
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2020;10(4):831-840 | http://dx.doi.org/10.21037/cdt-20-121

Original Article

Effectiveness of magnetocardiography to identify patients in need 
of coronary artery revascularization: a cross-sectional study

Xiao Huang1, Ning Hua1^, Fakuan Tang1, Shulin Zhang2

1Department of Cardiovascular, The 8th Medical Center of Chinese PLA General Hospital, Beijing, China; 2Institute of Microsystem and 

Information Technology, Chinese Academy of Science, Shanghai, China

Contributions: (I) Conception and design: X Huang, N Hua, F Tang; (II) Administrative support: N Hua, F Tang; (III) Provision of study materials or 

patients: X Huang, S Zhang; (IV) Collection and assembly of data: X Huang; (V) Data analysis and interpretation: X Huang, N Hua; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Ning Hua. Department of Cardiovascular, The 8th Medical Center of Chinese PLA General Hospital, Beijing, China. Email: 

huaning309@163.com; Fakuan Tang. Department of Cardiovascular, The 8th Medical Center of Chinese PLA General Hospital, Beijing, China. 

Email: tfk616@sina.com.

Background: Patients with angina-like symptoms need invasive or non-invasive angiography to 
determine whether revascularization is necessary. For patients in need of revascularization, undergoing 
coronary computed tomography angiography (CCTA) may delay the treatment of revascularization and 
increase exposure to contrast agents and radiation. The aim of this cross-sectional study was to accessed 
the effectiveness of magnetocardiography (MCG) to identify patients who should undergo coronary 
revascularization. 
Methods: A total of 203 patients who were suffering from angina-like symptoms and underwent 
percutaneous coronary angiography (PCA) between July 27, 2015 and April 10, 2017 at the 8th Medical 
Center of Chinese PLA General Hospital, were enrolled in this cross-sectional study. In all patients, 12-
lead electrocardiography (ECG) and MCG test were performed before PCA. For each subject. The value at 
every single sampling point was extracted from T wave of each MCG channel in time sequence. Pearson’s 
correlation coefficients were calculated for each two T-waves. A binary logistic regression diagnosis model of 
these coefficients was established to identify patients in need of revascularization.
Results: Ten pairings of coefficients were entered into diagnostic regression model as covariates. The 
area under the receiver operating characteristic (ROC) curve (AUC) was 0.747 (95% CI: 0.680–0.815), and 
the asymptotic P value was less than 0.001. At the cut-off value of 0.55, the sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), and accuracy were 72.9%, 65.9%, 74.8%, 63.6% 
and 69.9%, and the positive and negative post-test probabilities were 65.9% and 25.7%. The accuracy, 
sensitivity, specificity, PPV and NPV for 12-lead ECG were 67.0%, 62.7%, 63.5%, 70.5% and 55.1%, 
respectively. However, when those acute myocardial infarction (AMI) patients were ruled out from both 
groups, the MCG model had an accuracy of 68.2%, a sensitivity of 70.1%, a specificity of 66.3%, a PPV of 
68.5% and an NPV of 67.9%. But, the accuracy, sensitivity, specificity, PPV and NPV for 12-lead ECG were 
60.0%, 55.2%, 65.1%, 62.3% and 58.1%, respectively.
Conclusions: Patients suffering from angina-like symptoms, with a logistic regression model value over 
0.55, should be recommended for PCA. 
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Introduction

Patients with angina-l ike symptoms need further 
examination to determine whether revascularization is 
necessary. Several approaches have been attempted to 
predict the necessary of revascularization, such as single-
photon emission computed tomography (SPECT), cardiac 
magnetic resonance imaging (CMRI) and coronary 
computed tomography angiography (CCTA) and 
percutaneous coronary angiography (PCA). However, these 
techniques are difficult to adapt to routine cardiological 
diagnosis in the general population, which is due to 
limitations caused by high cost, long examination time, 
side-effect of iodine contrast agent and radiation hazard. 
Coronary angiography is an important criterion to 
determine the need for revascularization. For patients in 
need of revascularization, undergoing CCTA may delay 
the treatment and increase the exposure to contrast agents 
and radiation. PCA is not that suitable for those who don’t 
need treatment with revascularization, because of the 
expensiveness and invasiveness. Therefore, a non-invasive, 
inexpensive, non-radiative diagnostic technique is needed 
to identify patients who should undergo coronary artery 
revascularization.

