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Abstract- A new method is proposed for transforming the ischemic information in the 12 lead electrocardiogram (ECG) to 
the display of a 3D image in this paper. The ECG signal is sampled by a portable data acquisition device, and the signal 
features are automatically acquired. The ST-segment deviation is equal to the potential difference of the isoeletric reference 
point and the detection point of ST-segment determined by the apex of R wave. The ST injury vector is synthesized by the 
inverse projections of the lead vectors weighted by different coefficients determined by the ST-segment deviation. The 
location and the scope of ischemic region are displayed with different color coding by projecting the ST injury vector on a 
3D heart model. Experimental results show that the proposed method is of high reference value in locating the ischemic 
region, and is highly consistent with several currently accepted methods in the diagnosis of myocardial ischemia. 
 
Index- Terms:ischemia display, ST injury vector, ST-segment deviation, vector projection  
 
I. INTRODUCTION 
 
It is an important prerequisite for the timely and 
correct treatment of myocardial ischemia reliably 
analyzing myocardial ischemia information[1]. The 
12-lead ECG is the most commonly used diagnostic 
tool in the field of detection of myocardial ischemia. 
However, the diagnosis of ECG highly relies on the 
experience of clinicians, and lacks direct graphic 
information of myocardial ischemia. A lot of imaging 
methods on myocardial ischemia has been developed 
due to the progress of technology, such as CAG, 
IVUS and MRI. There is deficiency in these methods, 
such as high cost, inconvenience of carry, damage to 
biological tissue and radioactivity, though they can 
compensate for the disadvantages of ECG. A method 
of converting the 1D ECG to 3D display is presented 
by the researchers at the Anglia Ruskin University in 
the UK[2]. Firstly, the ST-segment deviation value of 
ECG was extracted and the grid of heart model was 
generated. Then, the ischemic location of each 
12-lead ECG was treated as a high potential point 
and the surrounding heart tissue was regarded as a 
conductive medium. In adition, myocardial ischemia 
distribution can be regarded as current distribution. 
To reduce the amount of data stored in calculation 
process, they simplified the method by assuming the 
isotropic distribution of the charge on the surface of 
the heart. However, the information of lead vectors 
has not been comprehensively considered in this 
simplification. A method was proposed by Mads[3,4], 
which synthesized the lead vectors as ST injury 
vector to simply locate the myocardial ischemia[5,6]. 
However, the diversity of ST-segment deviation of 
each 12-lead ECG was not taken into account and the 
results are difficult to identify.  
A method for detecting myocardial ischemia based 
on vector projection and 3D display is presented in 

this paper. It can make medical professionals more 
convenient to detect ECG by using a portable data 
acquisition device as well as the automatic 
acquisition of the ST-segment deviation value of the 
ECG. Even rural doctors or family members can 
easily detect myocardial ischemia with the method. 
Lead vectors are weighted by different coefficients to 
improve the synthetic method of the ST injury vector. 
The location and the scope of ischemic region are 
displayed with different color coding by projecting 
the ST injury vector on the 3D heart model. Instead 
of using existing methods, we try to find a way to 
intuitively and accurately display the location and 
severity of myocardial ischemia in this study.   
 
II. METHOD 
 
The technical realization of the method is shown in 
figure 1. The measurement module connected to 
human body for getting information was composed 
of proASIC3 (ACTEL company, New York, America) 
and ADS1298 (TI, Texas, America), no longer needs 
a large number of peripheral circuits. The ADS1298 
is a 24-bit ADC convert chip with 8 channels at the 
sampling rate ranging from 250 sps to 32 ksps. The 
data acquisition device was connected to PC via USB, 
and the communication was implemented by using a 
virtual serial connector of USB to RS-232.  

 
Fig.1 Flow chart of the system 
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The heart images from different perspectives were 
used to create the 3D heart model with the 3ds Max 
software. The lower half of the model, including the 
apical part, is modeled by a curve-rotation method; 
and the upper half of the model and irregular blood 
vessels by an extrusion method. The final model was 
obtained by smoothing processing. The output of the 
model was in the STL format, which was based on a 
set of triangles to display the outer contour of the 
heart. The origin of the heart coordinate system 
located at the center point of left ventricle, and the 
3D display of myocardial ischemia was realized by 
the MATLAB software. 
 
Firstly, the QRS waveform is automatically searched 
in ten seconds of twelve lead ECG to find the R wave. 
Then the apex of R wave is used to determine the 
isoelectric reference point and the detection point of 
ST-segment.  
For some patients, the amplitude of P wave or T 
wave is even greater than that of R wave. Therefore, 
accurately positioning the apex of R wave is the key 
to the extraction of signal features. The T wave and S 
wave are mainly composed of low frequency 
components, while R wave mainly composed of high 
frequency components. By using the difference 
method, the peak value of R wave can be increased 
and the peak values of T and S wave are suppressed, 
so the accuracy is improved for the position of R 
wave. The detailed calculation of the difference 
method is shown in Figure 2. 
 

