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Artificial intelligence (1)

•

 

Definition 1: AI is a field of science and engineering concerned with the 
computational understanding of what is commonly called intelligent 
behavior, and with the creation of artifacts that exhibit such behavior.

from: Shapiro, S.C. (1992) Artificial Intelligence. In Shapiro, S.C. (ed.) Encyclopedia of Artificial Intelligence, 
2nd ed., vol. 1, Wiley, New York, 54–57. 

•

 

Definition 2: AI is the science of artificial simulation of human thought 
processes with computers.

from: Feigenbaum, E.A. & Feldman, J. (eds.) (1995) Computers & Thought. AAAI Press, Menlo Park, back cover.



Artificial intelligence—applicable to clinical medicine

•

 

It is the decomposition

 

of an entire clinical thought process

 

and its separate 
artificial simulation—also of simple instances of “clinical thought”—that 
make the task of AI in clinical medicine

 

manageable.

•

 

A functionally-driven science of AI that extends clinicians through computer

 systems

 

step by step can immediately be established.

⇓

artificial-intelligence-augmented clinical medicine



Computational intelligence in medical research

biomolecular

 

research
medical statistics

clustering and classification 
data and knowledge mining

consensus conferences

definitional, causal, statistical, and heuristic knowledge

molecular 
medicine

medical knowledge

facts consensus generalization

medical 
studies

evidence-based 
medicine



Computational intelligence in patient care

decision-oriented 
analysis and interpretation 

of patient data

definitional, causal, statistical, and heuristic knowledge

human-to-human human-to-humanAI-augmentation

patient-

 
physician 
encounter

patient-

 
physician 
follow-up

medical 
knowledge modules

medical knowledge



Computers in clinical medicine

Steps of natural progression

•

 

step 1: patient administration
–

 

ADT and billing

•

 

step 2: medical data
–

 

electronic health record

•

 

step 3: medical data retrieval and analysis
–

 

research databases, studies, quality management

•

 

step 4: knowledge-based systems for clinical 
decision support

–

 

safety net, patient-centered quality assurance 
…

 

for the individual patient 
…

 

and the physician 
…

 

and the medical institution



symptoms
signs

test results
clinical findings

biosignals
images

diagnoses
therapies

nursing data

•
•
•

standardization
telecommunication

chip cards

anatomy
biochemistry
physiology

pathophysiology
pathology
nosology

therapeutic knowledge
disease management

•
•
•

subjective experience
intuition

knowledge-based 
systems

patient’s medical data physician’s medical knowledge

medical statistics
clustering & classification
data & knowledge mining

machine learning

clinical decision support
medical expert systems

many
patients

single 
patient

diagnosis

 
therapy

prognosis
management

general
knowledge

•
•
•

general
knowledge

telemedicine telemedicineintegration

medica
l k

nowledge acq
uisi

tio
n

by

cli
nici

ans 

+ knowledge engineers

Medical information and knowledge-based systems

information 
systems

induction

deduction



Clinical decision support

diagnosis
•

 

clinical alerts, reminders, calculations
•

 

data interpretation, (tele)monitoring
•

 

single or differential diagnosis
–

 

further or redundant diagnostic  
investigations

–

 

all pathological signs accounted for
•

 

consensus-criteria-based diagnosis
–

 

definitions
–

 

classification criteria

therapy
•

 

drug alerts, reminders, calculations
–

 

indication, contraindications, 
redundant medications, substitutions

–

 

drug allergies, interactions, dosage 
calculations, consequent orders

•

 

management of antibiotics therapy
•

 

(open-loop) control systems

prognosis
•

 

illness severity scores, prediction rules
•

 

trend detection and visualization

patient management
•

 

administrative reminders
•

 

computerized clinical guidelines,    
protocols

•

 

community-

 

and hospital-acquired 
infections, cross infections

•

 

high-level patient and hospital analytics





One of the rules to interpret clinically relevant findings 
(rule premises form equivalent classes)

RULE 103:

