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Editorial

Jana Zvarova
Editor-in-Chief

Biomedical informatics is a burgeoning
field, with important applications and
implications throughout the biomedical
world and healthcare delivery. The
European Journal of Biomedical
Informatics (EJBI) is reacting on the great
European need to share the information in
the multilingual and multicultural European
area.

EJBI opens for the field of biomedical
informatics a new model of electronic
publishing. EJBI is publishing accepted
peer-reviewed papers in English and other
languages simultaneously. This opens
new possibilities for faster transfer of
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scientific-research pieces of knowledge of
many European countries to a large
international community of biomedical
researchers, physicians, other health
personnel and citizens. Moreover, the
journal now enables to make results of
scientific-research work and practical
experiences of foreign specialists
accessible to wider health public in a more
comprehensible way in each European
country.

The aim of the editorial board is to reach
the highest scientific level of the journal
and show the best practices of biomedical
informatics applications to wide

readership. The European editorial board
is composed from outstanding specialists
in the field of biomedical informatics. We
believe that their activities for EJBI will
contribute to propagation of journal’s good
credit. The editorial board also presumes
that presentation of English versions of
scientific papers with their professional
translations to other languages will
significantly contribute to unification of
applied scientific terminology.

EJBI is now a Schattauer related journal.
You may find more information in Editorial
of Methods of Information in Medicine,
Issue 2 2008.

© 2008 EuroMISE s.r.o.
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The Use of Object-Oriented Technologies for Medical Data Storing

and Retrieving

Vita Speckauskiene, Arunas Lukosevicius

Biomedical Engineering Institute at Kaunas University of Technology, Lithuania

Summary: The article focuses on object
oriented technologies and the usage of
these technologies, how to create an
information system (IS) for applications in
medicine, specifically in ophthalmology.
The rapid evolution of medical data
standards, concepts and technologies has
created a problem — how to develop
a system that would be flexible enough to
work with evolving data. After the analysis
of object-oriented technologies: Java 2
Platform, Enterprise Edition (J2EE) and
Microsoft .NET and open source object-
oriented data base management systems
(OODBMS) we have proposed and
created a system based on .NET and
OODBMS db4o. Results include the
developed system with proposed
architecture and used techniques, also the
advantages of object-oriented data bases
(OODB), the systems’ possible interopera-
bility with the National Electronic Health
Record system. Developed IS should help
medical specialists to reach important
information from any computer in any
hospital.

Keywords: object-oriented technology,
object-oriented data base, information
system, data storing standards

Introduction

Information systems (IS) currently used in
the medical field are one of the most
evolving components for e-health. The
main features of IS in medicine are
1) storage of multimedia; 2) information
connections in complicated and evolving
semantic relations; 3) big amounts of
information involving all lifelong patients'
records; 4) wide list of users, spanning
between all three health care levels (they
create a need of secure and convenient
communication between these levels and
IS); 5) compatibility of IS with the European
Union (EU) [1] and international standards
[2, 6]; and 6) usage of data for clinical
decision support.
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These factors raise specific requirements
for IS and their architectures. Therefore,
a search for new technologies in order to
develop such systems is in demand [3, 4,
5,7, 16, 17]. A number of standards has
been created to store and transmit all data
of Electronic Health Records (EHR)
including medical images. The problem is
how to make the best benefit of this data for
users. The data has to be stored in such
a way that it would be easy to generalize
and retrieve it. Therefore, standards are
under development for interchanging of
medical data. Each country has its own
way of solving this problem, so one will
stumble over a number of different
standards describing various IS and data
storing aspects: ASTM, ASC X12,
|[EEE/MEDIX, NCPDP, OpenEHR, HL7
(Health Level 7) [6], DICOM [2] and others.
An organization developing a standard
usually specializes in one particular area.
Unfortunately, those standards optimize
and facilitate the work with medical data,
but data processing and storage is still
a technological problem. The technologies
that are used for a long time are not flexible
enough to work with such data. Medical
data is stored in relational data bases
(RDB); though studies [18, 19] show that
object-oriented data bases (OODB) bring
a lot of new advantages. Also the need of
secure and flexible Internet forces to look
for effective programming tools and
technologies.

The aim of this article is to show the
advantages of OODBMS, also to present
the architecture and develop a system for
medicine which in certain extent satisfies
the above mentioned features. To obtain
this goal, object-oriented data bases,
compatible programming techniques, data
storing methods, and main features of IS
for medicine are analyzed and applied.
Also, this system is being prepared for
integration into the National EHR System
(Lithuanian abbreviation NESS), which is
now being developed (at the national

level). Unfortunately, we are not able to
show the interoperability between NESS
and the developed system, because NESS
is not yet implemented. But still we have
made a few observations.

Methods

The analysis of object-oriented data bases
OODBMS is a new quickly developing
technology which is increasingly applied
by many different companies. The benefits
of OODBMS bring arise in users as well as
demands. These DB have distinctive data
storing methods. The data is stored in
tables, which can have tables in
themselves — they form a hierarchy. The
tables are filed not only with concrete data,
but also with objects. This technology can
be implemented effectively for medical
data storing. Because of the evolution of
medical requirements OODBMS makes
the systems more flexible and stable [18,
19]. It also enables interaction between
objectsinthe data base.

RDBMS are convenient in storing text and
numerical data; but they cannot work with
undefined records which are formed in
object-oriented programming languages.
Moreover, these data base management
systems (DBMS) are not fitted for storing
methods. IS requires to work not only with
a text, but also with spreadsheets, images,
diagrams, sounds and other multimedia.
Besides, all this information has to be
organized as a united structure, handy for
users. The better decision might be to
implement OODBMS. We will see that this
technology is able to vouch a new
approach of data storing and mining.

OODBMS stores composite objects which
compound out of other objects. These
objects are stored with references to lower
level objects. The number of levels is
unlimited. Each object can be brought into
many other objects as components. This
forms a net structure data model.
OODBMS allows construction of new data

© 2008 EuroMISE s.r.o.
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types; this feature enables to store
multimedia: images, audio and video files.
There are two types of OODB: passive and
active. Passive OODB save the object
structure but do not control behaviour of
objects. While active OODB allow
communication between objects within the
DB.

A lot of companies offer the products of

OODBMS, but most of themare payable.
The mostknown are listed in Table 1 [8].

Table 1. Commercial OODBMS.

platforms used are J2EE and .NET. The
companies that offer these products are
one of the biggest competitors. So, the
developer has a dilemma — which one to
choose. Sun Microsystems offers to use
Java 2 Platform, Enterprise Edition (J2EE)
and Microsoft — .NET technology. Both
technologies allow implemention of web
services. The main advantage of J2EE is
the fact that it is a multiplatform — it is
possible to use J2EE in different operating
systems (OS). Microsoft .NET works only
in Windows OS, although the Microsoft
company offers an equivalent tool for Linux
0S. Both technologies use object-oriented

OO0DBMS Vendor X .
Versant Developer Suite and FastObjects|| Versant Corporation prOgrammIng |anguageS (NET - VISU8|
TITAMIUM Micro Data Base Systems, Inc. 1 _
GemStonelS and GemStone Facets GemStone Systems, Inc, BaSIC and Others’ J2EE JAVA) The
Cache’ InterSystems Corporation advantage of .NET is its Capablllty to
JADE Jade Software Corporation H :
JYD Object Database JYD Software Engineering Pty Ltd render pages In Varlous HTML formats’
voss Lopic s, L0 which abstracts developers from version-
ObjectivityDB Objectivity, Inc. Hd
ObjectStore Enterprise and PSE Pro Progress Software Corporation SpeCIfIC HTML
Table 2. Open source OODBMS.
ooDBMS Programming Limitations
environment

dbdo JSE.E Handling of default and nullvalues (noticed during implementation),

S0D2 é%EE Does not have a query mechanism

— 12EE Implemented in JAVA and works only in the J2EE environment.

Does not have a query mechanism.

ObjectDB (|J2ZEE
Same senver).

Implemented in JAVA and waorks only in the J2EE environment
Free DB edition does not support a client-server architecture (unless the DBMS is in the

[J2EE

GigaBASE e

Does not support null values.

KL J2EE

Daoes not have data recovery functions.
Daoes not have a query mechanism.

Orient [J2EE, C++

technology.

\Available for C++ (ODMG 3.0 interface) and Java with the support of Sun JDO 1.0

Still there is a part (and much bigger) of
software developers who propose free
products. In this article we have selected to
review seven open source OODBMS; they
are listed in Table 210, 11,12, 13, 14, 15].
We can see that open source data bases
are implemented for J2EE, and not all of
them correspond to the standards, as well
as overall OODB flexibility. The standards
of OODB are handled by the Object
Database Management Group (ODMG)
[9]. Since (at the analysis stage) we did not
penetrate any limitations of OODBMS
db4o, we chose it for the development of
the final result.

Comparison hetween J2EE and .NET
technologies

Web service technologies are very widely
used because they provide to
programmers a lot of capabilities and their
implementation is not difficult. The main
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Servlets in Java can achieve the same
task, though with more manual coding [7].
Another difference and advantage of NET
is its multilanguage; it works with Visual
Basic, C#, FORTRAN and COBOL; J2EE
woks in Java programming language. The
main features of both technologies are
presentedin Table 33, 4, 16].

As we can see both technologies are very
similar. Most important is that both of them
implement web services and are able to
map data on the Internet. A .NET Web
service could serve as a consumer to
a J2EE Web service and vice versa
because of the same Web services
standards used [7]. Moreover, web
services can be reused no matter what
programming language they were coded
in. Most authors do not point out particular
reasons why one should choose either
technology [5, 16, 17]. Still we can note
some advantages of .NET in its
development and handling capabilities.
That's why this technology was selected
forimplementation.

System architecture and functionality
IS for medicine data mining could be
implemented using both above analyzed
technologies. No matter which object-
oriented technology is chosen, the system
architecture is analogical, it is presented in
Figure 1.

Table 3. Comparison of main features of J2EE and .NET.

Feature J2EE MET
Relational DB Access [Java Database Connectivity (JDBC) or LiJ |[Active Data Objects (ADO.MNET)
Web Client [JAVA server pages (JSP) and serviets ASP.NET
Grap_h\cal uSeqinlerace AWT/Ewing (Windows forms
(Gun
Messaging Java Messaging Service (JMS 1.0} Microsoft Messaging Queuing (MSMQ)

Web Services Support LWSDP)

Java Web Senvices Developer Pack

Built directly into .WET and Visual Studio

Infrastructure Enterprise Java Beans (EJB)

COM+

Maming and Directory
Senvice (DI

[1ava Naming and Directory Interface

Active Directory Services Interface (ADSI1)

Database storage -

SQLServer (the official MET platform database
technology)

NET com,
SOAP

< »
‘>

MG

Graphical user

: Web client
interface

ADO

- Y

Infrastructure

Server

Data

Figure 1. Architecture of medical data IS.

© 2008 EuroMISE s.r.o.
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The advantage of similarity of those
technologies is that both systems can
communicate with the same DBMS, if
there is a necessity to communicate. As
mentioned in the above sections, for
implementation we chose OODBMS db4o
[10] and .NET technology to create
a medical data storing, retrieving and
mining system. In Figure 2 there is
presented the architecture of the system

we have developed.

G‘resentation!navigalion layer — ASF'.NET>

Logic layer — .NET classes

Data layer — ADO.NET

C OODEMS )

Figure 2. Architecture of implemented IS.

As we can see the system consists of three
layers: presentation, logic and data. The
communication between presentation and
data layers is achieved through the logic
layer. In Figure 3 there is presented a use
case diagram ofimplemented IS.

The use case diagram shows the
functionality of the system (the functions
thata user and administrator can perform).

Results

The system has been developed using the
above mentioned technologies. The
integration between .NET and db4o did not
cause any bigger problems. The
communication among the application and
the data base itself is achieved through the
standard data base query mechanism,
included in the standard database
libraries. The examples of the source code,
showing OODB queries and programming
capabilities, used in the developed system,
are presentedin Table 4.

The data base is a single .yap type file;
a blob type file can be any file with no
limitation in size or file extension (if
desired). So data and file storing and
updating mechanisms are very flexible and
convenient for a software engineer.
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IS of Medical Data

Administrator

Store personal data
about the patient

Store data about
atients examination

Store images acquired
during examination

A

Figure 3. Use case diagram.

Table 4. Parts of the source code of OODB queries and programming capabilities used in the

developed system.

uzing com.dbdo;
using com.dibdo guery,

Standard Tbraries imainly used)

Connecting to the data base and making a query

OhjectServer dbdoServer = DhdoopenServer?db vap™, 44530,
dhdoServer grantbocess". ",

OhjectContainer client = Dhdo opencClient("...");

Query gquery] = client.guen;

guery] corstraintypeoi®yartotinfo);

gueryl descend”_vartatojss"l.descend’_pavarde”). constrainpn. Text),
OhjectSet result! = guery! executel);

cliert clozey;

dhdoServer close(),

Connection to the server

Create server client
Make & query

Set the class to look into
Find & particular data
Execute guery

Clasing the client
Closing the server

Setting and updating new data

ardojas vartolojazsn = new Varolojas(FT Value p Texd T,
cliert setivartotajasn);
Yartdinfo vatotinfo = new Vartotindov . Texd, el Text 0. Text k. Text 5 Text),
vartotinfo Wartotojas = vartotojasn;
client.setivartotinfa),

Generating newy data for class ™arlolajas™
Storing the data

Generating nevy data for class "artotindo"
Creating a refererce

Storing the data

W otking with “blob™ type fil

2

5

Dhdo configur el sefBlobPathi Blchs";
Byla snap = new Byla™..";
client.setiznap;
snap Bylapsy readFrominesy FilelFile? Walue));
double status = snap Bylapay getStatas();
while(ztatus = Status COMPLETED)

{

status = snapBylapay getStatus();

Bryla found = (Bylaresult.nes<t);

string pavy = found Bylapsy getFileMamel);

etting the klob path
Generating new data for class "Byla"
Storing the data (also the text data about
the file: the file name, extension and size)
Preparing to store the blob type file t=zelf

Storing the file tzelf

Gerying for the file
Retrieving the file

© 2008 EuroMISE s.r.o.



V. Speckauskiene et al.: The Use of Object-Oriented Technologies for Medical Data Storing and Retrieving, en 2-6

Testing of the system: method.

After the development we tested the
system and made an experiment with
various system changes. The purpose of
the experiment was to show the flexibility of
used technologies in making changesin all
three system layers — data base, user
interface and logical layer. To accomplish
this task, we made an experiment in which
we dealt with an evolving data problem. We
created a scenario in which the functional
requirements are complemented. The new
data containing parameters of images are
to be added to the system. First of all we
tested the systems, then made changes
according to the scenario and then again
tested the system including the changes
we made. The following four sections
describe the testing procedure, changes in
data base, presentation and logic layers.

The system was tested using the data that
was collected during patients' examina-
tions in Clinics of Kaunas University of
Medicine. We used a limited amount of
data, because our main task was to see
how the data behaves in OODBMS, and
not to measure any rates yet. We tested
user's functions (e.g. store/retrieve patient
information, analyze patient's image),
administrator's functions (e.g. user
registration), and user interface (e.g.
navigation links, data mining results). All
the procedures were performed
successfully, as well as the overall testing.

Changes inthe database.

To show the flexibility of OODBMS a similar
RDB model (to OODB classes) was
created. The changes were compared
using visual diagrams. A simplified
example of one part of the visual diagramis
shownin Figure 4.

The figure shows that there is less
information stored in OODB; there is no
need to store identifiers because the
connection between classes is made by an
operation ("EyelmageData()" in Figure 4
a). Thefield "Filename" (seenin Figure 4 b)
is needless in OODB because the blob
type (any multimedia or other type) file
information is generated automatically in
the DB engine. So there is no need to
create extra fields between tables, and the
data is not doubled, also the multimedia
data managementis more convenient.
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Figure 4. Data base models: a) OODB b) RDB.
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Figure 5. Changes in user interface.

Changes in user interface.
The changes in the presentation layer are
equivalent in both (OODB and RDB)
cases. Figure 5 shows the changes in the
created system with OODB.

Changes in the logic layer.

The logic layer is more complicated. For
both cases it consists of the following
changes:

*programming code for new user interface
elements,

*performing test for these elements using
the remaining data,

*storing all the remaining data.

We will not go into detail how the OODBMS
behaves in the case of these changes, but
using the OODBMS db4o data mana-
gement software ,Object Manager", we
could see that DB structures are updated
automatically, when the DB is activated.
For the data store and update in the case
showed in Figure 6 we need the same
source code — only one statement is
needed. However, in the RDB case we

need two SQL sentences (Insert Into and
Update).

It obviously reduces the amount of the
programming code. We can see this form
in Figure 6, where the reference and new
data are presented.

Also note that the reference (in the case
showed above) spreads the new data, and
avoids data duplication.

There should not be a problem to integrate
the system into NESS, because the
Integrating Healthcare Enterprise (IHE) is
used for this purpose in NESS. Since db4o
is a single file convertible to XML, which
together with HL7 CDA Level 2 are applied
in NESS, there should not be any trouble
for systems to communicate.

Further observations and advantages of

OODBMS are presented in the next
section.
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Figure 6. OODB reference and the new data.

Discussion and conclusions
Extensive international and collaborative
work with standards and concepts
gradually leads to the better quality of
developed products, as well as software —
the systems are able to work with different
data types, to ensure compatibility and
flexibility. In future we intend to integrate
the systeminto NESS.

The analysis of OODBMS shows that they
are very convenient for storing of
semantically and quantitatively evolving
medical data. It is possible to implement
remote DB access using object-oriented
technologies easily.

The developed IS had shown that such
a system is flexible and evolutionistic
because of the usage of appropriate
technologies which are at the same time
compatible with conceptual medical
informatics standards. Although the
system could be implemented by using
different technologies, we prefer using
.NET technology because of its
development and handling capabilities,
also the multilanguage ability and the user-
friendly environment of Visual Studio .NET
software.
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Our experiment showed that OODMS

has the following advantages:

* possibility to store and retrieve data
with the same statement;

+ absence of necessity to create
additional fields between tables,
because of the refeces OODBMS uses;

+ absence of duplicated data;

* more flexible storage of multimedia
data;

* absence of creating tables and links in
the data level in the DB changing
process.

For this purpose we used a small amount
of data. However, we intend to store alarge
amount of data and rate systems
behaviour.

It is rational, however, to mention that
results presented do not imply refusal of
RDBMS usage, rather we propose
OODBMS as a flexilble solution for solving
specific problems related with inevitable
and continuos evolution of eHealth
systems.
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Wavelet Contour Based Detector for Arrhythmia Analysis

Dina Ki¢merova, Ivo Provaznik

Department of Biomedical Engineering, Brno University of Technology, Czech Republic

Summary: This paper deals with design of
an automatic detector for classification of
selected cardiac arrhythmias. The
proposed algorithms employ the
continuous wavelet transform (CWT)
combined with an analysis of its contour
envelopes. The CWT was used in
a detector of R-waves, to distinguish
between normal and abnormal beats, and
for detection of atrial premature
contractions (APCs) and premature
ventricular contractions (PVCs). The
algorithm was validated by extensive
testing on the MIT/BIH database.
Searching for a local maximum in wavelet
contour envelopes efficiently detects R-
peaks. The overall accuracy of its detection
tested on 48 half-hour signals is 99.5%.
Two types of classifications were tested: 1.
classification based on the contour
envelope and the detection of significant
points with overall accuracy 94.6%, 96.1%
for the sinus rhythm (SR), 30.4% APCs,
71.2% PVCs and 2. the localization of
maximum of square modulus of CWT
coefficients in the area of QRS complex for
the determination of PVCs between SR,
right bundle branch block (RBBB), APC
and other narrow complex arrhythmias
with the accuracy 96.8%.

Keywords: arrhythmias, ECG signal,
wavelet transform, contours

Introduction

Automatic processing systems are fre-
quently used in medical data analyses.
Modern medicine generates huge
amounts of data giving an opportunity to
search for explicit understanding of
physiology. New methods can help in
dealing with this problem, they can simplify
and usually speed up the processing of
large volumes of data. The physician's
work is a typical example. The physician
has to decide very frequently upon
a patient's diagnosis on the basis of
a number of numerical values measured
during an examination. Orientation in this
amount of data is not always easy and

EJBI - Volume 4 (2008), Issue 1

unambiguous. Therefore there are many
consultation systems that help minimise
human errors.

The modern analysis of the electrical
activity of the heart uses simple and
sophisticated algorithms of digital
processing signals implemented in
electrocardiographs [1,2,4-6,8-18]. We
can sort these algorithms into three
groups: working in time [8], frequency [5]
and time-frequency domain [10-18]. First
two classes belong to classical methods,
which are successful in many clinical
tested applications and analysis of ECG,
detection of the QRS complex [4], its
beginning and end, analysis of deviation of
the ST segment, analysis of variability of
heart rate, etc. New algorithms work in the
time-frequency domain [10-18] and
combine some advantageous characte-
ristics known from classical methods —
mainly they allow the frequency analysis
with time information about analyzed
features. Using the simple time analysis
does not provide high quality results
because of low sensitivity. Itis caused by a
small amplitude of the changes. The
frequency analysis increases sensitivity,
butit cannot tell in which phase of the heart
cycle these changes originated.

At present, the wavelet transform (WT) is
the most used method of the time-
frequency analysis [10-18]. WT is popular,
because it is implemented simply and its
results are very well interpreted like the
Fourier transform, using the frequency
analysis. Many variants of WT provide
large possibilities in selection, from a
redundant detailed analysis to a fast
analysis with minimum output data.
Selection of a particular variant of the WT is
based on the specific application
(suppression of the noise, marking time
and frequency components of useful
signal, detection of important points,
detection and observing important
changesinwavesintime, etc.).

In this paper we explore the use of the
continuous wavelet transform in the
analysis of beat morphologies and for ECG
classification. The aim of this work was to
distinguish different ECG arrhythmic
patterns and enable an abnormality
diagnosis. An arrhythmia classifier based
on the continuous wavelet transform has
been presented to identify normal beats,
abnormal premature ventricular contra-
ction (PVC) and atrial premature
contraction in ECG. The occurrence of an
arrhythmia is unpredictable. The purpose
of this study is to develop a method using
the CWT coefficients of ECG waveforms.
Two kinds of cardiac arrhythmia, PVC
(premature ventricular contractions) and
APC (atrial premature contractions), which
are the most common types of cardiac
arrhythmias in ECG monitoring, will be
discussed.

