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The start 



… with Ledley & Lusted (1959)

Symbolic logic

If a patient has disease 2, 
he must have symptom 1

D(2)  S(1)

If a patient has disease 1 and not disease 2,
then he cannot have symptom 3

D(1)·D(2)  S(3)

If a patient has either or both of the symptoms, 
then he must have one or both of the diseases

S(1)+S(2)  D(1)+D(2)

The early Vienna approaches (1968 & 69) to 
computer diagnostics

• support of differential diagnosis

• rare as well as frequent diseases

• possible, not probable diagnoses

• confirmed and excluded diagnoses as well as diagnostic 

hypotheses

• explanatory system



Two-valued logic—by Grabner et al. (1968 & 69)

Results for hepatology

Knowledge
base for
hepatology

0 – excluding

𝑆 → ¬𝐷

1 – facultative & not confirming

cannot be expressed

2 – facultative & confirming

𝑆 → 𝐷

5 – obligatory [descriptive]

𝐷 → 𝑆 ≡ ¬𝑆 → ¬𝐷

7 – obligatory & not confirming

𝐷 → 𝑆 ≡ ¬𝑆 → 𝐷

diagnostic support

hepatology

rheumatology

assignment to group

results

methodology



CADIAG-I—Three-valued & predicate logic, consistency checking, 
HIS integration (1976)

S/D 0 1 2

0 1 1 1

1 1 0 2

2 1 2 2

S/D 0 1 2

0 1 1 1

1 0 1 2

2 2 1 2

obligatory excluding: 
S → ¬D  or  ¬(S ∧ D)

facultative and proving: 
S → D 

Relation FC 
(facultative occuring and confirming):
1. all p with S have D
2. not all p with D have S
3. there is at least one p with S

     )()()()()(ˆFC pSppSpDppDpSpDS →=

Relation EX (excluding)
1. all p with S exclude D
2. there is at least one p with S 

and not D
3. there is at least one p with D 

and not S

     )()()()()()(ˆ EX pSpDppDpSppDpSpDS →=



CADIAG-II—Fuzzy sets and fuzzy logic—rheumatology, hepatology, 
gastroenterology (1977)

Fuzzy sets and patient data

• Fuzzy relation: after assignment of fuzzy truth values through 
fuzzy sets and data-to-symbol conversion rules, e.g., 

Fuzzy relationships and medical knowledge

• Two fuzzy relations: (1) frequency of occurrence  
(2) strength of confirmation  

Compositional rules of fuzzy inference

• Several max-min compositions



Fuzzy sets: A seminal invention—by Lotfi A. Zadeh (1965)

Fuzzy sets—Generalization of classical set theory

• Degrees of membership ∈ [0,1] into a fuzzy set, e.g., 

– light red ball into the fuzzy set “red balls”

– 37.9°C body temperature into the fuzzy set “fever”

• A whole new branch of fuzzy mathematics was born including 
fuzzy logic, and an ideal field of fuzzy applications in clinical 
medicine was opened

• Formalizes linguistic and propositional uncertainty, up to fuzzy 
clustering, fuzzy probabilities, and many more

Vienna clinical fuzzy-based systems

• CADIAG-II, MedFrame, FuzzyKBWean, FuzzyARDS, 
FuzzyToxopert, Moni

And some non-fuzzy clinical systems

• Hepaxpert, Thyrexpert, Rheumexpert

some unification needed



The ArdenSuite





EHR Applications



Integration into i.s.h.med
at the

Vienna General Hospital

SOP checking
in melanoma patients 

receiving chemotherapy



University of Colorado Health—with Epic EHR

• patient follow-up 
and authorization of 
additional inpatient 
services (e.g., 
occupational and 
physical therapy)

© 2014 Epic Systems Corporation. Used with permission.

Example of e-mail from HFRRS MLM to HF nurse practitioners:

Heart failure readmission 
risk score

Input:

• vital signs

• lab data

• demographics

• ATD info

• ICD codes



Intensive care 
application



Use Case: Hypoglycemia at intensive care units

• Hypoglycemia may seriously harm.

• If patient is unconscious, it is difficult to notice.

• The PDMS (patient data management system) should actively notify the physician:

If glucose is less than 50mg/dl, then send an SMS message to the physician.