IF one of the following 100 combinations

THEN

HBsAg anti-HBs anti-HBc IgM anti-HBc HBeAg anti-HBe 
+ 
+ 

  • 
• 

+ 
+ 

    
+ 

− ±  
• 

 
+ 

− 
− 

± 
± 

• 
• 

+
+ 

    
+ 

− 
− 

± 
± 

• 
• 

 

The simultaneous occurrence of HBe-antigen and anti-HBs

 

antibodies is a rare event 
in the natural course of a hepatitis B virus infection. This constellation of findings may 
be attributed to one of the following causes: (a) circulating HBsAg-anti-HBs

 

immune 
complexes, (b) hepatitis B virus infection coinciding with a hepatitis B vaccination or 
injection of HB-hyperimmune

 

globulin, or (c) reinfection

 

with a hepatitis virus B with a 
different HBsAg subtype. Blood and secretions (saliva, sperm, breast milk) of such 
patients are to be regarded as infectious.



test results

interpretation



ORBIS Experter: Hepatitis serology diagnostics
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Gelenke o.B. 21 -1,0 -1,0 -1,0 -1,0 -1,0 -1,0 -1,0 -1,0
knöcherne Schwellung eines oder mehrerer
Gelenke 22 0,25 0,4
weiche Schwellung eines oder mehrerer
Gelenke 23 0,6 0,4

Erguß eines oder mehrerer Gelenke 24 0,4 0,4 0,25 -0,9
Rötung eines oder mehrerer Gelenke 25 0,25 -0,15 0,25 0,25 0,4 0,4 0,15
monoartikulärer Druck- od.
Bewegungsschmerz 26 0,4 0,25 0,25 0,4 0,4 0,4 0,4 0,35
oligoartikulärer Druck- od.
Bewegungsschmerz 27 0,4 0,25 0,25 0,25
polyartikulärer Druck- od.
Bewegungsschmerz 28 0,4 0,15 0,15 0,25
Bewegungseinschränkung eines oder
mehrerer Gelenke 29 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,25
periartikulärer Schmerz eines oder mehrerer
Gelenke 30 0,15 0,15 0,4
entzündlicher Befall eines oder mehrerer
distaler Gelenke 31 0,4 0,15 0,4 0,4 0,25 -0,8

degenerativer Befall eines od.
mehrerer distaler Gelenke 32 0,4

Befall im Strahl 33 0,4 0,4 -0,8
entzündlicher Befall eines oder mehrerer
mittlerer oder großer Gelenke 34 0,4 0,4 0,4 0,4 0,4 0,25 -0,8
entzündlicher oligoartikulärer Befall mittlerer
oder großer Gelenke 35 0,4 0,15 0,3 0,4

data

 

level

degenerative affection

 

of one

 
or

 

more

 

distal

 

joints

at least 1 out of 18:

 
DIP r or

 

DIP l or

 

IP r or

 

IP l and

 
per joint: (tenderness

 

or

 

pain

 

on motion) and

 
osseous

 

swelling

data-to-symbol

 

conversion

symbol

 

level



Uncertainty in medicine

•

 

imprecision

 

(=fuzziness) of medical concepts 
–

 

due to the unsharpness

 

of boundaries of linguistic concepts; gradual 
transition from one concept to another

–

 

modeled by fuzzy sets

•

 

uncertainty

 

of medical conclusions
–

 

due to the uncertainty of the occurrence and co-occurrence of imprecise 
medical concepts

–

 

modeled by SigmaCounts

 

(unconditioned and conditioned frequencies of 
fuzzy sets)

•

 

incompleteness

 

of medical data and medical theory
–

 

due to only partially known data and partially known explanations for 
medical phenomena

–

 

modeled by fuzzy intervals



Crisp sets vs. fuzzy sets

yes/no decision

gradual transition

age

1

χY young

0 threshold

U

 

= [0, 120]
Y

 

⊆

 

U

 

with Y

 

= {(µY (x)/

 

x)⏐x

 

∈

 

U}
µY

 

: U

 

→

 

[0, 1]
1

1 + (0.04 x)2 ∀

 

x

 

∈

 

U
0 age

1

μY young

threshold
0

U

 

= [0, 120]
Y

 

⊆

 

U

 

with Y

 

