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Introduction

The problem of early recognition of coronary artery
(CA) stenosis and lesion location based only on the data
from resting electrocardiogram (ECG) is not solved
yet at the level that would have practical clinical
application value. For these reasons, a point of view of
some researchers is that resting ECG data do not contain
sufficient information for even potential possibility to
reveal CA stenosis [1, 2]. Another group of researchers,
applying data mining, artificial intelligence, statistical,
and other computer based approaches has been
developing methods to reveal CA stenosis at early
stages [3].

A multidipole model of the heart for determining
CA lesions was developed. The accuracy and value of
the multidipole heart model was verified using the
coronary angiography results [4]. An approach based on
application of singular value decomposition for compact
description of P, QRS and T waves was used for detection
of CA lesions and their locations [5].

In this paper we proposed a set of 29 geometrical
parameters for vector electrocardiogram (VECG)
descriptions that were applied to estimate coronary
artery stenosis and location of lesion. Such approach
is motivated by invariance of such ECG describing
parameters on the heart axis. Besides VECG has only
three XYZ orthogonal leads that give more integral
and stable parameters than the ones derived from the
standard 12 lead ECG.

Method

Initial data preprocessing

We used dipolar heart electrical activity model, which
state that electrical potentials recorded at any unipolar or
bipolar lead can be represented as a linear projection of a
time varying three-dimensional electrical vector.
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Since at our disposition were digital ECG data with 8
leads: 1,11, V., V,, V,, V,, Viand V,, we

synthesized orthogonal XYZ leads using the following
Dower matrix:

0.156 0.010 -0.172 -0.074 0.122 0231 0.239 0.194
-0.227 0.887 0.057 -0.019 -0.106 —-0.022 0.041 0.048
0.022 0.102 -0.229 -0.310 0.246 -0.063 0.055 0.108

The initial 5 min. resting ECG data were recorded
with high resolution (FS=2000). To remove ECG trend,
digital data were high-pass filtered using first 11 levels of a
discrete wavelet transform that correspond

to Fyp,, = FS /2" ~1[Hz]. ECG base line was shifted to
zero at the beginning of P wave separately for each lead.
After that o n=12,.,N,
0<1t, <300 [sec], of RR intervals
preprocessed vector ECG were estimated by a computer

time series t

of outsets for

program. Using the f, sequence the averaged vector ECG

was calculated by the following formula:

N
ﬁ[(z)=i2u,(t—tn), -T/2<t<T/2.
N n=l1

Here u1(t) = X(¢), up (1) =Y(t), uz(t)=2(t) ,X, Yand
Z are synthetical orthogonal leads of vector ECG, and T
denotes the mean value of RR sequence. Averaged on one
mean beat-to-beat period X, Y, and Z derivations are not
sensitive to measuring distortions and signally reduces
amount of ECG data information that is used in
identification of coronary artery lesion.

To have more detailed representation of averaged
vector ECG and possibility to estimate influence of CA
stenosis to different time segments of X=X(t), Y=Y(t), and
Z=7(t) leads, averaged vector ECG was additionally
partitioned in time domain. From averaged X, Y, and Z
leads three parts corresponding to P, QRS waves and ST
interval were chosen. For each averaged ECG these time



segments were extracted by a computer algorithm with
possibility to edit extracted time intervals by a trained
person.
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Fig. 1. Geometrical parameters of 3-D loop of a wave of
averaged ECG

Each P, QRS wave and ST interval is described
by 7 parameters that reflect geometrical properties of
three-dimensional curve of vector ECG, which we call 3D
loop for simplicity. For quantitative measuring of the

parameters we used K points B, at the initial part of the

3D loop and the same number of points E, at the final

part of the one. Locations of B and E points were defined
by the following the equations:

|B; |=|E; |= H(k+0.5)/K, k=01,.. . K-1.

Table 1. Geometrical parameters for a single (P, QRS, or ST)
3D loop of vector ECG.

Nr | Description
1 A screw characteristic of 3D loop. The parameter is
defined as the maximum of spatial angles by which

(E,.,E,,E,) and (B, ;,B;,B, ) points

and Bk_2

respectively. If 3D loop belongs to a plane, this
parameter equals zero.

