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Abstract: The purpose of this study is to

develop
synthesized ECG leads for the localization of the coronary
artery disease. The synthesized leads were constructed in a
learning population for each main coronary artery (LAD,

LXC and RCA) with mathematical optimization.

The
optimized parameter was T value of the Student's / test and
the ST-depression at 60 ms after QRS-offset was selected to
indicate the ischemic changes in exercise ECG. The
diagnostic performances of the leads were tested in the
control population. The method developed can be exploited
in detection of any cardiac disease. The result of this study
indicated that the localization of CAD using exercise ECG
can be improved by developing the vessel specific
synthesized ECG leads. The usefulness of the method and
the synthesized leads need further studies.

INTRODUCTION
An increased diagnostic accuracy of the exercise ECG can

be achieved by improving the signal processing or

by

developing the ECG leads. In signal processing the classically
powerful methods, filtering, baseline correction. averaging, etc.,
are already being utilized. Development of ECG leads has been
studied by changing the location of the electrodes or recording
the body surfäce potential maps. A new method which combines
the leads using mathematical optimizatron has recently been
introduced [].
All the potential information derivable ftom ECG signals
has yet to be exploited. Due to the different sensitivities of the
standard leads, they detect the electrical activation (and the
injury current) of the myocardium with a different intensity [2].
Using a combination of the standard leads it should be possible
to construct new leads that have the desired spatial properties
fbr the detection of a heart disease (e.g. CAD). The main idea of

these new leads is to gather the spatial information of the
standard leads providing more detailed representation of the
ECG signals in CAD diagnosis.
The objective of this study was to develop a mathematical
optimization method for the construction of vessel specific
synthesized ECG leads. The leads in this study were derived by
optimizing coefficients for the linear combination of the l2-lead
ECG. The end-exercise ST depression of the specific standard
leads was utilized to test the method developed and usefulness
of the new leads.

METHOD AND MATERIAL

The basis of the construction of the synthesized leads
utilized the standard 12 leads. Each synthesized lead was
constructed by combining the known standard leads with
characteristic coefficients. The idea for the construction of the
synthesized leads is illustrated in Equation L

Sr = d'I * b'II * ..., h'V6

(l

)

Sx is synthesized lead constructed with x number of standard
leads, ato h are coefficients for each independent standard lead.
The vessel sensitive synttresized leads are denoted by subscripts
(e.g. S,l, where subscript V rs L, C or R indicating the vessel for
which the spthesized lead is constructed). The determination of

the coefficients was made by mathematical optimization in a
database, which had the ECG parameters and the status of the
patients. The optimized variable was T value of the Student's r
test. The optimization of the coefficients was performed with
Newton's iteration method. The iteration method searches the
maximal discrimination between the diseased group and the
reference group maximizing the difference of the averages and
the standard errors of the standard deviations of the desired
predictor. The synthesized leads were constructed using eight
independent leads, two limb leads (I and II) and six chest leads
(Vl-V6). All eight leads can be used simultaneously in the
development of synthesized leads. On the other hand we can
select a few of these leads fbr the optimizing procedure. Three
(I, II and V2), five (I, II, V2, V5, and V6) and eight (I, II, and
V I -V6) independent leads were utilized tor defining the

of the leads in the construction of the
synthesized leads. The synthesized leads were named Sy3, Sy5
and Su8, respectively.
The usefulness of the synthesized leads was tested by clinical
material, which was collected at Tampere University Hospital

effective number

during 1990 and 1991 [3]. All patients underwent the bicycle
ergometer exercise ECG test. The lead system used was the
Mason-Likar modification of the standard l2-lead system. The
ECG recordings were made with a commercial Siemens Sicard
4405 ECG recorder. The ECG data were filtered and averaged
before storing to the hard disk. All the cases were referred by a
physician for a routine exercise electrocardiogram.

