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Abstract 

The goal of this paper is to discuss a method to study 

the QT interval dispersion continuously. This parameter 

is computed for each ten-second-signal strip studied. The 

relationship between the QT dispersion variations and the 

appearance of cardiac disturbances was analyzed.  Forty 

fifteen-minute healthy ECG and five thirty-minute 

pathologic stress tests were studied. The QRS complexes 

were detected and classified as normal or premature 

according to simple rules, the QRS onset was detected 

using a nine-point derivative function and the T wave 

offset was identified with an algorithm that follows the 

shape of the ECG.  The QT dispersion graphic was flat 

and the mean value was less than 60 ms for every healthy 

person. However, for each pathologic ECG the QT 

interval dispersion was over 74 ms before a pathological 

stage and the graphic was not flat in the minutes previous 

to the induced cardiac disturbances. 

  

1. Introduction 

The QT interval represents the ventricular activity in 

the electrocardiogram (ECG) and it has been studied since 

the beginning of the last century because of its 

importance [2, 7]. Recently, the QT interval spatial 

dispersion has emerged as an important indicator 

associated to ventricular disturbances in cardiac patients; 

elevated QT dispersion values has been observed in 

coronary patients with post infarct complications [1, 3]. 

Typically, the QT interval dispersion has been studied 

on the twelve-lead rest ECG [1]. It is defined as the 

maximum difference between the smaller and the larger 

QT interval duration when the twelve leads are acquired 

simultaneously [9, 12].  

The identification of the QRS complex onset and the T 

wave offset are very important to get a reliable QT 

dispersion measurement [12]. The T wave offset is not a 

well-defined point in the ECG because of the influence of 

several noise and interference sources such as 60 Hz 

interference, baseline wandering, electromyographic 

noise, etc. The QRS onset is affected by the same noise 

sources, but it is better defined because the QRS complex 

is a high-energy zone in the ECG [6, 13]. 

Commonly, the QT spatial dispersion has been studied 

as follows: a ten-second ECG strip is digitized, an 

average cardiac cycle is computed and the QT interval 

duration is measured lead by lead. Finally, a unique value 

of QT dispersion is computed as the difference between 

the maximum and minimum QT interval duration [1, 7]. 

The authors of this paper propose to study the QT spatial 

dispersion with time in order to evaluate its behavior. 

This kind of study could be useful to predict cardiac 

disturbances in coronary patients. The author’s hypothesis 

is the following: the QT dispersion trend with time should 

be stronger than the study of a unique QT dispersion 

value to predict a cardiac complication. 

 

2. Methods 

The proposed method starts with the ECG analogue to 

digital conversion process. The independent leads (I, II, 

V1, V2, V3, V4, V5, V6) are sampled simultaneously at a 

rate of 500 Hz; leads III, aVR, aVL and aVF are 

computed according to classic expressions based upon 

leads I and II [11]. Also, a digital moving-average filter 

proposed by Ligtenberg and Murat [10] is applied in real 

time. The filter general expression is the following: 
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where: 

x(n): input signal 

y(k): filtered signal at k instant 

K, L: filter constants associated to cut-off 
frequency  

 

This expression was simplified and implemented for 

real-time conditions. It acts like a bandpass filter and the 

K and L constants are associated to the cut-off 

frequencies. The band pass was set between 0.6 and 37 
Hz in order to remove electromyographic artifacts and to 

avoid baseline wander [8]. 

Forty healthy rest ECG and five pathologic stress tests 

were studied. The standard rest ECG was digitized and 

filtered during fifteen minutes for each healthy person; 

each stress test was a thirty-minute ECG with ischemic 
signs induced by exercise. All the signals were acquired 
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with digital devices that are able to store digital signals. 

Later, the QT spatial dispersion was computed for each 
ten-second strip. However, the strips including more than 

two premature beats were excluded in order to compute a 

robust average cardiac cycle for each strip. The QT 

spatial dispersion values were plotted versus time for 

each studied ECG.  

The proposed method to computed the QT spatial 
dispersion included the following steps: 

• QRS complex detection. 

• QRS complex classification. 

• QRS-T complex averaging. 

• QRS onset identification  

• T wave offset identification. 

