa-

cnr.it/DOLCE.html 
6
 Open Biomedical Ontologies (OBO): http://obo.sourceforge.net 

7
 Foundational Model of Anatomy (FMA): http://sig.biostr.washington.edu/projects/fm 

8
 Gene Ontology (GO): http://www.geneontology.org 

9
 Unified Medical Language System (UMLS) Fact Sheet: 

http://www.nlm.nih.gov/pubs/factsheets/umls.html 
10

 Protégé: http://protege.stanford.edu 
11

 Web Ontology Language – Description Logic (OWL-DL): http://www.w3.org/2004/OWL 
12

 RacerPro: http://www.racer-systems.com 
13

 Pellet: http://pellet.owldl.com 
14

 Medical Subject Heading (MeSH): http://www.nlm.nih.gov/mesh 
15

 Internation Code of Diseases (ICD): http://www.who.int/classifications/icd 
16

 MetaMap Transfer (MMTx): http://mmtx.nlm.nih.gov 
17

 UMLS Semantic Network Fact Sheet: http://www.nlm.nih.gov/pubs/factsheets/umlssemn.html 
18

 WonderWeb: http://wonderweb.semanticweb.org 
19

 ProMiner: ??? 
20

 OSIRIS: ??? 
21

 @neurIST: Requirements and Specifications of the Different Tools to be Developed or Integrated, 
v0.4, Author: UPF 
22

 @neurIST: Integrated Biomedical Informatics for the Management of Cerebral Aneurysms, 
Description of Work v5.0.4 
23

 @neurIST: WP 3: System Dataflow Diagram, Deliverable D11, Author: USFD 
24

 Cebral JR, Castro MA, Burgess E, Pergolizzi RS, Sheridan MJ, Putman CM. Characterization of 
Cerebral Aneurysms for Assessing Risk of Rupture By Using Patient-Specific Computational 
Hemodynamics Models. Am J Neuroradiol 2005;26: 2550-2559 
25

 Steinman et al.: Image based computational simulation of flow dynamics in a giant intracranial 
aneurysm, Am J Neuroradiol 24(4): 559-566, 2003. 
26

 Hassan et al.: Hemodynamic analysis of an adult Vein of Galen aneurysm malformation by use of 
3D image based computational fluid dynamics, Am J Neuroradiol 24(6):1075-1082,2003. 
27

 Jou et al.: Computational approach to quantifying hemodynamic forces in giant cerebral aneurysms, 
Am J Neuroradiol 24(9): 1804-1810, 2003. 
28

 Shojima et al., “Magnitude and role of wall shear stress on cerebral aneurysms: CFD study of 20 
middle cerebral artery aneurysms”, Stroke 35(11), pp. 2500-2505, 2004. 
29

 Shojima et al.,“Role of the bloodstream impacting force and the local pressure elevation in the 
rupture of cerebral aneurysms”, Stroke 36, pp. 1933-38, 2005. 
30

 Cebral JR, Castro MA, Putman CM, "A Study of the Hemodynamics of Anterior Communicating 
Artery Aneurysms", Proc. SPIE Medical Imaging, 6143:166-175, 2006. 
31

 Valencia AA, Guzman AM, Finol EA, Amon CH (Amon, Cristina H.), Blood flow dynamics in saccular 
aneurysm models of the basilar artery, Journal of Biomechanical Engineering, Transactions of ASME 
128 (4): 516-526, 2006. 
32

 @neurIST: Aneurysm Tissue Properties, v1.2, Authors: EPFL and KTH 
33

 Ouared R, Chopard B, Lattice Boltzmann Simulations of Blood Flow: Non-Newtonian Rheology and 
Clotting Processes, Journal of Statistical Physics, 121(1): 209-221, 2005. 
34

 @neurIST: Haemodynamic Analysis Specification, v1.1, Author: USFD 
35

 @neurIST: Development of @neurIST 0D/1D Circulation Model. v1.0, Author: EPFL 
36

 PROforma: http://acl.icnet.uk/lab/proforma.html 



 

52 

  

IST-027703           D 12.3: Global Schema of the Disease (WP 4) 

 V 3 Public 

                                                                                                                                                   

AAppppeennddiixx  

This appendix provides an overview on the textual definitions of the types and the source of 
the textual definition as provided by the ontology. The sequence of presentation follows the 
requirements of the work packages. 