Methods

The wavelet transform (WT) is based on
the use of a set of mathematical analyzing
functions called "wavelets". Wavelets
provide decomposition of the ECG signal
into a set of wavelet coefficients. The
analyzing functions are generated from a
generally complex-valued function (t) by
dilation and shift in time. Each analysing
function ,,(f)=w((t-b)/a) has its own
parameters — time localization defined by
shift b and a frequency band defined by a
dilation factor a. Each resulting wavelet
coefficient corresponds to the measure-
ment in the signal in a given time instant
and a given frequency band. Wavelet
coefficients can be easily calculated using
the following definition equation of the
continuous wavelet transform (CWT)

1 % ft—h )
wman-L v [T]f.ta‘.t (1)

where f(t) is an ECG signal to be analysed
and * stands for complex conjugate.
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Further background information concer-
ning continuous wavelets and their
properties can be foundin [3, 6] and [16].

ECG components delineation

The proposed method is composed of two
main parts: 1. continuous wavelet
transform with discretized output, and 2.
classical time-domain processing
algorithms.

WT (Eq. (1)) results in a two-dimensional
function which represents the signal in the
time-frequency domain. For an easier
analysis of the resulting function WT(a,b),
we may use its absolute value
abs(WT(a,b)). Further, the function should
be normalized for a later analysis. Thus,
Eq. 1 canbe rewritten as

Wit &= ahSIWTIa,E:-IIfﬂt}fiag:[ahsli‘!’?’la,&ll] (2).

An example of the ECG signal analysis
using CWT with the Morlet wavelet is
shown in Fig.1. Three main waves/peaks
can be found in the signal (panel (a): small
P-wave marked by (1), high QRS-complex
marked by (2) and high T-wave marked by
(3)). The time-frequency spectrum of the
signalis shown as a shaded contour plot of
WTabs(a,b) (minimum values in white,
maximum values in black). One can easily
find the three wave components
mentioned above. However, WT, (a,b) in
Fig.1(b) is not suitable for simple and
efficient detection of particular waves.

The image of WT_,(a,b) can be simplified
by taking a z-axis slice for a chosen value
Le<0;1>. Thus, contourimage C, is

¢ {ab)= 1 if BT, (ableil-g1+s
2 0 if ofherwise (3)

where ¢ is a small value. An example of a
contour image is shown in Fig.2(b). Only
that part of the contour, which is the closest
to the highest frequency, is considered (4).
Such a contour is called a contour
envelope ECandis defined as

ECH|=

E:A.?gj(?.b]-ﬂ [.-:I] )

for all b's. The contour envelope ECis a 1-
D function. An example of the contour
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Figure1. (a) ECG signal and its (b) modulus of CWT. P-wave (1), QRS-complex (2), and T-
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Figure 2. Contour envelope generation: (a) ECG signal, (b) slice through time-
frequency spectrum of the signal, (c) contour envelope.

envelope is in Fig. 2(c). EC is further
formed by classical signal processing
algorithms. In the proposed method, EC is
smoothed using a low-pass Lynn's filter
defined as

O

H(z) = (5)-

1-=

The filtered EC is used for delineation of
signal components (Fig.2 EC with a cutting
level for QRS detection, Fig. 3 EC with
a cutting level for other components).

Simply, the EC is thresholded to remove
any noise and suppress the widening effect

due to the above described low-pass
filtering (Fig. 3(c)).

While all small value areas are zeroed, all
values above the threshold are set to 1.
Then, ascending and descending edges
represent on-sets and off-sets of particular
signal components — P-wave, QRS-
complex, and T-wave (Fig.3(d)). The high
cutting level L is used only for QRS
complex detection to remove other
components and avoid false detection
(Fig.2) and the low level for other waves to
make them visible in the contour envelope
(Fig.3). Inner edges are removed and on-
sets and off-sets determined.
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Figure 3. Detection of P-wave, QRS-complex and T-wave using Haar wavelet. (a) ECG signal,
(b) contour envelope, (c) filtered conto

APC/PVC classifier

APC/PVC classifier distinguishes between
APC (atrial premature contraction) and
PVC (premature ventricular contraction).

We analyze the area before the detected
QRS complex for the detection of APC. The
premature P-wave can be detected in the
wavelet contour envelope using the simple
wavelets. Fig.4 shows the application of
the Haar wave, scale 1-32, and the cutting
level:

L=0125mean T,

We can see structures in the wavelet
contour envelope before detected QRS,
these structures detect the P-wave, which
has an irregular P-P interval or an
abnormal shape. This contour is also
filtered for better performance. Detection
edges are processed by a decision
algorithm.

N N

W n

1500 2500

[ KRWTT il

1800 2000 25800

Figure 4. Atrial premature beat: (a) ECG
signal, (b) contour envelope.

EJBI - Volume 4 (2008), Issue 1

Ja bl (6).

The detected QRS complex has a normal
width and it can distinguish APC between
PVCs.

The width analysis of QRS in the contour
envelope of square modulus of coefficients
was done for the level
L=8*mean(WT (a,b)), scale 1-32 and
Mexican hat wave. The width analysis is
documented in Fig. 5. Wide QRS
complexes of PVCs has also wide
response in contour envelope (Fig. 5(a)
versus Fig. 5(b)). EC is filtered,
thresholded and further processed by
classical algorithms. The next analyzed
feature is the R-R interval. A three RR

en9

interval sliding window [RR,, RR,, Rr.] and
an averaged RR interval is used to classify
a middle RR, interval (Fig. 4). The R-R
interval surrounding the premature
ventricular beat is usually equal to double
of the basic R-R interval (Fig. 6) and longer
than double for APC (Fig. 4). Different
criteria for the RR interval, P-P interval, P
wave shape and QRS width are combined
together.

Normal rhythm/ Abnormal rhythm
classifier

This method shows that we can find
differences between abnormal beats and
normal beats in the matrix of wavelet
coefficients. The Mexican hat wave and
scale 1-64 were used. The maximum of
square modulus of CWT coefficients of SR
(sinus rhythm) in the area around QRS
(QRS including) is usually for a between
a=1and a=10 and it does not change too
much from one another. The square
modulus of CWT coefficients of premature
ventricular contractions has a bigger
amplitude, the maximum of coefficients in
the QRS area is in a higher scale than for
normal beats and width of its shape is
higher. It can be compared in Fig.6, where
narrow QRS complexes of normal beats
have a narrower response and a lower
amplitude in the matrix of CWT coefficients
than premature ventricular contractions.
The position of maximum of CWT
coefficients for PVC's in the area of QRS
complex on a scale axis is more than 18.
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Figure 5. Width analysis: (a) signal No. 119, (b) contour envelope, (c) filtered contour
envelope, (d) edges image.
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Figure 6. Discrimination of normal and ventricular premature contractions
(a) Square modulus of CWT coefficients — Mexican hat wave,
(b) ECG signal No. 119.

Each change in the size of maximum,
position of maximum on a scale axis and
width between beats can signalize some
abnormality or noise.

RBBB (right bundle branch block) has
maximum of coefficients in low scales,
usually the same as SR, but it can be
distinguished by virtue of QRS-width.

Results

Algorithms have been developed in the
MATLAB environment with a Wavelet
Toolbox. Signals were tested on selected
recordings from the MIT-BIH arrhythmia
database created by the Massachusetts
Institute of Technology (MIT) and Boston's
Beth Israel Hospital (BIH). All analysed
recordings contained description of each
heart beat used for evaluation of detection
accuracy. Asingle lead MLII (modified limb
lead Il) was chosen for an analysis. The
used sampling frequency was 360 Hz.

Detection of QRS-comlplexes

The algorithm was tested on 48 signals
(no. 100-234) from the MIT-DB library in full
length (each approximately of 30 minutes,
650 000 samples). In total, more than 24
hours of signals containing 99555 QRS-
complexes were analyzed. The average
detection rate was 99.45%, the lowest
result was found for the signal no. 207
(88.63%). The signal No. 207 contained
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large periods of ventricular fibrillation,
where it was difficult to recognize particular
QRS-complexes. The detector had the
detection rate above 99.9% in 23 signals,
and 99%in43 of signals.

Fig.7 documents robustness of the
algorithm. The upper panel shows an
original signal with detected heart beats (N
under the signal curve). The lower panel
shows the same signal with the original
description from the MIT-BIH database. In
this example, no QRS complex was
missed or false detected.

APC/PVC classifier
Classification of ECG was carried out on

|

34 of MIT-DB recordings. The following
beat types were selected for the study:
sinus rhythm (SR), premature ventricular
contraction (PVC), and premature atrial
contraction (APC). Classification was not
trivial due to the wide variations of the
morphology of the SR, PVC, and APC
beats as it can be shown on the recordings.
The average accuracy of this method in
classification of SR, PVC and APC beats
was 94.6%. The accuracy is represented
by a ratio of true positive detections to a
number of all beats. Numbers of tested SR,
PVC, and APC beats and accuracy of
detection is summarized in the table below.
The accuracy of detection of SR, PVC, or
APC beats in the table is represented by a
ratio of true positive detections to a number
of corresponding beats.

Table 1. Classification accuracy for APC/PVC
classifier.

| Rhythm|[Database || Algorithm|| Accuracy (%)]

SR || 69264 || eeB21 || 961 |
Pvc || 5283 || 2807 || 712 |
lApc [ g1z || 27t || 304 |

We tested 34 signals from the MIT-DB
library where PVC and APC appear more
frequently. The system described in this
paper is patient-independent: an operator
is not required to hand-segment samples
of each new type of a beat before and
during the analysis. The results obtained
have shown that continuous wavelet
transform enables an arrhythmia analysis
and helped identify characteristics for
arrhythmia classification.

Procezzed signal
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Figure 7. Detection of QRS-complexes — signal No. 105: (a) results, (b) database.
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Normal rhythm/abnormal rhythm
classifier

The algorithm was tested only on 40
signals from the MIT-DB library with PVC's,
APC, RBBB, LBBB (left bundle branch
block), SR. We can easily distinguish
PVCs between RBBB, SR, APC and other
narrow complex arrhythmias by searching
for location of local maxima in matrix of
CWT coefficients on a scale axis. This
method has average accuracy 96.81% for
detection of PVCs between APC, SR,
RBBB. Signals with LBBBs were also
tested, but there were not obtained reliable
results. This algorithmis also independent,
there is not necessary manual segmen-
tation and manual classification of data.

Discussionand conclusion

These methods are found suitable for
a continuing analysis. The cooperation
with a cardiologist is necessary for further
improvement. QRS complex detection
accuracy is comparable to the recently
published results. Classification algo-
rithms can recognize clear examples of
abnormality and typical progresses, but
beats on the border of categories and
atypical changes are not classified very
successfully. APC/PVC classifier promises
good results with some limitations:
classification based on the detection of
waves and measuring important intervals
in contour envelopes can decide about
abnormal intervals and values but it cannot
decide precisely about the type of
arrhythmias. This information cannot be
compared to the database. This decision is
not possible without practical medical
experience. Finding of hidden differences
between diseases and WT coefficients are
promising techniques. The Normal
rhythm/Abnormal rhythm classifier shows
that differences can be discovered. We can
see in the matrix of coefficients that RBBB
has usually maximum of coefficients in the
low part of the scale range (1:64), the same
as SR (but we can separate them due to
their width), LBBB in the middle part and
PVC in the higher part. We can determine
with high accuracy the PVCs in the matrix
of coefficients. They have a maximum in
the higher part of the scale range and a
broad response in the waveletimage. Only
this criterion gives good results for
recognizing and distinguishing PVCs
between SR, RBBB, APC, NPB (nodal
premature beat), JEB (junctional escape
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beat) and other narrow complex
arrhythmias. It can be used as feature for
the automatic computing and training
methods. The CWT transform offers
a detailed analysis, although this comes at
a significant expense in computational
load and memory usage. The creation of
a general algorithm successful on all ECG
cycle variants is a difficult problem.
Automatic computing and training
methods based on artificial intelligence
approaches, hidden Markov models or
others could solve the described
difficulties. We can detect successfully
deviations from the sinus rhythm; broad,
wide and deep PVCs, etc., but there are
still variations, where human input is
necessary.

Acknowledgement

The research was supported by the grants
GACR No. 102/07/1473 and the Research
Programme of Brno University of
Technology MSM 0021630513.

References

[1] Nabney I. T., Evans D. J., Tenner J., Gamlyn
L.: Benchmarking Beat Classification
Algorithms. Computers in Cardiology, 2001,
529-532.

[2] Sahambi J. S., Prasad G. K.: Classification
Of ECG Arrhythmias Using Multi-Resolution
Analysis And Neural Networks. In
Proceedings of Convergent Technologies for
the Asia-Pacific Region Conference,
Bangalore, India, IEEE 2003, Vol. 1.

[3] Strang G., Nguyen T.: Wavelets and filter
banks. Wellesley-Cambridge Press, USA,
1996.

[4] Kohler B., Hennig C., Orgimeister R.: The
principles of software QRS detection. IEEE
Eng. Med. Biol. Mag., 2002, pp. 42-54.

[5] Small M., Yu D. J., Grubb N., Simonotto J.,
Fox K. A. A., Harrison R. G.: Automatic
identification and recording of cardiac
arrhythmia. Comp. Cardiol., 2000, vol. 27,
pp. 355-358.

[6] Unser M.: A Practical Guide to the
Implementation of the Wavelet Transform.
In: Aldroubi, A, Unser M. Wavelets in
Medicine and Biology. CRC Press, New
York, 1996.

[7] Braunwald E., Zipes D. P,, Libby P.: Heart
disease. W. B. Saunders Company, 2001.

[8] Chen S. W., Clarkson P. M., Fan Q.: A robust
sequential detection algorithm for cardiac
arrhythmia classification. |[EEE Trans.
Biomed. Eng., 1996, vol. 43, pp. 1120-1125.

[9] Guvenir H. A., Acar B., Demiroz G., Cekin A.:
A supervised learning algorithm for
arrhythmia analysis. Comp. Cardiol., 1997,
vol. 24, pp. 433-436.

[10] Dickhaus H., Heinrich H.: Classifying

|

biosignals with wavelet networks. IEEE
Eng. Med. Biol. Mag., 1996, pp. 103-104.

[11] Provaznik I., Bardonova J.: Delineation of
ECG Waves Using Complex-Valued
Continuous Wavelet Transform. Springer
Berlin Heidelberg, 2008, vol. 18, pp. 158-
161, ISSN 1680-0737.

[12] Chesnokov Yu. V., Chizhikov V. I.;
Continuous Wavelet Transformation in
Processing Electrocardiograms in
Ventricular Arrhythmia. Journal
Measurement Techniques. Springer New
York, 2004, no. 4, vol. 47, pp. 417-421,
ISSN 0543-1972.

[13] ShyuL.Y.,, WuY.H., Hu W.: Using wavelet
transform and fuzzy neural network for
VPC detection from the Holter ECG. IEEE
Trans. Biomed. Eng., 2004, vol. 51, pp.
1269-73.

[14] Romero Legaretta I., Addison P. S., Reed
M. J., Grubb N. R., Clegg G. R., Robertson
C. E., Watson J. N.: Continuous wavelet
transform modulus maxima analysis of the
electrocardiogram: Beat-to-beat
characterisation and beat-to-beat
measurement, Int. J. Wavelets,
Multiresolution and Information Processing,
2005, vol.3(1), pp. 19-42.

[15] Addison P. S.: Wavelet transforms and the
ECG: a review. Physiol. Meas., 2005, vol.
26.

[16] Addison P. S.: The lllustrated Wavelet
Transform Handbook: Applications in
Science, Engineering, Medicine and
Finance. Institute of Physics Publishing,
Bristol, 2002.

[17] Mahmoodabadi S. Z., Ahmadian A.,
Abolhasani M. D.: ECG Feature Extraction
Using Daubechies Wavelets. Proceedings
of the Fifth IASTED International
Conference, Visualization, Imaging, and
Image Processing, Benidorm, Spain.
September 7-9, 2005.

[18] Dagrouq K., Abu-Isbeih I. N.: Arrhythmia
Detection using Wavelet Transform.
EUROCON, 2007. The International
Conference on Computer as a Tool,
pp.122-126, 9-12 Sept. 2007.

Contact

Prof. Ing. Ivo Provaznik, Ph.D.
Department of Biomedical Engineering
Faculty of Electrical Engineering and
Communication

Brno University of Technology

Kolejni 4, Brno 61200

Czech Republic

e-mail: provazni@feec.vutbr.cz

© 2008 EuroMISE s.r.o.



J. Reissigova et al.: Coronary Heart Disease Mortality in Czech Men, 1980-2004, en 12-16

|

Coronary Heart Disease Mortality in Czech Men, 1980-2004

Jindra Reissigova, Marie Tomeckova

Centre of Biomedical Informatics, Institute of Computer Science AS CR, Prague, Czech Republic

Background: The Czech Republic
belongs to countries with high coronary
heart disease (CHD) mortality. The aim
was to analyze age, period and cohort
specific CHD mortality in men from the
Czech Republic.

Design and Methods: National data on
mortality of men (30-74 yrs.) in the Czech
Republic in 1980-2004 were explored. The
Poisson regression model was applied to
evaluate age, period and cohort effects on
mortality.

Results: An adequate fit of CHD men's
mortality provided the age-period-cohort
model (p=0.121). The ratio of mortality of
the age group 45-49 to 40-44 was by 17 %
lower than that of the age group 40-44 to
35-39. The ratio of the relative risk of period
1995-1999 to 1990-1994 was by 19 %
lower than that of the period 1990-1994 to
1985-1989. The ratios of the relative risks
between adjoining birth cohort-groups
werecloseto 1.

Conclusions: The fatal CHD risk in Czech
men was significantly depended on age
(the risk increasing with age), calendar
period (the risk reduced in the recent
years), and birth cohort (the risk
decreasing with birth cohort). The crucial
positive change in the CHD mortality trend
was observed after the collapse of
communism in 1989, and in men past age
40 years.

Keywords: coronary heart disease,
cardiovascular, mortality, risk function

Introduction

At the turn of the 21% century in the
European Union countries cardiovascular
diseases (CVD) cause between 26 % of
deaths (France) and 62 % (Bulgaria) in
men and between 31 % of deaths (France)
and 71 % (Bulgaria) in women [1]. CVD
remain the main cause of death in men and
inwomen in all European countries, except
men in France, the Netherlands, and
Spain. Over a third of deaths from CVD are
from coronary heart disease (CHD), which
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Figure 1. European age-standardized coronary heart disease mortality in some European
countries, by sex, 0-64 yrs., 1980', 2004.
'In Azerbaijan, Belarus, Kazakstan, Kyrgyzstan, Lithuania and Ukraine mortality in 1981 is
presented.Source [1].

by itself is the most common cause of
death in Europe. Figure 1 shows age-
standardized mortality from CHD in some
European countries.

In 1970-2000 mortality from CVD declined
almost linearly in western European
countries [2]. In eastern European
countries, CVD mortality reached
a maximum in 1990-1994, followed by
a decline in Poland, in Hungary, and in the
Baltic states (Estonia, Latvia, Lithuania).
An appreciable reversal of the trend was
also observed in the Czech Republic (CR)
[3]. A main role in the decline in CVD
mortality in CR plays most likely
a decreasing trend in the occurence of
most major CVD risk factors observed in
the 1985-2000/01 period [4].

Nevertheless, in 2006 diseases of the
circulatory system were the most frequent
cause of death in CR (the 2nd most
frequent cause of death were malignant
neoplasms, the 3rd injuries) [5]. They were
responsible for 50.3 % of all deaths. The
leading cause of death from the
cardiovascular diseases was CHD. It

caused 47.1 % of all death from CVD in
men, and 40.8 % in women. The aim of this
article is to analyze mortality from CHD in
Czechmenin 1980-2004.

Material and Methods

Source data

The numbers of CHD (codes D410-D414
in the 8" Revision of International
Classification of Diseases (ICD-8), codes
410-414in1CD-9, codes 120-125in ICD-10)
and mid-year population by the 5-year age
groups (0-4, 5-9,...80-84, 85+) in 1980-
2004 are from the publications "Population
changes in the Czech Republic" yearly
issued by the Czech statistical office.
Mortality from CHD was directly age-
standardized to the European population
[6].

Statistical methods

An age-period-cohort (APC) modelling
was applied to analyse mortality from CHD
in men aged 30-74 years from CR in 1980-
2004 (note: mortality in the younger age
group was low and the reliability of death
cause in the elderly can be arguable, these
age groups were excluded from the
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analysis). The number of CHD deaths was
modelled by a log-linear Poisson
regression as a function of the age at
death, period of death, and birth cohort.
The APC modelling was done
hierarchically as summarized by Arbyn et
al. [7], and finally presented in Table 1 in
Results. A goodness-of-fit of a given model
was measured by the residual deviance
with a chi-square test. The contribution of
an additional term to the model was
evaluated by comparing the difference in
the deviances between the given model
and the model without the term against chi-
square distribution with the degree of
freedom (df) equalled to the difference in df
between these two models. The adequacy
of the model was further verified by the
Akaike's information criterion (AIC) for the
fit, and an examination of the Pearson
residuals. To test for extra-Poisson
variation, the Cameron-Trivedi (C-T) test
was applied.

It is well known that a linear dependency
exists among the variables of age (a,
i=1,...,1), period (p, j=1,...,J) and cohort (c,,
k=1,...K): k=I-i+j. In the model involving
the variables of age, period and cohort
simultaneously, the linear dependency
results in non-unique estimations of these
parameters (note: the multiple estimations,
however, yield the same fitted number of
deaths). To obtain unique estimations,
a constraint on the estimated parameters
is required. However, the different
constraint leads to estimations of age,
period and cohort trends. In our case, the
constraints of fixing two period parameters
(1985-1989, 1990-1994), and one cohort
parameter (1935-1944) to zero and the
constraints so-called second differences
by Clayton and Schifflers [8] were also
used to estimate the parameters of the
age, period and cohort. Other differences
are the contrasts expressed as the ratio
(difference on a logarithmic scale) of two
adjacentrelative values (more in Results).