The QRS complex detection process was based on the 

Function of Spatial Velocity (FSV) used by the authors in 

previous studies [4, 5]. This function can be described by 

the following expression: 
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where: 

y(k): function of Spatial Velocity 

x(k): input signal 

C: studied leads  

 

The FSV was computed sample by sample and a 

maximun was identified for each ten-second strip in order 

to set two thresholds. One threshold set the border 

between the high-energy peaks, associated to the QRS 

complexes, and the rest of the signal. The second 

threshold was used to set the first approach to the real 

onset and offset for each QRS complex. These points 

were the elements used to compute the duration of each 

QRS complex;  the candidates to be a  true QRS complex 

should reach a minimum duration. Also, the complex 

onset and offset were used as borders to identify a 

fiducial point (absolute maximum value of the signal in 

lead II) to compute the RR interval duration. It was 

defined as the distance between two consecutive fiducial 

points. An average value was computed for the RR 

interval and QRS complex duration, these values were the 

basic tools for the QRS classification process.   

Each QRS complex detected was classified as normal 

or premature in order to exclude the premature beats form 

the average beat computed for each ten-second strip 

studied. The following sentences were applied to make 

this kind of classification: 

• The duration of a RR interval previous to a normal 

beat (NB) must be between 80% and 110% of the 

average duration of this interval. 

• The duration of a normal beat must be between 

85% and 110% of the average QRS duration. 

The authors have set the above limit values in previous 

studies [4, 5]. This step is very important because any 

premature beat should be considered to compute the 

average cardiac cycle for each signal strip studied. Also, 

the classification rules should be effectives and easy to 

implement because one of the objectives of the proposed 

method is to be used by bedside monitors in real time. 

The next step was to compute an average cycle for 

each lead. The procedure was as follow: 

• The maximum QRS value was set as a reference 

point (Rpoint). 

• The cycle onset was set as the sample placed 60 

ms before the Rpoint. 

• The cardiac cycle offset was defined as the sample 

placed at Rpoint plus the 60% of the RR interval 

average. 

• The average cycle was computed with the normal 

beats for each lead. 

The QRS onset and the T wave offset were identified 

for each average cycle in order to be able to compute the 

QT spatial dispersion. A search back was made starting at 

the Rpoint, it was stopped when the derivative absolute 

value was less than two during 10 ms. A nine-point 

derivate function was used in this process to avoid the 

influence of high-frequency noise [13]. The derivative 

function has the following expression: 
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where: 

y(nT): derivate value for each sample. 

x(nT): input signal. 

 

The T-wave onset is not a well-defined event in the 

ECG. The identification of this point is difficult because 

it is in a low frequency and noisy zone [12]. Also, it is 

impossible to associate this point to an important change 

of slope or polarity. Many efforts have been developed to 

this topic, but a robust and efficient solution for this 

problem is not available yet [1, 12]. 

 

 
Figure 1. T wave offset and baseline. 
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An algorithm was developed to detect the T wave 

offset. This algorithm follows the ECG shape looking for 

the minimum distance between the signal and the 

estimated baseline. The developed algorithm was divided 

in the following steps: 

1. Baseline was estimated as the average of the 

samples associated to the 20 ms previous to the 

QRS onset. 

2. T wave peak identification: The ST segment end 

was identified using an algorithm developed by 

the authors [4]. This point was the beginning of a 

search window to find the T wave peak as the 

absolute maximum value of the ECG in this 

window. A proportional relationship between the 

RR interval and QT interval durations was used 

to set the width of the search window. 

3. Looking for the end at the T wave second 

branch: The absolute electrical difference with 

the estimated baseline was computed sample by 

sample until the difference was not decreasing 

by 10 ms.  

Finally, the QT interval duration was computed as the 

difference in milliseconds between the T wave offset and 

the QRS complex onset. The QT dispersion was the 

difference in duration between the longest QT interval in 

any lead and the shortest. It was computed for each ten-

second ECG strip studied. 

 

3. Results 

Three thousand six hundred ten-second strips from 

healthy ECGs were studied. Also, 655 strips from 

pathological stress tests were analyzed. The proposed 

method was tested by two highly-qualified cardiologists 

that analyzed the ECGs on a personal computer with 

several visual and graphic tools, but they were not aware 

of the method results. The opinions and conclusions of 

the specialists were the golden rule to test the proposed 

method.  

There was a full coincidence between the specialists 

and the proposed method in the QRS complex detection. 

False positives and false negatives were absent of the 

results. The behavior of the proposed method in the QRS 

classification process can be summarized as follow: 

• Premature beats only were identified in the stress 

tests studied. The specialists detected the same. 

• Almost 5% of normal beats were considered as 

premature, but a premature beat never was 

classified as normal.  

