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Abstract: Non-invasive cardiac examination in standard clinic is still using 12-lead 

electrocardiograph. The results of the examination are presented on ECG paper or on the 

monitor screen. A normal electrocardiogram on one lead is not necessarily normal for the 

other lead, because each lead represents a certain part of the heart so that one by one is 

necessary. This examination takes time so that it can increase the stage of the disease if 

the patient turns out to be in an abnormal condition. This paper aims to correlate the 

peak amplitude of each lead to normal and abnormal heart conditions. If it is known that 

the peak amplitude is correlated between the leads, the other leads do not need to be 

checked, so that the diagnosis time will be obtained faster. Cardiac biosignal data that has 

been sampled with a frequency of 250 Hz is a discrete signal that can be stored digitally 

in a database. 10 samples of normal conditions and 10 samples of abnormal conditions 

were analyzed using Saphiro-Wilk so that the data were normally distributed. Spearman 

correlation analysis is used to get peak amplitude correlation between leads. The results 

showed that for abnormal conditions with a significance of 0.01 there was a correlation 

between the peak P lead I with leads III and V5, while for normal conditions there was a 

correlation between peak P lead I and leads V3 and V4. In abnormal conditions there is a 

correlation between peak R lead II and V6, while in normal conditions there is a 

correlation between peak R lead I and aVF.  
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1.   INTRODUCTION:  
 

Non-invasive cardiac examination by standard clinic generally uses a 12-lead 

electrocardiograph, namely leads I, II, III, aVR, aVL, aVF, V1, V2, V3, V4, V5 and V6 [1]. 

The leads represent an electrocardiogram wave divided into 6 leads for the vertical plane 

(Extremity) and 6 leads for the horizontal plane (Precordial, Chest) [2]. The lead-lead is 

attached to the surface of the body as shown in Figure 1. The part of the heart examined is 

shown in Figure 2 and the morphology of the electrical voltage signal versus time of the heart 

electrical is shown in Figure 3. 

 

 



                                                                 European Journal of Molecular & Clinical Medicine 

                                                                                    

    ISSN 2515-8260                 Volume 08, Issue 02, 2021 
 

863 
 

 
 

Figure 1. Location of placement of leads on body surface 

 

 
Figure 2. The part of the heart that is examined 

 

 
Figure 3. Morphology of the voltage wave against time of the heart electricity 

 

Presentation of electrocardiogram on ecg paper or monitor screen is a graphic display 

obtained from digital data of voltage amplitude as a function of time. Digital data were obtained 

from the results of cardiac biosignal sampling at certain frequencies using the Analog to Digital 

Converter (ADC) [3]. Digital data of examination results that are often used by researchers 

generally are published by Physionet (Massachusetts Institute of Technology-Boston's Beth 

Israel Hospital, MIT-BIH). Several authors who have examined the correlation associated with 

the electrocardiogram are [4], [5], [6], [7], [8], [9], [10], [11]. It appears from these references 

that no one has used 12-lead digital data for their research. This can be due to the limited digital 

data published by physionet and the difficulty of obtaining digital data from standard clinic 

cardiac examinations. 

http://id.wikipedia.org/wiki/Berkas:Contiguous_leads.svg
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This study aims to correlate the digital peak amplitude value on each lead. Data from 

standard clinic examination for normal and abnormal heart conditions were used as the study 

sample. It is known that the peak amplitude is correlated between the leads, so that the other 

leads do not require examination, so that the diagnosis time will be obtained faster. 

 

2. MATERIAL AND METHODS:  

Populasi dan Sampel 

The object data collection was carried out by standard clinical examinations on 30 

people in the Electronica medic laboratory, Faculty of Engineering, Widyagama University, 

Malang on Friday, August 5, 2019. The criteria for the proposed object were adult men and 

women (18-55 years), in good health (not sick), married, not disabled and willing to be the 

object of research (filling in a willingness statement). 

 

Number and  Sampling Method 

Based on the results of the examination of the patient's object and a letter of 

willingness to examine, 10 patients with normal conditions and 10 patients with abnormal 

conditions were selected. In collecting this data, patients were examined by clinical standards 

using a Discrete Electrocardiograph (ECGd) device at a sampling frequency of 250 Hz for 10 

seconds under the supervision of the Cardiovascular Care Unit (CVCU) officer at the Dr. 

Saiful Anwar Malang Hospital. The variable in this study is time as an independent variable, 

while the dependent variable is the amplitude of peak P, peak Q, peak R, peak S, peak T and 

HR. The time variable is expressed as the number of the sampling sequence (N, integer) at a 

frequency of 250 Hz for which the data scale is the interval scale. 

 

Data Processing and Analysis 

The variables in this study were amplitude of peak P, peak Q, peak S, peak R, peak T and 

HR contained in discrete data records of patient examination results using 12-lead ECGd [12]. 

The sample used in this study was selected for 2 conditions, namely normal conditions and 

abnormal conditions. Normal and abnormal conditions correspond to [13]. 

The duration of the examination is carried out for 10 seconds in a relaxed state. Data 

normality test used Kolmogorov-Smirnov and correlation analysis of peak amplitude PQRST 

and HR for each cycle on each lead in 6 cycles using Spearman Correlation. 

 

3.   RESULT AND DISCUSSION 

In this study, one of the processes to obtain peak amplitude and heart rate (HR) data is 

shown in Figure 4 for normal patients and Figure 5 for abnormal patient conditions. [14], [15]. 

