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Abstract: Intracranial Aneurysms are bulbous expansions of the intracranial vessels, that may rupture and lead to sub-
arachnoid haemorrhage, which can result in severe disability or death of the affected person. The prediction of
the individual rupture risk of a patient based on information from images, haemodynamic simulations, clinical
parameters and genetic markers is one of the aims of the European Integrated Project @neurIST. The pre-
dicted rupture risk is meant to support decision making on clinical treatment. We will present initial results on
Knowledge Discovery through a combination of text-mining, data integration from public bioinformatics data
sources, and database mining. Additionally, we provide first results for decision support through knowledge
based clinical guidelines and Bayesian networks.

1 INTRODUCTION

The advent of improved medical imaging facilities
and their routine use in clinical practice increases
the number of accidentally detected asymptomatic In-
tracranial Aneurysms (IA). Intracranial Aneurysms
are bulbous expansions of the intracranial vessels, that
may rupture and lead to intracranial bleeding (sub-
arachnoid haemorrhage), which can result in severe
disability or death of the affected person. In (Rinkel
et al., 1998) the prevalence of the disease for adults
without risk factors for subarachnoid haemorrhage is
reported with approximately 2 % and the annual risk
rate for a rupture with 0.7 %. This relatively high
prevalence with low incidence of the dangerous event

leads to controversial discussions on treatment deci-
sions. In general there are three treatment options:

1. do not treat the asymptomatic aneurysm with low
risk

2. conduct neurosurgical clipping

3. deploy a platinum coil via endovascular interven-
tion

One of the targets of the European Integrated
Project @neurIST1 is to support decision making on
IA treatment options by building a distributed envi-
ronment for healthcare. This environment will al-
low access to patient related information from images,

1http://www.aneurist.org
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2Tallis is an implementation of the PROforma engine
written in Java which was developed at Cancer Research
UK by the Advanced Computation Laboratory (http://
acl.icnet.uk/) that was led by Prof John Fox. The en-
gine is supported by a suite of tools including an engine,
an authoring tool, a tester tool and a web based enacting
application (http://www.cossac.org/tallis.html).

3Arezzo is an implementation of the PROforma engine
created by InferMed (http://www.infermed.com) and it
has been used in a number of commercial products.
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Figure 1: Example of the @neuRisk prototype, comparing treatment versus non treatment of a patient. The output shows the
expected Life years.

is summarized in the form of arguments for or against
each action in the argumentation area while the no-
tification area shows warnings when any planned ac-
tions may pose danger to the patient (Glasspool et al.,
2006). Figure 1 shows a screenshot of the user inter-
face.

In the future we intend to expand the @neuRisk
decision support functionality in various ways. We
will extend the workflow model to mirror more accu-
rately the management of an @neurIST patient. We
will also integrate @neuRisk with other services un-
der development by the project (such as @neuInfo
(Arbona et al., 2007)). We will enrich both the qual-
itative and the quantitative decision support models
with new arguments based on risk factors that will be
established from literature review, epidemiology anal-
ysis and clinical studies. Finally we will receive feed-
back from the end users aiming to improve @neuRisk
usability.

2.2 Decision Support with Bayesian
Networks

Complementary to the rule-based Decision Support
approach as described in section 2.1, we implemented
Bayesian Network models. These are probabilistic
graphical models, also referred to as Belief Networks
(Russel and Norvig, 2003). Due to the lack of sam-

pled data at this state of the project, we had to gen-
erate artificial training and testing data. Similar to
the PROforma model we made use of the data dis-
tributions and associations reported in the ISUIA and
ISAT study. For the development of the Bayesian Net-
works, we used the GeNIe4 (Druzdzel, 1999) system
and implemented two models, estimating the risk of
rupture and predicting the treatment outcome. The
chosen risk factors have been described in the men-
tioned studies e.g. size and location of the aneurysm
and state of prior haemorrhages. In figure 2 an exam-
ple of such a model is given. Due to the lack of inde-
pendent data, only an evaluation of the model perfor-
mance based on bootstrapping (Efron and Tibshirani,
1993) could be conducted, which results in an accu-
racy of approximately 98 % in a 50-fold bootstrap for
the rupture risk model (Han et al., 2006).

In (Ghinea and van Gelder, 2004) a related work
has been published, which also lacks data and the
authors filled in hypothetical data from their clinical
practice.

We look forward to validate our models on real
data, that will be gathered during the project and
will add other published risk factors, that have been
reported in the Cochrane Review on risk factors
(Clarke, 2007).

4http://genie.sis.pitt.edu
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Figure 2: Example of an interconnected Bayesian network to predict formation and rupture risk as well as treatment outcome
for Intracranial Aneurysms based on data from ISUIA and ISAT studies.

2.3 Database Mining in Epidemiological
Databases

As another source for risk factor assessment, we
mined the Integrated Primary Care Information5

(IPCI) database (van der Lei et al., 1993). IPCI
is a longitudinal observational database, which con-
tains data from computer-based medical records of
a group of approximately 400 General Practitioners
(GP) (800,000 patients) throughout the Netherlands
who voluntarily agreed to supply data to the database.
These data contain extensive and detailed informa-
tion on GP visits, hospital discharges, medication sub-
scriptions and biometrical measurements (e.g. blood
pressure, cholesterol levels, glucose levels). Using
this information, (Risselada et al., 2007) were able to
confirm the relative risks of the established risk fac-
tors smoking and hypertension on occurrence of an
aneurysmatic subarachnoid haemorrhage. In a study
population of women under 50 years of age, the rel-
ative risks were 5.0 (95 % confidence interval [CI]
2.2-11.4) for hypertension and 2.2 (95 % CI 1.0-4.9)
for smoking. These figures are similar to those found
in literature .

Besides these established risk factors (Risselada
et al., 2007) have been able to estimate the associa-

5http://www.ipci.nl

tion between the use of oral contraceptives and the
risk of rupture. In a study population of women under
50 years of age, In the aforementioned study popula-
tion, the risk of an aneurysmatic subarachnoid haem-
orrhage was doubled in recent users of hormonal con-
traceptives.

Subdivision of the hormonal products according
to their progestin content revealed relative risks of 2.2
(1.3–18) for recent levonorgestrel users and 4.8 (1.3–
18) for lynestrenol users, compared to non-users of
progestins. These database mined relative risks, and
additional ones currently under investigation will be
used in the future versions of the @neuRisk suite de-
scribed in section 2.1.

2.4 Finding Candidate Genes and
Variation Mentions in Biomedical
Text

Similar to other complex diseases, it is known that In-
tracranial Aneurysm formation and risk of rupture is
associated with environmental, lifestyle and genetic
factors. To find the suspectibility genes, many studies
have been conducted. In (Krischek and Inoue, 2006)
and (Nahed et al., 2007) reviews on the results are
given. The problems of these expert generated re-
views amongst others, are timeliness, amount of ex-
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Figure 3: Example screen of the @neuLink Find Candidate Genes module.

at this phase of the project, we could only validate our
findings on literature data.

Knowledge Discovery is defined in (Fayyad et al.,
1996) as:

. . . the non-trivial process of identifying valid,
novel, potentially useful, and ultimately un-
derstandable patterns in data.

We do not claim to have fulfilled this definition
with our initial solutions completely, but aim at the
fulfillment in later stages of the project.
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