The statistical analysis was performed
using the R software version2.3.1.

Results

Figure 2 shows the development of age-
standardized CHD mortality in men from
CR in 1980-2004, in all age groups
together, in the age group of 0-64 years,
and in the age group of 30-74 years. For
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the ability of comparison with mortality in
other European countries (Figure 1), this
mortality was adjusted (recalculated) on
the age-structure of the European
standard population.

Figure 3 shows the age, period, and birth
cohort specific (yearly) mortality in the age
group of 30-74 years. Mortality is plotted on
a logarithmic scale. Mortality was
increasing with age (Figure 3a),
decreasing in the recent years (Figure 3b),
and decreasing with birth cohort (Figure
3c). In other words, Figure 3 depicts
mortality data subsequently stratified by
age, period and birth cohort, which we
have at our disposal for the statistical
analysis testing simultaneously to what
extent age, period, and birth cohort
influence mortality.
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Figure 2. European age-standardized
coronary heart mortality in the Czech

Republic, men, in all and specific age
groups, 1980-2004.
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Figure 3. Age, period, birth cohort-specific coronary heart mortality in the Czech Republic,
men, 30-74 yrs., 1980-2004".
'In ¢), birth cohort notation represents the centre of the 10-year interval, e.g. birth cohort of
1940 represents the cohort of men born from 01/01/1935 to 31/12/1944.

The statistical analysis is presented in
Table 1, which summaries the results of
APC modelling. The effect of age was
significant on mortality (the model 1). The
fits of the models 2 and 3a-3c were
significantly better compared with the
model 1, however, still not sufficient.
A more adequate fit provided the APC
model (the model 4). It means that the risk
of death was significantly depended on all
three effects: age, calendar period, and
birth cohort. In the APC model, no extra-
Poisson variation (in other words, no
significance difference between mean and
variance) was detected (p=0.500), and the

Pearson residuals ranged from -1.864 to
1.784.

The self effects of age, period, and cohort
on mortality are demonstrated in Figure 4.
The age effect was expressed as age-
specific mortality per 100 000, the period
and cohort effects as relative risk of death
from CHD. Increasing age was elevating
CHD mortality (Figure 4a). The risk of
death from CHD was reducing in the most
recent periods (Figure 4b, compared with
1985-1995, i.e. the reference period), and
with birth cohort (Figure 4c).
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The cohort risks were related to the risk of
the cohort 1940 (the reference cohort). The
cohort 1940 included men born around
(1935-1944) the beginning of the Second
World War in 1939. In fact, it was a central
cohort and compared with this cohort, the
younger and older cohorts are based on
fewer data, Figure 3c (it resulted in the
varying width of confidence intervals,
Figure 4c).

The numbers in brackets in Figure 4
indicate the ratio of two adjacent values.
Remind that these ratios are the same for
various age, period and cohort parameter
estimates, and thus they solve the non-
identifiability problem in the APC model as
mentioned in Material and Methods. It is
important to emphasize that the ratios
indicate neither increasing nor decreasing
trend. In fact, the values under 1 indicate
"deceleration" of the trend, and the values
above 1 indicate "acceleration" of the
trend. Let's describe the most essential
sudden changes in the trends:

eFollowing Figure 4a). The ratio of
mortality of the age group 45-49 to the
age group 40-44 was lower by 17 % than
that of the age group 40-44 to the age
group 35-39, because the mentioned
mortality ratewas 16523 /877
' (o))
The sequent mortality rates were 89 % for
the age group of 45-49 years, and 93 %-
99 % for the age group of 50 years and
over. In summary, the largest deceleration
of the mortality trend was observed in men
inthe age group 40-49 years.
eFollowing Figure 4b): The ratio of the
relative death risk of the period 1995-
1999 to the period 1990-1994 was lower
by 19 % than that of the period 1990-1994
to the period 1985-1989, because the
0.81 1.0
mentioned risk ratio is [WJ /(ﬁ] LA
Other more than 10% changes in the trend
were not observed. So that, the largest
decrease in the mortality trend was
achieved in 1995-1999 compared to the
previous development of the trend.

eFollowing Figure 4c): No larger sudden
changes in the relative death risk were
observed by birth cohorts; the ratio of the
relative risks between adjoining cohort-
groups ranged from 0.92 to 1.06.
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Table 1. Age, period, cohort modelling of coronary
heart mortality, men, 30-74 yrs., Czech Republic, 1980-2004.

Residual Cegree of AfdF
No.m|[Model deviance freedom ovalue lCl_ompared MDY _[-_. lpvalue || ac®
: = with model . 2
(D) (df)

0 Interception 355388.0 44 =0.001

1 Age 15148.0 36 =0.001 0 3402400| 8 =0.001| 156006
2 Age-Drift 3255.5 a5 =0.001 1 1‘1892.5” 1 =0.001| 37101
3a || Age-Age*Drift 209225 27 =0.001 2 333.0” 8 =0.001| 33931
3b || Age-Period 388.2 32 =0.001 2 285?.3” 3 =0.001 8488
3c || Age-Cohort 1872.6 24 =0.001 2 1382.9” 11 || =0.001| 23492
g | AgePeriod- 287 21 0a21|  3b 3505 11 | =0001]| 5113

Cohort

"Follow Figure 2. If the model 1 holds, the age-specific mortality curves by the periods are identical. If the
model 2 applies, the age-specific mortality curves are parallel at constant distances (so-called drift). In the
case of model 3a, the age-specific mortality curves are not parallel; the age-specific mortality in successive
periods differ by the constant specific for each age group. In the case of the model 3b, the age-specific (or
equivalently period-specific) mortality curves, are parallel, but at different distances. If the model 3c holds,
the birth cohort-specific mortality curves are parallel at different distances. The model 4 allows for the non-

parallel age-specific mortality curves as a function of the period and cohort variables.
*Difference in residual deviances.
*Difference in degree of freedoms.
‘Akaike's information criterion.
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Figure 4. Estimated effects of age, period1 and birth cohort’ (with 95% Cl) on coronary heart mortality
in the Czech Republic, men, 30-74 yrs., 1980-2004 (the numbers in brackets indicate the ratio of two
adjacent relative risks’).

"Periods of 1985-1989 and 1990-1994 was chosen as reference.

’Birth cohort of 1940 was chosen as reference; birth cohort notation represents the centre of the 10-
year interval, e.g. birth cohort of 1940 represents the cohort of men born from 01/01/1935 to
31/12/1944.

*For instance, the ratio of mortality of age group 40-44 (87.7) versus age group 35-39 (38.6) to mortality
of age group 35-39 (38.6) versus age group 30-34 (15.6) is (87.7/38.6)/( 38.6/15.6)=0.92.

Discussion

APC modelling is used as the method to
analyse incidence and mortality from
various causes ranged from cancer to
cardiovascular diseases. Itis a descriptive
tool, mainly used for nationally registered
data. It helps not only to model but also to
predict occurrence of diseases. In this
paper, we used APC modelling to explore
mortality from CHD in men from CR.

CVD causes nearly half of all death in
Europe (48 %), and CHD by itself is the

single most common cause of death in
Europe [1]. Primary prevention pro-
grammes in many countries attempt to
reduce occurrence of CHD through risk
factor modification. However, in studies so
far conducted, such interventions have
limited the effect on mortality, as
summarized in the literature [9,10]. On the
other hand, as stated there, a small but
potentially important benefit (about a 10%
reduction in CHD mortality) may have been
missed in those studies.
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Major cardiovascular risk factors are
smoking, elevated blood pressure,
elevated cholesterol level, and diabetes
mellitus. CR belongs to the European
countries with high CHD mortality even if
mortality from CHD has been decreasingin
CR from the beginning of 1990s (Figure 1).
In this study, using APC modelling, we
found out that mortality in Czech men was
significantly dependent on the age of
death, calendar period of death and birth
cohort.

Mortality from CHD was increasing with
age (Figure 4a). The effect of age on
mortality was likely to reflect the
dependency of mortality on atheroscle-
rosis ("hardening of blood vessels" — the
main underlying cause of CVD), which as
has been known may begin in childhood,
and getting worse as a person gets older.
Likely that decisive age for men is the age
around 40/50 years, when the largest
deceleration of increasing mortality was
observed (the mortality ratio of the age
group 45-49 to 40-44 was by 17 % lower
than that of the age group 40-44 to 35-39;
the mortality ratio of the age group 50-54 to
45-49 was by 11 % lower than that of the
age group 45-49t0 40-44).

The risk of death from CHD was reduced in
the recent period (Figure 4b). The period
effect on mortality reflects the risk factors
and the level of health care that act in the
period of death. The period risks of 1985-
1989, 1990-1994 were fixed to 1 (the
reference periods) due to been assumed
that the risks were approximately same in
these years around the collapse of
communism in 1989. Decrease of the risk
from fatal CHD in the recent periods
(compared to 1985-1994) is explained by
the collapse of communism, followed by
lifestyle changes and modern treatment.
The ratio of the relative death risks of the
period 1995-1999 to the period 1990-1994
was by 19 % lower than that of period
1990-1994 to period 1985-1989.

The relative risk of dying from CHD was
linearly decreasing with birth cohort, and
ranged from 0.38 to 1.60 (Figure 4c). No
sudden larger trend fluctuations were
observed; the ratios of the relative risks
between adjoining cohort-groups were
close to 1.0. The effect of birth cohort on
mortality can be viewed as risk factors and
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environmental exposures typical for
a given generation. Etiology is often
related to birth cohort.

One limitation of our APC model is that we
did not have data on background
characteristics of individuals. Therefore we
could not relate the age, period, and cohort
trends to trends in cardiovascular risk
factors (smoking, blood pressure etc.) and
precisely to investigate time from risk
factor modification to decline in mortality.
Our study is not the analytical study, but the
descriptive study, which could help
medicine workers understand and
speculate about the development of
mortality from CHD in CR. For instance,
our data suggests that a sharper decline in
mortality was demonstrated in 5-10 years
(1995-1999) after the risk factor
modification, which is supposed to start
around 1990. Furher, even if the aim of our
study was not to predict the future CHD
mortality trend, mortality among menin CR
can be expected to decrease, assuming
the trend in the risk factors remain
unaltered. The decline is mainly expected
due to the fact that the risk of CHD death is
decreasing with the year of birth, and in the
recent periods. APC modelling of CHD was
recently also applied in Finland [11] and
Japan [12], in which decline in future CHD
mortality is also expected. The results of
both studies emphasize the significance of
maintaining the recent decline of CHD
mortality among middle-aged adults. Few
studies on APC mortality were found that
were conducted in the past century and
predicted development mortality from the
past to the beginning of the 21st century.
For instance, age-period-cohort effects on
CHD mortality in Sweden from 1969 to
1993 were analysed, with forecasts up to
2003 [13]. It would be worth to compare
predicted and observed mortality in these
studies.

In conclusion, the risk of CHD death in
Czech men was significantly dependent on
the age of death, calendar period, and birth
cohort. The crucial positive change in the
mortality trend was observed after the
collapse of communism in 1989, and in
men at the age of 40-49 years. Assuming
age, period and cohort trends remain
unchanged, the further decrease in
mortality from CHD can be expected in
Czechmen.

|
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Guideline Knowledge Representation Model (GLIKREM)

David Buchtela, Jan PeleSka, Arnost Vesely, Jana Zvarova, Miroslav Zvolsky
Centre of Biomedical Informatics, Institute of Computer Science AS CR, Prague, Czech Republic

Summary: The guideline knowledge
representation system (GLIKREM) is
based on a GLIF model which was
published in a GLIF3.5 specification.
GLIKREM contains some changes and
extensions of the definition and
implementation of the original GLIF model.
The aim of this article is to give
a description of GLIKREM, its constru-
ction, its implementation in XML,
a realization of the data interface and use
of the result model.

Keywords: knowledge representation,
GLIF model, guidelines

Introduction

Medical guidelines are used for clinician
decision support. They are intended to
improve the quality of patient care and
reduce costs. Unfortunately, finding
information contained in conventional (free
text form) guidelines may be difficult.
A prerequisite for developing decision
support systems that use guidelines is
creating computer interpretable
representations of the medical knowledge
contained in medical guidelines. A number
of groups are actively developing
computer interpretable guideline
representation languages for this purpose.
The Arden Syntax [1] is perhaps the best
known language for representing medical
knowledge in decision support systems. It
is a rule based formalism developed for
encoding individual clinical rules as
Medical Logic Modules. Other approaches
share a hierarchical decomposition of
guidelines into networks of component
tasks that unfold over time [2]. All of the
following modelling methods can combine
guideline stepsin directed cyclical graphs.
Asbru is being collaboratively developed at
Ben Gurion University and the Vienna
University of Technology [3]. It is a time
oriented, intention based, skeletal plan
specification language that is used to
represent clinical protocols.

EJBI - Volume 4 (2008), Issue 1

EON was developed at Stanford University
and provides a suite of models and
software components for creating
guideline-based applications [4]. EON
uses a task based approach to define
decision support services that can be
implemented using alternative techniques
[56]. They use the Protégé-2000
environment to build a patient-data
information model, a medical-specialty
model, and a guideline model that
formalizes the knowledge needed to
generate recommendations regarding
clinical decisions and actions.

GUIDE is part of a guideline modelling and
execution framework developed at the
University of Pavia [6]. It supports
integrating modelled guidelines into
organizational workflows, using decision
analytical models such as decision trees
and influence diagrams, and simulating
guideline implementation in terms of Petri
nets.

PRODIGY was developed at the University
of Newcastle upon Tyne [7]. The
PRODIGY project's aim is to produce the
simplest, most readily comprehensible
model necessary to represent the class of
guidelines. Teams of clinicians have used
Protégé's knowledge engineering
environment [8] to encode three complex
chronic disease management guidelines.
PROforma was developed at the
Advanced Computation Laboratory of
Cancer Research [9] in the United
Kingdom. It combines logic programming
and object oriented modelling and is
formally grounded in the R2L Language.
PROforma supports four tasks: actions,
compound plans, decisions, and enquiries.
All tasks share attributes describing goals,
control flow, preconditions, and post
conditions.

The Guideline Interchange Format version
3 (GLIF) has been collaboratively
developed by groups at Columbia,
Stanford and Harvard Universities (the

InterMed Collaboratory). The most recent
GLIF specification is the GLIF3.5
specification [10,11,12]. lts expression
language was originally based on the
Arden Syntax. GLIF used the Guideline
Expression Language (GEL) to specify
criteria and expressions. GLIF now uses
GELLO, an extensible object oriented
expression language that supports
a superset of the functions supported by
GEL[13].

GLIF was selected as the model for
representing the Computerized Clinical
Guidelines in SAPHIRE too [14]. The
SAPHIRE system continuously monitors
the patients through dedicated agents and
supports the healthcare professionals
through an intelligent decision support
system.

The aim of this article is to describe the
design of a guideline knowledge
representation model (GLIKREM).
GLIKREM is based on a GLIF model.
GLIKREM contains some changes in and
extensions of the definition and
implementation of the original GLIF model.
This article describes GLIKREM, its
construction, its implementation in XML
(eXtensible Markup Language),
a realization of the data interface and the
use of the model. GLIKREM is used in the
Medical Knowledge Representation
System (MEKRES) which is developed
now [15].

Guideline knowledge
representation system

The whole process of the construction of
a knowledge model (GLIKREM) from the
free text of guidelines, its representation in
XML and the use of the model is illustrated
infigure 1[16].

In the stage of model construction from
textual guidelines it is important to find the
logical and process structure of guidelines
(the decision algorithm), all fundamental
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Figure 1. Process of construction, coding and use of GLIKREM.
Source [1].

parameters and their interrelationships
[17].

In the stage of the model coding the
graphic model of guidelines is coded into
XML. Besides this a list of basic and
derived parameters of the model
(paramodel) is created.

The paramodel is used as an interface
between the model and real data [18]. In
the stage of model construction from
textual guidelines it is important to find the
logical and process structure of guidelines
(the decision algorithm), all fundamental
parameters and their interrelationships
[17].

In the stage of the model coding the
graphic model of guidelines is coded into
XML. Besides this a list of basic and
derived parameters of the model
(paramodel) is created. The paramodel is
used as an interface between the model
andreal data[18].

Graphic model

Main parts (steps) of graph

The model of textual guidelines created in

the construction stage is an oriented graph

(see fig. 2) which is composed of five main

parts (steps):

eAction step — specify clinical actions that
are to be performed. It can be an
application of some therapy, carrying out
some examination or measurement etc.
Action steps also may refer to sub-
guidelines (subgraph), which provide
details of the action.

eDecision steps are used for conditional
branching. These steps are used when
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branching is determined by evaluation of

logical criteria based on the value of data

items. If the decision cannot be made

automatically the user can select himself

one of the alternative next steps.

eBranch and synchronization steps
enable concurrence in the model.
Guideline steps that follow a branch step
can be performed concurrently. Branches
have a root in the branch step and
eventually converge in a synchronization
step. In this step all branches are
synchronized after evaluation of
asynchronizing condition.

................ state step

................ action step

branch step
decision step

== subgraph

synchronization
step

Figure 2. Parts (steps) of the graphic model.

ol strict-in 0Lnstrict-in
ol strict-out 0Lnstrict-out
o rule-in OLnrule-in
o rule-out o'nrule-out

Figure 3. Decision criteria in a decision step.

|

eState step characterizes an object state
that has to be observed after execution of
the previous step or a state that should
exist at the beginning of the model.

Decision criteria

Each decision step specifies four criteria

for each decision optiona’ ... o" (see fig. 3).

The subsequent flow through the model is

automatically or manually chosen on the

basis of the evaluation of these criteria.

o Strict-in — if a strict-in is true then the
control flows to the guideline step that is
specified by that decision option's
destination.

e Strict-out — if a strict-out is true then the
decision option's destination is forbidden.
The strict-out can be butdo not have to be
opposite of strict-in.

oRule-in — if a rule-in is true then it is only
recommended to flow to the guideline
step that is specified by that decision
option's destination. The user should
select himself one of the next steps with
positive rule-in.

eRule-out-if a rule-outis true the decision
option's destination is not recommended
butitis not forbidden. The user should not
select one of the next steps with positive
rule-out.

The strict-out criterion is evaluated at first.
If the strict-out criterion (of some option) is
evaluated as true the rest of the criteria (of
this option) is not evaluated. This option is
forbidden. In the opposite case the strict-in
criterion is evaluated. If the both of strict-in
and strict-out criteria are false, the rule-in
and rule-out criteria are evaluated. The
ranking of rule-ins and rule-outs (of all
option's critearia) is left to the users who
may use their clinical judgement or may
develop their own ranking schemes.

Criteria evaluation

When evaluating the criteria (strict-in,
strict-out, rule-in, rule-out), it often
happens that input parameter values are
not known. Therefore the criteria are
evaluated in three-value (or multi-value)
logic. The logic formulas contain variables
(parameters of the paramodel) and logic or
relational operands and can take the
values:

etrue — the result of the formula evaluation
istrue —itis represented by the value 1.
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ofalse — the result of the formula
evaluation is false — it is represented by
the value 0.

e unknown — when the formula cannot be
evaluated — it is represented by the value
Ya.

Each logic formula should be expressed in
the disjunctive or conjunctive normal form
that contains only the logical operations of
negation, conjunction (logical multiply) or
disjunction (logical sum). This form is
equivalentto the original formula.

The definition of the operations of
negation, conjunction and disjunction in
three-value logic are as follows:
enegation: p=1-p

econjunction: (p, Ap,A...Ap,) =min(p,,

P s P1)
edisjunction: (p,vp,Vv...vp,) =max(p,, p,,

o P)

A well-designed model has to fulfil several

rules for each decision step:

eThe automatic flow to the decision
option's destination is possible if its strict-
in criterion is true and its strict-out
criterionis false.

o[f the first rule does not happen the user
must chose some destination manually.
He (she) can use only the destination
whose strict-out criterion is false.

eThe recommended and not recommen-
ded options are offered to the user after
the evaluation of rule-in and rule-out
criteria.

eThe strict-in and strict-out criteria must
have definite values (true or false). If
some Sstrict-in or strict-out criterion is
evaluated as unknown, the user will have
to add the missing data.

eEach decision step must be consistent
i.e. at the most one of the strict-in criteria
(of all options) can be true and both of
strict-in and strict-out criteria are not true
in the same option.

oCriteria can be dependent on several
different parameters. The evaluation of
the decision step must be correct (at least
one of the strict-in or rule-in is true in
some option and strict-out is false in this
option) for all of possible values of each
parameter.
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Figure 4. Option priority in the decision step.

Priority in the decision

If these rules are thoroughly applied the
user can insert missing data when it is
necessary. If a strict-in criterion of some
option (destination) is true the evaluation of
criteria of other options is not needed.
The amount of necessary essential data is
dependent on order of single option
evaluations. Therefore it is necessary to
set an order of evaluation i.e. to set the
priority of decision options. The priority of
each option is chosen by a specialist (see
fig.4).

In the example (see fig. 4) the criteria of the
option y is evaluated first then the criteria of
the option a and finally the criteria of the
option B. If strict-in criterion of the option y
is true the options a and B will be not
evaluated.

Synchronization conditions

In modelling parallel branches (with branch
and synchronization steps) it is necessary
to specify which branch is necessary and
which one is optional. That is why the
synchronization conditions are set for each
synchronization step (see fig.5).

The synchronization condition has to be

expressed in the disjunctive or conjunctive

normal form. The onfly parameters of the

paramodel are used as variables in the

synchronization condition. Values of onfly

parameters are:

evalue 1 - the user goes through the
branch which is represented by this onfly
parameter,

evalue 0 — the user do not go through this
branch.

A value of the onfly parameter is set by a
"shadow" operation (see XML repre-
sentation of model) in the last step of the
branch.

In the example (see fig. 5) the synchro-
nization condition (a, v a,) A a, will be true if

A

- .

: / 3 \\
action 1 | ‘ action 2 ‘ action 3 ‘
(HMHEHHH ("2///{13

v (v ag) Aty

Figure 5. Synchronization condition.

the user goes through branch a, and goes
through one of the branches q, or a,.