Magnetocardiography (MCG) has been proposed a 
non-invasive, radiation-free and quick-testing technique 
to record cardiac magnetic field with high reproducibility 
(1,2). Magnetic measurements are non-invasive and non-
contact, meaning that the magnetic signals detected by 
MCG are less influenced by body tissues, compared to 
electric currents detected by electrocardiography (ECG). 
Therefore, artefacts from unreliable and/or fluctuating 
electrode-skin contacts, such as in practical ECG, cannot 
occur (1). Recently, it has been reported that MCG has 
shown high performance in diagnosing coronary artery 
disease (CAD) (3-6). Typical parameters useful for CAD 
diagnosis were current angle, field map angle, pole distance, 
QTc dispersion and non-dipolar phenomenon in the 
magnetic field maps (MFMs) (5-7). Although MCG could 
record spatial and temporal magnetic field signals during 
repolarization period at the same time, those parameters 
above couldn’t reflect the spatial and temporal information 
together. A parameter which contains both spatial and 

temporal magnetic field information might be more useful 
in CAD diagnosis. 

Myocardial ischemia causes regional ventricular 
repolarization abnormalities by altering resting membrane 
potential, reducing membrane excitability, shortening 
action potential, reducing conduction velocity and 
prolonging refractory period beyond repolarization in 
ischemic zone (8-10). Previous studies have shown a 
parameter of smoothness index derived from the differences 
of QTc dispersion of spatially nearest neighbors (11). In 
this study, we introduced a new diagnosis model based on 
MCG equipment that is able to quantify the uniformity 
of ventricular repolarization at both spatial and temporal 
scales, and aimed to evaluate its diagnostic value to identify 
patients in need of revascularization. We present the 
following article in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting checklist (available at http://dx.doi.
org/10.21037/cdt-20-121). 

Methods

Study design and participants

This single center cross-sectional study was approved 
by hospital ethics committee of the 8th Medical Center 
of Chinese PLA General Hospital (No. 2016ST008). 
It was conducted in accordance with the Declaration of 
Helsinki (amended by the 64th WMA General Assembly, 
Fortaleza, Brazil, in 2013). Written informed consents 
were obtained from the patients for publication of this 
study and any accompanying images. A copy of the 
written consent is available for review by the Editor-in-
Chief of this journal. Between July 27, 2015 and April 
10, 2017, hospitalized patients admitted from outpatient 
department with an indication for coronary angiography 
due to angina-like symptoms and without a prior history 
of CAD were recruited consecutively in this study. Angina-
like symptoms were defined as crushing, gripping, tight, 
dull, burning or heavy chest discomfort or pain, which 
associated with exertion or emotional stress and relieved 
within about 5 to 20 minutes by rest. Exclusion criteria 
were ST-segment elevation myocardial infarction (MI) or 
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other cardiac events requiring emergency percutaneous 
coronary intervention (PCI) treatment, malignant 
neoplasms, structural heart diseases, valvular heart diseases, 
cardiomyopathies, malignant arrhythmia (such as atrial 
fibrillation, atrial flutter and ventricular arrhythmia), and 
previous revascularization. Because metal materials could 
affect the results of the MCG examinations, patients who 
had ever received implantation of metal foreign body, such 
as pacemaker implantation, bone fracture internal fixation 
or implantation of metal dentures were also excluded from 
this study. After enrollment, 12-lead ECGs were performed, 
and significant ischemia was defined as T-wave inversion, 
ST elevation or ST depression in adjacent two or more than 
two leads. Simultaneous recordings of MCG and lead-II 
of ECG were performed in a standardized schedule before 
PCA and revascularization. Clinical characteristic data, such 
as age, gender, history of hypertension, diabetes mellitus 
and smoking, family history of CAD, full blood count, brain 
natriuretic peptide, troponin, serum creatinine and uric acid 
and lipid profiles, were also collected for all participants 
after enrollment. 

MCG recordings scanning procedure

An unshielded 4-channel MCG system (MD-U041001, 
Shanghai MEDI Instruments Ltd.) was used to perform 
the MCG recordings (Figure 1). In brief, patient lay in the 
supine position and the arrayed sensors of superconducting 
quantum interference device (SQUID) positioned close to, 
but not in contact with chest wall. Each subject underwent 
a continuous recording at 9 adjacent positions containing 
36 locations (6×6 grid) above the chest for a total recording 

time of 60 s ×9=540 s. MCG recordings were carried out at 
rest for 30 s, at a sampling rate of 1,000 Hz. The continuous 
MCG signals were averaged using 80 to 110 heart beats for 
each subject. The mean global field power was estimated 
on the averaged signals across 36 channels. Data between 
T-wave onset to T-wave end were subsequently obtained 
from the mean global field according to curves of lead-II 
of ECG. Finally, magnetic field intensity values from each 
channel were extracted at every single sampling time point. 
A typical result of MCG magnetic field map was shown in 
Figure 2.

