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Abstract- In order to visualize the location and severity of myocardial ischemia, a new method is proposed for detecting 
myocardial ischemia based on a compass displaying a ST injury vector. Firstly, we used an ECG device to collect the 
standard 12-lead ECG. Then, the deviation value of each lead is calculated to get a lead vector. Lastly, the lead and ST injury 
vectors are reversely projected onto the compass by solving contradictory equations with the least-square method. The 
magnitude of the ST injury vector reflects the severity of myocardial ischemia, and the direction determines the location. 
Thirty-two patients with myocardial ischemia were detected by using the ST injury vector method. The diagnoses were 
compared with those by ECG examination and angiography. The ST injury vector method is confirmed to be feasible and 
effective in the above comparisons. Experimental results show that the accuracy of the new method is very high, which has 
very good application prospects in the field of myocardial ischemia detection. 
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I. INTRODUCTION 
 
Myocardial ischemia is a kind of common disease 
causing serious harm to human health. The morbidity 
of this disease is increasing year by year with the 
improvement of people's living standards in China. 
Therefore, the diagnosis, prevention and treatment of 
myocardial ischemia have become an important topic 
in the medical field. For the timely and correct 
treatment of myocardial ischemia, it is very important 
to choose an excellent detecting method. Although 
coronary angiography is the “gold standard” for 
clinical diagnosis of coronary heart disease[1], some 
new detecting methods can confirm the existence of 
myocardial ischemia at the level of myocardial tissue. 
Some noninvasive methods, such as radionuclide 
imaging (ECT), cardiac ultrasound, are now used as 
routine methods. The Single photon emission 
computed tomography (SPECT) is currently the most 
accurate method for detecting myocardial perfusion. 
The Positron emission computed tomography (PET) 
is recognized as a "gold standard" for evaluating 
myocardial viability[1,2]. However, there are some 
drawbacks in the above methods, such as expensive 
instruments, inconvenient to carry, complex operation, 
high usage fee and radiation to the human body ,etc.    
In order to overcome the disadvantages of traditional 
methods, a team at University of Glasgow proposed 
that the 12-lead ECG ST segment deviation was the 
key to diagnosis of acute myocardial infarction. But 
they did not give an exact method to intuitively show 
the location and scope of ischemia. The Anglia 
Ruskin University researchers proposed a method 
which could transform the  ST deviation of ECG 
into the display of a three-dimensional color image, 
and the validity of this method was verified by a 
European ST-T database. However, this method only 

independently uses the myocardial ischemia 
information of each lead, ignoring the links among 
them. In this paper, we propose a new method, 
compass-based display of ST injury vector, 
to visualize the myocardial ischemia information[1,3]. 
The ST segment deviation of each lead was  
converted to the vectors distributed in two planar 
compasses by solving contradiction equations. The 
magnitude of the vector reflects the severity of 
myocardial ischemia and the direction determines the 
location[4,5,6]. Among the twelve leads, chest leads 
V1-V6 are located in horizontal plane while limb 
leads I-III and augmented leads aVR-aVF in vertical 
plane. We respectively used the ST injury vector 
method, ECG examination and angiography to detect 
patients, and made statistical analysis of the test 
results. The Kappa value validated that ST injury 
vector method has a high consistency with ECG 
examination and angiography. It is worth mentioning 
that the accuracy of the ST injury vector method is 
very high. The research results show that the method 
of ST injury vector displayed in compass is feasible. 
Furthermore, it has some advantages as a new means 
of myocardial ischemia detection, such as portability 
in acquiring signal, small in size, intuitive display of 
ischemia information and high accuracy. The 
dependence of the proposed method on medical 
professionals can be greatly decreased. So this new 
method has good application prospects at community 
hospitals or homes.  
 
II. THEORETICAL METHOD 
 
The standard 12-lead ECG signal was collected from 
the body using a portable ECG acquisition equipment. 
The ECG signal was converted to an effective digital 
ECG data after A/D conversion, data transmission 
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and integration by a programmable controller. Then 
the data was saved as a data file to be invoked in the 
next program. 
The slave computer of ECG signal acquisition device 
is mainly composed of ACTEL programmable 
controller A3P250 and TI ADS1298 analog front end. 
The TI ADS1298 contains 8 channels, 24 bytes high 
resolution ADC. It also has right leg drive amplifier, 

lead-off detection, Wilson terminal, pulse detection, 
etc. Thus, it saves a lot of peripheral circuits. The 
slave computer can transmit data to the master 
computer though USB2.0 protocol. 
The software developed in C++ language can realize 
the functions of ECG data real-time acquisition, 
transmission, processing and display. Specific system 
structure diagram is shown in figure 1. 

