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Abstract

type time dependence of QT interval on RR interval history which develops in response to changes in exercise
load [6, 7].

The amount of QT -RR interval hysteresis accumulated
during the load and recovery phases of exercise stress
test reflects the degree of exercise induced myocardial ischemia. Therefore the evaluation of hysteresis from 12lead ECG (12-SL) is an important practical modality for
the assessment of severity of coronary artery disease.
Commercial QT and RR waveform analyzers are regularly subjected to interval detection artifacts which prevent
reliable estimation for the magnitude of QT -RR hysteresis
in one or multiple leads. We present a new signal processing technique which overcomes this deficiency. It quantifies the level of faulty interval measurements and using a
threshold eliminates the need to process potentially corrupt leads.

2.

Method of lead selection

Our approach is based on tracking the level of noise in
QT intervals which are not influenced by physiological
RR interval variability. We model short term QT interval
sequences as outputs of a linear filter with recent RR interval as input sequences (Eq. 1). The sequences of QT and
RR intervals are obtained by linearly interpolating their
unevenly sampled measurements at sufficiently high frequency.
QT (i) =

j=i
X

w(i − j)RR(j) + u(i)

(1)

j=i−M +1

1.

Introduction
where filter’s length M determines duration of RR interval history, w(k), (1 ≤ k ≤ M ) are filter coefficients
and u is the random component of QT interval variability attributed to both detection artifacts and noisy measurements. The output of filter w determines QT interval
component which is correlated with RR variability. On the
contrary, component u contributes only to the uncorrelated
variability of QT interval response.
In order to determine the function w, we employ a
method based on the adaptive Least Mean Square (LMS)
algorithm [8]. The course of active exercise (excluding
rest) is separated into N = DT /KT short term adaptive
stages, where DT is the duration of entire exercise, and
KT is the adaptive period during which the function w is
identified.
An approximation ŵm to the unknown filter w is ascertained for every adaptive stage m = 1, 2..., N . Each
approximation to the filter w, ŵm , determines the component of QT interval measurements, QTe , which is correlated to RR intervals within each adaptive stage m. This
is equivalent to minimizing the mean square of the estimation error, ||QT − QTe ||L2 .

During physiological exercise the adaptation rate of low
frequency QT interval dynamics falls behind the corresponding changes of RR intervals. These lag-type interval
changes manifest themselves in the form of QT -RR interval hysteresis which progressively accumulates during the
load and recovery stages of an exercise test. Several clinical and experimental studies have previously confirmed
that stronger myocardial ischemia and coronary artery disease are associated with higher magnitude of QT -RR hysteresis [1–3]. However, due to noisy ECG signals and
subsequent irregularities of the QT -RR interval measurements the magnitude of QT -RR hysteresis can be significantly distorted. Inconsistent QT -RR interval measurements may complicate the interpretation of QT -RR interval hysteresis and overshadow its underlying dynamics in
one or multiple leads.
In this paper we suggest a computerized lead selection
algorithm which improves reliability of QT -RR hysteresis calculation. Unlike previously implemented methods
[4, 5], our approach naturally incorporates dynamics of
physiological exercise and readily accounts for the lag-
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