Procedure of PCA and revascularization

A diagnostic coronary angiography was performed for each 
patient using standard techniques. And multiple projections 
of coronary arteries were recorded digitally. All angiography 
was examined by two experienced cardiac intervention 
doctors. Significant stenosis was defined as at least 70% 
stenosis in at least one major epicardial coronary artery. 
The appropriateness of revascularization was determined 
by two experienced cardiac intervention physicians. The 
procedures of revascularization followed both the American 
Heart Association (AHA)’s and Chinese guidelines for PCI. 
If coronary bypass surgery was necessary, the patient would 
be recommended to be referred to cardiac surgery ward. 
Patients were divided into two groups based on whether 
they needed revascularization.

Calculation of Pearson’s correlation coefficients

According to the locations of detecting channels and 
inspection sequence, the channels of the MCG were defined 
as C01 to C36 (Figure S1). For each subject, T waves were 
paired with each other and expressed as Cm vs. Cn, which 
meant that there were a total of 36× (36−1) ÷2=630 pairs 
(Figure S2). The value at every single sampling point was 
extracted from T wave of each channel in time sequence. 
After that, bivariate correlation analysis was applied to 
calculate the Pearson’s correlation coefficient of each pair 
by IBM SPSS version 20.0. Finally, these coefficients were 
used as covariates to further establish the binary logistic 
regression model (Figure 3).

Establishment of binary logistic regression diagnosis model

According to the necessity of revascularization, the 
subjects were divided into revascularization group and 

Figure 1 The MCG system (MD-U041001, Shanghai MEDI 
Instruments Ltd.) used in this study.
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Figure 2 MCG pattern of a patient with unstable angina pectoris. ECG pattern was normal. PCA result showed a total occlusion in RCA. 
TnI was 0.04 ng/mL. The Z value of MCG model was 0.825. MCG, magnetocardiography; ECG, electrocardiography; PCA, percutaneous 
coronary angiography; RCA, right coronary artery; TnI, troponin I.

Figure 3 The flow chart to established the regression model.
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control group. First, Pearson’s correlation coefficients 
were compared between two groups. If the p values were 
less than 0.05, the corresponding pairs were chosen and 
further analyzed by receiver operating characteristic (ROC) 
curve. If the asymptotic P values were less than 0.05, the 
corresponding pairs were entered into the binary logistic 
regression analysis.

Statistical analysis

The sample size was estimated based on test of one ROC 
curve using a PASS 11 software, at significance level of 5%, 
power of 90%, area under the ROC curve (AUC)|H0 of 
0.7 and AUC|H1 of 0.5. Data analysis were performed 
using IBM SPSS version 20.0. Data were presented as 
mean and standard deviation (SD). Independent-samples 
Student’s t-tests were used to compare Pearson’s correlation 
coefficients between revascularization group and control 
group. In the logistic regression model, the classification 
cut-off was assigned a value of 0.5, maximum iteration 
was a value of 50, the method of stepwise was set as 
backward [likelihood ratio (LR)] and the entry and removal 
probabilities of stepwise were 0.01 and 0.04, respectively. 
ROC curve analysis was used to determine the diagnostic 
value of the binary logistic regression model in identifying 
patients who needed revascularization. Cut-off value was 
determined by max Youden index. Chi-square tests were 
used to detect differences in proportions of the two groups. 
Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and positive and negative 
LRs (+/− LR) were calculated. For all analysis, differences 
with P<0.05 were considered significant.

Results

Participants

Thirteen patients who needed emergency PCI surgery 
for onset of severe chest pain after admitted in hospital 
were excluded from this study. Three patients were 
excluded from this study due to severe mitral stenosis 
(n=1), moderate aortic valve regurgitation (n=1) and 
severe tricuspid regurgitation (n=1). Out of the remaining 
203 patients enrolled in this study, 85 did not require 
revascularization (group I) and 118 required (group II). 
There were significant differences in proportions of gender, 
family history of CAD and acute myocardial infarction 
(AMI) between the two group. Thirty-three were diagnosed 

with AMI with TnI levels higher than 0.5 ng/mL after 
enrollment, out of which 2 (2.4%) in group I and 31 (26.3%) 
in group II. Details were listed in Table 1.

