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Summary

 Background: The effective screening of myocardial infarction (MI) patients threatened by ventricular tachycar-
dia (VT) is an important issue in clinical practice, especially in the process of implantable cardio-
verter-defibrillator (ICD) therapy recommendation. This study proposes new parameters describ-
ing depolarization and repolarization inhomogeneity in high resolution body surface potential 
maps (HR BSPM) to identify MI patients threatened by VT.

 Material/Methods: High resolution ECGs were recorded from 64 surface leads. Time-averaged HR BSPMs were used. 
Several parameters for arrhythmia risk assessment were calculated in 2 groups of MI patients: those 
with and without documented VT. Additionally, a control group of healthy subjects was studied. To 
assess the risk of VT, the following parameters were proposed: correlation coefficient between STT 
and QRST integral maps (STT_QRST_CORR), departure index of absolute value of STT integral 
map (STT_DI), and departure index of absolute value of T-wave shape index (TSI_DI). These new 
parameters were compared to known parameters: QRS width, QT interval, QT dispersion, Tpeak-
Tend interval, total cosines between QRS complex and T wave, and non-dipolar content of QRST 
integral maps.

 Results: STT_DI, TSI_DI, STT_QRST_CORR, QRS width, and QT interval parameters were statistically sig-
nificant (p≤0.05) in arrhythmia risk assessment. The highest sensitivity was found for the STT_DI 
parameter (0.77) and the highest specificity for TSI_DI (0.79).

 Conclusions: Arrhythmia risk is demonstrated by both abnormal spatial distribution of the repolarization phase 
and changed relationship between depolarization and repolarization phases, as well as their prolon-
gation. The proposed new parameters might be applied for risk stratification of cardiac arrhythmia.

 key words:	 body	surface	potential	mapping	•	myocardial	infarction,	ventricular	tachycardia,	implantable	
cardioverter-defibrillator

 Full-text	PDF: http://www.medscimonit.com/fulltxt.php?ICID=881436

 Word count: 3315
 Tables: 4
 Figures: 4
 References: 42

 Author’s address: Roman Maniewski, Nalecz Institute of Biocybernetics and Biomedical Engineering PAS, Ks. Trojdena 4 Str., 02-109 
Warsaw, Poland, e-mail: roman.maniewski@ibib.waw.pl

Authors’ Contribution:
 A Study Design
 B Data Collection
 C Statistical Analysis
 D Data Interpretation
 E Manuscript Preparation
 F Literature Search
 G Funds Collection

Received: 2010.03.31
Accepted: 2010.10.26
Published: 2011.03.01

MT26

Diagnostics and Medical Technology
WWW.MEDSCIMONIT.COM© Med Sci Monit, 2011; 17(3): MT26-33

PMID: 21358612

Current Contents/Clinical Medicine • IF(2009)=1.543 • Index Medicus/MEDLINE • EMBASE/Excerpta Medica • Chemical Abstracts • Index Copernicus



Background

The non-invasive risk assessment of life-threatening ven-
tricular arrhythmia is of great clinical importance, espe-
cially in the prevention of sudden cardiac death (SCD) in 
patients after myocardial infarction (MI). Although there 
currently exist many noninvasive parameters quantifying 
the depolarization and repolarization process in time and 
space domains, these parameters remain the subject of in-
tensive study. The ECG-based parameters calculated from 
the 12 standard leads or 3 orthogonal leads (e.g., pro-
longed QRS interval, prolonged QT interval, large QT dis-
persion, microvolt T-wave alternans, total cosine of mean 
angle between QRS complex and T wave) are considered 
as predictors of SCD [1–6]; nonetheless, their effective-
ness is still debated [6–12]. Beat-to-beat analysis of subse-
quent cardiac cycles has recently become a very promising 
tool for the identification of patients at risk for ventric-
ular tachycardia (VT). There is a large body of evidence 
supporting the assumption that increased QT variability, 
low heart rate variability, and heart rate turbulence show 
good diagnostic value for ventricular tachycardia (VT) 
detection [13–16]. VT risk assessment in MI patients was 
also studied using advanced frequency and time-frequen-
cy analysis of high resolution ECG. It was reported that 
parameters obtained by using the fast Fourier transform 
and parametric modeling method with an autoregressive 
model, as well as wavelet transform, have good discrimi-
native properties [17–20].