The specialists, helped by a graphic interface program, 

could evaluate the reliability of the QT interval border 

points identified by the proposed method. The QRS onset 

and the T wave offset were tested; beat by beat, in fifty 

ten-second ECG strips selected randomly from the 

healthy ECGs and the same quantity from the stress tests. 

The main results were the following: 

• The maximum difference between the QRS onsets 

detected by the proposed method and the 

specialists was 6 ms (three samples).  

• The maximum difference between the T wave 

offsets detected by the proposed method and the 

specialists was 14 ms (seven samples). This 

maximum difference was reached in three ECGs 

characterized by low-voltage T waves (less than 

0.2 mV). 

 

Table 1 
Minimum, average and maximum QT dispersion 

values for each case studied 

 

Case Min. Ave. Max. Case Min. Ave. Max. 

N1 28 34 46 N24 34 51 68 

N2 30 39 48 N25 22 29 32 

N3 36 39 42 N26 26 32 46 

N4 28 34 50 N27 34 40 48 

N5 34 39 42 N28 36 45 74 

N6 26 33 42 N29 30 44 48 

N7 28 37 44 N30 30 35 48 

N8 34 41 48 N31 32 39 46 

N9 28 36 48 N32 44 48 52 

N10 30 43 46 N33 42 47 50 

N11 26 43 48 N34 36 44 50 

N12 32 45 52 N35 30 43 48 

N13 28 37 44 N36 38 44 50 

N14 34 41 48 N37 40 45 48 

N15 28 36 48 N38 32 38 42 

N16 30 43 46 N39 36 41 44 

N17 26 43 48 N40 30 47 50 

N18 32 45 52 ST1 40 63 74 

N19 34 41 48 ST2 48 66 80 

N20 28 36 48 ST3 38 58 78 

N21 30 43 46 ST4 44 61 86 

N22 26 43 48 ST5 48 59 76 

N23 32 45 52     
 

Nn: Normal ECG n. STm: Stress test m. Values in ms 

 

The behavior of the QT spatial dispersion was very 

similar for all the healthy ECGs. Its average value 

changed from a patient to another (between 22 and 52 

ms), but the shape of the dispersion versus time graphic 

always was flat; only two patients reached isolated values 

of 68 and 74 ms each one. A continuous increment of the 

QT dispersion never was observed in this kind of patients.  

The QT spatial dispersion had a different behavior in 

pathological signals. The value of this parameter reached 

86 ms (a case) and the dispersion was increasing before 

pathological situations like the increment of the 
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ventricular beat rate took place. However, at the end of 

the stress test, when the patient was resting, the QT 

dispersion returned to values below 60 ms, but its values 

were not stables. 

 

4. Discussion and conclusions 

The results can be classified as good.  All the QRS 

complexes were detected, it was due to the 

simultaneously acquisition of the twelve leads and the 

shape of the Function of Spatial Velocity for eight 

channels. In fact, the same performance was reported by 

the authors in previous investigations [4, 5].  

The complex classification had a performance 

according to the application requirements. The rules used 

to classify the QRS complexes were simples and very 

effectives, the main goal was to exclude the premature 

beats from the average complexes and never this kind of 

complex was misclassified.  A small quantity of normal 

complexes was misclassified, but this situation did not 

affect the proposed method performance. 

The identification of the QRS complex onset and the T 

wave end always was effective. The difference between 

the specialists and the proposed method never was 

important if a visual observer is considered as a reference. 

It is important to know that a millimeter is the 

representation of 40 ms of signal when the ECG is printed 

in an ECG machine at 25 mm/s.  

The pathological stress tests studied were the way to 

analyze the evolution of a patient from a nornal condition 

to a pathological status provoked by exercise. It is very 

important because the authors want to know if the study 

of the QT dispersion across the time can be used as a 

prediction tool of cardiac complications in coronary 

patients. The QT dispersion trend in pathological signals 

was increased in the minutes previous to a cardiac 

complication and was under 60 ms when the patient was 

in a normal status. This fact is very important because the 

continuous study of QT dispersion could be used as a tool 

to predcit cardiac complications. When QT dispersion 

was studied in healthy patients,  a very flat dependence 

with time was observed. The dispersion average values 

were alway below 52 ms with only two isolated values 

over 70 ms in more that 600 ten-second ECG strips 

studied. 

Two isolated high values of QT dispersion were 

observed in the healthy ECGs studied. This is an element 

to consider the study of the QT dispersion trend stronger 

than the study of isolated values. 

The study of the QT dispersion looks like a powerful 

tool to predict cardiac complications in coronary-care 

patients. Nevertheless, the size of the studied population 

should be increased to make a final conclusion. 
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