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Abstract: The present study investigates a

new

approach to serial analysis in which a neural network is
used with measurements derived from both the scalar
ECG and the VCG loop. Intrarecording changes due to
noncardiac factors such as electrode placement and

for by a new'

optimal

respiration were compensated
alignment technique when comparing two VCG loops.
Preliminary results on a material of L057 subjects
indicate that the best performance was achieved for
ECG/VCG parameters in combination with loop
alignment (sensitivity of 77 Vo at a specificity of 92Vo).
Using only scalar ECG measurements, a sensitivity of

MATERIAL

A total of 1057 subjects were included in this study
after rejection of technically deficient ECGs and pacemaker
ECGs. The ECGs were scrutinized visually by an ECG
expert in order to determine whether any important changes

had occurred between the two recordings or

not.

Pathological changes were found in 64 subjects thus leaving
993 subjects without any important changes.
The ECG signals were acquired during 10 seconds
with a resting ECG cart (Siemens-Elema Inc. Solna,
Sweden) and stored in a system for ECG data management.

a sampling rate of 1000 Hz and a 16 bit A/D
converter with an amplitude resolution of 0.6 pV, eight

45Vo was obtained at the same specificity.

Using

INTRODUCTION

leads were stored as signal averaged beats with a duration
of one second. The vectorcardiographic leads X, Y and Z

Serial ECG analysis

is the

comparison

of

two

successive recordings from the same patient. The purpose of
such a comparison is to discover pathological changes in the
ECG. Although serial analysis based on QRS amplitudes

and durations from the standard l2-lead ECG may appear
as an obvious choice of lead configuration, slight intra-

in

electrode positioning can have a
profound influence on the waveform properties of the scalar
ECG. For example, a small Q wave present in the first
recording may completely vanish in the second. Serial
analysis based on VCG loop comparison has been found to
overcome several limitations which are inherent to the
standard l}-lead ECG analysis. The main reason for this
result is that changes in the orientation of the electrical axis

recording changes

caused by different factors can be compensated
geometrical transformation s.

A

method

for serial VCG

for

analysis has

by

been

were derived from the leads Vr-Ve,
inverse Dower matrix [3].

been successfully applied in many other areas of computerbased ECG interpretation.

Another purpose with this study was to investigate
different sets of ECG/VCG parameters for serial analysis.
The number of inputs to the neural network is limited and

therefore

it is

important

to bring forth informative

parameters which reflect any pathological changes.

and

II

using the

METHODS
Loop alignment The first recording served as the
reference loop and was not manipulated except for baseline
correction (the first beat is represented by the 3x150 matrix

X1 where the samples were centered around the QRS
complex). The second beat X2 was then modified by scaling
with cr, rotation by the orthonormal matrix Q and time
synchronization by the displacement matrix J. where t
represents the displacement from the main diagonal. It is
noted that the number of columns of X2 is larger than that of
X1. The optimal estimates o, Q and T were found by solving
the following least-squares problem,

developed by Fayn and coworkers, see e.g. [1], [2]. Their

program CAVIAR (Comparative Analysis of VCGs and
their Interpretation with Auto-Reference to the patient)
performs an loop alignment by iteratively minimizing the
mean quadratic distance between successive points in the
lead space with respect to certain transformations (rotation,
scaling and time synchronization). In the present paper, we
apply a similar loop alignment technique but with optimal
estimates being determined in a non-iterative fashion.
A major problem is to design a general rule-based
algorithm that detects changes with sufficiently high
sensitivity/specificity. We have here trained and used an
artificial neural network to discover pathological changes
and to raise the sensitivity/specificity. Neural networks have

I

e

= ll Xr - ctQXzJ,
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The matrix norm (Frobenius) is defined by

llXll=

(2)

\tx,,t'
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The minimization of (1) is done by finding closed-form
expressions for the estimates of a and Q while assuming
that t is fixed. The final estimates are then obtained by a

t which yield the minimum error, t^in. It is
noted that the estimation of a and Q are dependent on the
singular value decomposition of the matrix (XzJr)rXr (see
[4] for further details).
ECGNCG measurements. The singular values of the
beat matrix X describes the energy of the loop in three
dimensions and therefore three singular values of both loops

grid-search over

was taken as measurements describing potential changes
between two recordings. The spatial distance between the
loops was defined as the distance between corresponding
samples in the loops. The mean value of the distances,
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maximum distance and the total sum of the distances were
used together with some scalar ECG-variables to describe
the changes and used as information into the network. Fifty
scalar variables together with 33 vector variables were tried
out and reduced so that finally a number of 28 scalar
measurements and 9 vector parameters was left. The final

28 scalar measurements, indicating changes, were QRSduration (all leads), Q-amplitude (lead: I II ru aVL aVF V2
V3 V4) and R-amplitude (lead: I aVL V4 V5 V6).
Neural network.

A

multilayer perceptron neural

network was used in the present study. The neural networks
consisted of one input, one hidden and one output layer.
The output unit encodes whether serial changes are present

(output value = 1) or not (output value - 0). The hidden
layer contained three neurons. The number of neurons in the
input layer equals the number of input variables. During the

training process, the connection weights between

the

neurons were adjusted using the backpropagation algorithm.

All calculations were done using the JETNET 3.0

package

tst.
The performance of the neural networks was studied

using separate test sets only. In order to get a reliable
performance a tenfold cross validation procedure was used.
The pairs of ECGs were randomly divided into 10 equal
parts. One part was used in a test set, while training was
performed on the remaining nine parts. The procedure was
repeated 10 times such that each part was used once in a test

Smsitivity
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