Body surface potential mapping (BSPM) offers a possibility 
for more precise study of temporal and spatial distributions 
of cardiac electrical activity in comparison to standard 12-
lead electrocardiography [21]. One of the most often ex-
amined parameters calculated from BSPMs is the area un-
der the QRST complex [22], which was also used to assess 
repolarization heterogeneity described by non-dipolar con-
tent of QRST integral maps [21–25]. However, the QRST 
integral map’s ability to reveal repolarization dispersion has 
been questioned [7]. The search for reliable risk indices 
for ventricular arrhythmias is still one of the major remain-
ing tasks in high resolution ECG mapping. BSPM might be 
studied using time-average technique [26] or beat-to-beat 
analysis [24,27]. In this preliminary study we focused on 
the time-average technique.

The values of depolarization and repolarization parameters 
for ventricular arrhythmia risk stratification were assessed 
by studying patients with chronic myocardial scar areas, 
with and without documented ventricular arrhythmias, as 
well as by comparing these 2 patient groups with a control 
group of volunteers with fully intact myocardium. We pro-
posed and preliminarily verified new, non-invasive markers 
of VT risk assessment based on analysis of high resolution 
body surface potential maps (HR BSPM). The developed 
parameters reflect the abnormality in spatial distribution of 
the repolarization phase and its relation to changed spatial 
distribution of the depolarization phase in the group of MI 
patients with risk of VT. The statistical values obtained for 
these new parameters were compared to already known pa-
rameters calculated in the same studied groups of MI pa-
tients and healthy volunteers.

The effectiveness of implanted cardioverter-defibrillators 
(ICD) to prevent SCD in MI patients is already proven 
[6,28–31]. However, highly effective identification of pa-
tients for ICD therapy is still difficult, and the number of 
ICDs needed to achieve 1 year of patient survival is still un-
satisfyingly high [31,32]. The proposed parameters could 
also assist in noninvasive identification of MI patients for 
ICD therapy.

Material and Methods

Studied groups

Two groups of patients with remote myocardial infarction 
and a control group of healthy volunteers were studied. The 
first group comprised 26 patients with documented risk of 
ventricular tachycardia, called the MI-VT patients group. 
This group consisted of mainly secondary prevention pa-
tients with implanted cardioverter-defibrillator or qualified 
for ICD therapy due to the risk of ventricular tachycardia. 
The eligibility criteria to implant ICD were: 1) document-
ed episodes of ventricular tachycardia (21 pts), and 2) in-
duced sustained monomorphic VT during programmed 
electrical stimulation (5 pts). The second group consisted 
of 14 patients after myocardial infarction in whom any sus-
tained or not-sustained ventricular tachycardia was stated, 
and is called the MI-non-VT patients group. The control 
group consisted of 25 volunteers who had normal electro-
cardiograms, no history of cardiovascular disease, and to 
whom any medications were administered. Basic data from 
all 3 studied groups are presented in Table 1.

The study was approved by an institutional ethical review 
committee and the subjects gave informed consent.

Measurements and data processing

A high resolution multi-lead ECG system (Active Two, BioSemi 
B.V., The Netherlands) with 64 surface electrodes was used for 
data acquisition. Active electrodes (containing Ag2Cl con-
tact sensors with preamplifiers) were located around the tor-
so (Figure 1) according to the ECG lead system proposed 
by SippensGroenewegen et al. [33]. The 64 unipolar ECGs 
were simultaneously recorded for 15 minutes with 4096 Hz 
sampling frequency. Next, signals were amplified and con-
verted into digital form with 24-bit amplitude resolution, 
sent through a fiber-optic transmitter to the computer, and 
stored on a hard disk for off-line processing.

