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Background

The acquisition of medical knowledge and the knowledge representation framework of a
medical expert system are closely related to each other. We have experienced in the
past, that the crucial point of knowledge base development is to provide an intuitive for-
malism of how to transfer human expertise into a systematized and structured form as
required by computer expert systems.

Objective

The aim of this project was to explore new ways of knowledge engineering that are e-
xamplified on liver diseases (hepatology) [1]. Special emphasis was laid on the determi-
nation of the strength of confirmation of a present symptom for establishing a disease as
diagnostic hypothesis. Variants of the positive predictive value are calculated for this pur-
pose. Other topics of interest were disease hierarchies, cooperating knowledge bases,
and systemic interrelationships among symptoms, signs, test results, and diagnoses.

Material and Methods

Based on statistical (Bayesian), frequentistic, and fuzzy logical models of knowledge re-
presentation and reasoning this project aimed at the development of a methodological
and mathematical framework that could be used for future medical expert system deve-
lopment. The project was performed in close cooperation between an experienced clinici-
an and computer scientists. Some major problems that were dealt with specifically were

the unsatisfactory precision of the definitions of diseases and findings,

the vague boundaries between normal and pathological parameter values,
the influence (alteration) of findings by therapeutic procedures,

the redundancy of findings,

the interdependency between findings, and

patient-specific factors.

Several mathematical models were developed to facilitate the knowledge acquisition pro-
cess. As an example, a formalism was developed that allows an interpretation of the
strength of confirmation value as a frequentistic interpretation of probability with and
without considering the prevalence of the diseases [2,3]. Based on this formalism a semi-
automatic computation of the strength of confirmation values from the inverse frequency
of occurrence values is feasible.

Results

At present the knowledge base covers 125 classical hepatological diseases and about
950 symptoms, signs, and test results. A pool of typical hepatological disease patterns
(35 hypothetical cases) was established to allow a pre-clinical evaluation of the knowled-
ge bases.
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Technical Specification

Most of the pre-clinical testing was performed by Microsoft Excel 97 Macros. An early
prototype, named HEPexpert, was realized in Java (Java Development Kit (JDK) 1.1.5) to
allow a comprehensive evaluation in a clinical environment (Fig. 1).

EgaHepExpetl |- O] x]
File Edit Help
Patient Machname | Testpatient Vorname  |Otto Geburtzdatum 19.1.1953 Geschlecht m =
Anamnese | Status | Lahor 1 | Lahaor 2 | Histologie u. weitere Untersuchungen | Ergebnisse | Symptome | Matrix|
Allgemeinzustand qut = Stuhl und Urin Funtionelle Stdrungen [ keine
Roeffizastid gut = : : [ unchar. allg. Bewschwerden
Gewichtzveranderung Gewichtzverlust - [ Stuhl hell bis Farblos [ Unpaflichkeit
Alkaholkansurm akuter mazsiver Alkoholaby > [+ iidighsit
Graviditat Haut [ B [ Schiitelfrost
[ Juckreiz [ LMN generell vergibert
Leberleiden [ keines Gelbsucht -
[ b, friheres = Ficber z
[ b, florides
[V nnb, crionisches “erdauungsbeschwerden [ keine Frithere Erkrankungen [ keine
subjektive Beschwerden [ keine [ Dyspepsie [nicht ulcerids,nnb) [ Ulcusleiden
Dlauer < B Monate = [ Appetitiosigkeit ’7 Drarmentziindung
[V Obelkeit [ Meoplasie [extrahepatizch]
Schmerzen [ 0B B Gl [ Diabetes melitus
[ Bauchschmerzen (leicht, diffus) [ Etbrechen [ kardiale Dekompensation
[ Koliken [leichte, diffuse] [ Blshungen [ kardiale Rhytmusstdungen
[¥' Leber duckempfindlich [ Flatulenz [+ Hamalyse
Oberbauchschmerzen [ Obstipation [ Dsteomalazie, Chondrok alzinose
leicht - [ Diarhoe [ neurolag.-psychiatr. Erkrankung
Suchen | Meuer Patient | Lizchen |
Andern | Einfiigen |

Fig. 1: HEPexpert Java prototype (in German)

Conclusion

Our results showed that the development of large knowledge bases, as required for
comprehensive clinical domains such as hepatology, can be essentially facilitated by
employing intuitive knowledge representation formalisms. The use of fuzzy set theory
extends the scope of the formalisms to vague and uncertain knowledge.
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