GGeenneettiicc  CCoonntteexxtt  ((WWPP  44..11))  

TTeerrmmss  aanndd  DDeeffiinniittiioonnss  

 
Figure 1: Unclassified sub-tree under Particular_in_Genetic_Context),  

only the first 10 proteins resp. genes are shown 

  

GGeenneettiicc  DDiisseeaassee  

Definition: General term for any disorder caused by a genetic mechanism, 
comprising chromosome aberrations or anomalies, mendelian or 
monogenic or single-gene disorders, and multifactorial disorders; note 
that all genetic disorders are not treed under this term; see RTs for 
others; in addition, many disorders not treed here or under RTs may have 
a genetic component 

Source: CRISP Thesaurus 
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Figure 2: Classified sub-tree under Genetic_Disease 

 

AAllpphhaa11--AAnnttiittrryyppssiinn  DDeeffiicciieennccyy  

Definition: = AAT deficiency 
Deficiency of the protease inhibitor ALPHA 1-ANTITRYPSIN, leading 
primarily to degradation of elastin of the alveolar walls, as well as other 
structural proteins of a variety of tissues 
[Risk: Schievink et al  1998/CRIM] 

Source: MeSH 
 

AAuuttoossoommaall  DDoommiinnaanntt  PPoollyyccyyssttiicc  KKiiddnneeyy  DDiisseeaassee  

Definition: Kidney disorders with autosomal dominant inheritance and characterized 
by multiple CYSTS in both KIDNEYS with progressive deterioration of 
renal function 
[Risk: Rinkel 2005/CRIM] 

Source: MeSH 
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EEhhlleerrss--DDaannllooss  SSyynnddrroommee  

Definition: Group of inherited disorders of the connective tissue; major 
manifestations include hyperextensible skin and joints, easy bruisability, 
friability of tissues with bleeding and poor wound healing, calcified 
subcutaneous spheroids, and pseudotumors 
[Risk: Schievink et al 2002/CRIM] 

Source: CRISP Thesaurus 
 

HHeerreeddiittaarryy  HHeemmoorrrrhhaaggiicc  TTeellaannggiieeccttaassiiaa  

Definition: An autosomal dominant vascular anomaly characterized by the presence 
of multiple small telangiectases of the skin, mucous membranes, 
gastrointestinal tract, and other organs, associated with recurrent 
episodes of bleeding from affected sites and gross or occult melena. 
(Dorland, 27th ed) 

Source: MeSH 
 

MMaarrffaann  SSyynnddrroommee  

Definition: A hereditary disorder of connective tissue characterized by tall stature, 
elongated extremities, subluxation of the lens, dilatation of the ascending 
aorta, and “pigeon breast”. It is inherited as an autosomal dominant trait 
[Risk: Conway et al 1999/CRIM] 

Source: MeSH 
 

NNeeuurrooffiibbrroommaattoossiiss  

Definition: An autosomal dominant inherited disorder (with a high frequency of 
spontaneous mutations) that features developmental changes in the 
nervous system, muscles, bones, and skin, most notably in tissue derived 
from the embryonic NEURAL CREST. Multiple hyperpigmented skin 
lesions and subcutaneous tumors are the hallmark of this disease. 
Peripheral and central nervous system neoplasms occur frequently, 
especially OPTIC NERVE GLIOMA and NEUROFIBROSARCOMA. NF1 
is caused by mutations which inactivate the NF1 gene (GENES, 
NEUROFIBROMATOSIS 1) on chromosome 17q. The incidence of 
learning disabilities is also elevated in this condition. (From Adams et al., 
Principles of Neurology, 6th ed, pp1014-18) There is overlap of clinical 
features with NOONAN SYNDROME in a syndrome called 
neurofibromatosis-Noonan syndrome. Both the PTPN11 and NF1 gene 
products are involved in the SIGNAL TRANSDUCTION pathway of Ras 
(RAS PROTEINS) 
[Risk: Conway et al 2001/CRIM] 

Source: MeSH 
 

PPsseeuuddooxxaanntthhoommaa  EEllaassttiiccuumm  

Definition: Rare, progressive inherited disorder resulting from extensive basophilic 
degeneration of elastic tissue, usually presenting after puberty and 
involving the skin, eye, and cardiovascular system 

Source: CRISP Thesaurus 
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SSiicckkllee  CCeellll  AAnneemmiiaa  

Definition: Disease characterized by chronic hemolytic anemia, episodic painful 
crises, and pathologic involvement of many organs; the clinical 
expression of homozygosity for hemoglobin S 
[Risk: Preul et al 1998/CRIM] 