DATA:

LET glucose BE READ {…glucose…};

LET physician_DECT BE DESTINATION {sms:26789};

LOGIC:

IF LATEST glucose IS LESS THAN 50 THEN

CONCLUDE true;

ENDIF;

ACTION:

WRITE „Warning…“ AT physician_DECT;

CONCLUDE TRUE
→ Do something

from Stefan Kraus, Erlangen, Germany



from Stefan Kraus, Erlangen, Germany



cAlerts—Context-sensitive, 
laboratory-data-based 

clinical alerts



Clinical alerts at Demo EMR  Demo

http://www.medexter.com/demo
http://www.medexter.com/demo


Context-specific alerts: C-reactive protein

Rule ID Message Context Rule

CRP_slight Slightly increased CRP
Previous value in the normal range or 
no previous value

20 mg/l ≤ CRP < 50 mg/l

CRP_mod Moderately increased CRP
Previous value in the normal range or 
no previous value

50 mg/l ≤ CRP < 100 mg/l

CRP_sign Significantly increased CRP
Previous value in the normal range or 
no previous value

CRP ≥ 100 mg/l

CRP_cont Further increase of CRP

Patient has no leukemia and
4th+ day of infection and
value available between 12 and 36 
hours prior to the current value

CRP ≥ 20 mg/l and

CRP−yesterday′s CRP
yesterday′s CRP

≥ 0.20

Note: CRP, C-reactive protein concentration in mg/l



Context-specific alerts: Leukocyte count

Rule ID Message Context Rule

Lpen
Leukocyte value indicates 
leukopenia

- 0.5 G/l < leukocyte count ≤ 3 G/l

Lcyt_leuk
Leukocyte value indicates 
leukocytosis. 
Admission diagnosis: leukemia

Leukemia Leukocyte count ≥ 12 G/l

Lcyt_sinc Significant increase of leukocytes
Leukocyte count−previous leukocyte count

previous leukocyte count
≥ 0.4

Lcyt_sdec
Significant decrease of 
leukocytes

Leukocyte count−previous leukocyte count
previous leukocyte count

≤ −0.4

Lcyt_inc
Increase of leukocytes compared 
to previous finding

No leukemia and
no previous infection and
previous value in the normal 
range.

Leukocyte count ≥ 12 G/l

Lcyt_pers Persistent leukocytosis

No leukemia and
4th+ day of infection and
value available between 12 
and 36 hours prior to the 
current value.

Leukocyte count ≥ 12 G/l and

Leukocyte count−yesterday′s leukocyte count
yesterdays′s leukocyte count

≥ −0.10

Note: Leukocyte count expressed in grams (G) per liter



Inflammation monitoring and alerts



Hepaxpert—Interpretation 
of hepatitis serology 

test results



Automated interpretation 
of 

hepatitis A, B, and C serology test results

• includes frequent, rare, as well as 
inconsistent combinations

• complete coverage of the problem 
domains

• e.g., hepatitis B serology: about 150 rules 
in 3 layers for 61,440 possible 
combinations



test results

interpretation

Integration of
Hepaxpert into a 

LIS



Hepatitis serology interpretation integrated into an EHR



Hepaxpert ChatGPT



Hepaxpert ChatGPT



Hepaxpert ChatGPT



Rheumexpert—
Interpretive tool for 

rheumatology





Differential diagnostic support
in

rheumatology



Activiti and ArdenSuite



Clinical guideline for “Hepatitis B in pregnancy: outpatient visit”

Department of Obstetrics and Gynecology, 
Vienna General Hospital/Medical University of Vienna, Austria



Hepatitis B breastfeeding recommendations for HBsAg positive 
patients

Test results Hepatitis B PCR
positive1

Hepatitis B PCR
negative2

Hepatitis B PCR 
unknown

HBeAg positive Don’t breastfeed or 
wean from 
breastfeeding

Breastfeeding after 
immunization 
possible

Don’t breastfeed or 
wean from 
breastfeeding

HBeAg negative Don’t breastfeed or 
wean from 
breastfeeding

Breastfeeding after 
immunization 
possible

Breastfeeding after 
immunization 
possible

HBeAg unknown Don’t breastfeed or 
wean from 
breastfeeding

Breastfeeding after 
immunization 
possible

No 
recommendation 
possible until data 
is available

1 Positive result corresponds to >107 genomes/ml
2 Negative result corresponds to ≤107 genomes/ml
Note: HBeAg, hepatitis B envelope antigen; PCR, polymerase chain reaction



Activiti BPMN workflow and MLM calls



… part of pediatrician–mother conversation



Fuzzy Arden Syntax



From: Dupré, B. The sorites paradox. In Dupré B. (2007) 50 philosophy ideas you really need to know. Quercus
Publishing PLc, London, p. 122.

Lotfi



Why Fuzzy Arden Syntax – part I?

• Modeling linguistic uncertainty by fuzzy sets

‒ due to the unsharpness (fuzziness) of boundaries in linguistic concepts; 
gradual transition from one concept to another

‒ modeled by fuzzy sets (e.g., fever, increased glucose level, hypoxemia)

‒ a fuzzy set calculates a degree of compatibility in the range [0,1] between 
raw data and a linguistic clinical concept

• Modeling propositional uncertainty by fuzzy logic

‒ due to the incompleteness of medical conclusions; uncertainty in definitional, 
causal, statistical, and heuristic relationships

‒ modeled by fuzzy logic truth values between zero and one (e.g., 0.6, 0.9)

– to evaluate logical combinations of clinical concepts to draw conclusions about 
higher-level concepts; repeated use propagates results through an inference 
network



Why Fuzzy Arden Syntax – part II?