Representation of the graphic model

in XML

We specified our own XML scheme for
representation of graphic model and
developed a graphical editor for
construction of the graphical model and its
translation into XML. The whole model
consists of a sequence of XML elements
which represent steps of the graphic
model. The XML syntax of the model
contains elements for description of
attributes of model steps, elements for
graphical symbols of steps and elements
forthe decision support (see fig. 6).

The description of elements is as follows:

e glikrem —the root element of the whole
model (GLIKREM),

o head - the definition of head — see the
paragraph Model extension for using in
MEKRES,

e graph — the root element of the graphic
model contains elements step,

o step - the attributes of one step, it
contains elements:
name - the unique identification of the
step,
type — the type of the step, the type
can be: action, case, branch,
synchronization, state, subgraph,
caption — the caption of the graphical
symbol of the step,
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o text — the description of the step,
x — the x-coordinate of the graphical
symbol,
y —the y-coordinate of the graphical
symbol,
width — the width of the graphical
symbol (in pixels),
height — the height of the graphical
symbol (in pixels),
focus - the highlighting of the step for
visualization of a path in the graph,
possible values are:
not = not highlighted,
auto = automatically highlighted,
user = highlighted by the user
simulation,
status — the location of the step in the
model, possible values are:
start = the first step (the graphical
model starts with this step),
end = the last step (usually the final
patient's state),
in = the internal step,
eoperation - the list of "shadow"
operations of the step (see fig. 7), each
operation (element ops) contains
elements:
otype — the type of operation, possible
values are:
insert = the insertion of the parameter
value,
get = the getting of the parameter value,
put = the putting of the parameter value,
open = the opening of some file (e.g.
subgraph),
oparam - the name of the parameter or
the file,
ovalue - the value onfly for put
operation,
enext — the list of follow branches
(options), each option (element option)
contains elements (see fig. 8):
nname - the identification of the option,
nstep — the identification of the target
step,
ncaption — the caption of the option,
npriority — the priority of the option, the
default value is 1,
nstrictin — strict-in criterion,
nstrictout — strict-out criterion,
nrulein — rule-in criterion,
nruleout — rule-out criterion,
nnote - the note of the option,
nline — the description of line to the
target step in a form of the sequence of
points (elements point):
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Figure 6. XML scheme of the graphic model representation.

Generated by XMLSpy

| ops

www altova.com

Figure 7. XML scheme of shadow operations.

px - the x-coordinate of the point,
py - the y-coordinate of the point.

Every type of decision condition is usually
a logic formula with basic and derived
parameters of the paramodel as variables
in these formulas. The notation of the
decision conditions (strict-in, strict-out,
rule-in, rule-out) adheres the XPath
syntax.

For example the definition of condition
with parameters SYMPTOMS and
FINDINGS:
Iparams/param[pid="SYMPTOMS")/

pvalue and
params/param[pid="FINDINGS")/pvalue.

The notation of the synchronization
conditions is analogical (in XPath) but we
need onfly parameters as variables for
these conditions.

For example the definition of syn-
chronization condition with onfly
parameters (branches) DG_S3 and
DG_S4:/params/param[pid="DG_S3")/pv
alue or /params/param[pid="DG_S4")/
pvalue.
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Model of parameters (paramodel)

The essential parameters for GLIKREM
are often saved (in databases or clinical
information systems) in a form which is not
efficient for direct use in the knowledge
model. The model of parameters
(paramodel) is a better solution. The
paramodel is constructed along with
GLIKREM. The paramodel serves as
a data interface between real data and
GLIKREM. The values of parameters of the
paramodel are derived from real data by
data transformation (see the paragraph
Data transformation). Only the parameter
names of the paramodel are used in the
decision conditions.

Representation of paramodel in XML

The paramodel is constructed by user in
the graphic model editor and represented
in the XML the same way as a graphic
model. The whole paramodel contains
elements which represent the respective
parameter (see fig. 9). The parameters of
the GLIKREM can be as follows:

ebasic — the basic parameter is directly
measurable or has a value which is found
by an other method,

ederived — the parameter is derived from
basic parameters by the application of
alogical or arithmetical operation,

eonfly —the parameter for synchronization
conditions which contains a logical value.
The value is set by a "shadow" operation
in the last step of the branch which is
antecedent to the synchronization step.

The description of the paramodel elements

is as follows:

eparamodel — the root element of the
paramodel,

¢ head —the definition of the head,

eparams - the root element of the
parameters which contains elements
param,

eparam - the description of one
parameter,

pid - the unique identification of the
parameter,

ptype — the type of the parameter,
possible values are: basic, derived and
onfly,

pname —the full name of the parameter,
pdatype - the data type of the parameter
(XML data type),

pvalue — the value of the parameter,
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Figure 9. XML scheme of the paramodel.

. data
input data B output data
XML file
XSLT . XML
or value map paramodel
CSV file

Figure 10. The process of the data transformation into the paramodel.

punits - the unit of the parameter,
pdef — the definition of the derived
parameterin Xpath,

pquery - the definition of the database
query (e.g.in SQL),

pnote - the note of the parameter.

Transformation of input data

The real data of patients are stored in
clinical information systems and
databases of different types. It is usually
possible to export data from these systems
in the form of XML or CSV (Comma-
Separated Values) files. From these files it
is necessary to transform data into the
paramodel (in XML). A simplified approach
of the transformation you can see in figure

10. Itis necessary to define the value-map
that contains an input and a result. The
input is the parameter and its value as
exported by an XML-file or a CSV file and
the result is a mapping to the parameter
name and value as used in the paramodel.
The definition of the value-map is in the
XSLT (eXtensible Stylesheet Language
Transformations) file form. For example
the determination of the systolic blood
pressure value as an average from
measured values which are stored in the
XML file. The input data are the values of
the different systolic blood pressure
measuring and the result is the average
value (seefig. 11).
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Figure 12. XML scheme of key atributes.

Model extension for usingin MEKRES

The resulting GLIKREM is extended by key
attributes for use in MEKRES (MEdical
Knowledge REpresentation System).
These key attributes are used in the

user — the user of system to whom the
model is primary determined, possible
values are: patient, GP, specialist,
operator (of emergency rescue),

|

estatus — the model validity, possible
values are: valid, draft, expired,

okeys — the list of keys described by the
model contains elements key,
keyname - the name of the key,
keyweight - the weight of the key - the
model description rate of the key.

Selection algorithm of relevant model
The principle of the whole medical
knowledge representation system
(MEKRES) and the algorithm to select
therelevant GLIKREM model is illustrated
in figure 13. The select algorithm is
described as follow:

oA set of all branches and keys (key
attributes) which corresponds to
participant state (his/her attributes) is
determined for every specific participant
(user, patient, physician, operator, ...) and
his attributes.
ec.g. branches "diabetes" and
"hypertension” which corresponds to
patient attributes "SBP", "DBP",
"glycaemia”.
eFor each branch and key the set of
knowledge models (GLIKREM) are
chosen from a set of all GLIKREMs where
each model contains attribute branch and
key weight (element keyweight) is non
zero.
ee.g. models G, (hypertension) and
G, (diabetes).

eFor each chosen model a general
aggregate operator
(e.9. B, = 3 keyweighi(k)) is defined. The
operator détermines the relevant score of
the model.

selection algorithm of a relevant model and everybody,

they are coded in XML and stored in the . 3

element head along with the graphic model GLIKREM Register or

(see fig. 1 2). (models) ontology

The description of the element head is as branch & keys >G‘”‘f£” <> branch & keys

follows: data \_

e gname — the name of knowledge model Gy: Diabetes | T diabetes
(GLIKREM), G,: {select algorithm) mﬂ:rr;sslﬁ:e

e author —the author(s) of the model, Sipem— diabetes

o date —the last update date, G, R,=08

/1=

Gy: Ry = 2,1

oBID - the branch identification — e.g. I TR =2
International Classification of Diseases m
(ICD), SBP, DBP
ebranch — the branch described by the glycaemla
model,

Figure 13. Medical knowledge representation system.
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ec.g. the model G, has operator
Ry = 2,1 and the model G, has
R.=038.

e The model with the highest relevance
value or a list of models ordered by the
value of relevance is offered to
participant.

ec.g. the model G, (the highest
relevance value) is offered to
apatient.

Conclusion

The designed knowledge representation
model (GLIKREM) based on the GLIF3.5
specification is the universal tool for the
formalization of knowledge stored in a free
text form (e.g. medical guidelines). The
XML representation of the graphic model
and the creation of the data interface in
a paramodel form makes it possible to use
it in different types of applications and to
connect to real data from different sources
(e.g. XML or CSV files). The definition in
XSLT file form is used for the
transformation of input data and the
graphic model too.

The main extensions and benefits of the

designed model are as follows:

oQOur own formal representation of the
graphic model in XML. The result of this
representation is a XSD (XML Schema
Definition).

oA more accurate definition of decision
criteria and their evaluation in a three
value logic.

oA definition of priority attribute for
a reduction of a number of needed option
evaluations in decision steps.

e A design of a paramodel (in XML) which
is used as an interface between
GLIKREM and real patient data in
aclinicalinformation system.

eAn extension of GLIKREM by key
attributes. This extension is used in
a Medical Knowledge Representation
System.
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Predmluva

Jana Zvarova
Vedouci redaktorka

Biomedicinska informatika je rychle se
rozvijejici obor, s dllezitymi aplikacemi
a dopady na cely biomedicinsky svét
a poskytovani zdravotnické péce.
European Journal for Biomedical
Informatics (EJBI) reaguje na velkou
evropskou potfebu sdilet informace
vmnohojazy&né a multikulturni Evropé.

EJBI otevird novy model elektronického
publikovani pro obor biomedicinské
informatiky. EJBI vydava pfijaté
recenzované pfispévky v anglictiné
a soucasné v dalSich evropskych jazycich.
Tim otevird nové moznosti pro rychlejsi
pfenos védecko-vyzkumnych poznatk
z mnoha evropskych zemich Sirokému
mezinarodnimu spole¢enstvi vyzkumnych
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pracovniki v biomedicinskych oborech,
lékaf(, ostatnich zdravotnickych
pracovnik( a ob¢an(. Kromé toho ¢asopis
umoznuje, aby se vysledky védecko-
vyzkumné prace a praktické zkuSenosti
zahrani¢nich odbornikl staly pfistupné
a srozumitelné Siroké vefejnosti v kazdé
zemi, kde je pouzivan néktery
zevropskych jazyku.

Cilem redakéni rady je dosahnout co
nejvy$Si védecké Uurovné Casopisu
a soucasné ukazat osvédCené postupy
aplikaci metod biomedicinské informatiky
Siroké vefejnosti. Redakéni rada je
sloZzena z vynikajicich evropskych
odbornikl v oboru biomedicinské
informatiky. Redakéni rada usiluje o to, aby

prezentace védeckych praci v angliétiné
s jejich odbornymi pfeklady do dalSich
evropskych jazyk( vyznamné pfispéla ke
sjednocovani odborné terminologie
v evropskych jazycich. Jsem
pfesvédCena, Ze tato Cinnost pro EJBI
pfispéje k propagaci dobrého kreditu
¢asopisu.

V roce 2008 EJBI zahgjilo spolupraci
s nakladatelstvim Schattauer ve
zpfistupfiovani kvalitnich informaci
z biomedicinské informatiky v dalSich
evropskych jazycich. Vice informaci
ziskate v Pfedmluvé Casopisu Methods of
Information in Medicine, Issue 2 2008.
Prvni spoleénou publikaci EJBI a Methods
naleznete zde.

© 2008 EuroMISE s.r.o.
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Konturovy vinkovy detektor pro analyzu arytmii

Dina Ki¢merova, Ivo Provaznik

Ustav biomedicinského inzenyrstvi, Fakulta elektrotechniky a komunikaénich technologii VUT v Brné&, Ceska republika

Souhrn: Clanek se vénuje navrhu
automatického detektoru vybranych
arytmii. Navrzeny algoritmus vyuZiva
spojitou vinkovou transformaci (CWT)
v kombinaci s analyzou jeji konturové
obalky. VIinkova transformace byla vyuZita
v detektoru R vin, k rozliSeni normalnich
a abnormalnich stahd a pro detekci
predCasnych atrialnich kontrakci (APC)
a predéasnych komorovych kontrakci
(PVC). Algoritmus byl ovéfen rozsahlym
testovanim na MIT/BIH databazi.
Hledanim lokélnich maxim ve vinkové
konturové obélce jsou ucinné detekovany
R viny. Celkovd UspéSnost detekce
testovana na 48 pulhodinovych signélech
je 99,5 %. Byly otestovany dva typy
klasifikace: 1. klasifikace zaloZzena na
konturové obalce a detekci vyznacnych
bodi s celkovou UspéSnosti 94,6 %,
96,1 % pro sinusovy rytmus (SR), 30,4 %
pro APC, 71,2 % pro PVC a 2. lokalizace
maxima umocnénych koeficientli spojité
vinkové transformace v oblasti QRS
komplexu k uréeni PVC mezi SR, blokadou
pravého Tawarova raménka (RBBB), APC
a daldimi arytmiemi s uzkym QRS
komplexem s pfiesnosti 96,8 %.

Klicova slova: arytmie, EKG signal,
vinkova transformace, kontury

Uvod

Pro analyzu medicinskych dat jsou ¢asto
vyuzivany automatické systémy. Moderni
zdravotnictvi produkuje obrovské
mnozstvi dat, kterd davaji pfileZitost
k hledani explicitniho porozuméni
fyziologii. Nové metody mohou pomoci
zjednodusit a urychlit zpracovani velkého
objemu dat. Lékafi musi Casto uréovat
pacientovu diagnézu na zakladé mnoha
numerickych hodnot méfenych béhem
vySetieni. Orientace v takovém mnozZstvi
dat neni vZdy jednoduché a jednoznaéna.
Proto existuje fada konzultaénich
systém0, které se snazi minimalizovat
lidské chyby. Moderni analyza elektrické
aktivity srdce pouZiva jednoduché
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i sofistikované algoritmy digitalniho
zpracovani signalu implementované
v elektrokardiografech [1,2,4-6,8-18].
Algoritmy mohou byt rozdéleny do tfi
skupin: pracujici v Easové [8], frekvenéni
[5] a Casové-frekvencni oblasti [10-18].
Prvni dvé tfidy patfi mezi klasické metody,
které jsou uspé&sné v mnoha Klinicky
testovanych aplikacich, v analyze EKG,
detekci QRS komplexu [4], jeho zaCatku
a konce, v analyze zmén ST segmentu,
analyze variability srdeéniho rytmu, atd.
Nové algoritmy pracuji v Casové-
frekvencni oblasti [10-18] a kombinuji
nékteré vyhodné vlastnosti znadmé
z klasickych metod — zejména umoziuji
frekvenéni analyzu se zacho-
vanim ¢asové informace o analyzovanych
jevech. PouZiti prosté Casové analyzy
neposkytuje dostatecné kvalitni vysledky
diky nizké citlivosti, coz je zpusobeno
malou amplitudou zmén. Frekvenéni
analyza zvySuje senzitivitu, ale nedokaze
detekovat, v které fazi srdeéniho cyklu
zménavznikla.

V soucasnosti je pro Casové-frekvencni
analyzu nejvice vyuZivand vinkova
transformace (WT) [10-18]. WT je
popularni pro snadnou implementaci a jeji
vysledky Ize snadno interpretovat stejné
jako Fourierovu transformaci pro
frekvencni analyzu. Mnoho variant WT
nabizi mnoho moZnosti pfi vybéru od
redundantni detailni analyzy az po rychlou
analyzu s minimem vystupnich dat. Vybér
patficné varianty WT zélezi na typu
aplikace (potladovani Sumu, znaceni
Casové-frekventnich komponent
uziteCného signélu, detekce vyznamnych
bod(, detekce a pozorovani vyznamnych
zménv Case, atd.).

V tomto Clanku se zabyvame pouZzitim
vinkové transformace k analyze
morfologie srdeénich stahi a k EKG
klasifikaci. Cilem této prace je rozliSit rizné
typy arytmii a detekce abnormalit.
Prezentujeme klasifikator arytmii zalozeny

na spojité vinkové transformaci (CWT)
k identifikaci stahG normalnich,
abnormalnich pred¢asnych komorovych
kontrakci (PVC) a pfed€asnych atridlnich
kontrakci v EKG signalu. Vyskyt arytmii je
nepfedvidatelny. Cilem této studie je
vyvinout metodu pouzivajici CWT
koeficienty EKG vin. Budou diskutovany
dva typy srdeénich arytmii: PVC
(pfedCasné komorové kontrakce) a APC
(pfedCasné atrialni kontrakce), které jsou
nejb&znéjsSimi typy arytmii pfi
monitorovani EKG.

Metoda

Vinkova transformace (WT) je zaloZena na
pouziti sady matematickych analyzujicich
funkci nazyvanych ,vinky“. Vinky provadéji
rozklad EKG signalu do sady vinkovych
koeficientl a jsou odvozeny od obecné
komplexni funkce w(f) dilataci a posunem
v Case. Kazdd analyzujici funkce
w,,(=w((t-b)la) mé vlastni parametry —
Casovou lokalizaci definovanou posunem
b a frekvenéni pasmo definované
dilataCnim faktorem (méfitkem) a. Kazdy
vysledny vinkovy koeficient koresponduje
s méfenim signalu v daném Ccase
a v daném frekvenénim pasmu. Vinkové
koeficienty mohou byt jednoduse
vyjadreny nasledujici definici vinkové
transformace (CWT)

1% Jft-h (el
wr.a,b.=ﬁw[7]fm (1),

-

kde f(t) je analyzovany EKG signal a *
oznaCuje komplexni sdruZzenost. DalSi
informace ohledné vinkové transformace
a jejich vlastnosti mohou byt nalezeny
v [3,6]a[16].

Rozméfovani EKG komponent

NavrZzend metoda se sklada ze dvou
hlavnich ¢&asti: 1. spojité vinkové
transformace s diskretizovanym vystupem
a 2. klasickych algoritmd pracujicich
v ¢asové oblasti.

© 2008 EuroMISE s.r.o.
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WT (Rov. (1)) je dvourozmérnou funkci,
ktera reprezentuje signal v Casové-
frekvencni oblasti. Pro snaz$i analyzu
vysledné funkce WT(a,b) pouZieme jeji
absolutni hodnotu abs(WT(a,b)) a dale
normalizaci. Rovnice 1 muze byt pfepsana
dotvaru

Wl b= abslwlﬂ',bl|fn&£§§[ahslwla,b“]
(2).

Pfiklad EKG analyzy s pouzitim CWT
a Morletovy vinky je dokumentovan na
obrazku Obr. 1.V signalu vidime tfi hlavni
viny (vrcholy) (panel (a): mala P-vina
oznacena (1), vysoky QRS-komplex
oznaceny (2) a vysoka T-vina oznacena
(3)). Casové-frekvenéni spektrum signalu
je zobrazeno jako stinované kontury
WTabs(a,b) (kde minimalni hodnota
odpovida bilé a maximalni hodnota erné).
V obrazku mohou byt jasné identifikovany
komponenty zmifiované dfive. Nicméné
WT.,.(a,b) na Obr. 1(b) neni vhodna pro
jednoduchou a efektivni detekci patficnych
vin.

Obraz WTabs(a,b) mlze byt ziednodusen
fezem v ose z pro zvolenou hodnotu
Le<0;1>. Tim vznikne konturovy obraz C,

¢ {ab)= 1 if BT lab)ell-sl+&)
b 0 if otherwise
3),

kde ¢ je malé Cislo. Pfiklad konturového
obrazku je vyobrazen na Obr. 2(b).
Bereme v Uvahu pouze tu ¢ast kontury,
ktera je nejblize vysokym frekvencim (4).
Takovou konturu nazyvéame konturovou
obélkou EC aje definovéna jako

ECbl= min _la] )
ged, G (g b0

pro vSechna b. Konturova obalka EC je
jednorozmérna funkce. Pfiklad konturové
obalky je na Obr. 2(c).

EC je dale zpracovavana klasickymi
algoritmy. V predlozené metodé je EC
vyhlazena Lynnovou dolni propusti
definovanou vztahem

Hiz) = (5).
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Obr. 1. (a) EKG signal a jeho (b) absolutni hodnota CWT. P-vina (1), QRS-komplex (2) a T-
vina (3) jsou vyznaceny.
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Obr. 2. Vytvofeni konturové obalky: (a) EKG signal, (b) fez ¢asové-frekvencnim
spektrem signalu, (c) konturova obalka.

Filtrovand obalka EC je pouzita pro
rozméfovani signalovych komponent
(Obr. 2 EC s Urovni fezu pro QRS detekci,
Obr. 3 EC s urovni fezu pro dalSi
komponenty).

Konturova obélka je prahovana za U¢elem
odstranéni Sumu a potlaceni rozsifujiciho
efektu vlivem filtrace dolni propusti (Obr.
3(c)). Malé hodnoty jsou nulovany
a nadprahovym hodnotdm je pfifazena
hodnota jedna. Poté vzestupné a sestupné
hrany reprezentuji zacatky a konce
jednotlivych vin — P-viny, QRS-komplexu a
T-viny (Obr. 3(d)). Pro detekci QRS
komplexu je pouZita vysoka drover fezu k

faleSnych detekci (Obr. 2) a nizka droven
fezu pro zviditelnéni dalSich EKG vin
v konturové obélce (Obr. 3). Vnitfni hrany
jsou odstranény a stanoveny zaCatky
akoncevin.

APC/PVC Klasifikator

APC/PVC klasifikator rozliSuje APC
(pfedCasné atrialni kontrakce) a PVC
(pfedCasné komorové kontrakce).

Pro detekci APC analyzujeme oblast pfed
detekovanym QRS komplexem.

© 2008 EuroMISE s.r.o.
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Obr. 3. Detekce P-vin, QRS-komplexu a T-vin s pouZitim Haarovy vinky: (a) EKG signal, (b)
konturova obélka, (c) filtrovana konturova obélka, (d) detekcni hrany.

PfedCasna P vina mize byt detekovana
v konturové obalce s pouzitim
jednoduchych vinek. Obr. 4 dokumentuje
pouZiti Haarovy vinky, méfitka 1-32
auroven fezu:

L=0125mean WT,la kil (6).

Pfed QRS komplexem jsou v konturové
obélce zfetelné struktury, které predstavuji
P vinu, ktera ma nepravidelny P-P interval
nebo abnormalni tvar. Tato kontura je
rovnéz filtrovana k dosazeni lepSich
vysledkd.

