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The aim of the project was to create a computer pro-
gram - expert system, which will support a doctor when a
management for patients with acute coronary syndrome
needs to be chosen. The expert system consists of four
modules: knowledge base, previous cases database, in-
ference engine and explanation module. Knowledge base
was created with support of clinical experts, based on cur-
rent management standar ds, guidelinesand results of clini-
cal trialsaccording to evidence-based medicinerules. Data
from new patient are added to the case database. I nference
engine integrates two types of reasoning rule-based and
case-based reasoning. Computer expert system givesunam-
biguous and objective answer. Recommendation given by
an expert system can be reliable. At present the system is
tested in clinical practice. Strategies recommended by the
system arecompar ed tothemanagement applied in patients
treated in Cardiology Clinic.

Introduction

Acute coronary syndromes (ACS) include acute coron-
ary syndromes with ST-segment € evation and without per-
sistent ST-segment eevation [3]. Both of them can lead to
unstable angina or non-Q myocardia infarction or Q-wave
myocardid infarction asadischargediagnosis. Petientswith
acute coronary syndromes are subjected to arange of thera-
peutic dterndives. There are two main directions. early
invasive strategy versus conservative therapy. The decison
whichthergpy should beusedfor individua patientsdepends
on clinicad presentation, risk stratification and the estimated
treatment benefits. Computer-based technologies such as
expert systems (ES) can be hepful in diagnosis and thera-
peutic decision making in patients with presumed acute
coronary syndrome [2]. Recommended strategy in ACSis
shownin Figure 1.

ES are intelligent computer programs that use knowl-
edge and inference procedures to solve problems that are
difficult enough to require significant human expertise for
their solution. ES emulates the decision-making ability of a

human expert. ES together with neurd networks belong to
artificia intelligencefield.

Typicd ES consi sts of three main components. knowl-
edge base which contains the knowledge on the subject,
inference engine which draws conclus ons from the knowl-
edge and explanation module[6]. Schemaof components of
ESisshownin Figure 2.

Theaim of this paper isto present our very first experi-
ence with ES - a computer program, which will support a
doctor when a therapy for patients with ACS needs to be
chosen.

Methods

At first we analysed the need of presence and possi-
bilities to take advantage of such computer program. Then
wespecified functionsof thesystemand users' expectations.

Knowledge base was created with support of clinical
experts, based on current management standards, guidelines
and results of clinical trials according to evidence-based
medicine rules. For the risk gtratification in ACS without
persistent ST-elevation we adopted TIMI Risk Score for
Unstable Angina/Non-ST Elevation Myocardid Infarction
which uses seven predictor variables: age 65 years old or
older, at least threerisk factors for coronary artery disease,
prior coronary stenosis of 50% or more, ST-segment devia
tion on dectrocardiogram at presentation, a least two angi-
nal eventsin prior 24 hours, useof aspirininprior sevendays,
and elevated cardiac markers [4]. For therisk stratification
in ACSwith persistent ST-elevation we adopted TIMI Risk
Score for ST-Elevation Myocardia Infarction which uses
eight predictor variables: age, history of hypertension or
diabetes or angina, blood pressure, heart rate, Killip class,
weight, anterior ST elevation or Left Bundle Branch Block
in ECG, timeto treatment [1].

Data from new patient are added to the case database
due to key data elements and definitions for measuring the
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Fig. 2. Components of an Expert System.

clinical management and outcomes of patients with acute
coronary syndromes| 7]. Schemaof dialoguebetweendoctor
and expert system is shown in Figure 3.

