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Apstract

We have developed a aualitative mordel of the heart for the
simulation of its electrical betiaviour. The mocel was used to
automatically generate a knowle-ige-base of all physiclogically
possible combinations of cardiac arrhythmias and their
carrasgonding ECG descriotions. Tne knowledge thus generated
was verified by cardiologists and is used by a medical expert
system. The model of thne heart is formally expressed in a '

suhset of the first-order logic. The qualitative simulation is
carried out by a simole and 2fficient inference mechanism

rmﬁtemented in Prolog.

Intraductiaon

We have developned the diagnostic part of an expert systenm
for tne diagnosis and treatment of patients with cardiac
arrhythmias to be used at the University Medical Centre -

in Livaljara. In the paner we concentrate on the ECG :

interpratation medule which now includes 3 qualitative model of

tne heart. There were at least four reasons for deepening the
system's kncowledoz by including the model. The physioleogical
Knowla:d je ahout the haart is of great importance for:

- tinding the causes of arrhythmias,

- for choosing an apprcopriate treatment of diseasasy
- tor intetligzat explanation of the system’s answers:

- for autamatically generating the electrocardicgraphic
knowledoe-bzze for the comhinations of single arrhythmias
already known to the system.

This last reason was in fact our immediate goal.

nur meodel is gualitative and develcped aleng similar lines as
2.g. th2 work of Forhus (1982) or -de Kleer (1977). One reason
why a aualitative model is a natural choice is that the
physiotegical descriptions of the heart are largely
quualitative. Another reason is that for a computar simulation
hased on a quantitative mocdely numerical.values of the model
narzmetars for a given patient would oe needﬂd Such parametrs:
howevers pr3utxcatty cannot be mea=ured A similar aproach to
nedicatl diagnosis {3 zxamplified in ﬁe CASMET gystem (MHeizg:

Kutikcwskis Amarels 1978).'”f .




intarpgratatiaon of ECH

Frg. 1 shews two ECE diagramsy the first for a normal hearts
and the second far veantricular tachicardiar ocne of the
arrhythmias that are handled by the system. The ECG is in the
systam repragented gy its gqualitative descriptien rather than
by an actual voltage vs. time relationship. The description of
3 given £CG diagram consists of elamentary patterns present in
the EC3 diagram anc the relations between these patterns.

Tne medical Lliterature cn the relationship ogetween various
heart disorders and their corresnonding ECG diagrams (e.g.
Phitas 1973y Mandel 1520) is quite indicative of the nature

¢f thase elementary patterns. Hcocwavery we could not find any
dafinite proposalys or formalisations of a complete and compact

‘sat of such patterns. The language that we designed for

describing £7G consists of 'a set of 10 attributes, each of
which having typically 3 or &4 values. Fig. 1 shows two examples
cf sush descriptions.

QRS
&s
normal sinus rhyvthm ventricular tachycardia
rhytnm: ragular: . rhythm: regutarv'
frequency: hetween.,60_100, frequency: between_100_250;
frequancv.Pi datween_50_100, regular_P: absent,
regular_P: normals regular_@RE: wide

ratation_P_ARS: after_P_2RS,
reaular_PR! notmal,
ragular.fRS: normal

Fig. 1! Two ECG diagrams and their gqualitative descriptions.

fMe construction of a knowladige-wnase which covers the relation
patween 2& simple cardiac arthythmias anc their corresponding
b3 diagrams was relatively straightforward. It was completad
1n consultation with cardiologists in about three months. The
relation netwean the arrhvthmias and ECG is in the system
renresanted by ryles of the form:

if diagnesis then ECG-dzscription

For example:

veantricular tachicardia

han raythm is regular and
fraquency is oetw2an 120 and 250 and ...
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azcordraglyy this part of the knowledoe-base is used not to
sgonfirm same di egnoszs: but to eliminate those diagnoses that
contradsict the patient’'s ECG. The remaining set of

non ~a{iminatad diagnoses ftyptcally a few diagnoses) is then
input for the differential diagnosis in which clinical data is

usad. The clinical knowledges ranks the remaining arrhythmias by

estimating their relative likeliness.

fhis knowlaiga-nase isy howaversy not sufficient for dealing
with the more difficult problem of d1aqnosxng the patients with
multiple arrhyvthmias. As the number of Ccombinatorially possible
muttipte arrhythmias (comBined of 2y 31 & etc. single ones)
a2xg22ds hundrad thousands the direct specification of their ECG
dazcriptions by erhaustive manual tabhulation is practically

- 1mpasible. Alsos there is no systematic and exhaustive
treatment of multiple arrhythmias in the mecical literature.

This conclusion metivateds among other reasonss the development
of a model aof tne heart to facilitate the automatic derivation
of the relation hetween multiple heart failures and their
corresponding ECG descriptions. With the introduction of the

models the knowledoe base was “deepened” as illustrated in

Fig. 2.

"shallow" cardiac < ' - ECG.
knowlaiye arrhythmias _ ~ descriptions
“daan” ) heart physiological model of

knowladge . |disorders ,’ constraints the heart

Frg. 2! “Shallow" and “"de2p" diagnostic knowledge. In the deen
enmellom——— . . .
knowladge diagnoses are defined in terms of heart
disordetsi if a set of disorders is physiologically
passible it instantiates the madel of the heart}i
the correspeoending ECG is derived by running the model.