Detekéni hrany jsou dale zpracovany
rozhodovacim algoritmem.

Detekovany QRS komplex m& normalni
Sifku a tak muzeme jednoduse rozlisit APC

od PVC.
N N A N i
PP1sebP2oel IPP3
l,_._.w‘\m 1
1 SIDO 20:30 2500
RR1-m4RR2mn+—RR3
1 M
1600 2000 2500

Obr. 4. PfedCasna atrialni kontrakce: (a) EKG
signal, (b) konturova obalka.
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Analyza Sitky QRS komplexu v konturové
obalce byla provedena s nasledujicimi
parametry: L=8*mean(WT ,(a,b)) méfitko

1-32 a vinkou typu mexicky klobouk.
Analyza $itky je dokumentovanana Obr. 5.

Siroké QRS komplexy predgasné
komorové kontrakce maji také $irsi odezvu
vkonturové obélce.

(Obr. 5(a) versus Obr. 5(b)). EC je
filtrovand, prahovana a dale zpracovana
klasickymi algoritmy.

Dal$im analyzovanym parametrem je R-R
interval.

cs4

Klouzavé okno ffi RR intervalll [RR,, RR,,
RR,] a primérmy RR interval jsou pouZzity
ke klasifikaci prostfedniho RR, intervalu
(Obr. 4). R-R interval obklopujici
pifedéasnou komorovou kontrakci je
obvykle dvojnasobny nez zakladni interval
(Obr. 6) a delSi nez dvakrat pro APC
(Obr. 4). Kombinuji se rizna kritéria pro RR
interval, P-P interval, tvar P viny a $itka
QRS komplexu.

Klasifikator normalniho a abnormalniho
rytmu

Tato metoda ukazuje, Ze mizeme nalézt
rozdily mezi abnormalnimi a normalnimi
stahy v matici vinkovych koeficientl. Byla
pouzita vinka typu mexicky klobouk
a méfitka 1-64. Maximum umocnénych
koeficientd spojité vinkové transformace
v oblasti QRS komplexu u sinusového
rytmu je obvykle vrozsahua=1aa=10
a pfilis se mezi sebou nelisi. Umocnéné
koeficienty CWT pfedcCasnych
komorovych kontrakci maji vétsi amplitudu
a maximum koeficientt v QRS oblasti je ve
vy8Sim méfitku nez pro normalni stahy
a Sifka Utvaru je vétsi. Rozdily mohou byt
porovnany na Obr. 6, kde Uzké komplexy
normalnich stahd maji uz8i odezvu
a men$i amplitudu v matici CWT
koeficientll nez predéasné komorové
kontrakce.

Pozice maxima CWT koeficientd v oblasti
QRS komplexu pro PVC je na méfitkové
ose vetSinez 18.
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Obr. 5. Analyza Sifky : (a) signal ¢. 119, (b) konturova obalka, (c) filtrovana konturova
obalka, (d) detekcni hrany.
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Obr. 6. RozliSovani normélnich a pfedcasnych komorovych kontrakci: (a) umocnéné
absolutni hodnota CWT koeficientti — vinka mexicky klobouk, (b) EKG signal ¢. 119.

Kazda zména ve velikosti maxima, pozici
maxima na méfitkové ose a Sifce mezi
stahy m0Ze signalizovat abnormalitu nebo
ruSeni.

RBBB (blokaddy pravého Tawarova
raménka) maji maximum koeficientd pro
nizk& méfitka, obvykle stejné jako SR, ale
mohou byt snadno odliSeny Sifkou QRS-
komplexu.

Vysledky

Algoritmy byly vyvinuty v prostfedi
MATLAB s vyuZitim Wavelet Toolboxu.
Signaly byly testovany na vybranych
zaznamech z MIT-BIH arytmické databaze
vytvofené Massachusetts Institute of
Technology (MIT) a Boston's Beth Israel
Hospital (BIH). V3echny analyzované
signély obsahuji popis kazdého srdecniho
stahu vyuzivaného pro hodnoceni
detekéni ucinnosti. Analyza byla
provedena na svodu MLII (modifikovany
konCetinovy svod Il). Signaly jsou
vzorkovany frekvenci 360 Hz.

Detekce QRS-komplexu

Algoritmus byl testovan na 48 signalech (C.
100-234) z knihovny MIT-DB v plné délce
(kazdy pfiblizné 30 minut, 650 000 vzorka).
Celkem vice nez 24 hodin signali
obsahujicich 99555 QRS-komplexu.

EJBI - Volume 4 (2008), Issue 1

Primérna detekéni Géinnost byla 99,45 %,
nejhorsi vysledek byl pro signal &. 207
(88,63 %), ktery obsahuje dlouhé useky
komorovych fibrilaci, kde je obtizné
rozpoznat dilCi QRS-komplexy. Detektor
mél detekéni dcinnost nad 99,9 %
u 23 signald, anad 99 % u 43 signall.

Obr. 7 dokumentuje robustnost algoritmu.
Horni panel zobrazuje pdvodni signal
s detekovanymi stahy (N pod kfivkou
signalu).

Dolni panel zobrazuje stejny signal
s plvodnim popisem z MIT-BIH databaze.

V' tomto pfipadé nebyl Zadny QRS
komplex vynechan nebo fale$né
detekovan.

Proceszedsignal
T T

csh

APC/PVC klasifikator

Klasifikace byla provedena na
34 zaznamech z MIT-DB databaze. Pro
studium byly vybrany nasledujici
kategorie: sinusovy rytmus (SR),
pfedCasné komorové kontrakce (PVC),
a predCasné atrialni kontrakce (APC).
Klasifikace nebyla jednoducha diky
rozmanitosti morfologie SR, PVC, a APC
stahtl, coz mdzeme vidét na zaznamech.
Pramérna uspéSnost této metody
v klasifikaci SR, PVC a APC stahi byla
94,6 %. Uspésnost je prezentovana jako
pomér pravdivé pozitivnich detekci
k celkovému poctu stahl. Pocet
testovanych SR, PVC, a APC stah(
a UspésSnost detekce je shrnuta
v nasledujici tabulce. Presnost detekce
SR, PVC, nebo APC stahli v tabulce je
reprezentovana pomérem pravdivé
pozitivnich detekci k poctu korespon-
dujicich staha.

Tab. 1. Klasifikacni ucinnost pro APC/PVC
klasifikator.

| Ry'tmus”Databéze || Algoritmus” Uspésnost [%}|

[sR || Bo2s4 || sB821 || @61 |
[Pvc || 5383 || 3807 || 72 ]
[apc || 917 || 271 || @04 |

Bylo otestovano celkem 34 signald z MIT-
DB knihovny, kde se PVC a APC objevuji
nejCastéji.

Systém popsany v tomto Clanku je
nezavisly na pacientovi: neni potfeba ruéni
segmentace vzorkUd kazdého nového typu
stahu pfed a béhem analyzy.
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Obr. 7. Detekce QRS-komplexu — signél ¢. 105: (a) vysledky, (b) databaze.
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Ziskané vysledky ukazuji, ze spojita
vinkova transformace umozfiuje analyzu
arytmii a pomahéa nachazet vlastnosti pro
klasifikaci arytmii.

Klasifikator normalniho

a abnormalniho rytmu

Algoritmus byl testovan pouze na
40 signalech z MIT-DB knihovny s PVC,
APC, RBBB, LBBB (blokada levého
Tawarovaraménka)a SR.

MiZeme jednoduSe rozlisit PVC mezi
RBBB, SR, APC a dal§imi arytmiemi
s Uzkym QRS komplexem hled&nim
polohy maxima vinkovych koeficientl na
méfitkové ose. Tato metoda ma
prdmérnou Uspésnost 96,81 % pro detekci
PVC meziAPC, SR, RBBB. Byly testovany
také signaly s LBBB, ale zde nebyly
dosazeny hodnovémné vysledky. Tento
algoritmus je také nezavisly bez potfeby
manualni segmentace nebo manualni
klasifikace dat.

Diskuze azavér

Tyto metody byly shledany vhodnymi pro
pokracujici analyzu. Spoluprace
s kardiology je nezbytna pro dalSi
zdokonalovani. Uspésnost detekce QRS
komplexu je srovnatelna se soucasné
publikovanymi vysledky. Klasifikacni
algoritmus umi rozpoznat jasné pfipady
abnormality a typické pribéhy, ale stahy na
hranici kategorii a atypické zmény nejsou
klasifikovany pfili§ Uspésné.

APC/PVC klasifikator slibuje dobré
vysledky s nékterymi omezenimi:
klasifikace zalozena na detekci vin
a méfeni duleZitych intervall v konturové
obalce mlZze rozhodovat o abnormalnich
intervalech a hodnotach, ale nemize
pfesné rozhodnout o typu arytmie. Tato
informace nemuZe byt porovnana
s databazi. Atoto rozhodovani neni mozné
bez praktické I€karské zkusenosti.

Hledani skrytych rozdili mezi nemocemi
a vinkovymi koeficienty je slibna technika.
Klasifikator normainiho a abnormainiho
rytmu ukazuje, Ze rozdily mohou byt
nalezeny. V matici vinkovych koeficientl
mizeme vidét, ze RBBB ma obvykle
maximum koeficientd v dolnim rozsahu
méfitek (1:64), stejné jako SR (ale
mlZeme je separovat na zakladé Sitky),
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LBBB v prostiedni ¢asti rozsahu a PVC
v horni asti. MiZeme s velkou pfesnosti
urit PVC v matici koeficientl. Maji
maximum ve vy$§ich méfitcich a Sirokou
odezvu ve vinkovém obraze. Toto kritérium
davd dobré vysledky pfi rozpoznavani
PVC mezi SR, RBBB, APC, NPB (nodalni
pfedCasny stah), JEB (junctional escape
beat) a dalSimi arytmiemi s uzkymi
komplexy. Toho m0Ze byt vyuZito jako
pfiznaku pro automatické vypocty
a trénovaci metody. CWT transformace
nabizi detailni analyzu za cenu zvy3eni
vypocetni naroCnosti a vyuziti paméti.
Viytvoreni obecného algoritmu Uspésného
na vSech typech EKG stahl je obtizny
problém. Automatické vypocCetni
a trénovaci metody zaloZzené na umélé
inteligenci, skrytych Markovovych
modelech a dalSich, by mohly vyfesit
popsané problémy. Muzeme jednoduSe
detekovat odchylku od sinusového rytmu,
Siroké a hluboké PVC, ale stale jsou zde
variace, kde je vstup Clovéka nezbytny.
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Ischemicka choroba srde¢ni u muzéi v Ceské republice, 1980-2004
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Pozadi: Cesk4 republika patfi mezi zemé
s vysokou Umrtnostni na ischemickou
chorobu srde¢ni (ICHS). Cilem bylo
analyzovat specifickou umrtnost na ICHS
podle véku, obdobi a kohorty narozeni
umuzl v Ceskeé republice.

Design a metody: Analyzovala se narodni
data Umrtnosti muzl (30-74 let) v Ceské
republice v letech 1980-2004. K hodnoceni
vlivu véku, obdobi a kohorty na umrtnost
se pouzil PoissonGv regresni model.
Vysledky: Umrtnost na ICHS u muzi
adekvatné popisoval model zahrnujici vek,
obdobi a kohortu (p=0,121). Pomér
Umrtnosti vékovych skupin 45-49 k 40-44
byl 0 17 % nizSi nez odpovidajici pomér
vékovych skupin 40-44 k 35-39. Pomér
relativnich rizik v obdobich 1995-1999
k 1990-1994 byl 0o 19 % niz8i nez
odpovidajici pomér v obdobich 1990-1994
k 1985-1989. Poméry relativnich rizik mezi
sousedicimi kohortami kolisaly kolem
hodnoty 1.

Zaveéry: Riziko umrtnosti na ICHS bylo
u muzi v Ceské republice vyznamné
zavislé na véku (riziko se zvySovalo
s vékem), kalendainim obdobi (riziko se
snizilo v poslednich letech) a kohorté
narozeni (riziko se snizovalo s kohortou
narozeni). Zasadni pozitivni zména ve
vyvoji umrtnosti na ICHS nastala po padu
komunismu v roce 1989 a u muzi po
40. roce véku.

Klicova slova: ischemicka choroba
srdecni, kardiovaskularni, imrtnost, riziko

Uvod

Na pfelomu 21. stoleti zpUsobuji
kardiovaskularni onemocnéni (KVO)
v zemich Evropské unie mezi 26 %
(Francie) az 62 % (Bulharsko) umrti
u muzd a mezi 31 % (Francie) az 71 %
(Bulharsko) umrti u zen [1]. KVO zGstavaji
hlavni pfi¢innou dmrti u muzd a zen ve
vSech evropskych zemich, vyjma muzi ve
Francii, Holandsku a ve Spanélsku. Vice
nez jedna tfetina z Umrti na KVO jsou umrti
na ischemickou chorobu srdeéni (ICHS),
jez je sama nejCastgjSi pficinou umrti
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Obr. 1. Na evropskou populaci vékoveé standardizovana umrtnost na ischemickou chorobu
srdeéni v nékterych evropskych zemich, podle pohlavi, 0-64 let, 1980, 2004.
'V Azerbéajdzanu, Bélorusku, Kazachstanu, Kyrgyzstanu, Litvé a Ukrajiné je znazoména
umrtnost v roce 1981.

V' Evropé. Obr. 1 zobrazuje vékové
standardizovanou Umrtnost na ICHS
v nékterych zemich Evropy.

V prabéhu let 1970-2000 imrtnost na KVO
v zemich zapadni Evropy klesa téméf
linedrné [2]. V zemich vychodni Evropy
umrtnost na KVO dosahla svého maxima
v letech 1990-1994, s nasledovanym
poklesem v Polsku, Madarsku
a v baltickych statech (Estonsko, LotySsko,
Litva). Pozoruhodny opacny trend ve
vyvoji umrtnosti byl také pozorovan
v Ceskeé republice (CR) [3]. Hlavni viiv na
pokles Umrtnosti na KVO v CR mél
nejspiSe klesajici trend vyskytu hlavnich
rizikovych faktord KVO pozorovany
vletech 1985-2000/01 [4].

Nicméné, v roce 2006 byla onemocnéni
obéhového soustavy nejCastéjsi pficinou
amrti v CR (druhou nejéastéjsi pficinou
umrti byly zhoubné novotvary, treti
pfiCinou byly vnéj§i pfiCiny) [5]. Jsou
zodpovédna za 50,3 % umrti ze vSech
Umrti. Hlavni pfiinou Umrti z kardio-
vaskularnich onemocnéni je ICHS.
Zapficinila 47,1 % ze vSech umrti na KVO
u muzi a 40,8 % u Zen. Cilem tohoto

Clanku je analyzovat umrtnost na ICHS
u muz( v Ceské republice v letech 1980-
2004.

Material and metody

Zdrojova data

Pocet onemocnéni ICHS (kédy D410-
D414 podle 8. revize Mezinarodni
klasifikace nemoci (MKN-8), kody 410-414
podle MKN-9, kédy 120-125 podle MKN-10)
a stfedni stav populace v Sletych vékovych
skupinach (0-4, 5-9,...80-84, 85+) v letech
1980-2004 jsou prevzaty z publikaci
,Pohyb obyvatelstva v Ceské republice"
rotné vydavanych Ceskym statistickym
ufadem. Umrtnost byla vékové standar-
dizovana metodou pfimé standar-
dizace na evropskou populaci[6].

Statistické metody

Na Umrtnost na ICHS u muzi ve véku 30-
741etv CRvletech 1980-2004 se aplikoval
model ,véku-obdobi-kohorty" (APC, age-
period-cohort) (pozn. umrtnost v mladSich
vékovych skupinach byla nizka
a spolehlivost udavanych pficin umrti
u starSich osob muze byt diskutabilni,
proto byly tyto vékové skupiny z analyzy
vylouéeny).
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Pocet imrti na ICHS se modeloval pomoci
log-linearni Poissonovy regrese jako
funkce véku pfi Umrti, obdobi Umrti
a kohorty narozeni. APC modelovani se
provadélo hierarchicky, jak bylo
sumarizovano Arbynem a kol. [7] a jeho
konecné vysledky jsou prezentovany
v Tab. 1 ve Vysledcich. Vhodnost modelu
(goodness of fit) byla vyhodnocovana
reziduaini devianci a chi-kvadréat testem.
K vyhodnoceni vlivu pfiddvaného efektu
do modelu se porovnal rozdil devianci
mezi danym model a modelem bez tohoto
efektu s chi-kvadrat rozdélenim se stupni
volnosti (df) rovnymi rozdilu df téchto dvou
modell. Adekvatnost modelu se dale
vyhodnotila na zakladé Akaikeho
informacniho kritéria (AIC, Akaike's
information criterion) a analyzou
Pearsonovych rezidui. K testovani extra-
Poissonova koliséni (extra-Poisson
variation) se pouZil Camerontv-Triveditv
(C-T)test.

Je dobfe zndmo, Ze mezi proménnymi vék
(a, i=1,...,]), obdobi (p, j=1,...,J) a kohorta
(¢, k=1,...,K) existuje linearni zavislost:
k=I-i+j. V modelu zahrnujicim soucasné
vék, obdobi a kohortu se linearni zavislost
projevi tak, Ze neexistuje jednoznacné
feSeni odhadu parametrd (pozn.
odhadované poCty Umrti modelem jsou
vSak stejné pro rizné odhady koeficientt).
K ziskani jednoznacnych odhadl je nutné
kiast na odhadované parametry rlizna
omezeni. Rizna omezeni vSak vedou
k rdznym odhadim trend(i véku, obdobi
a kohorty. V naSem pfipadé se pfi
odhadovani parametrii véku, obdobi
a kohorty fixovaly dva parametry obdobi
(1985-1989, 1990-1994) a jeden parametr
kohorty (1935-1944) k hodnoté 0 a také se
odhadly takzvané druhé rozdily parametrd
podle Claytona a Schifflersa [8]. Druhé
rozdily se vyjadfuji pomérem (rozdill na
logaritmickém méfitku) dvou sousednich
relativnich hodnot (vice ve Vysledcich).
K provedeni statistické analyzy byl pouzit
R software verze 2.3.1.

Vysledky

Obr. 2 ukazuje vyvoj vékové standar-
dizované imrtnosti na ICHS u muzi v CR
v letech 1980-2004 ve vSech vékovych
skupinéch, ve vékové skupiné 0-64 let a ve
vékové skupiné 30-74 let. Pro moznost
srovnani s umrtnostni v jinych evropskych
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statech (Obr. 1) je tato umrtnost
adjustovana (pfepoctena) na vékovou
strukturu evropské standardni populace.

Obr. 3 znazoriuje (roéni) specifickou
umrtnost podle véku, obdobi a kohorty
narozeni ve vekové skupiné 30-74 let.
Umrtnost je znazornéna na logaritmickem
méfitku. Umrtnost se zvySovala s vékem
(Obr. 3a), snizovala se v poslednich letech
(Obr. 3b) a snizovala se s kohortou
narozeni (Obr. 3c). Jinymi slovy, Obr. 3
znazoriiuje Umrtnost postupné stratifiko-
vanou podle véku, obdobi a kohorty
narozeni, kterou jsme méli k dispozici pro
statistickou analyzu testujici simultanné do
jaké miry vék, obdobi, kohorta narozeni
ovliviiuji umrtnost.

|
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Obr. 2. Na evropskou populaci vékové
standardizovand umrtnost na ischemickou
chorobu srdeéni v Ceské Republice, muzi, ve
vSech a ve specifickych vékovych skupinach,
1980-2004.

) Birth coorts peciT noraly

Obr. 3. Specificka timrtnost na ischemickou chorobu srdecni v Ceské republice podle véku,
obdobi a kohorty narozeni, muZi, 30-74 let, 1980-2004'.
'V grafu c) kohorta narozeni oznaéuje stfed 10letého intervalu, napf: kohorta narozeni 1940
reprezentuje kohortu muzi narozenych od 01/01/1935 do 31/12/1944.

Statistickd analyza je prezentovana
v Tab. 1, kterd sumarizuje vysledky APC
modelovani. Vliv véku na umrtnost byl
vyznamny (model 1). Modely 2 a 3a-3b
byly vyznamné lepSi ve srovnani
s modelem 1, avSak stale nepostacujici.
Nejvhodnéjsi byl APC model (model 4). To
znamena, ze riziko Umrti bylo vyznamné
zavislé na vSech tfech efektech: véku,
kalendainim obdobi a kohorté narozeni.
V APC modelu nebylo detekovano Zadné
extra-Poissonovo kolisani (jinymi slovy
rozdil mezi primérem a rozptylem byl
nevyznamny) (p=0,500) a Pearsonova
rezidua se pohybovala v rozpéti od -1,864
do1,784.

Vlastni trendy vlivu véku, obdobi a kohorty
na umrtnost jsou znazornény na Obr. 4.
Vliv véku se vyjadfil jako vékové specificka
umrtnost na 100 000, vliv periody a kohorty
jako relativni riziko Umrti na ICHS. Se
zvySujicim se vékem se zvySovala
umrtnost na ICHS (QObr. 4a). Riziko Umrti
na ICHS se snizovalo v poslednich letech
(Obr. 4b, porovnavano s lety 1985-1994, t;.
referenéni obdobi) a s kohortou narozeni
(Obr. 4c). Kohortova rizika umrti byla
porovnavana s rizikem kohorty 1940
(referenéni kohorta). Kohorta 1940
zahrnovala muze narozené kolem (1935-
1944) poCatku druhé svétové valky v roce
1939.
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Vlastné jde o stfedovou kohortu a ve
srovnani s ni starS§i a mladsi kohorty
vychazeji zméné dat, Obr. 3¢ (to se odraZi
v kolisavé Sifce intervalli spolehlivosti,
Obr. 4c).