Source: CRISP Thesaurus 
 

VVoonn  HHiippppeell  LLiinnddaauu  SSyynnddrroommee  

Definition: Autosomal dominant disorder associated with cerebellar and retinal 
neoplasms; the most common manifestations are neurologic deficits 
associated with intracranial hemangioblastomas which may hemorrhage, 
causing ataxia, intracranial hypertension, and other signs of neurologic 
dysfunction 

Source: CRISP Thesaurus 

CClliinniiccaall  CCoonntteexxtt  ((WWPP22..22  aanndd  44..33))  

TTeerrmmss  aanndd  DDeeffiinniittiioonnss  

 
Figure 3: Unclassified sub-tree under Particular_in_Clinical_Context 

 

AAnneeuurryyssmm  DDiiaaggnnoossttiicc    

Definition: Medical procedures appropriate to diagnose intracranial aneurysm 
Source: Hanser 
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AAnneeuurryyssmm  TThheerraappyy    

Definition: Medical procedures appropriate to treat intracranial aneurysm 
Source: Hanser 
 

DDrruugg  tthheerraappyy  

Definition: Here: Drug therapy for aneurysm 
Drug Therapy: “Treatment of disease through the use of drugs” 

Source: NCI Thesaurus 
 

MMiinniimmaall  IInnvvaassiivvee  TThheerraappyy  

Definition: Minimal invasive therapy for aneurysm 
Source: Hanser 
 

SSuuppppoorrttiivvee  CCaarree  

Definition: Supportive care related to aneurysm therapy 
supportive care: “Supportive care is that which helps the patient and their 
family to cope with cancer and treatment of it from pre-diagnosis, through 
the process of diagnosis and treatment, to cure, continuing illness or 
death and into bereavement. It helps the patient to maximize the benefits 
of treatment and to live as well as possible with the effects of the disease. 
Supportive therapy may provide a patient with friendship, encouragement, 
practical advice such as access to community resources or how to 
develop a more active social life, vocational counseling, suggestions for 
minimizing friction with family members, and, above all, hope that the life 
of the patient may be improved. In all situations, supportive therapy 
involves the teaching of such life skills as managing medication, learning 
to socialize, handling finances, and getting a job” 

Source: NCI Thesaurus 
 

SSuurrggiiccaall  TThheerraappyy  

Definition: Aneurysm surgery 
surgical therapy: “A Surgical Procedure is a diagnostic or treatment 
medical procedure performed by manual and/or instrumental means, 
often involving an incision and the removal or replacement of a diseased 
organ or tissue” 

Source: NCI Thesaurus 
 

RRiisskk  FFaaccttoorr  

Definition: An aspect of personal behavior or lifestyle, environmental exposure, or 
inborn or inherited characteristic, which, on the basis of epidemiologic 
evidence, is known to be associated with a health-related condition 
considered important to prevent 

Source: MeSH  
 
Definition: An individual attribute or exposure that is positively or negatively 

associated with the occurrence of a disease. 
Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
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SSiiggnn  

Definition: An objective evidence of disease especially as observed and interpreted 
by the physician rather than by the patient or lay observer 

Source: Merriam-Webster Medical Dictionary online 
 

BBiioollooggiiccaall  SSttaattee  oorr  PPrroocceessss  IInnddiiccaattiinngg  AAssyymmppttoommaattiicc  AAnneeuurryyssmm  SSttaattee  

Definition: Sign or symptom causing asymptomatic aneurysm discovery 

Source: CRIM 

 

NNeeuurroollooggiicc  SSiiggnn  

Definition: neurologic symptoms can be variable. Examples include: numbness, 
tingling, hyperesthesia (increased sensitivity), paralysis, localised 
weakness, dysarthria (difficult speech), aphasia (inability to speak), 
dysphagia (difficulty swallowing), diplopia (double vision), amaurosis 
fugax (temporary loss of vision in one eye) difficulty walking, 
incoordination, tremor, seizures, confusion, lethargy, dementia, delirium 
and coma. All the above can be symptoms of stroke 

Source: www.biology-online.org 

 
 

SSiimmuullaattiioonn  CCoonntteexxtt  ((WWPP  44..22))    

TTeerrmmss  aanndd  DDeeffiinniittiioonnss  

 
Figure 4: Unclassified sub-tree under Particular_in_Simulation_Context 

 

AAnneeuurryyssmm  VVoolluummee  

Definition: Morphological characterization of aneurysm (D12v2, Output) 
Source: A. Radaelli 
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BBlloooodd  FFllooww  VVeelloocciittyy  