Inference engine integrates two types of reasoning:
rule-based and case-based reasoning [6]. Rule-based pro-
grammingisone of the most commonly used techniquesfor
developing expert systems. In this programming paradigm,
rules are used to represent heurigtics, or "rules of thumb",
which specify a set of actions to be performed for a given
situation. A ruleis composed of an"if" portion and a"then"
portion. The"if" portion of aruleisaseries of patternswhich
specify the facts (or data) which cause the rule to be gpplic-
able. The process of matching facts to patterns is called
pattern matching. The expert system tool provides a mech-
anism, caled the inference engine, which automatically
matches facts againgt patterns and determines which rules
are applicable. The "if" portion of a rule can actudly be
thought of as the condition. The "then" portion of aruleis
the set of actions to be executed when theruleisapplicable.
The actions of applicable rules are executed when the in-
ference engine is instructed to begin execution. The in-
ference engine sdects a rule and then the actions of the
selected rule are executed (which may affect the list of
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gpplicablerulesby adding or removing facts). Theinference
enginethen selectsanother ruleand executesitsactions. This
process continues until no applicablerulesremain. Example
of "if-rule" is presented bel ow:

IF
conditions 1 (e.g. high risk patient)
are TRUE
THEN
action 1
(e.g. invasive strategy recommended)
ELSE
action 2 (e.g. further stratification)

As the programming environment we used CLIPS
which is a productive development and delivery expert
system tool, which provides acomplete environment for the
construction of rule and object based expert systems. CLIPS
is being used by numerous users throughout the public and
private community including: all NASA sites and branches
of the military, numerous federa bureau, government con-
tractors, universities, and many companies[5].

Results

Decision making procedure begins when the expert sys-
tem recelvesinformation of anew patient, who appeared at the
Admission Department. Thefollowing clinica fectorsareana-
lysed: chest pain character, presence of risk factars, findingsin
physica examination, changes in eectrocardiogram and the
results of quick test for specific markers for cardiac damage
such as. troponin, myoglobin and creetine kinase isoenzyme
MB (CK-MB). Then the system suggests one of thefollowing
managements early reperfusion, transport tocardiacintensive
care unit, observation at chest pain unit.
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eventsinlast 7 hours; risk factors: prior history of CAD, smoker, diabetic (oral treatment); ECG: ST depressioninV4-V 6, negative T waves

V3-V5; positive troponin | test.

For the patient taken to cardiac intensive care unit risk
stretification is performed. In patient with intermediate and
highrisk syssemrecommendsearly invasivestrategy: coron-
ary angiography followed by angioplasty or coronary artery
bypass grafting. In patient with low risk conservative treat-
ment is proposed.

For the patients observed at chest pain unit check-up of
electrocardiogram and markers in another three hours is
ordered.

At each stage system analysesindication and contrain-
dication for trombolysis and drug trestment and if it is
advisable recommends usage of antiplated drugs (aspirin,
thienopiridins, glycoprotein Ilb/ll1a antagonists), heparin,
morphine, beta-adrenolytics and nitrates. Example of
screenshot from consultation performed by our ESisshown
on Figure4.

As the initial assessment of reliability of sugges-
tions given by ES we used data from 147 patients with
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ACS.1n127(86%) patients ES suggested the same strategy
as doctor did. No significant difference in outcomes both
group of patientsin 1-month follow-up was observed.

Discussion

Experiencewith use of expert systemsin medical deci-
sion support showsthat recommendati on given by an expert
system can bereliable. Computer expert system givesunam-
biguous and objective answer, doesn’t get into aroutine and
once created can be used as many times, as needed. Knowl-
edge base includes knowl edge obtained from many experts.
Contraindicationsfor drugswerequiteclear and could be put
in knowledge-base of ES.

Usage of ES in cardiology, rapidly changing domain
knowledge, can provide expertise to novice clinicians, and
aso ES can be used to train them. ES works faster than
human expert, does not get tired, avoids delays when exper-
tiseis needed, isavailable at dl time and records decision-
making processes, actions, and outcomes.

Our program gives advises and suggestions to the user.
Physician aways makesthe find decision of therapy.

Conclusion

At present the system is tested in clinicd practice.
Strategies recommended by the system are compared to
management appliedin patientstreated in Cardiology Clinic.

Future plansincludewidening of knowledgebaseto make
ES able to propose management in complications accompa-
nying ACS, make access to ES via Internet, assess clinical
religbility for answers given by system, connect to telecardi-
ology system database and use case-based reasoning.
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