The mardel of the hsart

tor its electrical behaviour, the heart can be reuresented as a
network consisting of: impulse generators, impulse propagaticn
paths and summation elements for impulses as shown in Fig. 3.
In the medical literature we can find the following definition
of the cardiac arrhythmias?: The cardiac rhythm - be it normal
c¢r abnormal - can be characterized and classified with respect
ta the characteristics of impulse origins discharge seguence
and inpulse conduction (WHO/ISFC Task Force 1979). These
characteristics are of following types: A generator can be
silanty or an extra (actopic) generator may appeari impulse
nrepagation paths can be partially or totally bleockedy or

g(tra patns may apas=ars ...
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Fig. 3: A scheme of the heart and the overall logic of the model.

e ————————————

e gtate of the heart is represented by the states of its
parts. (& "impulse generatorsy 2 propagation paths and the rate
of atria and ventricles). Each simple arrhythmia is defined as
the a3bkiormal state of one of the heart partsi other parts are
assumed to ba narmal. Two or mere arrhythmias can ae combined
if they do not contradict (e.g. are not defined by different
statas of the same heart part). _

There ar2 additional ptiysiological constraints on the state of
tne heart. The constraints in the model are based on an
assumption that maifunctions of impulse generatorsy giving
parmanant rhytnm can ae mutually ccmbined only if there is a
complete conduction block between them. Even if these
malfunctions are sometimes physiclogically pessibles they
cannot b2 seen on the surface ECG leads and are never
considared by ghysicians.

The mode! defines relations between parts of the heart:
electrical impuls2s and coerresponding ECG descriptions.
Fermallyy it is expressed as a set of if-then rules in a
ctausal form of tne first-order logic. It was possible to
order the list of rules according to the following principle:
For e2ach pair of rutes R1 and R2sy R2 may proceed R1 only if no
titeral in the consequent of RZ occurs in the antecedent of R1.
This 1mapli2as that thare is no cyclic or recursive rules. This
constraint on the list of rules facilitates fasts one pass
axecution of the mcdel.

The interence mechanism that runs the mecdel for a given
multiple arrhythmia is relativly simple. The model of the heart
15 first instantiated with the state of the heart parts. The
states af the naart parts are =added to the set of rules as unit
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stlauses. Than the inference mechanism sequentially passes
through the rules and by applyiag modus ponens derives all
positive facts. One pass through the ordered list of rules

sutfizes for generating all npnessible ECG descriptions which
corresnond to this multiple cardiac arrhythmia.

Rulz2s: 42 of thems define relations of the following‘typés=

1.{ genarator impulse

S 2. imputse-——éﬁ propagation path —s= impulse -

3. impulse : ‘
. impulse
impulse - S

4. impulse\\\\*
. impuUlse ———> —» ECG-description

,/’/7‘

“An example of a3 rule is:

if there are ectopic impulses at the His bundle and in the
supraventricles originating at the AV focus -

than this results in the following ECG features: either a short

PR intarvals or no P waves or P wave after the QRS complex

hese threas cases result from the "qualitative summation" (as
also parcieved in the ECG diagram) of twe signals which can be
retatively shifted in time in three ways as shown in Fig. 4.

. GRS.complex
e ¢ M
N Taualitative '
summator
Fau
v

three possible results

, ossibl i#ions
three possible positi as seen on the ECG

{-Or P_wave” in time

F:g. 4! The qualitative summation of ECG patterns.
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inpteamentation and results

W2 ran the system- for all combinations of simple cardiac
arrhythaias. A large proportion of the corrasponding states of
the heart parts were recognized as physiologically impossible.
For the physiologically possible arrhythmies the model
gerieratad corresponding ECG descriptions. The following table
shaows the aumder of mathematically and physiclogically possible
arrhythmias against the number of their constituent single

arrhythaias.

No. of constituent :
arrhythmias _ E 1 2 3 & 3 & -7

No. of mathematical
.Jccmbirations 23+3 253 1771 8855 33449 100947 ...

Ne. of physiologically | ‘
possible combinations 13+3 85 231 163 73

39
o
Q

Note' that some arrhythmias cannot occur alone (e.g. blocks):

but only in ccmbination with others (e.g. sinus rhytha). Three
arrhythmias cannot be combined with others.

Tne whale system is implemented in Prolog on DEC-10 (Pereiras
Pereira: Warren 1978). The compiled program generated ECG
descr;ptions for all combinaticns of arrhythmias in 340 CPU
seconds.

The thus chtained knowle.dye-base of ECG descriptions for all
pessible multiple arrhythmias can be used for diagnosis. If an
eiplanation is raguestad then for a given ECG dascription the

corresnonding states of the heart parts are retrieved by table
Look-up. Tha madal is then re-run for these states and its

trace can serve as an explanation. We have not yet found an
etticient implamentation of the model to e run in the inverse

directions i.e. from the ECG toward the diagnoses.

Cernclusiaon

The medel facilitatedy as our main result, the automatic
derivation of an exhaustive cataleg of multiple arrhythmias and

their corresnonding qualitative ECG descriptions,

'ne nrasent system handles 338 ccabinations of arrhythmias, all
at them physiologically possible and majority of them can be
abserved in everyday clinical praxis. Tne importance of
recognition of these arrhythmias is very different. Scmetimes
tne 2iagnocis of certain ghythm disturbhances i35 critical for
the treatment. On the othz2r hand, scme arrhythmias are only of



tnecratical interasst without practical consequences for the
patient. ‘ ‘

The mcdal of the2 heart also provides a good basis for the
zystem's explanation of its own reasoning: and (as hoped)- for
the treatmeat decision-makiag. We are p{annlng to axtend the

medgel in two directions:
- t2 handie the mechanical activity of the heart as well as

electricati
- to provide causal reasoning about the effects of drugs and

their interaction for treatment decision-making. ‘
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