Definition: ... total volume flow divided by the cross-sectional area of the vascular 
bed 

Source: MeSH 
 

MMeeaann  BBlloooodd  FFllooww  VVeelloocciittyy  

Definition: total volume flow divided by the cross-sectional area of the vascular bed, 
average in a defined time 

Source:  

 

FFlluuiidd  DDyynnaammiicc  SSttrreessss  

Definition: Physical condition which exists within any material because of strain or 
deformation by external forces or by non-uniform thermal expansion 

Source: CRISP Thesaurus 

  

Definition: (physics) force that produces strain on a physical body 
Source: WordNet 3.0 
 

SShheeaarr  SSttrreessss  

Definition: A stress resulting from the application of a force to a surface, in a 
direction parallel to that surface; it is given by the ratio of the magnitude of 
the force to the area of the surface over which it acts; it is the stress of 
gliding along each other or along the wall of the channel 
Haemodynamic characterisation of aneurysm 

Source: CRISP Thesaurus 
 

OOsscciillllaattoorryy  SShheeaarr  IInnddeexx  

Definition: Oscillatory shear index (OSI) was developed  to measure the degree of 
deviation of the wall shear stress from its average direction during 
pulsatile flow 

Source: A. Radaelli 
  

  WWaallll  SShheeaarr  SSttrreessss  

Definition: The viscous frictional force of blood that acts parallel to the vessel wall 
Source: A. Radaelli 
 

IInnwwaarrdd  PPeeaakk  FFlluuxx  AArreeaa  

Definition: Area over which blood flux is inwards at instant of peak flux 
Source: A. Radaelli 
 

PPeeaakk  LLooccaattiioonn  

Definition: Location of a peak value in a given region at a certain instant of time 
Source: A. Radaelli 
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SSppaattiiaall  PPeeaakk  

Definition: Peak value in a given region at a given time or averaged in time 
Source: A. Radaelli 
 

TTeemmppoorraall  MMeeaann  aatt  PPeeaakk  LLooccaattiioonn  

Definition: The mean value at the peak location in a given period of time 
Source: A. Radaelli 
 

TTeemmppoorraall  PPeeaakk  

Definition: The peak value in a given region and a given period of time (e.g. temporal 
peak of blood pressure or velocity or ...) 

Source: A. Radaelli 
 

SSttrraaiinn  

Definition: (physics) Deformation of a physical body under the action of applied 
forces 

Source: WordNet 3.0 
 

SSuurrffaaccee  AArreeaa    

Definition: The extent of a 2-dimensional surface enclosed within a boundary 
Source: WordNet 3.0 

  

Definition: As an anatomical surface is defined as a non-physical endurant, its 
qualities have to be defined as abstract qualities. 
Morphological characterisation of aneurysm 

Source: S. Hanser 
 

AAnneeuurryyssmm  NNeecckk  SSuurrffaaccee  AArreeaa  

Definition: As the aneurysm neck surface is defined as a non-physical endurant, its 
qualities have to be defined as abstract qualities. 

Source: S. Hanser 
 

AAnneeuurryyssmm  SSuurrffaaccee  AArreeaa  

Definition: As the aneurysm surface is defined as a non-physical endurant, its 
qualities have to be defined as abstract qualities. 

Source: S. Hanser 
 

TTrriiaanngguullaarr  SSuurrffaaccee  MMeesshh  

Definition: Here: Triangular surface mesh representing aneurysm and vasculature in 
the context of flow simulation 

Source: S. Hanser 
 

VVeeccttoorr  ooff  ZZeerrnniikkee  MMoommeennttss  

Definition: Morphologic characterisation of aneurysm (D12 V2) 
Source: A. Radaelli 
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VVoolluummeettrriicc  DDiissppllaacceemmeenntt  FFiieelldd  

Definition: Morphodynamic characterisation of aneurysm (D12 V2): aneurysm 
volume during the cardiac cycle 

Source: A.Radaelli 

  

TTeerrmmss  aanndd  DDeeffiinniittiioonnss  

 

Figure 5: Unclassified sub-tree under Particular_in_Epidemiologic_Context 

 

BBiiaass  

Definition: Any deviation of results or inferences from the truth, or processes leading 
to such deviation. Bias can result from several sources: one-sided or 
systematic variations in measurement from the true value (systematic 
error); flaws in study design; deviation of inferences, interpretations, or 
analyses based on flawed data or data collection; etc. There is no sense 
of prejudice or subjectivity implied in the assessment of bias under these 
conditions. 

