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Editorial

It is expected from modern information
systems to work effectively with
information and to exchange it mutually. If
the information is shared using a free text,
a prerequisite for semantic interoperability
is the access to its meaning. Semantic
interoperability and the ability to obtain
specific information by usage of technical
means are essential conditions for the
utilization of other telemedicine
technologies and eHealth. The ability of
systems to understand exchanged data
(semantic interoperability) requires using
the same terminology (i.e. classification
systems and nomenclatures) and using
the same language for communication and
its recording (data standards). The
utilization of existing norms developed for
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our region can ensure the usage of the
same terminology. Existing standards (e.g.
EN 13606) suppose the use of globally
unique and uniquely defined terms that can
be without much difficulty transferred to
other classifications (e.g. by means of the
Unified Medical Language System).
Probably the best applicable general
classification system for healthcare is
SNOMED CT. It has arisen by
a combination of American SNOMED
(created by the Association of American
Pathologists) and British Clinical Terms
(‘Read Codes”). In connection with this
merger the International Health
Terminology Standards Development
Organisation (IHTSDO), with the
residence in Denmark, has been founded.

Editorial: en 2

Within the framework of the specific
university research project called
Semantic interoperability in biomedicine
and healthcare the students of the doctoral
study at the 1" Faculty of Medicine of
Charles University in Prague prepared, as
leading authors, the scientific manuscripts
on topics of their Ph.D. theses. The papers
have been peer-reviewed and now you can
find them in this special issue in English
and Czech languages.

Prof. MUDr. Stépéan Svacina, DrSc., MBA
Prof. RNDr. Jana Zvarova, DrSc.
editors

© 2010 EuroMISE s.r.o.
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The Problems of Astroglial Brain Tumours
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Summary

Astroglial tumours are a group of tumours
derived from the astroglial cells. They
belong to a group of most frequently
diagnosed tumours of the nervous system.
This group of tumours is variable in many
aspects. The tumours differ not only
morphologically, but also with their growth
potential, the extent of invasive growth,
their localization within the CNS and the
clinical course of the disease due to their
progressive features. The variability of
these neoplasms is given by the sequence
and type of genetic alteration in the course
of the neoplastic transformation. According
to the currently used classification, it is
possible to differentiate between benign
l.-Il. forms (low grade glioma-I. pilocytic
astrocytoma, II. diffuse astrocytoma) and
malignant form lIl.-1V. (high grade glioma-
[1l. anaplastic astrocytoma, IV.
glioblastoma) of astroglial tumours. The
number of vasoproliferative and necrotic
changes, together with the number of cell
divisions are the key factors for distinction
between benign ad malignant tumours
from the histological point of view. From the
molecular-genetic point of view, it is the
types and numbers of cumulating genetic
alterations which are of the greatest
importance. One type of significant
alterations occurs in the p53, PTEN and
EGFRgenes.

Keywords: astrocytoma, glioblastoma,
imunohistochemistry, molecular-biology
methods, mutations, tumorsuppressor
genes, amplifications, p53 gene, PTEN
gene, EGFR amplification

1. Introduction

Astroglial tumours are one of the most
frequent primary brain tumours of the
intracranial area, responsible for,
according to the literature, more than 60 %
of primary brain tumours. They are most
often classified on the basis of
internationally recognized criteria defined
by the World Health Organisation (WHO).
The tumours may be divided into several
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types due to the variability of the
histological findings and variable biological
behaviour. The astroglial tumours may be
localised anywhere within the CNS, they
most frequently appear in the brain
hemispheres. The growth characteristic of
these tumours is mostly infiltrative, and
they pose a danger mostly due to their
tendency to move towards more malignant
forms. Tumours of this group are more
often diagnosed in adult patients, some
types have been found to have a higher
incidence inmales[1],[2].

The degree of malignancy and the tumour
differentiation may be defined according to
a grading system, which is a significant
prognostic indicator and is important for
the definition of further treatment
procedures. The criteria important for the
grading determination include proliferation
activity of the cells and the degree of
cellular differentiation (in the histological
picture we follow the maturity of the tumour
tissue the degree of differentiation), the
presence of cellular and nucleic atypias,
angiogenesis and the presence of necrosis
[1], [2]. According to their biological
features, the astroglial tumours may be
differentiated into relatively benign and
malignantforms (Tab.1.).

Tab. 1. Grading of astroglial tumours.

Grade |Name of the brain|Tumour characteristics

tumour

I Pilocytic astrocytoma |relatively benign

I Diffuse (Low-grade) |relatively benign
astrocytoma (with a tendency to malignant
progression)

111 Anaplastic malignant

astrocytoma

v Glioblastoma highly malignant

To determine the features of the tumour
from the histopathology point of view, the

en3

following characteristics are of vital
importance: the number of vasopro-
liferative and necrotic changes, the degree
of cellular differentiation, the number of cell
divisions and the presence of cellular and
nucleic atypias. From the molecular-
genetic point of view, it is important to look
for the presence of characteristic genetic
alterations and their number. Some of the
significant changes occur in p53, PTEN,
EGFR,Rbandp16 genes.

1.1 The present classification

of astroglial tumours

Pilocytic astrocytoma is a Grade | tumour
according to the WHO classification. This
type of tumour is most frequently observed
in children and young adults in various
localisations within the CNS, it frequently
affects the area of cerebellum and the optic
nerve. Itis a circumscribed, slowly-growing
tumour of rather benign characteristics,
with favourable prognosis. The histological
picture shows biphasic tumour pattern with
areas of densely concentrated GFAP (glial
fibrillary acidic protein) positive bipolar
astrocytes and eosinophilic Rosenthal
threads. Further present are sparsely
cellular areas, spumous or even
microcystic with GFAP weakly positive
protoplasmatic astrocytes without fibrils.
Regressive changes in the form of
hyalinised vessels and calcification are
also frequently observed. Nucleic
pleomorphias may be also present,
however these are less frequent and less
prognostically significant. Necrotic
changes, angiogenesis or mitosis are not
usually observed in pilocytic tumours [1],

2]

The second tumour type, according to the
grading, is a diffuse or low-grade
astrocytoma. This tumour is usually well-
differentiated, slowly growing, however
with the features of infiltrative growth and
tendencies of malignant progression. It
affects especially younger adults. The
mitotic activity of the diffuse astrocytoma is
low, when compared to higher grades.