Non regularity of the loop at the end. The parameter
is defined as the maximum of spatial angles by which

are seeing from Ek_2 positions

are seeing (Ek_l,Ek,EkH) points from Bk

position. If after maximum point H the loop belongs
to a plane, this parameter equals zero.

3 “Spatialness” of the loop. The parameter is defined
as the maximum of angles between two adjacent

vectors: BkEk and B,ME,(+1 .

Non regularity of the loop at the beginning. The
parameter is defined as maximum of spatial angles by

which (Bk—l , Bk , Bk+1 ) points are seeing from

Ek position. If the loop until the maximum H point

belongs to a plane, this parameter equals zero.
5 D — diameter of the loop. The parameter is defined as

the maximum of distances between Bk and Ek

points.

6 H - height of the loop. The parameter is defined as
the maximal distance of 3D loop points from the zero
point.

7 Thickness of the loop. The parameter is defined as

ratio of the diameter and height of the loop.

&3

Here H is height of the loop which is defined as the
maximal distance of 3D loop points from the zero point.

Fig. 1 illustrates H, B, , and E, points for the case K=5.

In our calculations we used K=17.

In Table 1 definitions of the 7 geometrical
parameters for a single 3D loop are presented. Since we
considered 3 different loops that origin from P, QRS waves
and ST interval the total number of different geometrical
parameters describing a single loop is equal to 21=3x7. Let
us remark that each parameter is invariant under group of
rotation of XYZ axes. Since the Dower matrix is
constructed under assumption that derived XYZ leads
would be orthogonal, one can state that parameters under
consideration are non-sensitive to the heart axis. All
parameters, except diameter and height, are invariant under
dilatation that provides an additional data dimensionality
reduction which is important for robustness of statistical
and artificial neural networks based classification and
recognition methods.

Fig.2. Vectors that are used in description of relation of 3-D
loops corresponding to P, QRS wave and ST interval of averaged
ECG.

Table 2. Geometrical parameters reflecting relation of P, QRS,
and ST 3D loops and used in recognition of coronary artery
stenosis and localization.

Nr | Description

1 Angle between HQRS and HST vectors.

2 Angle between HST and HP vectors.

3 Angle between HP and HQRS vectors.

4 Spatial angle formed by HQRS, HST, and HP
vectors.

3 Spatial angle formed by HQRS , DQRS , and HST
vectors.

6 Spatial angle formed by HST’ DST’ and HP
vectors.

7 Spatial angle formed by HP’ DP’ and HQRS
vectors.

8 Spatial angle formed by DQRS, DST, and DP
vectors.




In Table 2 are presented 8 additional geometrical
parameters that describe interrelation of three 3D loops
corresponding to P, QRS wave and ST interval. Fig 2

illustrates meaning of vectors H ,, HQRS , Hg, Dy,

DQRS , and D, that were used in the definitions. All

defined in Table 2 parameters are invariant under 3-
parameter rotation and 1-parameter dilatation group. Thus
they are independent on the heart axis that supports they
use as robust descriptors of averaged vector ECG.

Summarizing one can state that total number of
geometrical parameters used in description of averaged
vector ECG is equal to 29 (7x3+8). All these parameters
are independent on the heart axis and 23 of them do not
depend on ECG dilatation.

Patients and classification method

195 patients with stable and unstable angina pectoris
were investigated (138 men and 57 women). To evaluate
CA stenosis, for all the patients coronary angiography was
performed.

By recommendation of American Heart Association,
coronary arteries are divided into segments: right coronary
artery (RCA) — 1, 2, 3, 4 segments; left main — 5 segment,
left anterior descending artery (LAD) — 6, 7, 8§, 9, 10
segments and circumflex artery (CXA) — 11, 12, 13, 14, 15
segments. 1, 5, 6 and 11 segments are proximal; 2, 7, 12,
13 — middle; 3, 4, 8, 9, 10, 14, and 15 — distal. The degree
of stenosis in each segment was scored from 0 to 4 points
(0, 0 <25%; 1, 26-50%; 2, 51-75%; 3, 76-90%; 4, >90%
stenosis), and the extent score of coronary stenosis was
defined as the sum of scores of all segments [6].