Source: MeSH 
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CCaassee--CCoonnttrrooll  SSttuuddyy    

Definition: Studies which start with the identification of persons with a disease of 
interest and a control (comparison, referent) group without the disease. 
The relationship of an attribute to the disease is examined by comparing 
diseased and non-diseased persons with regard to the frequency or 
levels of the attribute in each group 

Source: MeSH 
 

CCaassee  RReeppoorrtt    

Definition: An uncontrolled observational study containing a detailed report of the 
diagnosis, treatment, and follow-up of an individual patient. Case reports 
also contain some demographic information about the patient (for 
example, age, gender, ethnic origin) 

Source: NCI Thesaurus 
 

CCaassee  SSeerriieess    

Definition: A series of patients with a defined disorder. Usually, the term is used to 
describe a study reporting on a consecutive collection of patients treated 
in a similar manner, without a concurrent control group. For example, a 
surgeon might describe the characteristics of and outcomes for 100 
consecutive patients with cerebral ischemia who received a 
revascularization procedure. See also CONSECUTIVE SAMPLE 

Source: Glossary of Clinical Epidemiologic Terms 
 

CCoohhoorrtt  SSttuuddyy    

Definition: Prospective investigation of the factors that might cause a disorder in 
which a cohort of individuals who do not have evidence of an outcome of 
interest but who are exposed to the putative cause are compared with a 
concurrent cohort who are also free of the outcome but not exposed to 
the putative cause. Both cohorts are then followed to compare the 
incidence of the outcome of interest 

Source: Glossary of Clinical Epidemiologic Terms 
 

CCoonnffoouunnddiinngg  FFaaccttoorr  

Definition: Factors that can cause or prevent the outcome of interest, are not 
intermediate variables, and are not associated with the factor(s) under 
investigation. They give rise to situations in which the effects of two 
processes are not separated, or the contribution of causal factors cannot 
be separated, or the measure of the effect of exposure or risk is distorted 
because of its association with other factors influencing the outcome of 
the study. 

Source: MeSH 
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CCrroossss--SSeeccttiioonnaall  SSttuuddyy    

Definition: Studies in which the presence or absence of disease or other health-
related variables are determined in each member of the study population 
or in a representative sample at one particular time. This contrasts with 
LONGITUDINAL STUDIES which are followed over a period of time 

Source: MeSH 
 

EEccoollooggiicc    SSttuuddyy    

Definition: An observational analytical study based on aggregated secondary data. 
Aggregate data on risk factors and disease prevalence from different 
population groups is compared to identify associations. Because all data 
are aggregate at the group level, relationships at the individual level 
cannot be empirically determined but are rather inferred from the group 
level. Thus, because of the likelihood of an ecologic fallacy, this type of 
study provides weak empirical evidence 

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 

EEppiiddeemmiioollooggiicc  DDeetteerrmmiinnaanntt  

Definition: Events, characteristics, or other definable entities that have the potential 
to bring about a change in a health condition or other defined outcome. 

Source: MeSH 
 

EEppiiddeemmiioollooggiicc  MMeetthhoodd  

Definition: Epidemiological methods involve sophisticated statistics and higher 
mathematics. These methods allow epidemiologists to address issues like 
non-experimental studies of mechanistic questions in disease etiology, 
including studies of the impact of the social position of individuals in 
different social contexts 

Source: NCI Thesaurus 
 

EEppiiddeemmiioollooggiicc  QQuuaalliittyy    

Definition: The study of factors determining and influencing the frequency and 
distribution of disease, injury, and other health related events and their 
causes in a defined human population.” 

Source: CSP2000 - NCI Thesaurus 
 

EEppiiddeemmiioollooggiicc  SSttuuddyy    

Definition: The study of factors determining and influencing the frequency and 
distribution of disease, injury, and other health related events and their 
causes in a defined human population 

Source: CSP2000 - NCI Thesaurus 
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EExxppeerriimmeennttaall  SSttuuddyy    

Definition: The hallmark of the experimental study is that the allocation or 
assignment of individuals is under control of investigator and thus can be 
randomized. The key is that the investigator controls the assignment of 
the exposure or of the treatment but otherwise symmetry of potential 
unknown confounders is maintained through randomization. Properly 
executed experimental studies provide the strongest empirical evidence. 
The randomization also provides a better foundation for statistical 
procedures than do observational studies 

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 

LLooggiissttiicc  RReeggrreessssiioonn  AAnnaallyyssiiss    

Definition: A type of regression analysis used to predict whether or not something 
will happen. Most often used when the dependent variable is 
dichotomous or categorical  