© 2010 EuroMISE s.r.o.
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Morphologically observed are distinct
tumour populations formed by astrocytary
cells, which are difficult to differentiate from
non-tumour cells. Nevertheless, it is
possible to differentiate among three types
of low-grade astrocytomas[1], [2].

The most frequent one is fibrillary
astrocytoma, where we find nucleic atypias
in cells with a low mitotic activity. The
typical signs are a formation of microcysts
with muccoid contents and the presence of
lymphocytary infiltrate in the proximity of
vessels. On immunohistochemical
demonstration, the cells express GFAP
(glial fibrillary acidic protein), S100 and
vimentin. The Ki67 proliferation marker
shows a low expression.

The second type is gemistocytary
astrocytoma. The tumorous cells are
usually larger, with plentiful eosinophilic
cytoplasm and the presence of perivasal
lymphatic infiltrate. The nuclei with small
nucleoli are located eccentrically.
Immunophenotype and the proliferation
activity are the same as with the previous

type.

The last type of a low-grade astrocytoma,
according to the histological picture, is
a less frequently observed protoplasmic
astrocytoma. The population of tumour
cellsis sparse, the cells are small with oval-
shaped nuclei and a low content of glial
filaments. Formation of microcysts and
muccoid degeneration are typical signs of
this astrocytoma type, it is possible to
focally determine GFAP.

Low-grade astrocytomas are favourable
from the prognostic point of view, the
average survival period varies between six
and eight years. One of the prognostic
signs is the Ki67 proliferation activity, when
the prognosis may be defined as worse at
expression of tumour cells greater than
5 %. The presence of perivascular lym-
phoid infiltrate and microcysts is a sign of a
more favourable prognosis [1], [2].

Anaplastic astrocytoma presents a high
proliferation activity and its biological
characteristic is malignant. The tumour is
diagnosed in adults, more frequently in
male population, between the fourth and
fifth decade of life. According to the grading
itis a Ill grade tumour. These tumours are
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significantly more cellular that the previous
types, the cellular nuclei are of various
sizes (anizonucleosis), the cell nucleoli are
very distinctive. The mitotic activity is
elevated, with the presence of typical
mitoses. The angiogenesis (formation of
new vessels) becomes very apparent,
however, in comparison with gliobla-
stomas, the necroses are usually not
present. It is possible to determine the
expression of S100 protein and vimentin
with immunohistochemical determination,
the expression of GFAP is variable. The
expression of the Ki67 proliferation marker
is usually between 5-10 %. The prognosis
in this type of tumour is bad, the average
survival period varies between two and five
years. The tumour may originate from an
originally diagnosed diffuse astrocytoma,
or my appear de novo. The cells lose their
differentiation ability and have a tendency
towards non-differentiated stages and
non-regulated proliferation. The outcome
is usually associated with a transfer to the
more malignant stage, glioblastoma [1],

[2], [3]

Glioblastoma is the most frequently
observed type of a malignant brain tumour;
itis usually diagnosed in adults between 45
and 75 years of age, with a prevalence in
males [2], [4]. We may differentiate
between two types of tumours, with regard
to the onset mechanism. The primary
glioblastoma is more frequent, it appears
de novo, without any prior tumorous
lesions. The onset and clinical course of
the disease is usually very rapid. The
second type, a secondary glioblastoma,
develops gradually, through a malignant
progression from anaplastic astrocytoma
of another type of a glial tumour. The
glioblastomas vary greatly histologically
and topographically. Glioblastoma is a
Grade IV astrocytoma, the cells show a low
degree of maturity with manifestations of
anaplasia, the tumour is highly cellular,
formed by non-differentiated pleomorf
elements. Extra large cells with large
nuclei and typical mitoses are present. We
may typically observe necrotic nidi (local
and massive), especially in the centre of
the tumour, where the tumorous cells form
typical palisade structures at the periphery
of the necrosis. Formation of new blood
vessels is vast and plentiful. The
immunohistochemical markers are
vimentin and CD99, the expression of

GFAP is variable. The proliferation marker
Ki67 manifests a positive expression in
approximately 15t0 20 % [1],[2], [3], [4].

The average period of survival in patients
with a diagnosed glioblastoma is one year
from the diagnosis. From the prognostic
point of view, the age of the patients, the
proliferation activity of the tumour and the
level of EGFR expression are significant.
The higher the age, the proliferation
activity and the expression of EGFR, the
worse the prognosis [1], [2], [3], [4].

1.2 Genetic alteration of the astroglial
tumours

Thanks to molecular-biological methods,
a number of genetic alterations have been
defined in the astroglial tumours. These
are related to the onset and development
of these tumours. The onset of the tumour
is usually preceded by an initiation damage
of a gene, together with further
accumulating defects which lead to the
progression of the tumour.

The most frequent initiation point in the
astrocytary tumours is a mutation of the
p53 gene. This gene is localised on a short
arm of the chromosome 17 (17p13.). The
defects of this gene are the most frequently
observed in human tumours. In most cases
mutations of both alleles of the gene are
present, however cases of a hereditary
mutations of one allele are also described
in the literature. The p53 gene produces a
transcription factor which, under normal
circumstances, stimulates expression of
other genes. It is an important tumour
suppressor gene participating upon the
regulation of the cellular cycle and playing
animportantrole in cellular stress. It blocks
the cellular cycle and gives the cell the time
to assess the degree of damage and
possible subsequent DNA reparation. In
case the defects cannot be repaired, the
p53 gene initiates the mechanisms of
apoptosis. The defects of this gene,
together with an abundant expression of
PDGF (Platelet Derived Growth Factor)
are considered to have a connection with
an onset of diffuse astrocytomas, which
may further progress into anaplastic
astrocytoma, or even secondary
glioblastoma[2], [3], [6].

© 2010 EuroMISE s.r.o.
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The progression of astrocytoma towards
a higher degree of malignity is further
caused by a loss of the Rb gene. The
retinoblastoma gene (Rb) is localised on
the long arm of the chromosome 13
(13914). The product of the gene is
a nucleic phosphoprotein, which, under
normal circumstances, controls the
transcription of other genes participating
upon the regulation of cellular division. As
in the case of p53, it possesses a tumour-
suppressor function [2], [3].