 
  Fig.2 Calculation of the difference method 

 
The difference calculation of ECG is implemented, 
and the maximum difference calculated value is 
searched. The detection threshold will be set as 0.707 
times the maximum. All the data obtained by 
differential operation can be processed with the 
detection threshold. If the data is larger than the 
detection threshold, its corresponding time-point is 
taken as a starting point. The minimum searched 
within 50ms before this point is regarded as the apex 
of Q wave, and the minimum searched within 70ms 
after the starting point will be regarded as the apex of 
S wave. 
 
The detection point of the ST-segment will be 
located at 108ms after the apex of R wave, and the 
isoelectric reference point will be located at 80ms 
before the apex of R wave. The potential difference 
of the two points will be regarded as the ST-segment 
deviation ∆st. 
The ST injury vector is used to comprehensively 
reflect, in vector form, the myocardial ischemia 
information included in the ST-segment deviations of 

twelve leads. A ST injury vector can be decomposed 
into an injury vector vp in the frontal plane and an 
injury vector vh in the horizontal plane. Each lead 
vector ɑi (i=1...12) of 12-lead ECG is distributed in 
the above two planes as follows: the vectors (ɑ1-ɑ6) 
of limb leads and augmented limb leads (I, II, III, 
aVR, aVL, aVF) are distributed in the frontal plane, 
and the vectors (ɑ7-ɑ12) of chest leads (V1-V6) 
distributed in the horizontal plane[7-9], as shown in 
figure 3. 

 
Fig.3 Distribution of each lead vector of 12-lead ECG 

 
Each lead vector ɑi (i=1...12) of 12-lead ECG is 
displayed in a three-dimensional coordinate system. 
The x-z plane is the horizontal plane and the x-y 
plane the frontal plane. The z-axis points from the 
back of human body to the chest, the x-axis from the 
right to the left and the y-axis the bottom to the top. 
All vectors are starting at the center of the left 
ventricle. The vectors (ɑ1-ɑ6) of limb leads and 
augmented limb leads point to 0°(I), 60°(II), 
120°(III), 30°(-aVR), -30°(aVL), 90°(aVF) in frontal 
plane, and the vectors (ɑ7-ɑ12) of chest leads to 
115°(V1), 90°(V2), 65°(V3), 40°(V4), 15°(V5), 
-10°(V6) in horizontal plane, respectively. 

There are some limitations in the research of 
Mads, which may lead to misdiagnosis [4]. The ST 
injury vector points to two completely opposite 
directions due to the change of elevation or 
depression of the ST segment. Furthermore, the 
synthetic vector does not absolutely meet the actual 
conditions, as the difference among the ST-segment 
deviations of different leads not taken into account in 
the research. The situation that the depression of 
ST-segment of each lead is no more than 0.05mV and 
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the elevation no more than 0.1mV (except V1-V3), 
meanwhile, the elevation of  V1 and V2 are no more 
than 0.3mV and that of V3 no more than 0.5mV, is 
regarded normal. The ST-segment deviation of each 
lead cannot be indiscriminately applied in the 
synthesis of the ST injury vector, as the diagnostic 
thresholds of the elevation/depression of these leads 
are different. The weight factor ei (i=1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, denote lead I, II, III, aVR, aVL, aVF, 
V1, V2, V3, V4, V5, V6, respectively) was applied to 
the ST-segment deviation of each lead in the research. 
The weight factor is ei=2 during ST-segment 
depression (∆sti<0), ei=1 during ST-segment 
elevation (∆sti>0 & i≠7, 8, 9), ei=1/3 (∆sti>0 & i=7, 8) 
and ei=1/5 (∆sti>0 & i=9). The length li of the lead 
vector ɑi can be expressed as  

   (1) 
Where li (i=1...6) is the projection length of vp in the 
direction of ɑi (i=1...6), and li (i=7...12) is the 
projection length of vh in the direction of ɑi (i=7...12). 
The coordinate of unit vector ɑi/li (i=1...6) in frontal 
plane (x-y plane) is (xi, yi), while the coordinate of vp 
is (xp, yp, 0). The least square method is used to 
minimize the error of the 
statically-indeterminate-equations of the inverse 
projection. 
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xp and yp are unknown variables in equation (2), 
while the others are known. The value of vh can be 
calculated using the same method, and the ST injury 
vector v is given by  

p s =    v v v                      （3） 
The information of myocardial ischemia is included 
in the ST injury vector v calculated by equation (3). 
The severity of myocardial ischemia of each point on 
the surface of the heart can be obtained by the 
projection of the ST injury vector in the direction 
pointing to it from the coordinate origin of the heart. 
When the projection of the ST injury vector in the 
direction of certain lead of 12-lead ECG is more than 
0.1mV, the region corresponding to the lead on the 
surface of the heart will be diagnosed as myocardial 
ischemia (the difference among the leads is 
eliminated by the calibration). Accordingly, when the 
projection of the ST injury vector at the certain point 
on the surface of the heart is more than 0.1mV, the 
region corresponding to the point will be also 
diagnosed as myocardial ischemia. It should be 
pointed out that the above selected thresholds 
diagnosing myocardial ischemia are the same, 
because the vectors pointing to the different 

directions have been weighted during the synthesis of 
the ST injury vector. The centre of myocardial 
ischemia is the intersection point of the ST injury 
vector with the heart surface. The region of 
myocardial ischemia is displayed with purple, while 
the normal region is displayed with red, so then the 
region of myocardial ischemia on the surface of the 
3D heart model can be directly distinguished. 
 