= {(χY (x)/

 

x)⏐x

 

∈

 

U}
χ Y

 

: U

 

→

 

{0, 1}

χ Y (x) = ∀

 

x

 

∈

 

U0

 

x

 

> threshold
1 x ≤ threshold

1           x ≤ threshold

x

 

> threshold
µY (x) =

0

⎩
⎨
⎧

⎩
⎨
⎧



Degree of compatibility [= degree of membership]

x50

0.50

1.00

μA (x)

100 150 200

µ↑

 

(x)

 

=

 

0.82

highly
decreased

↓↓
decreased

↓
normal

⊥
increased

↑

highly
increased

↑↑

[mg/dl]

µ⊥

 

(x)

 

=

 

0.18

µ↓↓

 

(x)

 

= 0.00
µ↓

 

(x)

 

=

 

0.00
µ↑↑

 

(x)

 

= 0.00

glucose level in serum

 

of 130 mg/dl

0.00



Calculation of fuzzy sets from sample data

µ⊥

 

= π

 

(x; 8.2; 9.9; 11.6; 
21.24; 22.52; 23.8)

(i)

 

90% confidence interval: 
[10; 12.1]

(ii)

 

90% confidence interval: 
[20.5; 22.9]

Healthy persons:
n = 151
min = 8.2
max = 23.8
ϕ0,05

 

= 11.6
ϕ0,95

 

= 21.24

fuzzy membership function for gamma globulin









Fuzzy control

fuzzification 
with

fuzzy sets

defuzzification 
with Sugeno’s

center of gravity
method

PaO2 [mmHg]
PaCO2

 

[mmHg]
FiO2

 

-change
[%]

measurement and observational 
level

inference process
with

linguistic fuzzy rules



ESBL -
 

extended spectrum beta-lactamase

VRE -
 

vancomycin-resistant
 

enterococcus

MDR-TB
 

-
 

multidrug-resistant
 

tuberculosis

increased
disposition by 
low immunity

MRSA -
 

methicillin-resistant
 

Staphylococcus aureus

exposure to 
pathogens

entry sites



patient-specific alerts 

infection control

natural-language 
definitions of nosocomial 

infections

Fuzzy 
theories

Artificial 
intelligence

Monitoring

 of 
nosocomial infections

knowledge-based 
systems

fuzzy sets and 
logic

ICU
ICU

microbiology

cockpit surveillance remote

clinical data 

Medicine

data on microorganisms

cockpit surveillance at ward 
ICU





Bloodstream infection with clinical signs and growth of same 
skin contaminant from two separate blood samples

BSI-A2

1
⇐

clinical_signs_of_BSI (t-1d, t, t+1d)
∧

same_skin_contaminant_from_two_separate_blood_samples



Decomposition—clinical signs

clinical_signs_of_BSI (t-1d, t, t+1d)[yesterday, today, tomorrow]

=
fever (t-1d)

∨
hypotension (t-1d)

∨
clinical_signs_of_BSI (t-1d)   = leucopenia (t-1d)

∨
leucocytosis (t-1d)

∨
CRP increased (t-1d)

∨
fever (t)

∨
hypotension (t)

∨
clinical_signs_of_BSI (t)     = leucopenia (t)

∨
leucocytosis (t)

∨
CRP increased (t)

∨
fever (t+1d)

∨
hypotension (t+1d)

∨
clinical_signs_of_BSI (t+1d)   = leucopenia (t+1d)

∨
leucocytosis (t+1d)

∨
CRP increased (t+1d)



fever (t-1d)

 

⇐

 

...

body temperature ↑

fever (t) ⇐ ∨

thermoregulation applied

fever (t+1d) ⇐

 

...