Table 1 shows the peak amplitude PQRST results in cycle 1 between normal patient leads and 

table 2 shows the peak amplitude PQRST results in cycle 1 between patient leads with 

abnormal conditions. [16],[17]. 
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Figure 4. Cardiogram 12-lead cycle 1 patient sample 2 Normal condition 

 

 
Figure 5. Cycle 12-lead cardiogram of 1 patient in a sample of 8 abnormal conditions 
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Table 1. PQRST results in cycle 1 among Lead Patients in normal condition  
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Table 2. PQRST results in cycle 1 among Lead Patients with abnormal conditions 
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Correlation test under normal conditions 

One of the normality test results for normal condition data is shown in table 3 for 

descriptive statistics and table 4 for test distribution.  

Table 3. Descriptive Statistics lead I cycle 1 Normal group 
 N Mean Std. Deviation Minimum Maximum 

P (mV) lead I 60 .03048 .067826 -.147 .160 

Q (mV) lead I 60 -.15385 .080495 -.271 .133 

R (mV) lead I 60 1.13677 .582376 .105 2.120 

S (mV) lead I 60 -.49220 .193701 -.845 -.147 

T (mV) lead I 60 .49607 .317192 .224 2.015 

hr1 (s) 60 .72230 .164881 .102 .988 

 

Table 4. One-Sample Kolmogorov-Smirnov Test lead I cycle 1 Normal group 
  P (mV) Q (mV) R (mV) S (mV) T (mV) Hr1 (s) 

N 
Normal 
Parameters

a,,b
 

 
Most Extreme 
Differences 

 
Mean 
Std. Deviation 
Absolute 
Positive 
Negative 

60 60 60 60 60 60 
.03048 -.15385 1.13677 -.49220 .49607 .72230 

.067826 .080495 .582376 .193701 .317192 .164881 
.101 .132 .134 .123 .219 .239 
.070 .132 .084 .101 .219 .124 

-.101 -.073 -.134 -.123 -.196 -.239 
Kolmogorov-Smirnov Z 

Asymp. Sig. (2-tailed) 
.784 1.020 1.040 .954 1.696 1.855 
.570 .249 .229 .323 .066 .082 

a. Test distribution is Normal. 
b. Calculated from data 

A summary of the results of the peak amplitude corelation test for patients in the 

Normal condition group is shown in table 5a for peak P, table 5b for peak Q, table 5c for 

peak R, table 5d for peak S and table 5e for peak T.  

 

Table 5a. Summary of peak P correlation test results under normal conditions 

 
 

 

Table 5b. Summary of peak Q correlation test results under Normal conditions
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Table 5c. Summary of peak R correlation test results under normal conditions

 
 

 

Table 5d. Summary of peak S correlation test results under normal conditions

 
 

 

Table 5e. Summary of peak T correlation test results under normal conditions

 
 

Correlation Test Abnormal conditions 

One of the normality test results for abnormal condition data is shown in table 6 for 

descriptive statistics and table 7 for test distribution.  
 

Table 6. Descriptive Statistics lead I cycle 1 Abnormal group 
 N Mean Std. Deviation Minimum Maximum 

P (mV) lead I 60 .04385 .189528 -.238 1.097 

Q (mV) lead I 60 -.09685 .116343 -.411 .123 

R (mV) lead I 60 .96827 .570855 .123 1.949 

S (mV) lead I 60 -.17383 .261209 -.698 .692 

T (mV) lead I 60 .23425 .390162 -.264 1.709 

hr1 (s) 60 .63153 .199581 .020 .912 
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Table 7. One-Sample Kolmogorov-Smirnov Test lead I cycle 1 Abnormal group 
  P (mV) Q (mV) R (mV) S (mV) T (mV) Hr1 (s) 

N 
Normal 
Parameters

a,,b
 

 
Most Extreme 
Differences 

 
Mean 
Std. Deviation 
Absolute 
Positive 
Negative 

60 60 60 60 60 60 
.04385 -.09685 .96827 -.17383 .23425 .63153 

.189528 .116343 .570855 .261209 .390162 .199581 
.190 .097 .122 .187 .278 .160 
.190 .053 .122 .187 .278 .086 

-.117 -.097 -.113 -.107 -.191 -.160 
Kolmogorov-Smirnov Z 

Asymp. Sig. (2-tailed) 
1.469 .748 .943 1.449 2.150 1.239 

.067 .630 .336 .056 .0610 .093 

a. Test distribution is Normal. 
b. Calculated from data. 

A summary of the results of the corelation peak amplitude test for patients in the 

abnormal condition group is shown in table 8a for peak P, table 8b for peak Q, table 8c for peak 

R, table 8d for peak S and table 8e for peak T.   

 

Table 8a. Summary of peak P correlation test results for abnormal conditions 

 
 

Table 8b. Summary of peak Q correlation test results for abnormal conditions 

 
 

Table 8c. Summary of peak R correlation test results for abnormal conditions
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Table 8d. Summary of peak S correlation test results in abnormal conditions 

 
 

 

Table 8e. Summary of peak T correlation test results for abnormal conditions

 
 

The correlation between the amplitude of peak P, peak, Q, peak R, peak S and peak T 

between the leads in table 5 and table 8 is indicated by the words "Cor" (Correlation) while the 

significance level is indicated by the number 1 for significance α = 0.01 and the number 5 for 

significance α = 0.05 
 
 

4. CONCLUSIONS 

1. The peak amplitude P for abnormal heart conditions is indicated by the correlation of lead 

I with leads III and V5 at a significance of 0.01 

2. The peak amplitude R for abnormal heart conditions is indicated by the correlation of 

leads II and V6 at a significance of 0.01 

3. The peak amplitude P for normal heart conditions is indicated by the correlation between 

leads I and V3 and V4 

4. The peak amplitude R for normal heart conditions is indicated by the correlation between 

lead I and lead aVF 
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