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Non-invasive risk modeling after myocardial infarction
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Abstract: The predictive value of the signal-averaged
electrocardiogram and heart rate variability from 24hour ambulatory monitoring for serious arrhythmic
events was investigated in 553 post infarrction patients.

tracted and, after filtering out artefacts, premature complexes
and beats before and after such premature complexes, calculation of HRV-parameters was performed.

QRS duration and beat-to-beat changes of heart rate were

was assessed using Cox proportional hazards model [4].

demonstrated to be the best predictive variables. A new
risk model was developed describing the survival probability as a function of these variables and time after myocardial infarction

RESULTS

The predictive power of SAECG and HRV parameters

The cumulative baseline hazard ä6 as a function of time
after infarction is shown in Fig. 1. A logarithmic fit was
applied to the datapoints according to

I
INTRODUCTION
The aim of this study is to extract and combine noninvasive risk parameters from the signal-averaged electrocardiogram (SAECG) [1] and heart rate variability (HRV) t2l
based on 24-hour ambulatory monitorings to optimize the
prognostic value for arrhythmic events (AE) after acute myocardial infarction [3].
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METHODS

o)

A prospective series of 553 males under 66 years of

age
enrolled in the Post-Infarction Late Potential study was ana-

lyzed. During 6 months follow-up 25 patients @.5%) experienced arrhythmic events (sustained ventricular tachycardia
n 11, ventricular fibrillation n 7, sudden cardiac death

-

n=7).

-

Within 2 to 4 weeks after acute myocardial infarction,
all patients underwent SAECG and 24-hour ambulatory ECG
before hospital discharge.
Recording of the signal-averaged ECG was performed
using three bipolar modified Frank leads. The signal was
amplified with a gain of 1000, bandwidth was 0.05 - 300H z
at a sampling rate of IkH z. The amplified signal was passed
through a four-pole2l}H z low-pass filter and digitized with
12 bits accuracy. Approximately 150 cardiac cycles were
averaged accepting only beats with deviation less than twice
the template standard deviation.
Long-term ECG recordings were performed using 2channel portable recorders with time calibration signals.
From the acquired data, all 24 hour RR-intervals were ex-
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Fig. I : Cumulative baseline hazardfunction
In HRV analysis, the most significantdifferences between
patients with and without AEs were observed for the beatto-beat parameter RM S S D (root mean square of successive
RR-differences): 25.7 + 16.9rns (AE) vs. 34.1 + 18.6rns

(noAE),p=0.004.
Time domain analysis of the SAECG showed the QRS
duration (QRSd) to be most significantly different in both
patient groups: 106.4 * 18.7ms (AE) vs. 95.3 + I8.7ms
(no AE), p = 0.001. Based on the Cox regression model
t4l RMSSD and Q,R.9d were demonstrated to be independent significant risk factors (Regression coefficient
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for QRS{ 1 cq

_

0.014

*

*

0.006rns-r,p

=

0.014; for

= -0.041 0.016rn s-r,p - 0.009).
Based on the regression coefficients an analytical risk
model was developed describing the arrhythmic risk ^9 as
a function of QRSd, RMSSD and time t after infarction
according to
RM SSD ; c,

S(QRSd, RM SSD,l) =

"-Ho(t)'e"q'QRSd*cr'RMssD

Q)

A graphical representation of the cumulative survival distribution is shown in Fig. 2 for two different time intervals
after myocardial infarction. It is demonstrated that the likelihood for arrhythmic events increases with decreasing values
of RMSSD and increasing values of QRS duration

CONCLUSION
Beat-to-beat changes of heart rate from 24-hour electrocardiographic recordings and QRS duration from the signalaveraged ECG are independent predictors of arrhythmic
events after myocardial infarction.
Based on these parameters the arrhythmic risk can be
described as a function of time after infarction. With the
risk model established in this study it is possible to noninvasively identify subgroups of patients at increased risk for
I

ife-threateni ng arrhythmi as.
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