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Is

it possible to diagnose myocardial ischemia from QRS complex of

12 lead ECG ?

Girsas Gelmanas, Vidmantas Jurkonis, and Liudas Gargasas
Institute of Cardiology, Kaunas Medical Academy
Sukileliu 17,3007 Kaunas, Republic of Lithuania

Abstract: The present paper features a new method for
myocardial ischemia detection from QRS complex of 12
lead ECG. This method is based on biophysical analysis
which includes multidipole model of the heaft electrical
activity. In this study 261 pts ECGs were anilyzed;72
pts were healthy young volunteers, in 153 cases the
coronarT artery disease have been diagnosed by
coronanography and in 36 cases - excluded by
cononarography, echocardiography and veloergometry.
Proposed new method enable to diagnose myocardial

ischemia from QRS complex

-

with sensitivity 88So/o,

889o/o and positive predictive value
to diagnose
myocardial ischemia from ST-T complex with
sensitirity 54o/o and specificity - 83r3o .
specificity

95,8o/o. Conventional visual analysis enable
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METHODS AND MATERIALS
The main point of the biophysical analysis is analysis of
measured electrical signals during depolarization and
searching for the parameters of depolarization which have
a clear biophysical and electrophysiological meaning. The
conclusion about status of myocardium is formulated after
the full of sense interpretation of parameters is done and
knowledges about electrophysiology and electropatholory
have been used. For realization of this method the model

of

the electrical activity generator in the heart and model of
human body as a volume conductor must be formed. After
the solution of the inverse task must be performed. Since
we analyse 12 lead ECG in rest and it is interesting only
one class of heart pathology, the multidipole model of
myocardium consisting of five dipoles have been chosen.
The first dipole represents the right ventricle and lower
pafi of the left ventricle, the second - anterior part of the
left ventricle, the third - apex of the hearL the fourth lateral part of the left ventricle and the fifth - the basal
segments of the left ventricle.
The torso of the patient as a volume conductor has been

INTRODUCTION
The electrocardiogram (ECG) has long been a reliable
clinical tool for diagnosis of myocardial ischemia. The STsegment depression and T wave inversion were the
classical electrocard.iographic hallmark of myocardial
ischemia. These patterns have been documented to
correlate with altered orygen deman{ oxygen delivery, in
a variety of clinical settings including angina pectoris, so-

called silent ischemia and exercise. However these
standard resting ECG criteria are insufficient to diagnose
the rnyocardial ischemia [1. Various methods of stress
testing did not increased suffrciently the diagnostic efficacy
of depolarization parameters; the sensitivity of myocardial
ischemia detection according to various studies data was
(19,60^ - 85,7VA, and specificity - (99,Iyo - 62,5VA [21.

Electrophysiological experiments on heart tissue with
artificial hypoxia revealed" that the resistivity of the
electrogenic membrane during depolarization decreases 1,9
times and the resistivity of the intracellular medium - 1,4
times. Decreased resistivity deteriorates the intercellular
interaction and distorts the front of depolarization t3l.
These events in cellular level somehow must change those
pafirmeters of depolarization in ECG, which indicate the

approximated as homogeneous isotropic rectangular
parallelepiped. The method of lead vectors computation
have been created [51.

The solving of inverse problem in this model is based
on calculating eight instantaneous values of QRS complex
in synchronously registrated 12 ECG leads. In the output

40 dipolar moment values (eight for every dipole)

are

obtained. Since chosen method of solving inverse task
(calculation of inverse matrice) is very sensitive for input
dala, the analysis is performed by means of relative (but
not absolute) values of the dipolar moments.
261 pts were covered by the study; 72 pls were healthy
young volunteers, 153 pts have coronary artery disease
confirmed by angiographic data and for 36 pts the coronary
artery disease was excluded by means of coronarographic,
echocardiographic and veloergometric data. 72 healthy
persons and 50 pts (selected from 153 pts by "blind

method") formed the training set of the study. QRS
complexes of 72 healthy pts were investigated by
biophysical method and directions of five dipoles for eight
time moments (every 0,01s from the begirufng of QRS)
have been established. Basing on experimental data [3] a

multidipole model of ttre QRS complex generator have

priory we decided that a dipole must change its orientation
in the ischemic part of myocardium. These changes could
manifestate as changing of dipolar moment's sign and
decreasing or increasing of dipolar moment's magnitude
(depending on degree of changes of depolarization fronQ.
Those premises were verified on data of 50 pts with
coronary artery disease. According to training data the

been used [al.

rules

of

in

depolarization front
the ischemic
myocardium. Therefore the main purpose of this study was
to extract from QRS features of depolarization which are
caused by ischemia of myocardium. For this purpose the
methods of biophysical analysis and phenomenological

direction

for

myocardid ischemia &tection based on
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51

12 lead ECG have

veloergometric test were compared. The sensitivity of
veloergometric test was 85,2o/o and specificity - 70Yo. The
presented results are interesting from theoretical point of
view and permit to conclude that new methods of analysis
enable to increase the diagnostic possibilities of routine

The proposed method was tested on control set which
consisted 139 pts. All patients had a thorough history and

ECG method.
In conclusion, the proposed new method for myocardial

physical examination

ischemia diagnosis

biophysical analysis of QRS complex

in

been established.

RESULTS AND DISCUSSION

-

coronarography,

2-D

echo-

cardiography and veloergometric test data. 103 pts had the
lesion of the coronary arteries of various degee and type.
For 36 pts the coronary artery disease was ruled out
bcause results of all tree examinations were negative. In
cases algorithm detected myocardial ischemia
(sensitivity 88,37o), in 4 cases of 36 myocardial ischemia
was hiperdiagnosed (specificity 88,97o). The positive
predictive value was 95,87o and diagnostic effectiveness -

9l

-

is

more sensitive and specific as
compared with known other methods. The method is
simple, accessible, easily realiz.ed and can be applied for
routine clinical practice.
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