The pilocytic astrocytoma is a Grade |
tumour with a relatively benign features
which develops through an independent
genetic pathway after the loss of the NF1
gene. The NF1 gene is localised on the
long arm of chromosome 17 (17g11). The
product of the gene is protein-
neurofibromin which is a negative regulator
of the p21™ protein (it plays a significant
role in the process of cellular
communication and signalling)

[2], [3], [6].

In cases of primary and secondary
glioblastomas, the defects of genes are
different. A primary glioblastoma
originating de novo has a separate
evolution path, with a direct transformation
into highly malignant phenotype without
interstages. The specific defects of the
primary glioblastoma are deletion of the
p16 gene, mutation of the PTEN gene, loss
of heterozygosity on the chromosome 10,
mutation and amplification of the gene for
the receptor of epidermal growth factor
(EGFR) and MDM2 amplification [1], [2],
[3]. The p16 gene codes the inhibitor of
cyclin-dependant kinases 4 and 6 and is
located on the short arm of the
chromosome 9 (9p21). The suppressor
gene PTEN is localised on the long arm of
the chromosome 10 (10923.3). Its
functions are the blockade of the cellular
cycle in the G1 stage. It is especially
disorders of this gene which are linked to
the progression of lower-stage
astrocytomas into more malignant forms.
The presence of such mutation is
connected with a worse prognosis of the
tumour [2], [3], [6], [7], [8], [9], [10]. The
gene for EGFR receptor lies on the short
arm of the chromosome 7 (7p12-14) and is
the most frequently amplified oncogene in
primary glioblastomas. Its amplification
most probably plays a role in diffusion
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infiltration of glioblastomas into the
surrounding tissues. The high numbers of
amplifi-cations are linked with a worse
tumour prognosis [2], [3], [4], [5], [6], [11].

Another amplified gene MDM2 is localised
on the long arm of the chromosome 12
(12913-14). This gene is responsible for
coding of protein, the function of which is
the negative regulation of apoptosis
through p53 and Rb proteins [6].

In cases of the secondary glioblastoma
which develops through a diffuse
astrocytoma and anaplastic astrocytoma,
the detected mutations are identical with
the mutations in lower stages of these
tumours. Less frequently, we may also
observe amplification of the gene for EGFR
receptor, deletion of the p16 gene or
mutations in the PTEN gene. Identically
with the primary glioblastoma, the loss of
heterozygosity on the chromosome 10 is
presenttoalarge extent [2], [3], [6].

2. Current diagnostic approaches
The brain tumorous tissue is usually
harvested for bioptic examination by the
clinician during the harvesting procedure,
with the use of a cannula. The acquired
material may be submitted for histology
examination in a negative form (being sent
to the pathologist immediately after
harvesting, placed in a moist chamber
closed box with a piece of gauze sodden in
the physiological solution), or in a fixation
solution. A correct harvesting procedure is
an important factor for the diagnostics, in
cases of an incorrect localisation, a non-
tumorous tissue may be harvested. The
consequences of such a mistake include
expensive, not necessary and time
consuming examinations being performed.
Another critical step is the processing of
the material, with the maximum effort to
prevent depreciation of the harvested
tissue and prevention of artefacts.

The molecular-biological methods enable
us to examine a “fresh” tissue harvested
during a biological harvesting procedure,
as well as tissue already processed with
the method of paraffin blocks.

The main diagnostic methods for the
determination of astroglial tumours are
histological and immunohistochemical
examinations. The histological exami-

end

nation gives us a morphological picture of
the tumour (Fig. 1.),
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Fig. 1. Histology of glioblastoma (HE, 400x,
Department of pathology, University hospital
Ostrava).

glioblastoma tissue (S100, 200x, Department
of pathology, University hospital Ostrava).
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Fig. 3. Expression of Ki67 marker in
glioblastoma tissue (Ki67, 200x, Department
of pathology, University hospital Ostrava).

Fig. 4. Expression of GFAP protein in
glioblastoma tissue (GFAP, 400x, Department
of pathology, University hospital Ostrava).

© 2010 EuroMISE s.r.o.



immunohistochemical examination is
a complementary examination, however
presents an inevitable part of the bioptic
diagnostics.

The most commonly used markers in the
problems of astroglial tumours are
vimentin, S100 protein (Fig. 2), glial
fibrillary acidic protein-GFAP (Fig. 3) and
proliferation marker Ki67 (Fig. 4). The
markers of connective tissue, vimentin and
S100 protein are the proteins of
intermediary filaments. Vimentin is
expressed in embryonic cells and tissues
during the evolution, and in adult
mesenchymal cells. It is a predecessor of
glial fibrillary acidic protein (GFAP) in
immature glial elements and, together with
GFAP, is co-expressed in mature
astrocytes and their tumorous derivates.
S100 protein is an acidic protein of the
central and peripheral nervous system,
however it cannot be considered as
a specific protein of the nervous tissue as
its presence has been shown also in other
tissues[12].

Ki67 is a marker of the speed of cellular
proliferation. It reacts with the human
nucleic antigene expressed in proliferating
cells of all stages of the cellular cycle,
except the G, stage [12]. Immuno-
histochemical methods enable to carry out
the basic typization of tissue and its
derivates.

Together with the discovery and evolution
of new methods, namely molecular-
biological ones, the possibilities of
diagnostics have been moved even
further. These new methods present
another supplement in the diagnostic
process and enable us to obtain further
information important for a more specific
and precise definition of the disease. The
methods can be used for the analysis of
known mutations and alterations in the
genes the damage of which is know to be
related with an onset and development of
the tumour. Assessment of these
mutations becomes an important
prognostic factor which is very important
for determination of the further course of
the disease and for possible initiation of
appropriate and adequate treatment. At
the same time, the methods make possible
the discovery of new, presently unknown
mutations, alterations and other factors,
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which may participate upon the onset of
the disease. The most frequently used
molecular-biological methods include
hybridization, electrophoresis, ampli-
fication methods (PCR- polymerase chain
reaction), sequenation, microarray
analyses, et cetera.

3. Possibilities of evidence

and processing of the acquired
data

Realization of every research project or
a clinical trial is connected with a
production of a vast amount of information;
this information needs to be processed in
some way. In case of astroglial tumours we
may obtain information related to the
course of the disease, genetic and
histological data, etc. However, as this
disease is always closely linked to
a particular person, we also receive a large
amount of personal data regarding this
patient. We may use database systems to
process this type of data, as these enable
us to generate various outcomes.