According to the sum of scores of all segments, the
patients were divided into two main groups: the first (I)
group consists of patients having the sum of scores of all
segments < 2 and the second group of the ones having the
sum of scores of all segments > 2. According to the
numbers of stenotic vessels the second (II) group was
divided into three subgroups: Ila — one vessel disease, IIb —
two vessel disease, and Ilc — three vessel disease.

The first patient group (age 56.4+10,2) consisted of
45 men and 27 women. The second patient group (age
60.8+9.5) consisted of 93 men and 30 women. One vessel
disease was diagnosed in 52 patients, two vessel disease —
in 32 and three vessel disease — in 44 patients. LDA
segment narrowing was determined in 109 patients; CXA —
in 62 and RCA —in 53 patients.

For discrimination of I and II groups, we used
logistic regression [7]. At first stage for each single
geometrical parameter logistic regression was performed
and parameters with p<0.05 were included into the subset
of 29 geometrical parameters that later were used for
multiple logistic regression. Identical classification was
performed for Ila, IIb, and Ilc groups.

Results

Sensitivity and specificity of the classification for
prediction CA stenosis were estimated using ROC curves

(Fig. 3).
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The curve was obtained by application of multiple
logistic regression method, the area under the curve was
0.74. The correlation coefficient of the correct recognition
equals 0.317.
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Fig. 3. ROC curve of classification of I and II groups

For method verification the testing set of 55 ECGs
were used. The set consisted of 24 patients, who belongs to
the first group and 31 patients, who belongs to the second.
Patients of the test set with earlier defined classification
parameters were discriminated with 67% sensitivity and
67% specificity; the correlation coefficient of the correct
classification was equal to 0.33. Thus classification quality
was slightly better for the test data than the one for the
training set. Comparing with classification based on ECG
data [8], one can state that both classifications on the
training set give comparable results (r=0.32 and 0.34
respectively). However vector ECG based classification
(r=0.33) outperformed than ECG based classification
(r=0.05) on the test set.

Vector ECG and multiple logistic regression based
classification of RCA lesion was performed with r=0.35
for the training set and r=0.37 for test set, area under ROC
curve equals 77%. LDA and CXA were classified with
r=0.33 and 0.32 and with area under ROC curve 72% and
75% respectively.

Conclusions

1. A set of 29 geometrical parameters for analysis
of VECG and descriptions that were applied to estimate
coronary artery stenosis and their location was proposed in
this paper.

2. X, Y, Z orthogonal leads give more integral and
stable parameters than the ones derived from the standard
12 lead ECG. This can be more precisely applied for the
preliminary recognition of coronary artery lesions.

3. Coronary artery stenosis identification based on
multiple logistic regression method and VECG descriptors
outperformed better than one based on ECG descriptors.

Note: Work of this author was partially supported by Lithuanian
State Science and Studies Foundation, Grant No. C-07/2003.
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OnuCHIBAIOTCA PE3yJbTaThl OMpPENENCHUs] KOPEeNSIUU MEXAy TapaMeTpaMH BEKTOPKAapAMOIPaMMBbl M CTEHEHBIO IMOPAXKEHHs
KOPOHAPHBIX apTepHil. YcpeaHEeHHas BEKTOpKapAuorpaMMa OMHCBIBaeTCA 29 reOMETPUYECKHMH, HE3aBUCSIIMMH OT TOJOXKEHHS OCH
cepamna, mapamerpamu. Kmaccudukanus mpoBeieHa HpH MOMOINM JOTHYECKOW perpeccun. s ompeneneHuss HHGOPMATHBHBIX
mapamMeTpoB KiaccupHUKanuy ObUIa WCIONB30BaHa BBIOOpKa M3 195 GompHbIX. KauecTBO Kiaccmdukaim mpoBepsiIoCh Ha TECTOBOM
BBIOOpKe cocrosmieil u3 55 GonpHBIX. IIpenmoxkeHHas HOBass METOAMKA HE CTpajaeT oT 3(¢eKra M3NUIIHEH ajanTalud K JaHHBIM
BBIOOpKH OOYy4EHHs, YeM MOJIOKHUTEIBHO OTJIMYAaeTCs OT paHee INpPUMEHSIeMOH METOOWKH TexX ke aBropoB. Mm. 3, 6ubm. 8 (ma
QHIIIMHCKOM s3bIKe; pedepaThl Ha JINTOBCKOM, aHIIMICKOM U PYCCKOM 513.).
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