Cisla v zavorkach na Obr. 4 uvadaji pomér
dvou sousednich hodnot. Pfipomenime, ze
tyto poméry jsou stejné pro rizné odhady
vlivu véku, obdobi a kohorty a fesi tedy
problém nejednoznaéného odhadu
parametri v  APC modelu, jak bylo
zminéno v sekci Material a metody. Je
dllezité zduraznit, ze poméry neindikuji
rostouci ani klesajici trend. Hodnoty nizsi
nez 1 vlastné vyjadiuji, Ze doSlo ke
,Zpomaleni" trendu a hodnoty vysSi nez 1,
Ze doSlo k ,zrychleni trendu". PopiSme
eV/iz Obr. 4a): Pomér umrtnosti ve vékové
skupiné 45-49 k vékové skupiné 40-44
byl 0 17 % nizSi nez pomér umrtnosti
vékové skupiny 40-44 k vékové skupiné
35-39, a to protoZze zminény pomér
Umrtnostibyl  r165.2y fr87.7
" (57
Néasledujici poméry Umrtnosti byly 89 %
pro vékovou skupinu 45-49 a 93 %-99 %
pro vékovou skupinu 50 a vice let.
Souhrnné feéeno k nejvétSimu zpomaleni
trendu umrtnosti doslo u muzi ve vékové
skupiné 40-49 let.
eViz Obr. 4b): Pomér relativnich rizik
obdobi 1995-1999 k obdobi 1990-1994
byl 0 19 % niz3i neZz pomér relativnich
rizik obdobi 1990-1994 k obdobi 1985-
1989, protoze zminény pomér rizik je

0.81 /(1.0
(o) ls)-o
Jiné vice neZ 10% zmény trendu nebyly
pozorovany. TakZe k nevy$Simu poklesu
Umrtnosti doSlo v letech 1995-1999 ve
srovnanis pfedchazejicim vyvojem.
o\/iz Obr. 4¢): U jednotlivych kohort nebyly
pozorovany zadné nahlé zmény
relativniho rizika; poméry relativnich rizik

mezi sousedicimi kohortami kolisaly od
0,92do 1,06.

]:83%.

Diskuse

APC modelovani je uzivana metoda
k analyze incidence a Umrtnosti z rGznych
pfi¢in od rakovin aZ po kardiovaskularni
onemocnéni. Je to deskriptivni nastroj
pfedev8im aplikovany na nérodné
registrovanad data. Poméha nejen
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Tab. 1. Modelovani tmrtnosti na ischemic
a kohorté, muZzi

kou chorobu srdecni v zavislosti na véku, obdobi

, 30-74 let, 1980-2004.

Residual Cegree of Ay
Mo, ||Model deviance freedom o-value lC..DITIDEII'EEI ADRE _Ed" p-value || AIC*
i with model ! 3
D) (df)

0 Interception 355388.0 44 =0.001

1 Age 15148.0 36 =0.001 0 3402400l & || =0.001] 156006
2 Age-Drift 32555 35 =0.001 1 118925 1 =0.001| 37101
3a || Age-Age*Drift 29225 27 =0.001 2 333.0) & |[=0.001| 33931
3b || Age-Period 3882 32 =0.001 2 285?.3” 3 || =0.001 848.8
3c || Age-Cohort 18726 24 =0.001 2 ‘1382.9” 11 || =0.001| 2349.2
g4 | hoe-Period- 287 21 0.121 3b 3se5|| 11 ||<0.001| 5113

Cohort

'Viz Obr. 2. JestliZe plati model 1, vékové specifické kfivky tmrtnosti podle obdobi jsou identické. Jestlize
plati model 2, vékové specifické kfivky umrtnosti jsou rovnobézné v konstantni vzdalenosti (tzv. drift).

V pfipadé modelu 3a, vékové specifické kfivky umrtnosti nejsou rovnobézné; vékové specificka umrtnost
v sousednich obdobich se li$i o konstantu specifickou pro kaZdou vékovou skupinu. V pfipadé modelu 3b,
vékové specifické kivky umrtnosti (nebo ekvivalentné kfivky specifické umrtnosti dle obdobi) jsou
rovnobézné, ale v riznych vzdalenostech. Jestlize plati model 3c, specifické kfivky imrtnosti podle kohort

jsou rovnobézné v riznych vzdéalenostech. Model

4 vyjadiuje, Ze vékové specifické kfivky umrtnosti nejsou

rovnobézné a jsou funkci obdobi a kohorty.
*Rozdil reziduélnich devianci.
*Rozdil stupnii volnosti.
‘Akaikeho informaéni kritérium.

) S effect 1) Perodeffect ) Cobort effect
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Obr. 4. Odhadované viivy véku, obdobi" a kohorty narozeni’ (s 95% intervalem spolehlivosti) na
umrtnost na ischemickou chorobu srdecni v Ceské republice, muzi, 30-74 let, 1980-2004 (Cisla

v zavorkach oznacuji pomér

dvou sousednich relativnich hodnof’).

'Obdobi 1985-1989 a 1990-1994 byla vybréna jako referencni obdobi.
*Kohorta narozeni 1940 byla vybréna jako referencni; kohorta narozeni oznaduje stfed 10letého
intervalu, napf. kohorta narozeni 1940 reprezentuje kohortu muZd narozenych od 01/01/1935 do
31/12/1944.

*Napfiklad pomér umrtnosti vékové skupiny 4

0-44 (87,7) k vékové skupiné 35-39 (38,6) a umrtnosti

vékové skupiny 35-39 (38,6) k vékové skupiné 30-34 (15,6) je (87,7/38,6)/( 38,6/15,6)=0,92.

modelovat ale i pfedpovidat vyskyt
onemocnéni. V tomto ¢lanku jsme pouZili
APC modelovani k analyze umrtnosti na
ICHS umuz(i v Ceskeé republice.

KVO jsou pfic¢inou skoro poloviny viech
Umrti v Evropé (48 %) a sama ICHS je
nejCastéjsi pficinnou Umrti v Evropé [1].
Primérné preventivni programy v mnoha
zemich se pokouseji snizit vyskyt ICHS
modifikaci rizikovych faktor(. V doposud
uskutecnénych studiich v8ak takové
intervence mély omezeny vlivna imrtnost,

jak je sumarizovano v literatufe [9,10]. Na
druhé strang, jak je tam uvedeno, maly ale
potencialné dulezity prospéch (asi 10%
shizeni umrtnosti na ICHS) nemusel byt
vtéchto studiich odhalen.

Hlavnimi kardiovaskularnimi rizikovymi
faktory jsou koufeni, zvySeny krevni tlak,
zvySena hladina cholesterolu a diabetes
mellitus. CR patfi k evropskym zemim
s vysokou Umrtnosti na ICHS, pfestoze
Gmrtnost na ICHS v CR klesé od po&atku
90. letminulého stoleti (Obr. 1).
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V této studii jsme pouzitim APC
modelovani zjistili, Ze umrtnost u ¢eskych
muz( byla vyznamné zavisla na véku
umrti, na kalendarnim obdobi Umrti a na
kohorté narozeni.

Umrtnost na ICHS se zvySovala s vékem
(Obr. 4a). Vliv véku na Umrtnost
pravdépodobné odrazel zavislost této
Umrtnosti na aterosklerdze (,tvrdnuti cév"
— hlavni z&kladni pfi¢ina KVO), o které je
zndmo, ze muze zadit jiz v détstvi
a s vékem se zhorSuje. Pravdépodobné
rozhodujicim vékem pro muZe je vék
kolem 40/50 let, kdy bylo pozorovano
nejvétsi zpomaleni narfistu Umrtnosti
(pomér umrtnosti vékové skupiny 45-49
k 40-44 byl 0 17 % niz8i neZ odpovidajici
pomér vékové skupiny 40-44 k 35-39;
pomér Umrtnosti vékové skupiny 50-54
k 45-49 byl 0 11 % nizSi nez odpovidajici
pomér vékové skupiny 45-49 k 40-44).
Relativni riziko umrti na ICHS se
v posledni dobé snizilo (Obr. 4b). Vliv
obdobi na mrtnost zrcadli rizikové faktory
a Urovenl zdravotni péce, které plsobily
v dobé umrti. Rizika v obdobich 1985-1989
a 1990-1994 se fixovala k hodnoté
1 (referenéni obdobi), nebot se da
oCekavat, ze riziko bylo v téchto letech
kolem padu komunismu v roce 1989
pfiblizné stejné. Pokles rizika na fatalni
ICHS v posledni dobé (ve srovnani s lety
1985-1994) se vysvétluje padem
komunismu, jenz mél za nasledek zménu
Zivotniho stylu a moderni 1é¢bu. Pomér
rizik v letech 1995-1999
k 1990-1994 byl o 19 % niz8i neZ
odpovidajici pomér rizik obdobi 1990-
1994 k 1985-1989.

Relativni riziko Umrti na ICHS linearné
klesalo s kohortou narozeni v rozmezi od
0,38 do1,60 (Obr. 4c). Nebyly pozorovany
zadné vétsi zmény trendu; poméry
relativnich rizik mezi sousednimi
kohortami byly blizko 1. Vliv kohorty
narozeni na Umrtnost mize byt chapan
jako vliv rizikovych faktord
a environmentalni expozice, které jsou
typické pro danou generaci. Ke kohorté
narozeni se Casto vztahuje etiologie.

Jednim z nedostatk( naSeho APC modelu
je okolnost, Ze jsme nemélik dispozici data
tykajici se charakteristik jednotlivca.
Nemohli jsme tak vztahnout trendy véku,
obdobi a kohorty k trenddm

EJBI - Volume 4 (2008), Issue 1

kardiovaskularnich rizikovych faktor(
(koufeni, krevni tlak atd.) a pfesné
prozkoumat ¢as od modifikace rizikovych
faktor(i k poklesu Umrtnosti. Nase studie
neni studie analyticka, ale studie
deskriptivni a mohla by pomoci
zdravotnickym pracovnikim k lepSimu
porozuméni vyvoje Umrtnosti na ICHS
v CR a spekulacim o ném. Napfiklad nase
data naznacuji, ze strméj§i pokles
umrtnosti se projevil v 5-10 letech (1995-
1995) po modifikaci rizikovych faktord,
0 které se pfedpoklada, ze zacala kolem
roku 1990. Dale, i kdyZ cilem na3i studie
nebylo predpovidat budouci vyvoj
Umrtnosti na ICHS, da se odekavat, ze
mrtnost u muzé v CR bude dale klesat za
pfedpokladu, Ze trendy rizikovych faktor(
se nezméni. Pokles je pfedevsim
ocekavan proto, Ze riziko umrti se snizuje
s rokem narozeni a v poslednich letech.
APC modelovani ICHS bylo v nedavné
dobé aplikovano také ve Finsku [11]
a Japonsku [12], u nichZ je rovnéz
oCekavan pokles umrtnost na ICHS.
Vysledky obou studii zddraznuji dulezitost
nedavného poklesu Umrtnosti na ICHS
u stiedné starych osob. Nasli jsme nékolik
studii, které byly uskute¢nény v minulém
stoleti a pfedpovidaly vyvoj Umrtnosti do
zacatku 21. stoleti. Napfiklad se
analyzovaly vlivy véku, obdobi a kohorty
na Umrtnost na ICHS ve Svédsku v letech
1969-1993, s predikci do roku 2003 [13].
Stalo by za to porovnat pfedpovidanou
apozorovanou umrtnost v téchto studiich.

Zavérem shriime, Ze riziko umrti na ICHS
u eskych muzd bylo vyznamné zavislé na
véku umrti, kalendainim obdobi a kohorté
narozeni. Podstatné pozitivni zmény
v trendu Umrtnosti byly pozorovany po
padu komunismu v roce 1989 a u muzl ve
véku 40-49 let. Za pfedpokladu, Ze trendy
véku, obdobi a kohorty se nezméni, da se
u Ceskych muzi oéekavat dal$i pokles
Umrtnostina ICHS.
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Souhrn: Model reprezentace znalosti
obsaZenych v lékafskych doporucenich
GLIKREM (GuideLInes Knowledge
REpresentation Model) vychazi z GLIF
modelu, ktery byl publikovan ve specifikaci
GLIF3.5. GLIKREM obsahuje nékteré
zmény arozsSifeni definice aimplementace
plvodniho GLIF modelu. Cilem tohoto
prispévku je popis znalostniho modelu
GLIKREM, jeho konstrukce, imple-
mentace v XML, realizace datového
rozhrani a pouZiti vysledného modelu.

Klicova slova: reprezentace znalosti,
GLIF model, doporuceni

Uvod

Lékafska doporuceni jsou potfebna pro
podporu rozhodovani v Kklinické praxi.
Hlavnim zamérem je zvySeni kvality péce
0 pacienty a snizeni nakladu. Pfistup
k informacim obsazenym v konvenéni
podobé doporuéeni (ve formé volného
textu) mlze byt bohuzel obtizny.
Predpokladem pro vyvoj systému podpory
rozhodovani je tedy vytvofeni pocitadové
zpracovatelné reprezentace znalosti
obsaZenych v |ékarskych doporucenich.
Proto se vyvojem takové reprezentace
doporuCeni zabyva fada vyzkumnych
skupin.

Pravdépodobné nejznaméjSim jazykem
pro reprezentaci lékarskych doporuceni
v systémech podpory rozhodovani je
Ardenska syntaxe [1]. Jedna se
o formalismus zaloZeny na pravidlech pro
kédovéni individuélnich klinickych pravidel
jako medicinské logické moduly. Rada
pFistupd sdili hierarchickou dekompozici
doporuceni ve formé siti diléich dkol(,
které se rozkladaji v ase [2]. VSechny dale
uvedené metody modelovani mohou
kombinovat jednotlivé kroky doporuceni
v orientovanych cyklickych grafech.

Asbru je vyvijen ve spolupréci Univerzity

Bena Guriona a Videriské technologické
univerzity [3]. Jednd se ¢&asové
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orientovany jazyk zaloZeny na specifikaci
zamérd a zakladni kostry planu, ktery je
pouzivan pro reprezentaci klinickych
protokol(.

EON byl vyvinut na Stanfordskeé univerzité
a poskytuje sadu model(i a programovych
komponent pro vytvafeni aplikaci
postavenych na doporucenich [4]. EON
pouzivad ukolové orientovany pfistup
k definici sluzeb podpory rozhodovani,
které mohou byt implementovany riznymi
technikami [5]. V EON architektuie se
pouziva prostfedi Protége2000 ke
konstrukci informaéniho modelu
pacientovych dat, model medicinské
specializace a model doporuceni, ktery
formalizuje znalosti potfebné k realizaci
doporuceni s ohledem na Klinicka
rozhodnuti a aktivity.

GUIDE je ¢ast modelovaciho a vykonného
ramce, ktery je vyvijen na Univerzité
v Pavii [6]. Podporuje integraci modeld
doporu€eni do pracovnich procesu
v organizaci pouzitim analyticko
rozhodovacich modell jako jsou
rozhodovaci stromy a diagramy vlivu,
a simulaci implementace doporuceni
v podminkéach Petriho siti.

PRODIGY byl vyvinut v Univerzité
v Newcastlu nad Tynem [7]. Cilem projektu
PRODIGY je vytvoreni nejiednodussiho
rychleji pochopitelného modelu
reprezentace tfidy doporuCeni. Tymy
klinickych I1ékafli zde pouzivaji vyvojové
prostiedi Protégé [8] pro kddovani ffi
komplexnich doporuceni fizeni chro-
nickych nemoci.

PROforma byla vyvinuta v Moderni
vypoCetni laboratofi vyzkumu rakoviny
v Britském krélovstvi [10]. Kombinuje
logické programovani a objektové
orientované modelovani, formalné
zakotveném v jazyce R2L. PROforma
podporuje C&tyfi typy Cinnosti: akce,
sloZzené plany, rozhodovani a dotazy.

ViSechny cCinnosti sdileji atributy popisujici
cile, kontrolni toky, pfedpoklady
anasledné podminky.

GLIF (Guideline Interchange Format)
verze 3 byl vyvinut ve spolupraci Univerzity
Columbia, Harvardské, McGillovy
a Stanfordské univerzity (InterMed). GLIF
byl publikovan ve specifikaci GLIF3.5 [10,
11, 12]. Jeho vyrazovy jazyk byl pvodné
zaloZen na Ardenské syntaxi a pro popis
kritérii a vyrazd byl pouzivan jazyk GEL
(Guideline Expression Language).
V soucasnosti je pouzivan jazyk GELLO, .
rozSifeny objektové orientovany jazyk,
ktery také podporuje mnozinu funkci
zjazyka GEL[13].

GLIF model byl také pouZit jako model
reprezentace pocitaovych klinickych
doporuéeni v projektu SAPHIRE [14].
Systém SAPHIRE pribézné monitoruje
pacienty prostfednictvim jednoucelovych
agentl a pomoci inteligentniho systému
podpory rozhodovani pomaha
profesionallim v zajisténi zdravotni péce.
Cilem tohoto pfispévku je navrh
znalostniho modelu doporu¢eni GLIKREM
(Guidelines Knowledge Representation
Model). GLIKREM je zalozeny na GLIF
modelu, oproti pGvodnimu modelu
obsahuje navic rozsifeni v definici
aimplementaci. Pfispévek popisuje vlastni
znalostni model doporuceni, jeho
konstrukci, implementaci v XML
(eXtensible Markup Language), realizaci
datového rozhrani a pouziti vysledného
modelu. Znalostni model GLIKREM je dale
pouzit v systému reprezentace lékafskych
znalosti (MEKRES), ktery v sou¢asnosti
vyvijen[15].

Model reprezentace znalosti
GLIKREM

Cely proces konstrukce modelu znalosti
(GLIKREM) z volného textu lékafskych
doporuéeni, jeho naslednou reprezentaci
v XML a pouziti vysledného modelu
znazorfiuje obrazek 1[16].
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Obr. 1. Proces konstrukce, kodovéani a pouziti GLIKREM.

Ve fazi konstrukce modelu z textovych
doporuceni je dllezité najit procesni
strukturu doporuceni (rozhodovaci
algoritmus) a vSechny podstatné
parametry modelu a jejich vzajemné
vztahy[17].

Ve fazi kodovani je graficky model
doporuceni zakédovan v XML.

Mimoto je vytvofen i seznam zékladnich
a odvozenych parametrd modelu
(paramodel), ktery slouzi jako rozhrani
mezi modelem a realnymi daty [18].

Graficky model

Hlavni Easti (kroky) grafu

Znalostnim modelem textovych

doporuceni, vytvofenym ve fazi kon-

strukce, je orientovany graf (viz obr. 2)

skladajici se z péti hlavnich ¢asti (kroku):

e Akce — pfedstavuje specifickou ¢innost
nebo udalost. Akci mlze byt i podgraf,
ktery dale zjemriuje danou &innost.

eRozhodovani - pfedstavuje vétveni
(vybér) na zakladé automatického
spinéni logického kritéria, kdy dalSi
postup grafem je dan vysledkem
aritmetického nebo logického vyrazu nad
konkrétnimi daty. V pfipadé, ze nelze
rozhodnout automaticky, ma uzivatel
v tomto misté moznost vybéru, kterou
Casti grafu bude déle pokracovat.

eVétveni a synchronizace - vétveni se
pouziva pfi modelovani nezavislych
kroku, které mohou probihat paraleiné
asynchronizace slouzi pro tyto kroky jako
sluCovaci bod.

eStav - znadi stav, ve kterém se
zkoumany objekt nachazi pfi vstupu do
modelu nebo po provedeni nékterého
pfedchoziho kroku.

EJBI - Volume 4 (2008), Issue 1

state step

action step

branch step

decision step

== subgraph

synchronization
step

Obr. 2. Prvky grafického modelu.

0L‘Istrict-in anstrict-in
O‘1stri¢:t-out OLnstrit:t-out
ol rule-in anrule-in
ol rule-out anrule-out

Obr. 3. Rozhodovaci kritéria v rozhodovacim
kroku.

Rozhodovaci kritéria

V kazdém rozhodovacim kroku jsou pro

kazdou naslednou volbu (vétev) a' ... o’

definovany ¢Ctyfi rozhodovaci kritéria (viz

obr. 3). Na zakladé jejich vyhodnoceni je
vybrén, automaticky nebo ruéné, nasledny
postup modelem.

e Strict-in — jestlize je splnéna podminka
(napf. logicky vyraz) nezdvisle na
uzivateli, uréité se bude pokraCovat
pfisludnou vétvi.

o Strict-out - jestlize je spinéna podminka,
pfislusnou vétvi se uréité nebude
pokraCovat —tato vétev je zakazana.

|

oRule-in — pfi splnéni této podminky je
pouze doporufeno pokracovat
naslednou vétvi — je vyzadovan zasah
uzivatele, uzivatel by si mél vybrat pouze
zvétvi s pravdivou podminkou rule-in.

oRule-out - pfi spinéni této podminky neni
doporuCeno naslednou vétvi — opét
vyzadovan zasah uZivatele.

Pfi vybéru nasledné vétve se postupuje
tak, Ze se nejprve vyhodnoti podminka
typu strict-out a pfi jejim spinéni se dalSi
typy jiz nevyhodnocuji, z pohledu
mozného prGchodu grafem je pfislusna
vétev zakazana. V opaéném pfipadé se
vyhodnoti podminka typu strict-in. Je-li
spinéna pokracuje se touto vétvi. Jestlize
neni spinéna ani jedna podminka typu
strict-in, je vyZadovan zéasah uzivatele
s tim, ze na zakladé vyhodnoceni
podminek rule-in a rule-out je doporucen
nebo nedoporuéen vybér pfislusné vétve.

Vyhodnocovani kritérii

Pfi vyhodnocovani logickych kritérii (strict-
in, strict-out, rule-in, rule-out) se velice
Casto setkame se situaci, kdy nejsou
znamy jednoznaéné hodnoty vSech
proménnych. Neznama hodnota
proménné nemusi byt pfitom chybou a je
tfeba takovy stav brat v uvahu. Logické
formule, slozené z proménnych
(parametrd modelu) a logickych ¢i
relanich operandl, mohou nabyvat
nasledujici stavy:

epravda - formule je spinéna — oznaCime
hodnotou 1,

enepravda — formule neni splnéna —
oznacéime hodnotou 0,

eneznamo - stav formule neni
jednoznacné uréeny - oznaCime
hodnotou 72.

Z matematické logiky plyne, Ze jakoukoliv
logickou formuli Ize pfevést do
disjunktivniho (resp. konjunktivniho)
normalniho tvaru, sloZzeného pouze
z logickych operaci negace, konjunkce
(logicky soucin) a disjunkce (logicky
soucet). Vysledny tvar formule je
ekvivalentni's plvodni formuli.