By the term “database” we mean an
exactly defined data file used to describe
a real world. In the case of astroglial
tumours such a file may contain a record of
patients with astroglial tumours, where the
patient presents the element from the real
world, so called entity, and this element is
further described by its specific features -
attributes [13], [14]. The usually used
attributes are name and surname,
residence address, birth number, etc. In
relation to the disease, such attributes may
be the type of the tumour, the degree of
grading, detected mutations, and so on.

One of the means of describing a database
is a database model. The most frequently
used models are relational databases,
which may be imagined as a system of
tables consisting of lines and columns,
where the columns correspond with
individual attributes (e.g. name, surname,
residence address, etc.) and the lines
describe the current state of the patient. In
that respect, a very important part of the
database model is formed by a so called
primary key, the feature of which is having
a unique value. The unique value of the
primary key prevents a situation when for
example two lines in the table could have
an identical value of the primary key, which

is an unwanted situation. Such a key in
case of patients may be presented by the
patient's birth number. The problem is,
however, that, in relation to the Law
concerning the protection of personal data,
the birth number has been defined as a
classified information and as such it
cannot be used. In case we are not able to
use a certain column of the table with data
as the primary key, or possibly a
combination of columns, it is usually
possible to add another, so called “id
(identification) column”, which is a column
with unique values of gradually rising
numbers. It is also possible to create a
primary key by compounding the values of
all columns, however such a solution is not
very suitable, due to the fact that it
increases the computing requirements of
the database system. That is why so called
“‘normal forms” have been defined for the
database systems, which is a list of rules
according to which the database should be
defined for an optimal use of the database
system. [13]. The existing relations among
the tables with certain columns create
certain connections which may be found
also in the real world. For example a
patient (as a table with the columns titled
name, surname, birth number, name of the
tumour) has a large tumour diagnosed.
This relation is defined in the tumour
column from the table patient with
a relation to the primary key of the column
name of the tumour from the table types of
tumours with concrete values large
tumour, smalltumour, little tumours.

The most frequently used language for
a formation of databases in the world of
information technologies is the SQL
(Structured Query Language) and the
database systems based upon this
language. The language presents a tool for
formation of databases (tables) and also
enables the users a further manipulation
with data, like data storage, update,
erasing, searching for specific information,
etc.[14].

When defining a database, it is necessary
to evaluate every step because every
mistake or awrong step may be critical and
these mistakes may cause a malfunction of
the database in the future, during
transferring and editing the stored data,
etc.

© 2010 EuroMISE s.r.o.
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Another possibility of editing the acquired
datais the use of statistical methods. There
exists a wide range of these methods, the
choice of the appropriate method needs to
be based upon the type of data which we
need to process.

The most frequently observed topic in
relation to the astroglial tumours is the
effectiveness of prognostic factors on the
survival of patients with glioblastomas. To
assess the mean survival period in patients
we use the Kaplan-Meier method and the
effect of the variable on the survival is
evaluated with the Log-Rank test. The
variable is often the age of the patient, sex,
Karnofsky score, localization of the tumour
in brain, postoperative radiotherapy,
chemotherapy and others [15]. Other
statistical methods frequently used in the
area of astroglial tumours are Chi-
Quadrant-Test, Student's t-test, Mann-
Whitney U test or Spearman's correlation
coefficient[16].

4.Conclusion

The problems of astroglial tumours are
very vast and complex, even though
a large number of clinical trials have been
conducted in that respect, many questions
remain unanswered. The most important
point is looking for new prognostic and
predictive factors which would have
a significance for choosing suitable
therapeutic procedures. This problem is
mostly related to the glioblastomas, where
the period of survival from the time of
diagnosis is very short. From the overall
number diagnosed glioblastomas, around
90% are primary ones. This type of tumour
develops very quickly, without any
previous clinical or histological
manifestation. The primary and secondary
glioblastomas vary, apart from different
mutations, also in the profiles of
expression on the RNA and protein levels
in the methylations of promoter areas.
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These differences are responsible for
a different susceptibility to radio- and
chemotherapy [17], [18]. A large percen-
tage of the present clinical trials are aimed
at the use of EGFR receptor as the
molecular target in cancer therapy. It has
also been proved that methylation of O°-
Methylguanin  DNA methyltranspherase
(MGMT), a key DNA-reparatory enzyme,
increase the sensitivity of secondary
glioblastomas to alkylating agents used in
chemotherapeutic treatment [18], [19].

Obtaining new and more specific
information regarding the pathogenesis of
astroglial tumours which would result in an
improved and more quality diagnostics and
treatment of these tumours is a long-term
task which will require a willing cooperation
among clinicians, pathologists and
molecular biologists.
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Summary

Utilization of procedural knowledge in the
form of organizational processes and
formalized medical guidelines can be
useful in decision support systems (DSSs)
in health care domain. The problem of
using this form of knowledge arises when a
multi-agent paradigm is to be applied in a
DSS due to differences in specification of
behavioural models of agents and process
formalisms. In this work we continue in
enhancing a novel process-based multi-
agent architecture and demonstrate its
integration into an existing DSS (K4care)
focused on home care.

We analysed available documentation of
the complex system K4Care and identified
possible mutual common functionalities of
implemented multi-agent system with the
new architecture. These were the entry
points, using which we further enhanced
the K4Care platform with respect to the
process-based multi-agent architecture.
The analysis proved that the integration is
not only possible, but thanks to the general
design of the process-based multi-agent
architecture can be done with only small
changes in the existing K4Care model.
Immediate improvements in supporting
human experts were identified and
possible further improvements of the
system were discussed.

Adopting the process-based multi-agent
architecture can be beneficial even for
existing DSSs and can open new possible
features emerging from the multi-agent
paradigm.