• Modeling two-dimensional fuzzy sets and fuzzy automata 

‒ linguistic fuzzy states represent physiological or pathophysiological states

‒ state transitions are described by linguistic instructions

‒ two-dimensional fuzzy sets include time dimension  

• Modeling fuzzy control

– heuristic, linguistic control rules

– here: open-loop control cycle



Fuzzy Sets

• Crisp boundary

‒ Defines a sharp threshold.

‒ Checking if a given value is greater or less 

than the defined crisp threshold results in 

either true or false.

‒ Borderline cases are not detected.

• Fuzzified boundary

‒ Defines a gradual transition 

‒ Checking if a given value is greater or less 

than the defined fuzzified boundary results in a 

truth value between 0 and 1

‒ Borderline cases are detected 

‒ Weighted results for borderline cases, all other 

are as usual



Four clinical concepts in Moni-ICU

Clinical Concept (Unit) Fuzzy Set

Normal Range Borderline Range Pathological Range

Increased body temperature 
(fever) (°C)

< 37.5 37.5 – 38.0 1) > 38.0 2)

Increased C-reactive protein 
(CRP) (mg/dl)

< 1.0 1.0 – 6.0 3) > 6.0 3)

Leukopenia (WBC/mm3) > 5,000 4,000 – 5,000 4) < 4,000 2)

Leukocytosis (WBC/mm3) < 11,000 11,000 – 12,000 4) > 12,000 2)

1) as defined by clinicians
2) as defined by CDC/NHSN, ECDC, and KISS for retrospective surveillance purposes
3) as defined by clinicians; CRP is an early phase protein, useful as an “infection radar” for prospective purposes
4) as defined by clinicians; white blood cell count (WBC) is a slowly reacting indicator, important for surveillance 

purposes



Frequency distributions: four clinical concepts as well as the 
topmost HAI definitions (24,325 patient days)

Clinical Concept Absent 

n   (%)

Borderline 

n   (%)

Present 

n   (%)

Increased body temperature (fever) 16,074 (66.1) 3,421 (14.0) 4,830 (19.9)

Increased C-reactive protein (CRP) 4,383 (18.0) 5,841 (24.0) 14,101 (58.0)

Leukopenia 22,991 (94.5) 668   (2.8) 666   (2.7)

Leukocytosis 15,169 (62.4) 1,544   (6.3) 7,612 (31.3)

BSI or1) CRI2 or UTI-A or UTI-B 20,687 (85.0) 606   (2.5) 3,032 (12.5)

1) inclusive disjunction with precedence of “present” over “borderline” over “absent”



Two different hyperglycemia definitions

Hyperglycemia (surveillance) is true is 1.00.
Hyperglycemia (alerting) is true is 0.75.



Momo—Microbiological 
analytics, reporting, and 

alerting





How often did pathogen x occur in ward y 

in the last month?
Clinicians
Infection Control
Quality Management
Medical Directors

Use Case 5 of 18







AMR situation for pathogen x in ward y.
Clinicians
Infection Control

Use Case 7 of 18







Ontologies—The being of programs.
Part of Interface

Use Case 7 of 18



Ontologies for departments, sample material, microbiological and 
virological results, and antibiotics/antimycotics

Code Code CodeText



Section of Momo‘s ontology for microorganisms

P. aeruginosa 3MRGN P. aeruginosa 4MRGN P. aeruginosa (mucoid) P. aeruginosa (non mucoid)

Pseudomonas aeruginosa

3MRGN 4MRGN

Escherichia coli

E. coli 3MRGN E. coli 4MRGN

…
…

…
   

…

…



Alert service with Arden Syntax.
Clinicians
Infection Control

Use Case 7 of 18



Bottom-up reasoning in Momo‘s ontology

″Pseudonomas aeruginosa 4MRGN“  Pseudomonas aeruginosa, Pseudomonas, Pseudomonadaceae, 

bacteria, culture, microbiology, 4MRGN

P. aeruginosa 3MRGN P. aeruginosa 4MRGN P. aeruginosa (mucoid) P. aeruginosa (non mucoid)

Pseudomonas aeruginosa

3MRGN 4MRGN

Escherichia coli

E. coli 3MRGN E. coli 4MRGN

…
…

…
   

…

…



Alert MLM with multidrug-resistent bacteria



Alert MLM with pandemic-causing viruses



Arden-Syntax-based Alert service



Demo: finally EHR‘s view of active patients on the ward
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