Clinical signs—fever

data import

intensive care unit

maximum value 
of the day

 
e.g., 38.5 °C

°C

1

0
37 37.5 38 38.5

…





Processing layers

NI definitions

basic concepts:

 
symptoms, signs, test results, clinical findings

intermediate concepts:

 
pathophysiological

 

states

abstraction:
rules, type-1 & type-2 fuzzy sets, temporal abstraction

feature extraction:

 
mean values, scores, …

preprocessing: 
missing data, plausibility, …

ICU patient data bases

y inference steps
reasoning

symbols

data-to-symbol

 
conversion

data

x inference steps

layer n-x-y-1

layer 2

layer 1

layer n-x-y

layer n-y

layer n (goal)

layer 0 (start)

… ……



Cockpit surveillance at the infection control unit: Three criteria-

 based definitions in two patients are completely fulfilled (100%), 
backtracking of the logical chain of reasoning is provided …



…

 
down to the level of detailed clinical and laboratory findings



Arden and Health Level Seven (HL7)

•

 

A standard language for writing situation-action rules that can trigger alerts based on 
abnormal clinical events detected by a clinical information system.

van Bemmel, J.H., Musen, M.A. (eds.) (1997) 
Handbook of Medical Informatics, Springer-Verlag, 
Heidelberg, Glossary, p. 559.

•

 

Each module, referred to as a Medical Logic Module (MLM), contains sufficient 
knowledge to make a single decision.
extended by packages of MLMs for complex clinical decision support

•

 

Contraindication alerts, management suggestions, data interpretations, treatment 
protocols, and diagnosis scores are examples of the health knowledge that can be 
represented using MLMs.

extended by single and differential diagnosis, temporal monitoring, control systems, 
selective computerized processing of clinical pathways and management guidelines

•

 

The first version of the ARDEN syntax was administered and issued by the American 
Society for Testing and Materials ASTM (1992, version 1.0; today

 

2.5). Since 1998, 
an Arden Syntax Special Interest Group (SIG) is part of the HL7 organization 
(www.hl7.org).



Arden, ArdenServer, and health care information systems

functionality

integration

HIS, MIS, PDMS, LIS, 
medical practice SW, 
web-based EHR, 
telemedicine 
applications,
health portals,
…

reminders and alerts, 
monitoring, 
surveillance, 
diagnostic and
therapeutic decision 
support, 
…

*

* harmonized input data +
collected reasoning data +
knowledge application statistics +
data for rule learning/tuning 

data services center



Significance of nosocomial infections

•

 

3 to 14% of patients admitted to acute care hospitals acquire one or more 
nosocomial infections

•

 

in consequence, 5 to 7% of them die

Vienna General Hospital with 2,200 beds:
patients admitted to wards: 94,715
days of care:

 

688,619
average length of stay:

 

6.1 days
costs / patient / day:

 

EUR 678.-
•

 

nosocomial infections: 4,262 patients / year (rate of 4.5% assumed)
•

 

213 out of them die / year (5% mortality assumed)
•

 

additional costs of EUR 14,448,180.-

 

(5 days of prolonged stay, in average)

source:

 

Prof. Dr. med. Ojan

 

Assadian, Division of Hospital Hygiene, Medical
University of Vienna (2002)



Cooperating computational intelligence in medicine–as a safety 
net for health care processes

rheumatologyradio-rheuma

neurology

patient’s main 
complaints

•

 
•
•

pediatrics

•

 
•
•

nephrology

hepatitis

 
serology

hepatologymetabolic 
diseases

gastro-

 
enterology

pulmology
cardiology

toxoplasmosis

 
serology

celiac

 
blood tests

•  • •

radiology

laboratory

laboratory

laboratory

autoimmune

 
antibodies

internal

internal

internal

internal internal

internal

internal

image

 
recognition

intestinal

 
biopsy

pathology

internal

laboratory

radiology

thyroid 
hormones

laboratory 

distributor

internal



Towards a science of clinical medicine

patient’s medical data

 
and 

healthcare processes

 
for 

machine processing

patient’s medical data

 
and 

healthcare processes

 
for 

human processing

≠

“Measure what is measurable, and make measurable what is not so.”

Galileo Galilei
1564–1642

Crucial point in clinical medicine:

“Digitize what is digitizable, and make digitizable

 

what is not so.”

Klaus-Peter Adlassnig

observations

 

measurements
e.g.,

 

temperature chart

 

e.g.,

 

CRP
skin color (jaundice, livid, …)

 

color measurement
… …
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