Keywords: multi-agent systems, multi-
agent architecture, organizational
processes, formalized medical guidelines,
health care, home care, K4Care

1. Introduction

Decision support systems (DSSs) have
established their place in the field of health
care and assist physicians with their
decisions. Several studies proved that

EJBI - Volume 6 (2010), Issue 1

decision support systems (DSSs) can be
useful for preventing errors, or improving
the quality of provided care, they can
reduce costs and save time [1-5]. The
decision support systems can be helpful in
practice only when they offer unobtrusive
interface to users, such as physicians
and/or other health care specialists. This
observation is proved in a systematic
review of existing DSSs [2], where systems
indicated as most helpful were working
transparently in the background and
automatically prompted the user in case of
a reminder or an alert (e.g. systems [6],
[7]). The knowledge used by DSSs is
usually based on medical guidelines (e.g.
in systems [8], [9]) that describe a
recommen-ded procedures for diagnosing
specific diseases and/or their treatment.
However, based on the analysis of existing
DSSs [1-9] we conclude that a successful
DSS is fully integrated into a medical
facility where itis used in order to fit current
circumstances. Therefore organizational
processes must be considered when
creating the procedural knowledge for a
DSS. Such a procedural knowledge can
then be used by a DSS for process
validation, simulation or verification of their
execution in practice.

One of the fields of health care where
applying DSSs can be highly beneficial, is
the domain of Home Care (HC) [10], [11].
Growing number of chronic elderly patients
result in growing need for a lifelong
treatment under continuous health care
specialist supervision. Moreover placing
the patients at their home environment can
have better results compared to improper
effects of institutionalization [11]. As the
home care domain is distributed in nature,
there is a need for appropriate DSS. Health
care specialists visit patients at home in
order to provide appropriate assistance,
however, they cannot easily consult
specific questions related to unfamiliar
situations or complications. Therefore,

a DSS supporting and monitoring their
actions canimprove provided care.

The distributed nature of the home care
have to be reflected by a DSS as well,
therefore a multi-agent paradigm is often
used [11-15]. As a multi-agent system we
term a system where a group of
autonomous intelligent agents jointly
interact in order to achieve predefined
goals. The behaviour of an agent can be
specified using various behavioural
models, such as (1) purely reactive models
where the agent only reacts to the changes
presentin the environment, (2) deliberative
models, where the agent create its own
model of the environment and reason
about its future actions, and (3) hybrid
models, combining the two previous
models. These behavioural models can be
formalised using general programming
languages, such as Java, or they can be
formalised using some agent
programming languages, such as Jazzyk
[16], JASON [17], or versions of the APL
language [18]. The problem of existing
agent programming languages is that they
offer only limited capabilities of effective
modelling of implicit cooperation and
coordination between agents in order to
make them concurrently follow both private
and common goals that require
cooperation. On the other hand, organi-
zational processes and medical guidelines
are highly based on cooperation of
involved actors and provide the
information about the order and conditions
for execution of specific activities (e.g.
perform an examination prior to a surgery,
which also need specific equipment, efc.).
Therefore in the previous work we defined
a new way of creating the behavioural
models for intelligent agents based on a
novel multi-agent architecture that would
directly support such cooperation [19],
[20].
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The approach is based on enhanced
processes, in which a procedural
knowledge can be formalised. Based on
this information we create a setof agentsiin
a specific architecture that are able to work
with these processes in terms of their
validation, simulation, or verification of
their execution and critiquing in practice.
For explanatory reasons we refer to this
architecture as ProMA.in this work.

The developed architecture (ProMA) is
designed to work with general process-like
formalization. Hence the goal of this paper
is to demonstrate a possible application of
ProMA for extending an existing
architecture for a home care system
K4Care [11], where the formalism SDA*
[21] is used for storing the procedural
knowledge. We analyze the impact of an
integration of a new multi-agent
architecture into the K4Care system in
terms of necessary model changes and
new features. The paper is organized as
follows. In the next section we introduce
the concept of processes in health care,
following by the description of the ProMA
architecture that is able to work with them.
Next section is devoted to the brief
description of the K4Care system, used
architecture and functioning of the system.
Following sections describe the integration
of the ProMA architecture into the K4Care
system. This integration acts as a proof of
concept of applicability of ProMA. Finally,
we propose possible new features for the
K4Care system based on the integration,
and we conclude our approach in the final
section of the paper.

2. Process-based Multi-agent
Architecture (ProMA)

In this section we define processes in
health care, identify two basic types of the
processes, and describe the ProMA
architecture that is able to work with them.
We understand the term process to be
a sequence of activities, states, decision
points, steps splitting the sequence, and
synchronization points. Processes in
health care can be divided into two main
categories organizational processes and
medical treatment processes (medical
guidelines).

The organizational processes in the health
care domain are closely related to other
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business areas. There are several studies
(e.g. in [22], [23]) that practically examine
problems of applying process modelling or
workflow management systems within the
health care domain. There is a mutual
agreement that a successful implemen-
tation of this approach can improve the
quality of health care, reduce the time of
necessary hospitalization and lead to the
reduction of costs.

Medical guidelines are for some time now a
part of the process of standardization of
medical treatment and act as pillars of
evidence-based medicine. Guidelines
contain recommended actions, directions,
and principles for diagnosis or treatment
specific diseases approved by appropriate
expert committees. However, the work-
methods regarding the guidelines (such as
consulting or using in practice) are still
usually based on a textual form, which is
natural for health care specialists. The
textual form is, however, not sufficient for
a quick consultation during an examination
of a patient, or an identification relevant
changes in the new version of the
document. Moreover, guidelines in the
textual form cannot be directly used for
computer interpretation, or as a knowledge
base for decision support systems.
Therefore a wide part of research in
biomedical informatics is related to the
formalization of medical guidelines into an
electronic formand various process

Inform

h i

languages are used in order to capture the
knowledge of a textual medical guideline
into an electronic and structured form (e.g.
PROforma [24], Asbru [25], GLIF [26],
etc.).

Both of these types can be jointly seen as
processes in health care and have to be
reflected in the procedural knowledge
base of a DSS. In following we describe the
architecture of a multi-agent system that is
able to work with procedural knowledge
captured using a generic process-like
formalism. The scheme of the architecture
is depictedin Figure 1.

2.1 Environment Agent

An agent-based simulation is situated in
some environment that is represented by
the Environment Agent in the ProMA
architecture. With respect to the level of
detail that we want to model using the
system, the environment could represent a
virtual world (e.g. database of patients'
health records, a whole department of a
hospital, etc.) with existing objects (e.g.
laboratory results, RTG or EEG machines,
beds, etc.). There is one difference
between handling data from patient's
electronic health record (EHR) and other
objects inthe environment. As itis shownin
the figure, the agent managing the
patients' EHR is requested by the
Environment Agent as patients' data
certainly are a part of environment.