The raw ECG data were filtered using low pass Butterworth 
filter limiting frequency to 300 Hz and decimate filter, de-
creasing sampling frequency to 1024 Hz. The reference 
ECG signal, known as Wilson’s central terminal (WCT), 
was subtracted at this preprocessing step. Then, ECG sig-
nals in each lead separately were averaged in time using a 
cross-correlation method. To receive a low noise level, both 
the number of averaged cycles (usually ca. 100 cycles) and 
the value of correlation coefficient (usually ≥0.98) were 
fitted. The level of noise was measured on the 20 ms iso-
electric U-P interval, because, as we noticed, during PQ in-
terval, atrial repolarization is still present, which has also 
been confirmed by Ihara et al [34]. The obtained root 
mean square (RMS) value of noise in averaged ECG sig-
nals was below 0.5 µV.
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Data analysis

Detection of ECG characteristic time instances

To detect ECG characteristic time instances (onsets and 
offsets of both depolarization and repolarization waves), 
an algorithm proposed by Acar [1], based on singular val-
ue decomposition (SVD), was applied. For each subject, a 
rectangular matrix M (n,m), containing n averaged ECG 
leads signals, each of m samples length, was decomposed 
according to the following equation

TVUM  , (1)

where U(m,m),V(n,n) are the square, orthogonal matrices 
and S. is the diagonal matrix (m,n) of singular values.

Next, the matrix S was obtained by projecting the matrix M 
down into the reduced space defined by only the first 3 left 
- singular vectors of the unitary matrix U. The RMS signal 
was calculated using 3 vectors of the matrix S (S1, S2, S3), 
as shown in Figure 2. The global (common for all leads) 
characteristic time instances of ECG curves were found for 
this RMS signal, and then were searched in each lead sepa-
rately. Initially, R-peak was marked as the maximum of the 
RMS signal, and then T maximum was marked in relation to 
R-peak. The P-wave beginning was calculated by inspecting 
the stationarity of the time relation between the vectors S1 

and S2 in respectively defined time windows. Next, the on-
set of Q-wave and the offset of S-wave were calculated from 
the difference of RMS signal using the thresholding meth-
od. The T-wave end was established as the minimum of RMS 
signal in time window related to T wave maximum. Then, 
in each lead individually, the waves’ ends were established 
in relation to the global waves’ ends using the threshold-
ing method for Q onset, and P, S, T offsets and for P, R, T 
peaks. Finally, iso-amplitude maps were generated for vari-
ous parameters described in the next section.

Arrhythmia risk parameters

To assess the risk of arrhythmia, 3 new BSPM parameters were 
proposed. The first parameter, called STT_QRST_CORR, was 
based on the spatial relationship between the maps of STT and 
QRST integrals. This parameter was defined as a Spearman 
rank correlation coefficient between STT area and QRST 
area maps (Eq. 2). Two sets of the data, STTi and QRSTi, 
were converted into the rankings stti and qrsti before calcu-
lating the Spearman correlation coefficient between ranks
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where n is the subject number, i is the lead number, and M 
is the total number of leads.

The next 2 parameters, called STT_DI and TSI_DI, were 
proposed to quantify spatial changes in the repolarization 

Study group description Total number Age (mean ±SD) [Years] LVEF (mean ±SD) [%]

MI patients with VT 26 65±12 38±11

MI patients without VT 14 62±11 44±15

Healthy volunteers 25 49±15 N/A

Table 1. Basic data of studied groups.

LVEF – left ventricular ejection fraction; MI – myocardial infarction; VT – ventricular tachycardia; N/A – not available.

Figure 1.  Lead arrangement around the torso for high resolution body 
surface potential mapping. Standard ECG leads are marked 
by squares.