III. EXPERIMENTAL RESULTS 
 
The myocardial ischemia of different patients was 
diagnosed by the analysis of ST-segment 
elevation/depression of each lead. The result was 
compared with the Kappa method to check the 
consistency. The subjects of the experiment include 
48 patients, 25 men and 23 women, with the ages 
ranging from 46 to 93. The inspection result of the 
vector method was 33 positive results and 15 
negative results, the same to the result of ECG. It is 
noteworthy that 32 positive patients and 14 negative 
patients were the same results in two methods, as 
shown in table1. 
 

Table1 Data of two methods 

 
 

The observation concordance rate is P0=0.9583, the 
opportunity concordance rate is Pe=0.5703 and the 
Kappa coefficient is K=0.9030 according to the 
calculation analysis. u-test is used to verify the 
hypothesis of K=0 under consideration of the 
sampling error. These two methods have strong 
consistency (K>0.81) with the result u=13.47, larger 
than 96% standard normal quantile 1.96. Coronary 
angiography is an effective method to diagnose 
coronary atherosclerotic heart disease (CHD)[10], 
which is a crucial judgment of myocardial ischemia.  

Case 1: Man, 78 years old. Coronary 
angiography showed that the proximal left anterior 
descending artery (LAD) stenosed by 50%. The main 
region blood-supplied by LAD were cardiac lateral 
wall and cardiac anterior wall. In addition, the 
proximal part distributed on cardiac anterior wall, 
thus the diagnosis was antetheca ischemia. The 
coordinate of the ST injury vector of the patient is 
(0.0517, -0.0272, 0.1447)mV, and the ischemic 
display is shown in figure 4, which is in accordance 
with coronary angiography. 
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Fig.4 Display of ischemia of case 1 

 
Case 2: man, 60 years old. Coronary angiography 
showed that middle LAD stenosed by 40% and 
middle left circumflex artery (LCX) stenosed by 50%. 
The LCX of the patient stenosed seriously, which 
was mainly responsible for the blood supply in the 
region of cardiac inferior wall and cardiac lateral 
wall. Thus the diagnosis was inferior lateral wall 
ischemia. The coordinate of the ST injury vector of 
the patient is (0.153994, 0.101143, 0.039762)mV, as 
shown in figure 5. The 3D ischemia display based on 
vector projection is of high reference value compared 
to the experiment. 

 
Fig.5 Display of ischemia of case 2 

 
The accuracy of myocardial ischemic detection is 
verified through different ischemic situations of the 
same patient before and after surgery. Case 3: man, 
65 years old. Coronary angiography showed that 
LCX was normal before surgery, while middle LAD 
stenosed by 70%, diagnosed as anterior wall 
ischemia. The size of the ST injury vector calculated 
by vector method is 0.26mV, greater than the 
decision threshold. 

 
(a) 

 

 
(b) 

Fig.6 Display of ischemia of case 3 
The projected coordinate of the vector is (0.0608, 
-0.1163, 0.2148) and the 3D inspection result is 
shown in figure 6a. Vascular stenosis disappeared 
after stenting surgery through the repetitive 
inspection of coronary angiography. The magnitude 
of the ST injury vector calculated at the moment is 
0.0836mV, which is less than the threshold. The 3D 
inspection result is shown in figure 6b, and the 
ischemic display with the method is in accordance 
with the diagnostic result of coronary angiography. 
 
CONCLUSION 
 
In this paper, we developed the method to transform 
the ischemic information in the 12 lead 
electrocardiogram (ECG) to the display of a 3D 
image. The experimental results show that the 
ischemic display with the method is in accordance 
with the diagnostic result of coronary angiography, 
and the ischemic region can be directly distinguished. 
In general, the proposed display method is of high 
reference value in diagnosing myocardial ischemia. 

However, the method proposed in the present 
study is only suitable for the display of 
single-regional myocardial ischemia due to the 
limitation of the ST injury vector. The actual region 
of myocardial ischemia is likely to be composed of 
several divided areas, while the proposed method can 
only display the center and the equivalent spherical 
circular area of myocardial ischemia.  

In the future works, we will improve the 
synthetic method of the ST injury vector to display 
multi-regional myocardial ischemia in 3D heart 
model.  
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