Contract Net
Process Protocol Role
Agent - Agent
Contract
Request Net
Request Protocol
¥
Request Process Request Execution
- Director -t Agent
Agent
| | Environment | _ Request
Agent
Request
Y
Patient
Health Record
Agent

Fig. 1. Scheme of the process-based multi-agent architecture.
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However, as it would be described in the
next sections, there could be a need for
a distinction between real data stored in
the record (Patient Health Record Agent)
and data used for a simulation
(EnvironmentAgent).

2.2 Execution Agent

Execution Agents (EA) represent concrete
physicians, nurses, patients, and/or
possibly other employees of a facility
involved in the processes. These agents
are based on a reactive architecture in the
form of hierarchical rules, which can be
automatically generated based on
possible activities that the specific EA can
participate in (see [20] for details on the
transformation algorithm). Each EA has
several predefined rules that cover basic
behaviour in the environment (i.e.
responding to messages sent by other
agents, sending appropriate messages to
the Environment Agent during the
execution of the activity, etc.). Then, for
each activity that the agent (hence the
represented person) can participate in,
one additional rule is generated. These
rules can be activated (when the
conditions for the process execution are
met, and the EA can perform this action) or
deactivated (execution of this process is no
longer possible) by a message sent by
appropriate a Role Agent (see below).
Finally, the Execution Agent autonomously
chooses which of the activated processes
itexecutes based onitsinternal priority.

2.3RoleAgent

Role Agents (RAs) represent the roles in
the environment (i.e. general roles for
patient, nurse, physician, etc.). RA
receives a proposal from a Process Agent
(see below) and finds appropriate
Execution Agent(s) (EA). Special agents
for roles reflect the typical hierarchical
structure of roles at a workplace (e.g. a
secretary, a nurse, or a doctor are all also
employees, etc.). Therefore, when a RA
receives a proposal from a Process Agent,
it starts to find the appropriate EA between
agents that posses this role (using
a contract-net protocol (CNP)), but also
roles, that are more general in the
hierarchy.

If multiple EAs are able to execute given

activity and only one is needed, the RA will
select the best of them according to its
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internal rules and send the message
activating appropriate rule to the selected
EA. The method of selecting an EA is
always domain or role dependent (e.g. the
EA that is idle for the longest time can be
chosen, etc.). Moreover, RAs are
responsible for finding another EA in case
the current one needs to suspend its
participation on currently executed activity
(e.g. one physician is needed in a case with
a higher importance and he/she can be
replaced in the currentone, etc.).

2.4Process Agent

For every step in the process notation (i.e.
for each activity, event, decision point, etc.)
there is one Process Agent (PA) created in
the system. PA(s) are responsible for
a proper execution of the associated step.
At first, a Process Agent checks whether
the initial conditions for the process are
met:

ewhether the previous PA(s) has
successfully finished its execution (i.e.
whether the PA has received the inform
message from its predecessor(s)),

ewhether all input objects have correct

values (the PA uses a simple request
protocol to retrieve these data from the
EnvironmentAgent),

ewhether there exist appropriate agents
that will execute this action (the PA uses
a CNP for those RAs that are connected
tothis activity).

If all mandatory conditions hold, the PA
starts the execution of the step (e.g.
simulation of an activity, a calculation, or
a decision process, etc.) and after
a successful finish, the PA is responsible
for notifying the Environment Agent about
results of the activity (using simple request
protocol) and the next succeeding Process
Agent about a successful finish (using
simple inform protocol).

Our approach takes into account
a possibility of a temporal suspension of
activities and reflecting partial results in the
environment, replacing executing EA with
another, coordination of several EAs
participating on a single activity, or optional
input conditions.

2.5 Process Director Agent
The last agent is an auxiliary agent that
reads formalized processes, creates other

agents, and answers them to their
requests regarding information about the
processes (e.g. input data, predecessors,
etc.). Note that this is only an
implementation issue and all agents
reason in terms of processes.

3.K4Care

The aim of the K4Care project [11] was to
create, implement, and validate
a knowledge-based health care model for
the professional assistance to senior
patients at home. The procedural
knowledge is represented by clinical
guidelines, termed within this project as
Formal Intervention Plans (FIPs).
However, in order to capture specific
conditions, in which each patient is
present, the K4Care project introduce
Individual Intervention Plans (IIPs) that
merge both medical and social
characteristics of the patient with the
available medical knowledge that is
represented by the FIPs.

All procedural knowledge related to both
types of Intervention Plans (Formal and
Individual) is represented in K4Care using
the SDA* language [21]. The language has
a process-like structure, in which there are
three main components (called terms): (1)
state terms, (2) decision terms, and (3)
action terms. State terms are used to
describe feasible patient conditions or
situations in the area of interest (e.g., terms
as high-blood-pressure are used to
emphasize the state). Decision terms
represent the terminology that health care
professionals use to differentiate possible
alternatives (e.g. term antecedents-of-
heart-problems would derive the course
another direction if it is true). Finally, the
action terms identify the medical, clinical or
management activities performed by
actors (e.g., actions like take-beta-blocker,
avoid-salt-in-meals, make-blood-analysis,
etc.). Compared to typical process-like
formalisms, the actors, as a specific
component, are missing in the SDA*
formalism. There is, however, a fixed set of
actors assigned to each action. More
specifically there are two sets of actors -
the set of petitioners and the set of
performers. Actors in the first set are
allowed to request the related action to be
executed. Actors in the set of performers
are those persons that are allowed to
execute the action.

© 2010 EuroMISE s.r.o.
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Formalized procedural knowledge is used
by human experts (physicians, or medical
centre managers) at first. In order to
provide a new service to a request made by
a patient registered in the system, a team
of specialists identify possible diseases
based on the signs and symptoms of the
patient. The platform automatically
retrieves a set of Formal Intervention Plans
(FIPs) that considers all of identified
factors. All of these FIPs are merged
together and modified by a human expert
in order to cover specific circumstances
creating this way an Individual Intervention
Plan (IIP). In an IIP some other actors can
be involved, hence their approval is
necessary. After the approvals of the
procedure, the responsibilities resulting
from the IIP are generated by the SDA*
execution engine and specific tasks are
generated for involved actors. After
a health care specialist executes specified
task and he/she fills a necessary data into
a document related to the action, and
another task is generated according to the
[P.