Definici operaci negace, konjunkce

a disjunkce v tfihodnotové logice uvadéji
nasledujici vztahy:
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.ﬂp:'] -p
o(p, Ap,A... Ap,)=min(p,, p, ..., P,)
*(p,Vp,V...vp,) =max(p;, Py -, Py)

Pfi vyhodnocovani rozhodovacich kritérii

a vybéru nasledné vétvé (volby) ze vSech

moznych vétvi (voleb) vedoucich

z rozhodovaciho kroku definujeme

nasledujici pravidla:

eAutomaticky postup vétvi vychazejici
z rozhodovaciho kroku je mozny pokud
jeji strict-in podminka je vyhodnocena
jako pravda (1) a pokud na této vétvi
nelezi souCasné strict-out podminka
vyhodnocend jako pravda.

ePokud nenastanou prvni bod lze
postupovat déle jenom tak, Ze uzivatel
nékterou vétev ruéné vybere. K vybéru
jsou uzivateli nabidnuty pouze vétve, na
nichz nejsou strict-out podminky
vyhodnocené jako pravda (nejsou
zakazane).

eDoporuéeni ¢i nedoporuceni vétve je
uzivateli nabidnuto po vyhodnoceni
podminek rule-ina rule-out.

eJestlize nékteré z kritérii strict-in nebo
strict-out je vyhodnoceno jako neznamo
(Y2), je tfeba doplnit hodnoty parametrd,
které se v téchto podminkach vyskytuji.
Po dopInéni parametri se provede
opakované vyhodnoceni. Kritéria strict-in
a strict-out musi byt vzdy vyhodnoceny
jednoznaéné (pravda nebo nepravda).
o\/ kazdém rozhodovacim uzlu musi byt
zajiSténa konzistence, tj. pfi vSech
moznych kombinacich hodnot parametr(
je spinéna (hodnota pravda) maximainé
jedno strict-in kritérium a nejsou na stejné
vétvi (volb&) splnény (pravdivé) obé
kritéria strict-in a strict-out.

eRozhodovaci kritéria mohou byt zavisla
na nékolika rlznych parametrech.
Vlyhodnoceni rozhodovaciho kroku musi
byt korektni (minimalné jedno z kritérii
strict-in nebo rule-in nékteré volby musi
byt pravdivé a strict-out v této volbé
nepravdivé) pro vSechny mozné
kombinace hodnot kazdého parametru.

Priorita v rozhodovani

Pri dlsledném uplatiiovani pfedchozich
pravidel mize nastat situace, ve které
bude po uZivateli vyzadovano upfesnéni
hodnot vstupnich parametr( i v pfipadé,
kdy to pro dalsi prichod modelem neni
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Obr. 4. Priorita vétvi v rozhodovacim kroku.

nezbytné nutné. V pfipadé, Zze u nékteré
z vétvi nabyva kritérium strict-in hodnoty
pravda, bude se pokraCovat urcité touto
vétvi a vyhodnocovani kritérii ostatnich
vétvi je zbytecné.

Pocet potfebnych upfesnéni je zavislé na
pofadi vyhodnocovani jednotlivych vétvi.
Z uvedenych dlvodu je vyhodné stanovit
pofadi jejich vyhodnocovani, tj. urit
prioritu.

Priorita je pfifazena jednotlivym vétvim
rozhodovani pfi navrhu modelu po
expertni analyze modelovaného problému
(vizobr. 4).

V uvedeném pfikladu se nejprve budou
vyhodnocovat rozhodovaci kritéria vétve y,
poté vétve a a nakonec vétve B. Pokud
bude spInéno kritérium strict-in vétve v,
vétve aa P sejiz vyhodnocovat nebudou .

Synchronizaéni podminky

IPfi modelovéni paralelné probihajicich
vétvi pomoci prvkd vétveni
a synchronizace je nutné upfesnit, které
z vétvi musi uzivatel urcité projit a které
jsou pouze volitelné.

/ //$H“\

[ action 1 | ‘ action 2 ‘ action 3 ‘
. = _
‘;‘HH‘H l (’2// /:3
(o4 v o) Aty

Obr. 5. Synchronizacni podminka.

Uvedené pfipady lze realizovat pomoci
synchronizaéni podminky
v synchronizacnim kroku (viz obr. 5).
Podminku je moZné opét vyjadfit
v disjunktivnim (konjunktivnim) normainim
tvaru, kde vstupnimi proménnymi jsou
plovouci (onfly) parametry reprezentujici

prichod jednotlivymi vétvemi. Hodnota
onfly parametru je nastavena pomoci
skryté operace (viz reprezentace modelu
v XML) v poslednim kroku pfislusné vétve.
Ohodnoceni parametr(i je pak nasledujici:
e hodnota1 - touto vétvi uZivatel proSel,

ehodnota 0 - touto vétvi uZivatel
neprosel.

V ukazkové situaci se bude pokraGovat
v prGchodu grafem, bude-li splnéna
synchroniza¢ni podminka (a, v a,) A a,, .
jestlize uzivatel urcité projde vétvi a, a
zaroven alespofi jednou z vétvi a, nebo a,.

Reprezentace grafického modelu v XML

Pro reprezentaci grafického modelu jsme
navrhli vlastni XML schéma a vyvinuli
graficky editor pro konstrukci grafického
modelu a jeho preklad do XML. Cely model
se sklada z jednotlivych kroku
reprezentujicich pfislusné prvky
grafického modelu. Kromé atributu
vyplyvajicich pfimo z modelu obsahuje
navrzena syntaxe XML i atributy vhodné
pro dal§i zpracovani, napfiklad pro
grafické zobrazeni nebo pro podporu
rozhodovani (viz obr. 6).

Vyznam jednotlivych elementu je

nasledujici:

e glikrem - kofenovy element celého
modelu (GLIKREM),

e head - definice hlavicky modelu - viz
kapitola roz§ifeni modelu pro MEKRES,

e graph - kofenovy element vlastniho
grafického modelu, sklada se z krokd
(step),

e step — parametry jednoho kroku,
obsahuje elementy:
name - jednoznacna identifikace
(nazev) kroku,
type — typ kroku, je mozny pouze
vybér z typU: action, case, branch,
synchronization, state, subgraph,
caption — text v zahlavi grafického
symbolu kroku,
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o text — vlastni text popisujici krok,
X — x-ové& (horizontélni) soufadnice
grafického symbolu,
y — y-ova (vertikaini) soufadnice
grafického symbolu,
width - $ifka (v pixelech) grafického
symbolu,
height — vy3ka (px) grafického
symbolu,
focus — zvyraznéni kroku pro
zobrazeni cesty v grafu, mozné
hodnoty jsou:
not = nezvyraznén, auto = zvyraznén
(automaticky),
user = zvyraznén (uzivatelska
simulace),
status — postaveni kroku v ramci
modelu, mozné hodnoty jsou:
start = po¢atecni krok,
end = koncovy krok,
in = vnitfni krok (vSechny ostatni),
eoperation — seznam skrytych operaci
probihajicich ,na pozadi" kroku (viz obr.
7), kazda operace je ohranicena
elementy ops a obsahuje elementy:
otype — typ operace, je mozny vybér z:
insert = vloZeni (zadani) hodnot
parametr(,
get = nacteni hodnot parametrd (zjisténi
hodnoty),
put = nastaveni (uloZeni) hodnoty
parametru,
open = otevieni souboru (napf.
podgrafu),
oparam — nazev parametru nebo nazev
souboru,
ovalue — pouze pro operaci put
obsahuje hodnotu, na kterou ma byt
parametr nastaven,
enext — seznam néslednych vétvi (voleb)
kroku (viz obr. 8), kazda volba je
ohraniéena elementy option a obsahuje
elementy:
nname — nazey, identifikace nasledné
vétve,
nstep — identifikator (nazev) kroku,
kterym se mé pokracovat,
ncaption — text zobrazeny u pfisludné
volby,
npriority — priorita vyhodnoceni vétve
udana ¢islem, defaultné hodnota 1,
nstrictin — strict-in rozhodovaci
kritérium,
nstrictout — strict-out rozhodovaci
kritérium,
nrulein — rule-in rozhodovaci kritérium,
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Obr. 6. XML schéma reprezentace grafického modelu.
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Obr. 7. XML schéma operaci na pozadi kroku.

enruleout - rule-out rozhodovaci

kritérium,
nnote — pozndmka popisuijici pfislusnou
vétey,
nline — popis ¢ary vedouci z tohoto
kroku do nasledného, ve tvaru
sekvence bodu (elementl point):

pXx — x-ova soufadnice bodu,

py - y-ova soufadnice bodu.

VSechny typy rozhodovacich podminek
maji obvykle tvar logické formule, kde
proménnymi jsou zakladni a odvozené
parametry paramodelu (modelu
parametr(). Zapis rozhodovacich

podminek (strict-in, strict-out, rule-in, rule-
out) dodrzuje syntaxijazyka Xpath.

Pfiklad definice podminky testujici
pravdivost obou parametri PRIZNAKY
aNALEZY:
[params/param[pid="PRIZNAKY"]/pvalue
andparams/param[pid="NALEZY"]/
pvalue

Zapis synchronizagnich podminek je
obdobny (opét v jazyku XPath),
pfedpokl&da ale definici plovoucich (onfly)
parametrl definujicich prichod prislusnou
vétvi.
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Pfiklad definice synchronizaéni podminky,
kdy je vyZzadovan prichod vétvi S3 nebo
vétvi S4:
Iparams/param[pid="DG_S3"]/pvalue or
Iparams/param[pid="DG_S4"]/pvalue

Reprezentace paramodelu v XML

Pro reprezentaci paramodelu je, stejné

jako u grafického modelu, vyuZito jazyku

XML. Cely model se sklada z element

reprezentujici  pfislusny parametr (viz

obrazek 9). Parametry GLIKREM mohou

byttrojiho typu ato:

ebasic — zakladni parametr, tj. pfimo
méfitelna nebo ziskatelna hodnota,

ederived - parametr odvozeny ze
zakladnich provedenim logické,
aritmetické ¢i logicko-aritmetické
operace,

eonfly — pomocny parametr (obsahuijici
logickou hodnotu) pro definici
synchronizacnich podminek.

Vyznam jednotlivych XML elementu

paramodelu je nasledujici:

eparamodel — kofenovy element celého
paramodelu,

ehead - hlavicka paramodelu,

eparams — kofenovy element vlastnich
parametr(, obsahuje elementy param,
param—popis jednoho parametru,
pid - jedineéna identifikace (nazev)
parametru
ptype — typ parametru, mozné hodnoty
jsou basic, derived a onfly,
pname —text (plného nazvu parametru,
pdatype -datovy typ parametru
odpovidajici nékterému z XML datovych
typd,
pvalue - vlastni hodnota parametru,
punits - jednotky parametru,
pdef — definice operace nad zakladnimi
parametry pro odvozené parametry,
pquery —definice dotazu do databaze na
hodnotu parametru (napf. SQL),
pnote —text poznamky k parametru.
Definice odvozenych parametr(i (element
pdef) vyuziva opét zapis v jazyce XPath.

Transformace vstupnich dat

Reélna data o pacientech mohou byt
ulozena v Kklinickych informaénich
systémech a databazich rdznych typd.
Neni vSak velky problém data z téchto
systéml exportovat do formatl XML nebo
CSV (Comma-Separated Values). Pfed
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Obr. 9. XML schéma paramodelu.
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Obr. 10. Proces transformace dat do paramodelu.

pouZitim téchto dat v GLIKREM je tfeba je
vhodnym zpUsobem transformovat do
paramodelu (v XML). Zjednodu$eny
proces transformace je znazornén na
obrazku 10.

Pro kaZdy parametr v paramodelu je tfeba,
s ohledem na uloZeni realnych vstupnich
hodnot v datovém souboru (XML nebo
CSV), definovat specifickou hodnotovou
mapu (value-map). Definice hodnotové
mapy je ve formé XSLT (eXtensible
Stylesheet Language Transformations)
souboru. Napfiklad stanoveni hodnoty
systolického tlaku jako pramér
z naméfenych hodnot (viz. obr. 11)
uloZenych v XML souboru.

Rozsifeni modelu pro pouziti v systému
MEKRES

Pro pouziti GLIKREM v systému MEKRES
(Medical Knowledge REpresentation
System) je model rozSifen o kliCové
atributy. Klicové atributy se uplatni
v algoritmu vybéru relevantnich
formalizovanych znalosti U¢astnikim
systému. Kli¢ové atributy jsou zakddovany
opét v jazyce XML a ulozeny v hlaviéce
(element head) spole¢né s grafickym
modelem (vizobr. 12).

Vyznam jednotlivych XML elementu
hlavicky (elementu head) je nasledujici:

e gname —né&zev znalostniho modelu,
e author—autor(fi) modelu,
o date —datum posledni aktualizace,
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Obr. 11. Transformace systolického tlaku do paramodelu.
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Obr. 12. XML schéma klicovych atributd.

oBID - identifikator oblasti — napfiklad pro
medicinu podle mezinarodniho Ciselniku
nemoci (MSN),
ebranch — oblast (obor), které se model
tyka,
euser — oznaceni UCastnika systému,
kterému je model primarné ur€en (mozné
hodnoty jsou patient, GP, specialist,
operator, everybody),
estatus - oznaCeni platnosti modelu
(moZné hodnoty jsou valid, draft,
expired),
ekeys —seznam Kli¢ (kliCovych atributt)
vyskytujicich se v modelu obsahuje
elementy key,
keyname - oznaceni klice,
keyweight — vaha klice udava, do jaké
miry je kli¢ popsan modelem.

EJBI - Volume 4 (2008), Issue 1

www altova.com

|

Algoritmus vybéru relevantniho

modelu

Cely systém reprezentace znalosti

MEKRES a algoritmus vybéru rele-

vantniho znalostniho modelu je znazornén

na obrazku 13. Algoritmus vybéru

relevantniho modelu lze popsat

nasledovné:

oPro uZivatele systému a jeho atributy
(data o uzivateli) je vybrana mnozina
obor( (branch) a kli¢a, které odpovidaji
stavu uzivatele (datim).

e napf. atributim pacienta ,STK",
,DTK" a ,glycaemia" odpovidaji
obory ,diabetes" a ,hypertenze".

oPro kazdy obor (branch) a kli¢ je vybrana
mnozina znalostnich modeld
(GLIKREM), které obsahuiji tento obor
v hlavi¢ce (element head) a vaha klice
(element keyweight) uloZeného v modelu
jenenulova.

e napf. modely G, (hypertenze) a G,
(diabetes).

oPro kazdy vybrany model je stanovena
hodnota obecného agregovaného
operatoru (napf. &, = 3 kepweight(k) )
udavajici relevantnost ddného modelu.

enapf. model G, mé operator R , = 2,1
amodel G,ma R,=0,8.

o UZivateli je zpétné zobrazen model
S nejvétSi hodnotou relevance nebo
seznam modeld uspofadanych podle
relevance.
enapf. uzivateli je nabidnut model G,
s nejvétsi hodnotou relevance.

GLIKREM Register or
(models) ontology
branch & keys GUKREM branch & keys
© data
diabetes
 Gy: Diabetes | MEKRES
G,: {select algorithm) md:rr;sslspe
Hypertensl‘on ireulinban
i GLIKREM
G;: Rp =08
1 Gy Ry =21
Gy Ry, =21
SBP, DBP
glycaemia
Obrazek 13. Systém MEKRES.
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Zaveér

NavrZzeny model reprezentace znalosti
GLIKREM, vychazejici ze specifikace
GLIF3.5, je univerzalnim nastrojem pro
formalizaci znalosti uloZzenych ve formé
volného textu (napf. Iékafskych
doporuceni). Reprezentace grafického
modelu v XML a vytvofeni datového
rozhrani ve formé paramodelu (v XML)
umozfiuje pouziti modelu v rozliCnych
typech aplikaci a napojeni na reélna data z
riznych zdroju. Pro transformaci
vstupnich dat i vlastniho modelu je pouZito
definice ve formé XSLT souboru.

Hlavni rozSifeni a pfinosy navrzeného
modelu jsou nasledujici:

eFormalni reprezentace grafického
modelu v XML. Vysledkem reprezentace
jenavrh XSD (XML Schema Definition).

oPfesnéjSi definice rozhodovacich kritérii
a jejich vyhodnocovani v tfi hodnotové
logice.

eDefinice atributu priorita pro snizeni
nutného po¢tu vyhodnoceni jednotlivych
voleb vrozhodovacich krocich.

eNavrh paramodelu (v XML), ktery je
pouzit jako rozhrani mezi GLIKREM
a realnymi daty pacientl v klinickych
informacnich systémech.

eRozSifeni GLIKREM o kliCové atributy.
Toto rozSifeni je déle vyuZito v systému
reprezentace |ékafskych znalosti
(MEKRES).
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Objektiniy Technologiju Naudojimas Medicininiy Duomenuy

Saugojimui Ir PaieSkai

Vita Speckauskiene, Arunas Lukosevicius

Biomedical Engineering Institute at Kaunas University of Technology, Lithuania

Santrauka. Straipsnyje analizuojamos
objektinémis technologijomis ir Siy
technologijy panaudojimas kuriant
medicininés paskirties informacing
sistemg (IS). Medicininiy duomeny
standarty, koncepty ir technologijy spartus
vystymasis iSkélé problema — kaip sukurti
sistema, kuri pakankamai lanksciai ir gerai
veikty su nuolat besikei€ianciais
duomenimis. Po objektiniy technologijy
analizés: J2EE (Java 2 Platform,
Enterprise Edition) ir Microsoft .NET, bei
atvirojo kodo objektiniy duomeny, baziy
valdymo sistemy (ODBVS), mes
pasiiléme sistemos architektarg ir
panaudojant .NET technologijg bei
ODBVS db4o sukdréme sistema.
Rezultatai apima ne tik sukurtg sistema,
bet taip pat objektiniy duomeny baziy
privalumus, bei sistemos integracijg
i Nacionaling elektroninés sveikatos
sistema. Sukurta sistema turéty padéti
medicinos darbuotojams pasiekti svarbig
informacijg i kiekvieno kompiuterio,
kiekvienoje ligoninéje.

ReikSminiai Zodziai: objektinés
technologijos, objektiné duomeny, bazé,
informaciné sistema, duomeny saugojimo
standartai

Ivadas

Medicininés paskirties informacinés
sistemos (IS) yra viena i$ pastaruoju metu
intensyviai besiplétojancios e-sveikatos
sistemos komponenty. Pagrindiniai
Siuolaikiniy medicininiy IS skiriamieji
bruozai yra: 1) saugomi ir kaupiami
duomenys yra jvairialypiai; 2) informacija
yra surita sudétingais semantiniais
rySiais, kurie, kaupiantis Zinioms,
neiSvengiamai evoliucionuoja; 3)
informacijos kiekiai yra dideli, nes apima
visg gyvenimg trunkancius pacienty
sveikatos jraSus; 4) vartotojy ratas (pav.
gydytojai) yra placiai pasiskirstes per visus
tris sveikatos paslaugy lygius, todél
reikalingos saugios ir patogios
kompiuterinio tinklo prieigos dvipusiam
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rySiui su IS; 5) IS turi bati suderintos su
Europos Sajungos (ES) [1] ir tarptautiniais
standartais [2, 6]; 6) duomenys turi tarnauti
klinikiniy sprendimy rengimui (KSR).

Tai kelia gana specifinius reikalavimus IS,
ju architektdrai. Taip pat kuriant tokias
sistemas reikia ieskoti naujy technologijy
[3,4,5,7,16, 17]. Siuo metu pasaulyje yra
sukurta ir kuriami vis nauji standartai
optimizuojantys ir palengvinantys pacienty
sveikatos jraSy, taip pat ir vaizdy
saugojimg. Taciau jy apdorojimas ir
centralizuotas saugojimas iSlieka
problema, kadangi ilgq laikg naudotos
technologijos néra pakankamai lankscios
tokiems duomenims saugoti ir apdoroti. Be
to, iSkilus suderinamumo tarp nacionaliniy,
sveikatos paslaugy uztikrinimo poreikiams
bei vystantis kompiuterinéms
technologijoms medicinoje didéja poreikis
vieningo tarptautinio standarto skirto
medicinos duomeny mainams.
Kiekvienoje Salyje Sie klausimai iki Siol
buvo sprendZiami gana skirtingai, todeél
Siuo metu egzistuoja atskiri standartai,
aprasantys jvairius IS ir duomeny
saugojimo aspektus: ASTM, ASC X12,
IEEE/MEDIX, NCPDP, HL7 (Health Level
7) [6], DICOM [2] ir kt. Kiekvieng standartg
kurianti organizacija, grupé ar komitetas
paprastai specializuojasi. Deja, nors
standartai sumazina ir gelbsti dirbant su
duomeny_perdavimas ir kaupimas vis dar
iSlieka technologiné problema. ligg laikg
naudojamos technologijos néra
pakankamai lanksc€ios dirbti su minétais
duomenimis. Duomenys saugomi
reliacinése duomeny bazése (RDB), nors
teigiama [18, 19], kad objektinés (ODB) turi
vis daugiau privalumy. Saugios ir
lanksCios internetinés prieigos
reikalavimas taip pat verlia ie$koti
efektyviy programavimo kompiuteriniuose
tinkluose technologijy.

Sio straipsnio tikslas yra i$analizavus
galimybes pasidlyti ir sukuti medicininés IS

architektdrg, atitinkancigq pagrindinius
auksciau iSvardintus bruozus, palyginti ir
pasidlyti atitinkamas IS igyvendinimo
priemones. Siam tikslui pasiekti
analizuojamos objektinés duomeny bazés
(ODB), jy veikimui tinkluose palankios
programavimo technologijos, duomeny
saugojimo metodai, bei analizuojamos ir
igyvendinamos pagrindinés sialomos
sistemos savybés. Taip pat §i sistema
ruoSiama integracijai | Nacionaling
elektroninés sveikatos sistemg (NESS),
kuri Siuo metu yra kuriama nacionaliniu
mastu. Deja, kol kas negalime pavaizduoti
sistemy_ integralumo, kadangi NESS dar
néra |diegta, taciau pateikéme keletg
pastebéjimu.