Figure 2.  ECG characteristic time instances detected on RMS signal 
obtained from three components S1, S2, S3 of singular 
value decomposition algorithm.
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phase. Departure index (DI) [35] was used to describe the 
changes between the group of healthy subjects and each in-
dividual subject of the entire studied population.

A TSI parameter (T wave Shape Index) was defined as the 
ratio of STT integral and T-wave length [26,36]:
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(3)

where TSIn is the value of TSI parameter for subject n, 
V(t) is the ECG amplitude in the time instant t, Ton, Toff is 
the onset and offset of T wave, respectively, and L(V) is the 
length of T wave curve.

The TSI_DI parameter was defined as the sum of absolute 
values of departure indices of TSI parameter calculated in 
each lead. The formula describing the TSI_DI parameter 
is as follows: 
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where TSI_DIn is the value of TSI_DI parameter for subject 
n, icSTT  is the mean value of TSI parameter calculated in 
the control group in the lead i, and )( icSTT  is the standard 
deviation of TSI parameter calculated in control group in 
the lead i.

The STT_DI parameter was defined as the sum of abso-
lute values of departure indices of STT integral calculat-
ed in each lead. The formula describing STT_DI param-
eter is as follows: 
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where STT_DI is the value of STT_DI parameter for sub-
ject n, 

icSTT , and )( icSTT  are adequately the mean value 
and the standard deviation of STT integrals calculated in 
the control group in lead i.

The proposed parameters were compared to 6 well known 
arrhythmia indices: the QRS width, the QT interval, the dis-
persion of QT interval, the Tpeak-Tend interval, the aver-
aged cosine of the angle between QRS complex, and the 
T-wave (TCRT) introduced by Acar [1], as well as the non-
dipolar content (NDC) of QRST integral maps considered 
as the repolarization inhomogeneity index [23,37]. The val-
ues of the following parameters: the QRS width, the QT in-
terval, the dispersion of QT interval, and the Tpeak-Tend 
interval were calculated for each subject and each lead sep-
arately, then were averaged over all leads. The TCRT gives 
information about the relation between propagation of de-
polarization and repolarization waves in myocardium. First, 
12-lead ECG signals are decomposed to minimum dimen-
sional space by SVD (singular value decomposition). TCRT is 
then computed as an averaged cosine between threshold vec-
tors of QRS (vectors above threshold value around R peak) 

and the unit vector with the maximum T-wave energy. More 
details can be found in the original article [1]. The non-
dipolar content was calculated using principal component 
analysis and Karhunen-Loève transform [38], providing in-
formation about the multipolarity of QRST integral maps.

Statistics

For studied groups, the mean values and standard devia-
tions, as well as the 25th, the 50th (median), and the 75th 
percentiles of all parameters, were calculated. The statis-
tical significance was assessed by means of non-parametric 
Mann-Whitney test, since the normal distribution of the val-
ues could not have been assumed. The level of statistical sig-
nificance was set at p≤0.05.

To assess the effectiveness of new parameters and to define 
the risk criteria of ventricular tachycardia for MI patients, 
the specificity and the sensitivity of proposed parameters 
were calculated. The diagnostic criterion assessing VT risk 
in the MI patient group was calculated as a maximal value 
of the product of the specificity and the sensitivity.

results

Basic statistical data (the mean and the standard deviation 
values of all examined parameters in the 3 studied groups, as 
well as statistical differences (p value) between the groups cal-
culated by Mann-Whitney tests) are summarized in Table 2. 
Statistical differences were calculated between MI-VT and 
MI-non-VT patients group, as well as between the MI–non-
VT patients group and the control group.

The statistical data of 3 proposed parameters: STT_DI, 
TSI_DI and STT_QRST_CORR are also presented graphi-
cally in Figure 3. Besides the mean and the standard devia-
tion, values of the 25th, the 50th (median) and the 75th per-
centiles are shown.

