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Abstract: A Wtndows-comtrratible prograrn was
developed, whlch automatically analyses the ambulatory ECG on the beat-to-beat basis and calculates the tlme series, The program has a number of flexible features, including saving the time
series, defining parameters the QT intenral onset
and increasing the sampling rate of the measured
ECG signal. The oversampling procedure used
a FIR digital filter, which resampled the data at
a higher rate uslng low-pass interpolation. The
program structure was designed to be a modular
one, so that it is easy to maintain or expand with
new features.
INTRODUCTION

DATA ACQUISITION

The ECG was acquired by Medilog EXCEL2 v.
7.5 Holter Management System (Oxford Medical, Ltd.,
UK). We used a twechannel tape recorder (model MR45), which uses a C60 cassette as a recording medium.
In this setup the sampling rate for the ECG storage is
L28 Hz.

The data was replayed from the recorder by the
Holter software and stored on the hard disk of the PC
computer. Then the raw ECG data was read from a
file by the program designed specifically for the beattobeat mea^surement of QT intervals. We analysed the
data recorded on the channel 2 (lead II), where the ECG
had the largest amplitudes of the QRS complex.

WAVEFORM DETECTION
The ambulatory electrocardiogram (ECG) is an important medical tool, not only for diagnosis of adverse
cardiac events, but also to predict the risk of such events
occurring. In rega^rd to predicting risk, the primary analytical mea,surements have been heart rate variability
[L, 2l and QT analysis [3]. For example, low heart rate
variability predicts increased mortality after acute myocardial infarction (AMI) [4]. Clinical and experimental
data have shown that prolongation of the QT interval
measured from the standard 12-lead ECG is a risk factor
for ventricular arrhythmia and sudden cardiac death in
patients with or without previous AMI. The increased
risk due to QT prolongation is independent of age, history of AMI, heart rate and drug use.
The variability of successive RR, intervals traditionally has been used to access the risk in patients for future mortality. Recently, emphasis has been directed
towards understanding the dynamic changes in the re
polarization phase of the heart. It is probable that there
are dynamic changes in the QT interval throughout the
24hour period.
The 24hour ambulatory ECG has certain problems
and drawbacks, because the signal is corrupted by noise
from variou.s sources and also several conditions may al-

ter the ECG morphologr. High-quality Holter recorders
nowadays make reliable long-term ECG recordings possible and allow to analyse more accurately the dynamics
of QT interval from Holter recordings.

The QT interval mea.surement algorithm is based on
modifications of the QT interval algorithm described
previously [5], which performs the analysis of the differentiated ECG signal d[k] and its low-pass filtered version /[k]. The basic idea of the algorithm is to look
for the zero crossing points, the crossings of certain experimentaly determined threshold values as well as the
local mocimum or minimum values of the signals d[k]
and

/[k].

The differentiator and the low-pass filter described
by Laguna et al. were modified according to the sampling rate in order to have an appropriate frequency re
sponse of these filters. The sampling rate of the analysed ECG was given es a, pa,rameter to the waveform
detection procedure, and in this way, the preprocessing
filters and the algorithm itself can adapt to the different
sampling rates (true or interpolated ones).
OVERSAMPLING THE ECG SIGNAL

A symmetric, linear phase, FIR digital filter was de
signed, which resampled data at a higher rate using lowpass interpolation. This technique allows the original
data to pass through the filter unchanged and interpe
lates M-l values between data samples so that the mean
square error between them and their ideal values is minimized [6]. The coefficients of the filter were calculated
using a procedure available in MATLAB software (The
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MathWorks, Inc., Natick, MA, USA). The length of the
designed filter is 2ML * 1, where M is an integer factor used to increase sampling rate and L is an integer
factor determining the degree of the filter. The cutoff
frequency CI was grven in radians (0 < a S 1.0), so that
the input data is assumed to be band-limited with the

different factors in waveform detection. One reason for
this was quite practical: in some circumstances dealing
with ambulatory ECG, the determination of the QRS
onset seems to be uncertain e.g. bocause of a missing Q
wave and the relatively low sampling rate.

frequency utr /M.

CONCLUSION

R.ESULTS

The sofbware is designed and programmed to op
erate within the Windows environment on a standard
PC, preferably a 486 or Pentium, equipped with a hard
and 3| inch floppy disk drive and a VGA screen. The
program code was written using Borland's Tirrbo C++
-compiler [f (Borland International, Inc., USA). Micrmofrb Windows provides an attractive and popular
graphical user interface including standard operation
of the prograrn, multiple "windows", and support for
mouse, menu, printers, etc.
The aim was to develop a modular sofbware structure
which is easy to maintain and can be flexibly expanded
with new features. Therefore, the program was divided
into the separate module.s each having a task of its o\Mn:
loading the ECG data, ECG preprocessing and wave
form analysis, ECG display, time serie.s displag saving
the time series and modifying the software options.
Calculated time series can be saved in an output file
for further analysis made by an appropriate analysis
tool. A user can give a narne for the output file and
ctroose the output file format.
By modifying the program options, a number of features in the program and the waveform detection alge
rithm can be controlled. The four alternative definitions
of the QT interval onset can be chosen: true QRS onset,
R wave p@k, ascending or descending maximal slopes
of the R wave. The ECG signal can also be optionally interpolated in order to increase sampling rate, by
a factor 2, 4, 6 or 8.
DISCUSSION

Our aim was to develop a tool for analyzing the beatto-beat QT interval dynamics in ambulatory ECG. The
present interval measurement algorithm is a modification of the algorithm described previously by Laguna et
al. [5]. The modifications described here providing several program features as variable parameters improve
the capability of the algorithm to manage special cases
of ECG.
The ECG wa.s oversampled in order to increase the
sampling rate of the measured signal. This is important
because of the relatively low sampling rate (often 128
Hz) of the ambulatory ECG. The objective is to increase
sampling rate to obtain, for example, a more accurate
measurement of the end of the T wave.
The opportunity to modify progrem options is of
great value when testing and comparing the efiects of
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We developed a Windowscompatible program,
which analyses the ambulatory ECG on the beat-tobeat
basis and calculates the time series (RR, and QT intervals). The program structure is a modular one, so that
it is easy to maintain and expand with new features.
The function of the program and waveform detection
algorithm can be controlled by r number of program
options.
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