Source: Psychological Index Terms 
 

OObbsseerrvvaattiioonnaall  SSttuuddyy    

Definition: The allocation or assignment of factors is not under control of 
investigator. In an observational study, the combinations are self-selected 
or are “experiments of nature”. For those questions where it would be 
unethical to assign factors, investigators are limited to observational 
studies. Observational studies provide weaker empirical evidence than do 
experimental studies because of the potential for large confounding 
biases to be present when there is an unknown association between a 
factor and an outcome. The symmetry of unknown confounders cannot be 
maintained. The greatest value of these types of studies (e.g., case 
series, ecologic, case-control, cohort) is that they provide preliminary 
evidence that can be used as the basis for hypotheses in stronger 
experimental studies, such as randomized controlled trials 

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 

OOuuttccoommee    

Definition: A phenomenon that follows and is caused by some previous 
phenomenon. 

Source: NCI Thesaurus 
 
Comment: Here: epidemiological concept. E.g. in the phrase “smoking is a risk factor 

for SAH”, SAH is the outcome (RR). 
 

PPrrooppoorrttiioonnaall  HHaazzaarrdd  RReeggrreessssiioonn    

Definition: Statistical models used in survival analysis that assert that the effect of 
the study factors on the hazard rate in the study population is 
multiplicative and does not change over time 

Source: MeSH 
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PPrroossppeeccttiivvee    SSttuuddyy    

Definition: Observation of a population for a sufficient number of persons over a 
sufficient number of years to generate incidence or mortality rates 
subsequent to the selection of the study group 

Source: MeSH 

  

RRaannddoommiizzeedd  CCoonnttrroolllleedd  CClliinniiccaall  TTrriiaall    

Definition: A prospective, analytical, experimental study using primary data 
generated in the clinical environment. Individuals similar at the beginning 
are randomly allocated to two or more treatment groups and the 
outcomes the groups are compared after sufficient follow-up time. 
Properly executed, the RCT is the strongest evidence of the clinical 
efficacy of preventive and therapeutic procedures in the clinical setting 

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 

RRaannddoommiizzeedd  CCrroossss--OOvveerr  CClliinniiccaall  TTrriiaall    

Definition: A prospective, analytical, experimental study using primary data 
generated in the clinical environment. Individuals with a chronic condition 
are randomly allocated to one of two treatment groups, and, after a 
sufficient treatment period and often a washout period, are switched to 
the other treatment for the same period. This design is susceptible to bias 
if carry over effects from the first treatment occur. An important variant is 
the “N of One” clinical trial in which alternative treatments for a chronically 
affected individual are administered in a random sequence and the 
individual is observed in a double blind fashion to determine which 
treatment is the best 

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 

RReeggrreessssiioonn  AAnnaallyyssiiss    

Definition: Procedures for finding the mathematical function which best describes the 
relationship between a dependent variable and one or more independent 
variables. In linear regression (see LINEAR MODELS) the relationship is 
constrained to be a straight line and LEAST-SQUARES ANALYSIS is 
used to determine the best fit. In logistic regression (see LOGISTIC 
MODELS) the dependent variable is qualitative rather than continuously 
variable and LIKELIHOOD FUNCTIONS are used to find the best 
relationship. In multiple regression, the dependent variable is considered 
to depend on more than a single independent variable 

Source: MeSH 
 

RRiisskk  MMaarrkkeerr    

Definition: A non-causal factor associated sufficiently well with a risk factor that it 
can be used as a reliable marker, or indicator, of the risk factor’s 
presence.  

Source: A Dictionary of Epidemiology, 4th edition 2001, Oxford University Press 
 
Definition: A characteristic that indicates the risk of developing a disease 
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Source: NCI Thesaurus 

SSttaattiissttiiccaall  EExxttrraappoollaattiioonn    

Definition: Inference about the future (or about some hypothetical situation) based 
on known facts and observations. 

Source: WordNet 3.0 
 
Definition: Any inferential mathematical derivation of an estimate of a parameter 

from one or more samples. Includes interval estimation. 
Source: Psychological Index Terms 
 
Comment: Example for extrapolation in clinical/epidemiological context is the 

estimation of the prevalence of a disease in a population based on a 
screening of parts of the population, or a risk in a population based on a 
study. 

 

VVaarriiaabbllee    

Definition: Any characteristic or attribute that can be measured. 
Source: NCI Thesaurus 
 