The best results of the Mann-Whitney test in a discrimi-
nation between MI patients groups with and without the 
ventricular tachycardia were obtained using STT_DI pa-
rameter (p<0.01), QT interval (p<0.02), TSI_DI parameter 
(p<0.0.3), QRS width (p<0.03) and STT_QRST_CORR pa-
rameter (p=0.05). The differences were not statistically sig-
nificant for: TCRT parameter (p<0.06), Tpeak-Tend inter-
val (p<0.09), QT interval dispersion (p<0.33) and for NDC 
of QRST integral maps (p<0.68). The obtained results indi-
cate, however, that for TCRT parameter and Tpeak-Tend in-
terval, differences are very close to the limit of significance 
level (p=0.05) and might be statistically significant in a larg-
er database of MI patients.

The differences between the control group and MI-non-VT 
patients group were not statistically significant for the fol-
lowing parameters: Tpeak-Tend interval, TCRT parameter 
and QT dispersion. The differences between the control 
group and MI-non-VT patients group were statistically sig-
nificant for the remaining parameters (Table 2).

For statistically significant parameters in discrimination be-
tween MI patients groups with and without VT, sensitivity and 
specificity were calculated, and diagnostic criteria were pro-
posed. The obtained results are presented in Table 3. For 3 
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proposed parameters, sensitivity, specificity and diagnostic 
criteria are also shown graphically in Figure 4.

The highest value of sensitivity was found for STT_DI parame-
ter (0.77), and the highest value of specificity for TSI_DI (0.79). 
STT_QRST_CORR parameter, QRS width and QT interval 
had the same values of sensitivity (0.73) and specificity (0.71).

The calculated diagnostic criteria concerning the risk of VT 
amounted to: 1.4 for STT_DI parameter, 2.1 for TSI_DI pa-
rameter, 0.7 for STT_QRST_CORR, 122 ms for QRS width 
and 459 ms for QT interval.

Additionally, the sensitivities of the above mentioned pa-
rameters were also calculated for 14 patients from the MI-
VT group, in whom the episodes of VT occurred during 

follow-up study (Table 4). The highest sensitivity showed 
(0.79) for STT_QRST_CORR parameter and (0.71) for 
TCRT and STT_DI parameters. The ejection fraction val-
ue in those patients ranged from 15% to 65%. In 11 out 
of 14 MI-VT patients with episodes of VT during follow- up 
study, the value of EF was above 30%.

discussion

To identify MI patients at risk for ventricular tachycardia, 3 
new parameters calculated from averaged HR BSPM were 
proposed: STT_QRST_CORR, STT_DI, and TSI_DI. For 
comparison, 6 parameters already used in VT risk assess-
ment (QRS interval, QT interval, QT interval dispersion, 
Tmax-Tend interval, TCRT parameter, and NDC of QRST 
integral maps) were calculated.

Two newly proposed parameters, TSI_DI and STT_DI, are 
directly connected to repolarization phase, and represent 
a measure of departure from the mean distribution of TSI 

Parameter
MI-VT

patients
(mean ±SD)

Statistical differences 
MI-VT vs. MI-nonVT

(p value)

MI–nonVT patients
(mean ±SD)

Statistical differences 
MI-nonVT vs. control

(p value)

Control group
(mean ±SD)

STT_QRST_CORR  0.35±0.54 0.05  0.63±0.47 0.004  0.91±0.09

STT_DI  1.81±0.61 0.01  1.32±0.41 0.0001  0.80±0.27

TSI _DI  2.53±1.15 0.03  1.71±1.07 0.003  0.77±0.27

QRS INT [ms]  137±30 0.03  120±13 0.005  107±13

QT INT [ms]  482±54 0.02  441±36 0.005  405±31

QT INT DISP [ms]  78±32 ns (0.68)  77±25 ns (0.16)  65±25

Tpeak–Tend INT [ms]  123±29 ns (0.09)  109±17 ns (0.54)  105±16

TCRT  –0.37±0.50 ns (0.06)  0.03±0.65 ns (0.48)  0.23±0.44

NDC [%]  9.7±9.8 ns (0.33)  13±15 0.02  6±4

Table 2.  Values of examined parameters for studied groups (2nd, 4th, 6th columns) and statistical differences (p-value) obtained by Mann-Whitney 
test between MI patients with and without VT (3rd column), as well as between non VT MI patients group and control group (5th column).