This study population, consisting of 320 patients,

was

randomlydivided into two populations; the learning population
consisting of 120 patients (60 CAD and 60 low likelihood of
CAD) and the control population consisting of 200 patients
( 100/100). The angiographically proven CAD patients, in the
both learning and the conffol population, were divided into three
vessel groups, fAD, tCX and RCA. Formation of the groups of
a specific vessel disease was done by dividing CAD patients
with stenosis in the particular vessel with no collaterals to that
vessel. In doing so there remained 26,29, and 19 patients in the
learning population, who formed the LAD, LCX, and RCA
groups, respectively. Corresponding groups in the control
population contained 47 , 48, and 28 patients, respectively. The
reference groups for each vessel group included the patients,
who had no stenosis in that particular vessel or were in the
group of low likelihood of CAD.
The vessel groups and non-CAD group of the control
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population did not include anypatients who had been used in the
creation ofthe synthesized leads, i.e. in the leaming population.
The conventional ECGparameter, ST-segment, was selected
for indicating ischemic changes in exercise ECG. ST-segment
deviation from the baseline was measured to the nearest 10 pV
at 60 ms after QRS-offset (5T60) in each of the 12 standard
leads. Due to the precision of measurement the values of the
synthesized leads were also determined to an accuracy

of

10

pV.

The capabilities ofthe leads were studied by using Receiver

Operating Characteristics (ROC) analysis. The larger the area
under the ROC curve, the better the overall discriminative
capacity ofthe classifier [a]. Anallais of the area under the ROC
curve allows the comparison of the classifier without the fixed
partition value (cupoint). This is essential especially for the
synthesized leads, because theyare not in clinical usage and thus
they do not have any clinically validated cutpoints.
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standard leads and constructed synthesized vessel leads.

and optimal synthesized vessel leads in the leaming group.

optimization procedure was utilized for the development of
vessel specific synthesized leads. Previously synthesized leads

have been developed for overall CAD detection tll.
Optimization of the synthesized leads produced the greater
discrimination (i.e. higher T value) between CAD and the
reference groups in the leaming population. Improvements were

noteworthy when comparing the new leads to most of the
standard leads.
In the confrol population the improvements were not as good
as in the learning population. The best ROC-areas among the
synthesized leads were in the leads for the detection of RCA
disease. Unlike in the learning groups, the synthesized leads,
which were constructed using alarge number of standard leads,
did not achieve better ROC-areas in the control population. This
phenomenon arises from the optimization procedure, which fits

the leaming group extremely well, when more variables

are

available. On the other hand the selection of the leads should be
performed with care and the use of the different standard leads

RESULTS

for the construction of every vessel lead might be a more
The results of the optimization in the leaming groups are
illustrated in Figure 1. The T values of the synthesized leads
were better than the T values of the standard leads. Increasing
the number of standard leads improved the T value (i.e.
discrimination between the groups). In every vessel group the
leads I, aVR, and V4 - V6 had a highly significant difference (p
< 0.001) between the diseased and the reference groups. On the
other hand some standard leads, such as III, aVL and especially
V1, were quite inefficient for the separation of the diseased and
reference groups. Leads II and aVF had a higher significant
level in detection of LAD and LCX disease than RCA disease.
The chest leads V4-V6 had almost similar T values in each
group.
The ROC -area values of the study leads in the control
groups are presented in Figure 2.ln every vessel group the
highest ROC-area was achieved in lead I and the weakest in
lead III. The ROC-area was more thanT0oÄ in leads I, V4, V5,
and V6 in every group. Comparing each standard lead between
different vessel study groups, the diagnostic powers were best
mainly in the LCX group. The synthesized leads, which were
constructed from three standard leads, had the highest ROCareas. Optimization for the detection of RCA disease succeeded
best, as can be observed from the ROC-areas in the control
population.

appropriate procedure.
In the construction ofthe regional synthesized leads it might
be useful to utilize a different number of the standard leads for
different regions. The number of leads depends on the size of the
region; it is obvious that for the detection of the larger region
more leads are required. For this purpose a larger and more

selective learning population including the evidence of the
location of the ischemia (coronary artery disease) is required.
The use ofangiography as a reference method is not necessarily
the best choice. For this kind of ECG study, better evidence of
exercise induced ischemia and its location would be obtained by
the exercise isotope imaging. The usefulness of the method and
the synthesized leads need further studies.
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