 

 
Fig.1 Diagram of ECG acquisition system structure 

 
The twelve-lead vectors were regarded as distributing 
on vertical and horizontal planes according to the 
position of ECG leads relative to the heart. The 
vectors of chest leads (V1-V6 ) are located in 
horizontal plane while that of limb leads and 
augmented leads (I-III, aVR-aVF) in vertical plane. 
The locations of the ECG twelve-lead vectors are 
shown in figure 2. 

 

 
Fig.2 Relative positions among the leads 

 
The ST segment in ECG characterizes the changes of 
potential in the period from the end of ventricular 
depolarization to the beginning of ventricular 
repolarization. Normally, ST segment is parallel to 
the isoelectric line, or has a slight elevation or 
depression. There are two kinds of ST segment 
performance when there is a certain injury on 
ventricular repolarization. ST segment elevates when 
the epicardial myocardium injures while it depresses 
when the endocardial myocardium injures. ST 
segment deviation is one of the important indices for 
diagnosis of myocardial ischemia. It is of important 
clinical significance to correctly analyze the deviation 
value of the ST segment. The algorithm for 
calculating ST segment deviation value is as follows.   
Firstly, the data file stored in method (1.1) is read by 
a program to be smoothed by the detailing process. 
Then a complete ECG cycle is selected to detect R 
wave according to the formula (1) of the second order 
difference method. The negative number of the 
absolute value of the second order difference is still 
needed to be calculated according to the formula (2) 
when the patient’s R wave was inverted. Each R wave 
in ECG signal corresponds to a minimum of the 
second order difference.  

Error! Reference source not found.        
)2()1n(2)()(  nXXnXnY   (1) 

)()n( nYZ                  (2) 

The R+X method is used in the program to select 
feature points after the R wave was ascertained. It 
takes 108ms after R wave for ST segment measuring 
point and 80ms before R wave for 
isoelectric reference point. The values of the two 
points were used to characterize ST segment potential 
value   and reference potential value   . So the ST 
segment deviation value is   . 

 (3) 
Error! Reference source not found.  

One can use the mouse to click on fine-tuning 
according to different situations of patients. The ST 
segment deviation value of each lead can be read 
automatically once the software responses click 
operation. The 12 leads ST segment deviation values 
can be calculated in turn in this method.  
The key to this new method is how to obtain a ST 
injury vector from the ST deviation values of 12 lead 
ECG. The ST injury vector can be calculated by the 
inverse projection method based on the direction of 
each lead axis and the 12-lead ST-segment-deviation 
values. We use the least-square method to solve 
contradiction equations in this paper. The specific 
method is as follows. 
In vertical plane, for example, i=1,2,...6 denote 
respectively lead I,II,III, aVL, aVR, aVF. The 
projective coordinate of ST injury vector in each lead 
is expressed as (xi,yi). ST segment deviation value is 
bi. The coordinate of ST injury vector in vertical 
plane is (xf,yf). We get equation (4)  according to the 
method of least-square solving contradiction 
equations. 

  (4) 
 
The result of equation (4) is the coordinate (xf,yf) of 
ST injury vector in vertical plane. The solution of ST 

0V
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injury vector coordinate (xh,yh) in horizontal plane is 
similar to the above method. Thus, we get the ST 
injury vector compass by showing the ST injury 
vectors on the horizontal and vertical planar 
compasses. The above algorithm program is 
implemented in the MATLAB software. 
The ST compass can be divided into two cases. One 
is the display of ST segment deviation value on the 
compass so that the magnitude and direction of the 
deviation value are visualized. The other is the 
display of ST injury vector on compass. The location 
and extent of ischemia are intuitive, meanwhile the 
area of ischemia is marked with purple and the 
normal part with red. The information of ischemia 
can be visualized though this method and there is no 
need to rely on professional doctor. It is also the 
biggest advantage of the ST injury vector method 
compared with the ECG and the other methods.      
    As shown in figure 3, the ST compass is 
composed of five concentric circles with the radius 
are 1, 2,...,5(unit: mm). In addition,1mm equals 
1mV(mV is the unit of potential). Theoretically, the 
centre point of ST compass is the center of the left 
ventricle.     
Myocardial ischemia tend to occur in subendocardial 
myocardium for the reason that the pressure on the 
endocardial myocardium coronary blood vessels is 
significantly greater than that in epicardial 
myocardium. So we only consider the absolute value 
of the lead deviation, that is to say, the directions of 
the vectors are all from the centre point of the 
compass to the positive direction of corresponding 
lead (i.e., the directions of the dotted lines) except for 
aVR lead. The direction is opposite to aVR lead. 
 