NDC – non dipolar content of QRST integral maps, STT_DI – departure index of absolute value of STT integral map, STT_QRST_CORR – correlation 
coefficient between STT and QRST integral maps, TCRT – total cosine between QRS complex and T wave, Tpeak-Tend INT – T wave peak to T wave end 
interval, TSI_DI – departure index of absolute value of T-wave shape index, QRS INT – QRS interval, QT INT – QT interval, QT INT DISP – dispersion of 
QT interval, SD – standard deviation, and ns – not significant.

Figure 3.  Mean ±SD values and 25th, 50th (median) and 75th 
percentiles of proposed new parameters: STT_DI, TSI_DI 
and STT_QRST_CORR.

Parameter Sensitivity Specificity Criterion

STT_QRST_CORR 0.73 0.71 0.7

STT_DI 0.77 0.64 1.4

TSI_DI 0.69 0.79 2.1

QRS INT [ms] 0.73 0.71 122

QT INT [ms] 0.73 0.71 459

Table 3.  Values of sensitivity, specificity and diagnostic criteria for 
selected parameters.

Abbreviations as in Table 2.
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parameter and STT integral in the control group. Departure 
maps were developed for easy recognition of abnormali-
ties in the body surface potential maps and for represen-
tation of the location and extent of abnormal increase or 
decrease. These maps are useful for assessment of myocar-
dial infarction, ventricular hypertrophy, and myocardial 
ischemia [39]. In our study, departure indices were used 
to show an aggregated increase in abnormal changes of re-
polarization parameters distributions accompanying patho-
logical changes of the cardiac muscle affected by infarction 
and at risk of VT. Both parameters were statistically signifi-
cant in discrimination between MI patients with and without 

documented risk of VT. Thus, the STT_DI and TSI_DI pa-
rameters could be sensitive markers based on repolariza-
tion spatial abnormality.

The third parameter, STT_QRST_CORR, was also statisti-
cally significant in discrimination between MI patients with 
and without VT. The STT_QRST_CORR parameter might 
be connected with the changes in shape and duration of 
the action potential of ischemic cells. The QRST integrals 
are considered to reveal local repolarization process inde-
pendent of activation sequence. In the healthy cardiac mus-
cle, the recovery process, which is influenced by both acti-
vation sequence and local repolarization, is dominated by 
local repolarization due to fast spread of activation, where 
the Purkinje system plays the key role [40]. Therefore, in 
the control group, the STT integral and QRST integral 
maps are highly correlated. On the other hand, Geselowitz 
[41] has shown that spatial variations of the QRST integral 
(ventricular gradient) are related to the local spatial vari-
ation of the action potential area. In ischemic cells, an in-
crease in resting potential, a decrease in peak amplitude, 
an increase in the rise time of the upstroke, and a change 
in its duration, cause the change in the action potential 
area that influences the QRST area [42]. This is proba-
bly because the correlation coefficient between STT and 
QRST integral maps decreases in pathological changes of 
the myocardium. The depolarization process, which consti-
tutes the shape of action potential as well as the repolariza-
tion process, is no longer as fast, and activation sequence 
is no longer as ordered due to the presence of ischemic, 
structurally impaired, or dead cells within cardiac muscle. 
We concluded that for diseased cardiac muscle, the QRST 
maps reveal not only local repolarization, but also patho-
logical depolarization variations in cardiac muscle affected 
by ischemia, the structurally impaired transition area from 
normal to scar tissue, and, especially, by scars from myocar-
dial infarction itself.