Metodai

Objektiniy duomeny baziy analizé
Objektiné duomeny bazé yra nauja
sparciai besivystanti technologija, kurig
diegia vis daugiau kompanijy. Ta¢iau jau
atsiranda ir ODB baziy vartotojai,
o didéjant jy skaiciui - daugéja ir poreikiy.
Sios duomeny bazés (DB) ypatingos tuo,
kad duomenys jose saugomi lentelémis,
kurios savyje gali turétu kitas lenteles,
sukurdamos hierarchijg. Lentelés
uzpildomos ne tik konkreciais
duomenimis, bet ir objektais. Tokig
technologijg labai patogu pritaikyti
medicininiy diagnostiniy vaizdy
saugojimui. Kadangi medicininés
informacinés sistemos yra nuolatos
evoliucionuojancios, objektinis principas
duomeny bazéms suteikia lankstumo ir
patikimumo [18, 19]. Taip pat jgalinamas
objekty bendravimas duomeny bazéje.

Reliacinés duomeny baziy valdymo
sistemos (RDBVS), pritaikytos tik tekstiniy,
ir skaitmeniniy duomeny saugojimui. Jos
nepajégios susitvarkyti su neapibréztais i
anksto duomeny tipais, kurie susiformuoja
Siuolaikinése objektinése kalbose. Be to,
RDBVS visiSkai nepritaikytos objekty
sudétinéms dalims - metodams saugoti.

© 2008 EuroMISE s.r.o.
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Informaciné sistema turi apdoroti ne tik
tekstus, bet ir skaiGiavimo lenteles,
vaizdus, diagramas, Zemélapius, garso
iraSus, kitokig daugialypés
terpésinformacija. Be to, visa §i informacija
turi bati organizuota kaip vieninga
struktdra, patogi vartotojui. Objektiné
technologija galéty uztikrinti naujg
informacijos saugojimo ir paieSkos
technologija, suteikti informacijos
valdymui naujy galimybiy. Objektinés
duomeny baziy valdymo sistemos
(ODBVS) saugo ir sudétingas struktdras -
sudétinius objektus (composite objects),
kurie susideda i§ kity objekty.

1 lentelé. Komercinés ODBVS.

00oDBMS Vendor

Versant Developer Suite and FastObjects|| Versant Corporation
TITAMIUM Wicro Data Base Systems, Inc.
GemStone/S and GemStone Facets Gemstone Systems, Inc.

Cache” InterS8ystems Corporation

JADE Jade Software Corporation

J¥D Object Database JYD Software Engineering Pty Lid.
VOS5 Logic Arts, Lid.

Objectivity/DB Objectivity, Inc.

ObjectStore Enterprise and PSE Pro Progress Software Corporation

Sudétiniai objektai saugomi sudarant
adresines nuorodas (references)
i Zemesnio lygio objektus, lygiy skaiius
gali bdti labai didelis. Kiekvienas objektas
gali bati jtrauktas | daugelj kity objekty kaip
komponenté. Taip susiformuoja struktdra.
Objektinése DB yra vidiniy duomeny tipy,
taCiau galima sukurti naujus, reikalingus
konkreCiu atveju, duomeny tipus, Si
savybé jgalina saugoti daugialypés terpés
informacijg: paveikslus, nuotraukas,
vaizdo jradus, kalbos jraSus, muzikg ir
kitokiy tipy informacija.

Objektinés DB yra dviejy tipy: pasyvios ir
aktyvios. Pasyvios ODB saugo objekty
struktirg, bet nerealizuoja objekty
elgsenos. Aktyvios ODB leidZia objektams
sgveikauti tiesiog duomeny bazéje.

Dauguma sitlomy ODBVS yra mokamos.
Lenteléje pateiktos geriausiai zinomos [8].

Vis tik didesné pasilla yra nemokamy
ODBVS. Sekancioje lenteléje apibadintos
septynios atviro kodo ODBVS [10, 11, 12,
13,14, 15].

I$ lentelés matome, kad dauguma atviro
kodo DB sukurtos J2EE programavimo
aplinkai. Taciau ne visos jos atitinka
standartus ir uztikrina pilng ODB bidingg
lankstuma. Objektiniy duomeny baziy
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standartus tvarko ODMG (Object
Database Management Group) [9]. Vis tik,
analizés metu, nepavyko jzvelgti né vieno
trikumo ODBVS db4o, kurig pasirinkome
galutiniam rezultatui jgyvendinti.

J2EE ir .NET technologijy palyginamoji
analizé

Tinklo paslaugos (Web service)
technologijos Siuo metu yra labai placiai
naudojamos, dél to, kad jos suteikia daug
galimybiy, programuotojui, jy realizavimas
néra sudétingas. Pagrindinés vyraujancios
platformos yra J2EE ir .NET. Kompanijos
sidlanios Sias paslaugas yra ir vienos
didZziausiy konkurenciy. Taigi
programuotojui, ketinanCiam naudoti vieng
i$ iy produkty iskyla sunkus uzdavinys -
kurig pasirinkti. Sun Microsystems sidlo
naudoti Java 2 Platform, Enterprise Edition
(J2EE), o Microsoft- .NET technologija.

It3

Abi Sios technologijos sillo jrankius tinklo
paslaugy karimui. Pagrindinis J2EE
privalumas yra tas, kad jos jrankius galima
naudoti bet kurioje operacinéje sistemoje
(0S). Microsoft .NET sukurta Windows
operacinéms sistemoms, taciau Siuo metu
kompanija sidlo atitinkamus {rankius ir
Linux OS. Abi technologijos naudoja
objektines programavimo kalbas (.NET -
Visual Basic ir kt., J2EE - JAVA). .NET
technologijos privalumas yra tas, kad ji
geba atvaizduoti puslapius jvairiais HTML
formatais. Nors J2EE technologijoje
servletais galima gauti tokj patj rezultata,
tadiau jie reikalauja papildomo
programavimo [7]. Dar vienas .NET
privalumas yra daugiakalbiSkumas, ji
palaiko Visual Basic, C#, Fortran ir COBOL
programavimo kalbas. J2EE veikia tik
JAVA programavimo kalba. Pagrindinés
Siy technologijy funkcijos pateiktos
lenteléje 3,4, 16].

2 lentelé. Atviro kodo ODBVS

Programming

OODBMS = Limitations
environment
JZEE : ] : = o =0
dbdo NET Handling of default and null values (noticed during implementation).
SOD2 éEE_E Does not have a query mechanism.

ozOne UZ2EE

Implemented in JAVA and warks only in the J2EE environment.
Does not have a query mechanism

ObjectDB ||J2EE
Same server).

Implemented in JAVA and works only in the J2EE environment.
Free DB edition does not support a client-server architecture (unless the DBMS is in the

GigaBASE H2EE Does not support null values.
C++
L2 lI2EE Does not have data recovery functions.

Does not have a query mechanism.

Orient L2EE, C++

technology.

Available for C++ (ODMG 3.0 interface) and Java with the support of Sun JDO 1.0

3 lentelé. J2EE ir .NET technologijy suvesting.

Feature J2EE .NET
Relational DB Access \Java Database Connectivity (JOBC) or LiJ (|Active Data Objects (ADO.NET)
Web Client IJAVA server pages (JSP) and senviets IASP.NET
Grap_hical uSeqinterface IAWT/Swing (Windows forms
(GuIy
Messaging IJava Messaging Service (JMS 1.0) Microsoft Messaging Queuing (MSMQ)

Web Senices Support JWSDP)
v )

Iava Web Services Developer Pack

Built directly into .NET and Visual Studio

Infrastructure Enterprise Java Beans (EJB)

COM+

Maming and Directory
Senvice (MDY

\Java Maming and Directory Interface

lActive Directary Services Interface (ADSI)

Database storage

SQLServer (the official .MET platform database
technology)

NET com,
SOAP

>

»>

=GO

Graphical user

Web client

interface

Server

Infrastructure

Data

1 paveikslas. IS architektira .NET ir J2EE technologijoms.
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Kaip matome abi technologijos yra
ypatingai panaSios. Svarbiausia, kad jos
jgalina kurti tinklo paslaugas, atvaizduoti
duomenis internete. .NET tinklo paslauga
gali bti vartotoju J2EE tinklo paslaugoms
ir atvirk$Ciai, kadangi standartai, kuriuos
pastarosios naudoja, yra vienodi [7]. Be to
tinklo paslaugy programas, galima
pakartotinai panaudoti, nesvarbu kokia
platforma naudojantis jos sukurtos.
Dauguma autoriy, dél technologijy
panaSumo, nenurodo ypatingy priezasciy,
kurios galéty lemti pasirinkima [5, 16, 17].
Vis tik galima jzvelgti kai kuriuos .NET
privalumus, jos plétojimo, bei naudojimo
galimybes. Tai 1émé technologijos
parinkimg galutinio produkto karime.

e e

F'resentahon!nawgauon layer — ASP. NET

Logic layer — .NET classes

Data layer — ADO.NET

C OODEMS )

2 paveikslas. Sukurtos sistemos architektira.

Sistemos architektira ir funkcionalumas
Medicininiy duomeny saugojimui ir
apdorojimui skirtg IS baty galima realizuoti
naudojantis minétomis technologijomis.
Nepriklausomai nuo Siuo pasirinkimo
sistemos architektira yra analogiSka (1
paveikslas). Siy technologijy panaSumo
privalumas yra tas, kad jei kilty batinybé,
abi sistemos galéty bendrauti su DBVS.
Kaip minéta ankstesniuose skyriuose,
medicininiy duomeny saugojimo, gavimo ir
paieSkos sistemos kdrimui pasirinkome
ODVS dbdo [10] ir .NET technologija.
Paveiksle pavaizduota sukurtos sistemos
architektdra.

Kaip matome sistema susideda i§ trijy
lygmeny: atvaizdavimo, programos
logikos ir duomeny. Bendravimas tarp
atvaizdavimo ir duomeny lygmeny yra
vykdomas per programos logikos lygmen;.
3 paveiksle pavaizduota kuriamos
informacinés sistemos panaudojimo
atvejy diagrama.
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IS of Medical Data

Administrator

Store personal data
about the patient

Store data about
atients examination

Store images acquired
during examination

A

3 paveikslas. IS panaudojimo atvejy diagrama.

4 lentelé. Programinio kodo pavyzdZiai, vaizduojantys ODB uzklausas ir programavimo

galimybes.

using com.dbdo;
uzing com.dbdo guery;

Standard braries (mainly used)

Connecting to the data base and making a query

OhbjectServer dbdoServer = Dhdo openServer(db vap”, 44557
dbdoServer grantAccess". ",

OhjectContainer client = Dhdo.openclient™... ");

Quiery queryd = client.query(;

gueryl corstrainitypeoi™ artotingol);

gueryl descend”_vartotojss") descend™_pavarde"l constrainip Text),
Ohject=et result! = queryl executel);

Connection to the server

Creste server client
Make & query

Set the class to look into
Find & particular data
Execute quety

client close); Closing the client
dhdoZerver closeld), Closing the server
Setting and updating new data
afidojas vartotofazn = newyVarotojas(PT Value p Texd T, Generafing nesy data for class ™ arotojaz"

client setivartotojasn);

“artainfo wartotinfo = new Wartotinfow Text,el Text o.Text k. Text 5 Text);
vartotinfo \Vartotojas = vartotojasn;

client setivartotinta);

Storing the data

Generating nesy data for class "“Varotinfo"
Creating a reference

Storing the data

Wiotking with “blob™ type fil

BE

Dhbdo configurel) zefBlobPath blobs™;
Byla znap = new Bylal™...");
client setl=nap,;
snap Bylapsay readFromines File(File1 value ),
double status = snap Bylapay getStatus);
while(status = Status COMPLETED)

i

status = snap Bylapay . getStatus);

Biyla found = (Brylsiresult nesd);

efting the blob path
Generating nevy data for class "Byla"
Storing the data (also the text data about
the file: the file name, extension and size)
Preparing to store the blob type file itself

Storing the file itzelf

Cuerying for thefile

string paw = found Bylapeay getFiletamel);

Retrieving the file

© 2008 EuroMISE s.r.o.
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Panaudojimo atvejy diagrama vaizduoja
sistemos funkcionalumg (funkcijas, kurias
gali atlikti vartotojas ir administratorius).

Rezultatai

Sistema sukurta naudojant apradytas
technologijas. Integracija tarp .NET ir db4o
nesukélé didesniy problemy.

Integracija tarp .NET ir db4o nesukélé
didesniy problemy. Bendravimas tarp
sistemos ir duomeny bazés pasiekiamas
per standartinj duomeny bazés uzklausy
mechanizma, kuris yra standartinése
duomeny bazés bibliotekose. Programinio
kodo pavyzdZiai, vaizduojantys ODB
uZklausas ir programavimo galimybes,
panaudotas sukurtoje sistemoje, pateikti
lenteléje.

Duomeny bazé yra viena .yap tipo byla,
blob tipo byla gali bati bet kokia byla be
jokiy apribojimy dydziui ar bylos plétiniui
(iei pageidaujama). Taigi duomenu, ir byly
ikélimo mechanizmai labai lankstds ir
patogus programuotojui.

Metodas sistemos testavimui.

Sukidirus sistemg buvo vykdomas jos
testavimas ir atliktas eksperimentas
jvedant keletg sistemos pakeitimy.
Eksperimento metu siekta {vertinti
objektiniy technologijy, naudoty IS
realizavimui, funkcionaluma, atlikti
pakeitimai visuose trijuose sistemos
lygmenyse - duomeny bazéje, vartotojo
sgsajoje ir programos logikos lygmenyse.
Didziausias démesys skirtas parodyti
ODBVS privalumus medicininiams
duomenims saugoti ir apdoroti. Siai
uzduodiai jgyvendinti sukurtas scenarijus
realiai egzistuojantis ir praktikoje.
Atsiranda pakitimai funkciniuose
reikalavimuose - papildomai reikia jvesti
medicininiy vaizdy parametrus. Po
pirminio testavimo atlikome pakeitimus
minétus scenarijuje ir po to vél atlikome
sistemos testavima. SekanCios keturios
dalys apibldina testavimo procedira,
pasikeitimus duomeny bazéje,
atvaizdavimo, bei programos logikos
lygmenyse.

Testavimas.

Testavimui naudoti duomenys sukaupti
Kauno medicinos universiteto klinikose
pacienty apZilros metu. Testavimui
naudojome nedidel| kiekj duomeny,
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EyelmageData

ItS

+Coment : string Eyelmages

+ONDVert ; float ———————@+EyelD : char

+ONDHor : float

a)

+EyelmageData()

4 paveikslas. Duomeny baziy modeliai: a) ODB b) RDB.

Vaizddas pasiricktas!

EKS i OND vertkalus diametry santvkis

EKS ir OND horizontabus diametry santykis

Akies duguo fotosesijos duomenys

|
EyelmageData Eyelmages
ImagelD » ImagelD
Filename Filename
Coment EyelD
ONDVert
ONDHor
b)
K aki Deliné aki

User

interface

elements

74

5 paveikslas. Pakitimai vartotojo sgsajoje.

kadangi pagrindiné uzduotis buvo jvertinti
duomeny saugojimg ODBVS, bet ne atlikti
DB veikimo matavimus. Testavome
vartotojo funkcijas (pvz.: ikelti/iSrinkti
informacijq apie pacientg, perzidreéti
paciento nuotraukas), administratoriaus
funkcijas (pvz.: vartotojy registracija), taip
pat vartotojo sasajg (pvz.. navigacija,
duomeny gavybos rezultatus). Visos
proceddros, kaip ir viskas testavimas,
atlikti sékmingai.

Pakitimai duomeny bazéje.

Tam, kad vaizdZiai parodyti ODB
pranasumus, suklréme RDB modelj
analogiskg ODB klaséms. Pasikeitimai
stebéti lyginant vaizdines diagramas.
Supaprastinta vienos dalies vaizdiné
diagrama pateikta 4 paveiksle.

I§ paveikslo matome, kad ODB modelyje
yra saugoma maziau duomeny, negu
RDB. Nereikia saugoti identifikatoriy,
kadangi saveika tarp klasiy yra atliekama
operacija ("EyelmageData()" paveiksle 4
a). Laukas "Filename" (4 b paveiksle) yra
nereikalingas ODB, kadangi ,blob" (bet
kokia daugialypés terpés ar kita byla) tipo

bylos informacija yra automatiskai
kaupiama duomeny bazéje. Taigi néra
reikalo kurti papildomus laukus sagrySiui
tarp lenteliy, be to duomenys néra
dubliuojami, taip pat daugialypés terpés
informacijos valdymas yra patogesnis.

Pakitimai vartotojo sgsajoje.

Vartotojo sasajos pakeitimai dirbant su
RDB ir ODB yra ekvivalentds, kadangi
atvaizduojami tie patys duomenys. 5
paveiksle pavaizduoti Sie pakitimai
sukurtos sistemos atvejui.

Pakitimai programos logikos lygmenyje.
Pakitimai Siame lygmenyje yra gerokai
sudétingesni. Abiem atvejams reikiami Sie
pakeitimai:

eprograminis kodas naujiems vartotojo
$gsajos elementams,

etestavimas Siems elementams,
naudojant papildomus duomenis,
enaujy duomeny ikélimas.
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Obiect Manage
JRject inanager

le Help

* com.db4o.Bloblmpl, dbdo
= com.dbdo,User, dbdo
= mag_kl.Byla, mag_ki

(G) mag_id.Byla, mag_k (id
mag_k.Byla, mag_k ( 400)
mag_kd.Byla, mag_kd (id=5728)

mag_kl.Byla, mag_ki (id=8047)
mag_kl.Byla, mag_ki (id=9111)
mag_kl.Byla, mag_k (id=9165)
mag_ki.Byla, mag_ki (id=9381)
mag_kl.Byla, mag_ld (id=9655)
mag_kd.Byla, mag_ld (id=10399)

8, i ( )

o e N - T-T-T
Glecoaoaoocooon o

571
.Blobmpl, db4o (id=11769)

_pacid: 0046
_tyrid: IMG_0899
-

= _Iverciai: (G) mag_k.vercial, mag_k (id=116
_koment: Tikslds verdiai
_ONDvert: 0,707
~ONDhor: 0,601

By
+ mag_kl.Pacientai, mag_k
= mag_k.Tyrimai, mag_k
+ mag_k.Vartotinfo, mag_id
= mag_kl.Vartotojas, mag_ki

_bylapav: (G) com.db4o.Bloblmpl, dbdo
_pacid: 0046
IMG_0gaa

iai: (G) mag_kl.Iverciai, mag_k

Reference

New data

6 paveikslas. ODB adresiné nuoroda ir nauji duomenys.

Nedetalizuosime kaip ODBVS elgiasi $iuo
atveju, taCiau naudojantis ODBVS db4o
duomeny perzidros ir iSrinkimo programa
,Object Manager", pastebésime, kad
duomeny bazés struktiros yra
automatiSkai atnaujinamos, kuomet DB
yra suzadinama. Duomeny (kélimui ir
atnaujinimui, pavaizduotam 6 paveiksle,
reikalingas toks pats programinis kodas - ir
ikélimui ir atnaujinimui galioja tas pat
sakinys. Taciau, RDB reikalingi du SQL
(Struktdrizuota uzklausy kalba, Structured
Query Language) sakiniai (Insert Into ir
Update). Toks sutrumpinimas ODB
akivaizdzZiai sumazinam programinio kodo
kiekj.

Tai pavaizduota 6 paveiksle, kuriame
matomi adresiné nuoroda ir nauji
duomenys.

Taip pat pastebékime, kad adresiné
nuoroda iSskleidZia naujus duomenis, taip
iSvengiama duomeny dubliavimo.

Baigiant, galime pastebéti, kad neturéty
kilti problemy integruoti Sig sistemg |
NESS, kadangi NESS Siam tikslui naudoja
IHE (Integrating Healthcare Enterprise).
Kadangi db4o ODB yra viena byla
konvertuojama | XML (eXtensible Markup
Language), kuris kartu suHL7 ir CDA Level
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2 yra naudojami NESS, neturéty kilti
problemy sistemy bendram darbui.
Kiti pastebéjimai ir ODBVS privalumai
pateikti sekan¢iame skyriuje.

DiskusijairiSvados

Tarptautinis bendradarbiavimas dirbant su
standartais po truputj veda prie spartesnés
produkty kokybés, taip pat ir programinés
frangos plétotés. Sistemos geba dirbti
naudojant skirtingus duomeny tipus,
uztikrinant suderinamuma_ ir lankstuma.
Ateityje sukurtg sistemg ketiname
integruoti | NESS.

ODBVS analizé parodé, kad ji yra patogi ir
pakankamai lanksti kaupti nuolat
besikeiCianCius duomenis. Naudojant
objektines technologijas nesudétinga
igyvendinti nutolusiy DB pasiekiamuma.

Sukurta sistema parodé, kad ji yra
pakankamai lanksti ir lengvai keiCiama,
kadangi naudojamos tinkamos
technologijos, kurios tuo paciu metu yra
standartais. Nors sistema galéjo bt
sukurta naudojant skirtingas technolo-
gijas, mes nusprendéme naudoti .NET, dél
jos plétojimo, daugiakalbiskumo
galimybés, patogios Visual Studio .NET
programavimo aplinkos integruotumo.

It6

Eksperimento metu parodyti Sie

pagrindiniai ODB privalumai pries RDB:

egalimybé ikelti/atnaujinti duomenis ta
pacia komanda,

esumazéja programinio testo ir klaidos
tikimybés,

eecsant adresinéms nuorodoms tarp
objekty nereikia kurti papildomy lauky,
rySiams tarp lenteliy palaikyti,

eduomenys nedubliuojami,

elankstesnis daugialypés terpés
informacijos saugojimo mechanizmas,

epildant DB nereikia kurti rysiy ir lenteliy
duomeny bazés lygyje.

Eksperimentui atlikti naudojome nedidel
kiekj duomeny, taciau ateityje galvojame
kaupti didesnius kiekius duomenu, ir
stebéti laikines DB veikimo charakte-
ristikas.

Taip pat protinga paminéti, kad pateikti
rezultatai nereiSkia, jog reikéty atsisakyti
RDBVS naudojimo, greiCiau tai
paskatinimas iSbandyti ODBVS -
pakankamai lanks€ig technologijg
sprendziant skirtingas problemas, ypac
susijusias su e-sveikatos sistemomis.
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