4, Integration of ProMA into the
K4Care System

In this section we provide a description of
an integration of the existing K4Care
model and the ProMAarchitecture.

Client Side Browser

We describe necessary conceptual and
technical changes at first, following by
a proposition of further capabilities of the
modified K4Care system. In this section we
follow the typical use-case of the K4Care
system described at the end of the
previous section and illustrate the
integration within this context. An
immediate advantage of implementing the
ProMA architecture into the K4Care
system is in improved decision support for
a human expert creating a new IIP for
a patient. However, further possible
improvements are available as we discuss
inthe next section.

4.1 Environment

We are focused on the multi-agent system
part in the K4Care architecture (see Figure
2). First of all, we unify existing functionality
ofthe K4Care system with ProMA.

The connection to the health record data
and procedural knowledge of the multi-
agent system represented in ProMA as the
Patient Health Record Agent and the
Process Director Agent is in K4Care
realized by the Data Abstraction Layer
(DAL). This layer provides Application
Program Interface (API) for requests about
patient's data from the health record or
guidelines formalized in SDA*.

]

However, the Environment Agent must still
be present in order to temporarily store
simulation-based data (that are not
persistent). The DAL in the current version
is not able to satisfy partial request on the
structure of the formalized processes as
initialized by Process or Role Agents in
ProMA (DAL was designed only for
retrieving complete documents).
Therefore, both, the Process Director
Agent and Patient Health Record Agent,
should be created in the multi-agent
system as well in order to respond to these
requests.

4.2 Execution Agents

The Execution Agents (EAs) in ProMA
conceptually correspond to Actor Agentsiin
the K4Care system - they represent the
actual users of the system and executors
of the actions. In order to fit the ProMA
model completely, Actor Agents must be
able to communicate with Role Agents
(RAs), and autonomously react on their
requests for participation in an activity.
Note, that in the current version of the
K4Care system providing this response is
solely based on the activity of human
users.

Multi-Agent System

Geior SDA Executor
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e fog in events ctor
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Data Access Interface (DAI)
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Data EHR-related now-what know-how
Abstraction qustes Dala quenes Data
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Result Sets
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Electronic Health Actor Profile Formal Intervention
Record (EHR) Ontology (APOQ) Plans (FIPs)
Fig. 2. Scheme of the K4Care system as presented in [13].
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However, due to the persistent presence of
each Actor Agent in the system, their
functionality can easily be enhanced with
the ability to respond to the contract-net
protocol (CNP) initiated by Role Agents
(RAs). The respond can be based on
currently associated tasks and/or
availability of the associated user (e.g. if
a medical specialist has left the facility for
alongertime, the Actor Agent could posses
this information and automatically deny
his/her participation on proposed
activities). Moreover, the SDA* concepts
typically have the notion of time-related
information stored (i.e. time interval and
step of the occurrence for a state or an
activity), hence Actor Agents can provide
much more sophisticated answers based
on currently planned actions and the
associated IIPs, and act as a basic time-
scheduling algorithm easing a human
expertwhen creating a new IIP for a patient
(see the next section for new possible
features).

4.3Role Agents

The rest of the types of agents presented in
the ProMA architecture do not have their
alternative in the K4Care model, hence
they have to be created. In the following we
describe their full integration into the
K4Care system. Note that for Role Agents
(RAs), neither Process Agents (PAs) is
necessary to be persistent in the system
within proposed use-case of creating an |IP
(only relevant roles and processes should
be created based on requested FIPs).

Role Agents (RAs) conceptually
correspond to types of actors in the
K4Care system. For each actor type we
create one RA as follows: Patient, Family
Doctor, Head Nurse, Physician in Charge,
Social Worker, Nurse, Specialist
Physician, Social Operator, Continuous
Care Provider, and Informal Care Giver.
Moreover, some of these types belong in
the K4Care system into groups Evaluation
Unit and Additional Care Givers. Therefore
for each of these groups one RAis created
as well and a hierarchy between the RAs is
established. Moreover, further hierarchy
can be seen in various activities (most of
the activities of a nurse can be executed by
ahead nurse as well, etc.).
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4.4 Process Agents

Finally, for each state, decision or an
activity in requested FIP SDA* models one
Process Agent (PA) is created in the multi-
agent system. When the IIP is being
created by the user, for each step one PAis
created as well. The collective behaviour of
the PAs during the execution of the IIP by
health care specialists correspond to the
behaviour implemented the SDA*
Execution Engine. However, the
advantages of using PAs for each step in
the SDA* procedure is during the process
of creation of a new IIP by merging the
requested FIPs. This process can be
partially automated, hence offer some
preliminary results that a human expert
can use and further improve according to
his/her knowledge.

All of the characteristics of the SDA* steps
in the K4Care system are formalized using
an exhaustive ontology structure, hence
we can utilize these information and try to
automatically merge some of the steps
from requested FIPs in order to simplify the
final model. The equivalence of several
steps can be identified by appropriate
Process Agents (PAs) comparing
associated terms and context. If they
match, a single PAcan be created in the IIP
with the union of needed documents and
output data (e.g. a blood-analysis can be
performed only once with a union of
desired information). Although the idea of
semi-automated merging whole SDA*
procedures was briefly introduced in [13],
we propose merging of separate steps of
the procedures using autonomous agents.
This can be further improved by using
a basic simulation (will be described
below) of all of the processes concurrently
(which ProMA offers). The PAs can identify
the order in which they can be executed
based on fulfilment of their prerequisites.
By the term “basic simulation” we mean
a simulation, where the PAs try to simulate
associated steps by temporarily filling
necessary data fields of the patients' data
profile with varying arbitrary values and
analyse which of following PAs have
fulfilled their prerequisites. We further
improve this insight in the next section by
more advanced simulation.

Finally, using the CNP Protocol, Process
Agents (PAs) can delegate a problem of
selecting appropriate health care specialist

to associated Role Agents (RAs). Request
for a set of Actor Agents must obey security
restrictions given by the current step in the
IIP and the current patient. Based on
returned responses the RAs can offer to
the PAs a best fit, or a sorted list of possible
candidates for a human expert selection.