Statistically significant results were obtained with 2 com-
monly used temporal indices: QRS duration and QT inter-
val (influenced distinctly by QRS interval, except for long 
QT syndrome). The third temporal parameter, Tpeak-
Tend interval, was not statistically significant in the stud-
ied groups’ separation, but its values increased in both MI 
patient groups in comparison to the control group. The 
TCRT parameter has shown similar properties. These 2 pa-
rameters might have been statistically significant if studied 
in a larger database.

Parameter ICD Follow up (14 pts)

STT_DI 0.71

STT-QRST CORR 0.79

TCRT 0.71

QRS INT 0.64

QT INT 0.64

Table 4.  Best values of sensitivity of parameters in MI-VT patients 
who experienced ICD intervention during follow up study.

Abbreviations as in Table 2.

Figure 4.  Sensitivity  and specificity  of proposed parameters: (A) 
STT_QRST CORR, (B) STT_DI, (C) TSI_DI.

A

B

C
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In our study, dispersion of repolarization phase expressed 
by dispersion of QT interval and non-dipolar content of 
QRST integral maps (NDC) were not statistically significant 
in discrimination between MI patients groups with and with-
out VT. The dispersion of QT interval is still the subject of 
debate regarding its ability to supply reliable information 
on the repolarization heterogeneity of cardiac muscle [7]. 
However, the discrimination between the healthy group and 
MI patients without VT was statistically significant. The re-
sults obtained using NDC parameter were also statistical-
ly significant in discrimination between the control group 
and the MI patients group without VT risk, which reveals 
its ability to quantify multipolarity in QRST maps in cardi-
ac muscles affected by pathological changes.

This study had some limitations. First, due to the limited 
number of studied MI patients, the results should be con-
sidered as preliminary, requiring further analysis in a larg-
er number of more precisely selected MI patients groups, 
especially those who are recommended for primary pre-
vention by ICD implementation (i.e., with the EF below 
or equal to 30% [29]. Secondly, averaging ECG time-series 
prolonged the analysis process, which had to be done off-
line. However, in this study a precise assessment of the ends 
of ECG waves was crucial for QT dispersion calculation as 
well as for all temporal parameters such as QT interval, QRS 
width and Tpeak-Tend interval. The new parameters pro-
posed in this work are less sensitive to time interval iden-
tification and might be used in on-line analysis and even 
calculated from a single selected heart beat with a low sig-
nal-to-noise ratio. Many studies have shown that pathologi-
cal changes in beat-to-beat variability of subsequent cardiac 
cycles could be connected with increased risk of arrhyth-
mia. Vulnerability to arrhythmia can be linked with dynamic 
changes in QT interval [9,13], RR interval variability (HRV) 
[6,14], heart rate turbulence (HRT) [15], or T-wave alter-
nans (TWA) [2,8]. The analysis of beat-to-beat variability 
of proposed BSPM parameters is an important issue need-
ing future research.

conclusions

The obtained results indicate that the risk of arrhythmia in-
creases with abnormal disturbances of both depolarization 
and repolarization processes. The best indices of the threat 
of ventricular tachycardia were: 1) the depolarization and 
repolarization prolongation expressed by QRS interval and 
QT interval, 2) the changed relation between depolarization 
and repolarization phases described by STT_QRST_CORR, 
and 3) spatial changes in repolarization phase expressed by 
STT_DI and TSI_DI parameters. Thus, the proposed new 
parameters might be applied for risk stratification of car-
diac arrhythmia. These parameters might additionally sup-
port noninvasive identification of MI patients for ICD thera-
py. However, this preliminary study requires further analysis 
in a larger number of more precisely selected MI patients 
groups, especially patients who are recommended for pri-
mary prevention by ICD therapy.
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