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Detection of Beat-to-Beat Changes in High Frequency Components of the QRS Complex
Using a Free Optimal Signal Averaging System
Relationship with Ventricular Arrhythmias

Shin-ichi Kuroki, Takao Katoh, Shin-ichiro Kamei and Hirokazu Hayakawa,
First Department of Internal Medicine, Nippon Medical School

Abstract

In this study, we evaluated the relationship between beat-to-beat changes in high frequency
components of the QRS complex and ventricular arrhythmias by using a newly developed event-
relatedd ERO signal averaging technique. The study involved 82 patients with premature ven-
tricular contractionsd PVC[] 56 of whom, including 16 with ventricular tachycardiall VT[] were
enrolled in Analysis I. In Analysis |, averaged sinus beats were classified into three patterns: 101
the sinus beat immediately before PVCO BEF[)20 that immediately after PVCO AFTCland 30 all
sinus beats0 ALLO Analysis Il covered the remaining 26 patients, and involved five modes of
event-related signal averaging, using: 100 the second beat preceding PVVCI 2-B[J20the beat imme-
diately preceding PVCO 1-B[]30 the beat immediately after PVCO 1-AJ40 the second beat after
PVCO 2-Alland 500 the beat isolated 1ISOC from PVC. The filtered QRS duration] F-QRSO and
the integral voltage of the terminal 40 msecd RMS 40-10 were measured using these averaging
patterns. F-QRS in the VT group was longer than that in the non-VT group, but RMS 40-1 was
shorter. The F-QRS of BEFJ 1-BOwas significantly longer than that of AFTO 1-Al The transient
difference in the F-QRS was observed in both VT and non-VT groups. This difference was almost
eliminated at AFTO 1-AO in the non-VT group, but was stable at AFTO 1-AQ in the VT group.
Simultaneousely, RMS 40-1 in BEF was significantly shorter than that in AFT. This transient de-
crease of RMS 40-1 was observed in both VT and non-VT groups. Although RMS 40-1 after this
decrease showed a return almost to the control level at AFT in the non-VT group, it tended to re-
main even at AFT in the VT group.

The sudden prolongation of F-QRS that occurred with the RMS 40-1 decrease in BEF was re-
lated to the appearance of PVCs.

We attributed the fact that these changes in F-QRS and RMS 40-1 were observed even at AFT
in the VT group to electrophysiologically preferable conditions for reentryld J Nippon Med Sch
2001; 68: 29—360
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Table 10 Clinical features of patientsl Analysis 10

\ANRRRN! vroogd

Number of cases 16 40
Ag8l years[] 58+ 15 51+ 20
Sex] M/FO 8/8 20/20
Organic heart disease

AMI 1 0

oMI 3 3

DCM 4 0

HCM 1 0

HHD 1 1

VT. ventricular tachycardiall AMI: acute myoca-
rdial infarctiond] OMI: old myocardial infarction]
DCM: dilated cardiomyopathyl HCM: hypertrophic
cardiomyopathyd HHD: hypertensive heart disease

Table 20 Clinical features of patients Analysis 110

voood voood
Number of cases 10 16
Agel years[ 52+ 16 55+ 13
Sex] M/FO 8/2 1373
Organic heart disease
OMI 3 0
DCM 3 0

OMI: old myocardial infarctiond DCM: dilated
cardiomyopathy VT: ventricular tachycardia
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Fig.1 Averaging pattern in Analysis |I. ALL: all sinus beats, BEF: sinus beat immediately before
PVC, AFT: sinus beat immediately after PVVC, PVC: premature ventricular contraction.
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Fig.2 Averaging pattern in Analysis Il. 1ISO: sinus benat indifferent from PVC, 1-B: sinus beat just
preceding to PVC, 2-B: sinus beat secondly preceding to PVC, 1-A: sinus beat just following to
PVC, 2-A: sinus beat secondly following to PVC, PVC: premature ventricular contraction.
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Fig.4 F-QRS of BEF and AFT in VT and non-VT groupsO Analysis 10 VT: ventricular tachycardia,
F-QRS: filtered QRS duration, BEF: sinus beat immediately before PVC, AFT: sinus beat im-

mediately after PVC.
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Fig.5 RMS 40-1 of ALIO Analysis IO VT: ventricular
tachycardia, RMS 40-1: integral voltage of the
terminal 40 msec, ALL: all sinus beats.
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Fig.6 RMS 40-1 of BEF and AFT in VT and non-VT groups( Analysis 100 VT: ventricular tachycar-
dia RMS 40-I: integral voltage of the terminal 40 msec, BEF: sinus beat immediately before
PVC, AFT: sinus beat immediately after PVC.
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Fig. 7 F-QRS and RMS 40-1 between I1SO and 1-BO Analysis 1100 F-QRS: filtered QRS duration, RMS
40-1: integral voltage of the terminal 40 msec, I1SO: sinus beat indifferent from PVC, 1-B: sinus

beat just preceding to PVC.
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Fig.8 Transient prolongation of F-QRS& Analysis 110
Only 1616 VT group and 10 non VT groupUof
26 patients were analysed with all five modes
of event-related signal averaging, sinse 2-A
and 2-B analaysis were inapplicable in case of
frequent PVCs.

Table 30 Models of signal averaging

ART101PC NEC7T18
10 Band pass filter
high cut 250 Hz variable
low cut variable variable
20 The number of aver- variable variable
aging beats
30 The type of averag- | all sinus beats all beats
ing beats appeared free
40 The rhythm in atrial fibrilla- non
which averaging tion frequent
does not work PVCs VT etc

PVCs: premature ventricular contractionsd VT: ven-
tricular tachycardia
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Fig.9 Transient decrease of RMS 40-100 Analysis 110]
Only 1616 VT group and 10 non VT groupUof
26 patients were analysed with all five modes
of event-related signal averaging, since 2-A
and 2-B analaysis were inapplicable in case of
frequent PVCs.
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