 
Fig.3 ST compass 

 
III. EXPERIMENTAL RESULTS 
 
32 patients with suspected myocardial ischemia based 
on clinical history and ECG examination method in 
the 105th hospital of the Chinese people’s liberation 
army were collected in this paper. There were 17 men 
and 15 women with age range from 46 to 93 years. 
Exclusion criteria for this study were included: (1) 
Except myocardial ischemia, merging other 
cardiovascular diseases (CVD), such as severe 
arrhythmia, heart valve disease, etc; (2) The patients 
who were unable to take the coronary angiography 
test for various reasons, such as severe liver and 
kidney dysfunction after treatment without 

improvement; (3) The patients who once had 
percutaneous transluminal coronary angioplasty.          
   The above patients were detected separately in the 
following three methods: ST injury vector test, ECG 
examination and coronary angiography. The 
inspection results of ST injury vector test respectively 
take the results of ECG and myocardial ischemia 
methods as standard. We calculated a series of 
parameters of lesion detection by ST injury vector 
method. It includes the Kappa value, sensitivity, 
specificity, positive predictive value, accuracy and 
positive rate.   

The test result of ST injury vector:26 cases were 
positive and the other 6 cases were negative. The test 
result of ECG method:26 cases were positive,6 cases 
were negative. Both of the two methods detected that 
25 cases were positive and 6 cases were negative. Fill 
in the table with the experimental results of the two 
methods, as shown in table 1.      

 
Table 1 Test results of ST injury vector and ECG 

 
 
By calculation, the Kappa value is 0.9036（>0.81). So 
we have the conclusion that there is a strong 
consistency between ST injury vector method and 
ECG examination. At the same time, the sensitivity is 
96.2%, the specificity 100%, the accuracy 96.9%, and 
the rate of positive 81.3%.    
   The test result of ST injury vector:26 cases were 
positive,1 case was negative. The test result of 
coronary angiography :26 cases were positive and 1 
case was negative. Both of them detected that 25 
cases were positive and 5 cases were negative. Fill in 
the table with the experimental results of the two 
methods, as shown in table 2. 

 
Table 2 Test results of ST injury vector and coronary 

angiography 

 
 
The Kappa value is 0.7949（0.61<0.7949<0.80) by 
calculation. Therefore, there is a high consistency 
between ST injury vector method and coronary 
angiography. By the way, the sensitivity is 96.2%, the 
specificity 83.3%, the accuracy 93.8% and the rate of 
positive 81.2%.   
   Take a 61 years old female patient for example. 
The coronary angiography validated that the left main 
and circumflex artery were normal, the proximal left 
anterior descending stenosed by 80% and there was 
visible plaque on the right coronary artery. Because 
the blood supply area of left anterior 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                  Spl. Issue-2 Feb.-2016 

St Compass-Based Localization of Myocardial Ischemia: A New Function of Twelve Lead Yongsheng Su, Yang ECG 
 

82 

descending(LAD) are anterior wall and lateral wall of 
the heart and the proximal end is located in the 
anterior wall of the heart, so the patient was 
diagnosed with anterior wall myocardial ischemia. 
The result of ST injury vector method was displayed 
in the ST compasses 4 (a) and (b). As shown in the 
compasses, ischemia area of the patient is anterior 
wall. 
 

 
Fig.4 (a) ST Segment Deviation Displayed In Compass 

 

 
Fig.4 (b) ST Injury Vector Displayed In Compass 

 
CONCLUSION 
 
At present, there are still some shortcomings of ST 
injury vector displayed in a compass applied in the 
field of myocardial ischemia detection. It can be only 
applied to diagnosing the myocardial ischemia of 
single branch lesion and cannot correctly evaluate 
multi-regional ischemia. In addition, it cannot 
accurately and quantitatively analyze the information 
of the myocardial ischemia. Therefore, these 
problems need to be further researched.  In 
conclusion, ST injury vector displayed in a compass 
has become a new way to detect the myocardial 
ischemia. By the way, there still some problems need 
to be solved in technology. It is just a research 

direction of myocardial ischemia diagnosis by simple 
application of ST injury vector displayed in a 
compass. But there is a certain advantage as a 
noninvasive inspection means. With the development 
of future technology, the accuracy of myocardial 
ischemia detection by ST injury vector will be further 
improved. 
The experimental results validated that there is a 
strong consistency between ST injury vector 
displayed in compass and ECG and coronary 
angiography detection methods, two methods of 
generally accepted in the diagnosis of myocardial 
ischemia. In this paper, we used the MATLAB to 
extract ECG data and process ECG signal. And we 
creatively visualized the location and extent of 
myocardial ischemia though ST injury vector 
displayed in ST compass. The ischemia region is 
marked with purple, this makes common people read 
the information of myocardial ischemia intuitively. 
As a new method in the field of myocardial ischemia 
detection, ST injury vector displayed in compass is a 
valuable diagnostic means. 
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