5. Further Improvements and
Discussion

In the previous section we described the
integration of the ProMA architecture into
the K4Care system, which required only
minimal conceptual changes in the model.
The key advantage of this integration is in
opening new possibilities for the K4Care
system easily realized using ProMA.
These, however, would require additional
knowledge about the activities supported
by the system.

The key factor is to use advanced
simulation during the process of creating a
new IIP. As we showed in the previous
section, even a basic simulation can find
some constraints that can be visualized
and ease the process of creating a new IIP
forahuman expert.

Therefore, let us assume additional
information available in the system. First of
all, we can enhance the ontology for each
action with additional properties, such as
duration and type of the progress function
(see [20] for more details on the progress
function). Secondly, the map of alocal area
thatthe systemis usedin can be integrated
into the multi-agent system as a virtual
environment. Finally, we assume that the
agent can access other relevant patients'
data from the EHCR database during the
process of creating the IIP (while obeying
the security restrictions). All of these
additional parameters allow us to simulate
modelled procedures on a more detailed
level. Based on a proposition of a new IIP
a simulation can be ran and the results of
the simulation can be used as an
evaluation of the current version of the IIP
and association of the actors.

The simulation of the IIP advance as in
ProMA, which means that each of Process
Agents is trying to successfully simulate
associated step by selecting appropriate
Role and Actor Agents.
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As the Actors Agents are limited by other
tasks already set in the system (i.e. there
are several lIPs that are simulating at one
time), they have to select the actions in
which they currently participate according
to their capabilities and priority. Let us
demonstrate it on an example: we need to
associate a nurse with an activity N.15
Blood sugar measurement at patient's
home. We have a nurse Alice and a head
nurse Eve. Nurse Alice has already
planned a single task on the other side of
the town, head nurse Eve has planned two
shorter tasks in the centre. Note, that we
use actors with different roles, however,
there is hierarchy allowed within these
roles and activity (i.e. a nurse is a more
general role than the head nurse role). The
ProMA architecture is able to handle this
hierarchy and the RA correspondent to the
nurse role would also send the proposition
to RA correspondent to the head nurse
role. In order to select an appropriate actor
for this activity we use a multi-agent
simulation in the virtual environment. That
means the Actor Agents simulate
execution of their already planned tasks
within this environment. When the request
for the N.15 activity is proposed by the RA
associated with the nurse role, both Actor
Agents are in different locations in the
virtual environment and based on their
other tasks they can estimate the time of
completion of proposed task. Hence, in this
simplified case, Eve would be offered for a
human expert as an appropriate actor for
this activity. However, if the proposed
activity would have a higher priority for
Alice, and her current task could be
temporarily suspended, she could have
been selected. In order to be the simulation
of the steps as accurate as possible, PAs
must have access to patients' health
records to correctly estimate results of
simulated activities (similarly to the
critiquing mode of ProMA functioning
describe in [19]) which can have impact of
future course of execution of the IIP.
Moreover, after the IIP is created and
stored in the system, the ProMA can
support critiquing and verifying the
execution of these procedures and alert
the health care specialist in charge in case
ofinconsistencies (see [19]).
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6. Conclusions

In this paper we analysed the applicability
of a generic multi-agent architecture into
an existing decision support system,
identified possible changes in both models
and highlighted immediate advantages as
well as possible future directions that are
open by this integration. More specifically,
we described processes as an appropriate
notation for formalising medical procedural
knowledge and described a process-
based multi-agent architecture (ProMA).
Then we focused on the existing support
system, K4Care, where a procedural
knowledge is stored in a SDA* formalism
and used by a multi-agent system in order
to provide support for home care
specialists. We merged these two
architectures using the minor model and
conceptual changes and identified
improvement in the process of creating
a new Individual Intervention Plan for
a patient. Finally, we identified possibilities
for new features that the integration of
ProMA into the K4Care system can further
bring.
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Summary

The recent progress in understanding the
biomedical basis for temporomandibular
joint. (TMJ) therapy as well as in computer
and imaging technologies is beginning to
provide novel insights into TMJ
reconstruction, rational diagnostic and
therapeutic strategies. Several methods
are available for imaging the TMJ. These
include basic radiography (such as
panorexes and corrected tomograms),
ultrasonography, magnetic resonance
imaging, and spiral or conebeam
computed tomography. The latter
technologies allow the joint to be visualized
as sections in different planes and can also
be rendered as 3D volumetric
reconstructions to enhance diagnostic
capabilities. The aim of the study is
demonstrate patient's therapy including
1yearrecall.

This contribution deals with 3D analysis of
the mathematical and computer modeling
of biomechanics of the jaw. Case report
monitors step by step treatment plan,
preprosthetic surgery, mandibular
reconstruction and process of healing. 3D-
CT was used to monitor the patient with
dental cysts.

The mathematical and computer TMJ
models analysis using overlapping of 3D
CT before and after 1 year therapy shows
the stability of TMJ partial prosthesis
reconstruction.

Mathematical modeling and mathematical
simulation of the reconstruction of patient
jaw and/or patient TMJ may predict the
joint loading of the reconstructed condyle.
Our study demonstrated practical use of
3D images during TMJ therapy. Although
many of the disorders involving the
temporomandibular joint and associated
structures can be diagnosed clinically on
the basis of the history and physical
findings, there are others that require the
use of various imaging techniques to make
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an accurate diagnosis or to determine the
extent of involvement. Imaging the hard
and soft tissues of the temporomandibular
joint can be used not only for treatment
planning but also long-term treatment
evaluation.

Keywords: dentistry, maxillofacial
surgery, partial TMJ prosthesis, three-
dimensional computed tomography,
magnetic resonance imaging, tempo-
romandibular joint

1.Introduction

The temporomandibular joint (TMJ) is a
bilateral composed joint connecting
mandible to the temporal bone. Both joints
function bilaterally and any change of one
side influences the contra lateral joint. The
TMJ has two articulating bone components
- mandibular condyle and glenoid fossa of
the temporal bone. The condyle has an
ellipsoid shape with a mediolateral
diameter of 20mm and anteroposterior
diameter of 10 mm. The long axis of both
condyles forms an angle 150-160-. The
articular surface is covered with the
fibrocartilage, instead of the hyaline
cartilage usually present in synovial joints.
The fibrocartilage is more resistant to
degenerative changes and has better
regeneration qualities. Another specialty of
TMJ is its disc (discu-sar