Pearson’s correlation coefficients

There were 93 pairings of Pearson’s correlation coefficients 
were significantly different between the two groups, 30 of 
which were lower in group I, compared to group II. The 
mean and SD of those correlation coefficients were listed. 
ROC curve analysis was performed for the 93 pairings, 
and asymptotic P values were less than 0.05 in 79 pairings  
(Table S1).

Binary logistic regression model

Binary logistic regression analysis was done using backward 
method. Finally, ten pairings were entered into diagnostic 
regression model as covariates. The summary after logistic 
regression analysis about the covariates was detailed in  
Table 2. The fitted model was established: 

Z =1/(1+ e−N), N =1.968X1 − 2.774X2 + 2.201X3 − 2.482X4 
+ 1.688X5 + 1.356X6 + 0.807X7 − 0.940X8 + 1.400X9 + 
0.980X10 + 1.126

The ROC curve was drawn (Figure 4) and the AUC 
was 0.747 (95% CI: 0.680–0.815) with an asymptotic P 
value less than 0.001. When the cut-off value was set as 
0.550, according to the best Youden index of 0.388, 29 
were positive in group I, and 86 were positive in group II 
at MCG. The regression model had an accuracy of 69.9%, 
a sensitivity of 72.9%, a specificity of 65.9%, a PPV of 
74.8% and a NPV of 63.6%, while the positive and negative 
LRs were 2.138 and 0.441, with corresponding post-test 
probabilities of 68.1% and 29.1%. 16 were positive in 
group I, and 74 were positive in group II at ECG. And 
the accuracy, sensitivity, specificity, PPV and NPV for 12-
lead ECG were 67.0%, 62.7%, 63.5%, 70.5% and 55.1%, 
respectively. However, when those AMI patients were rule 
out from both groups, the MCG model had an accuracy 
of 68.2%, a sensitivity of 70.1%, a specificity of 66.3%, a 
PPV of 68.5% and an NPV of 67.9%. But, the accuracy, 
sensitivity, specificity, PPV and NPV for 12-lead ECG 
were 60.0%, 55.2%, 65.1%, 62.3% and 58.1%, respectively  
(Table 3).

Discussion

In the present study, bivariate correlation analysis and 
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Table 1 Clinical features of patients

Variables Group I (n=85) Group II (n=118) t value/χ2 P value

Age (years) 60.2±9.0 59.5±11.6 0.476 0.635

Male (%) 40 (47.1) 93 (78.8) 22.053 <0.001

Hypertension (%) 49 (57.6) 64 (54.2) 0.233 0.629

Diabetes mellitus (%) 13 (15.3) 30 (25.4) 3.037 0.081

Smoking (%) 19 (22.4) 39 (33.1) 2.771 0.096

Brain natriuretic peptide (pg/mL) 74.75±70.26 188.04±243.48 −4.785 <0.001

Troponin I (ng/mL) 0.41±3.32 2.67±11.09 −2.088 0.039

LDL-C (mmol/L) 2.63±0.78 2.76±0.86 −1.059 0.291

HDL-C (mmol/L) 1.09±0.35 1.03±0.26 1.369 0.172

Triglyceride (mmol/L) 2.14±5.12 1.73±1.06 0.849 0.397

Total cholesterol (mmol/L) 4.28±1.11 4.28±1.03 −0.006 0.995

Fasting blood glucose (mmol/L) 6.59±2.91 7.43±3.42 −1.820 0.070

White blood cell count (×109/L) 6.47±2.15 7.26±2.31 −2.454 0.015

Hemoglobin (g/L) 133.58±16.35 137.45±17.21 −1.615 0.108

Platelet count (×109/L) 208.44±53.64 220.70±62.45 −1.463 0.145

Serum creatinine (μmol/L) 70.95±20.19 77.40±28.61 −1.784 0.076

Serum uric acid (μmol/L) 280.81±139.72 295.39±153.85 −0.692 0.490

Acute myocardial infarction (%) 2 (2.4) 31 (26.3) 20.763 <0.001

Family history of CAD (%) 11 (12.9) 28 (23.7) 3.705 0.054

Ischemic ECG changes (%) 31 (36.5) 74 (62.7) 13.625 <0.001

Data are presented as mean ± SD where applicable. LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; CAD, coronary artery disease; ECG, electrocardiography; SD, standard deviation.

Table 2 Binary logistic regression results

Covariates Label β SE Wald χ2 P value OR (95% CI)

C05 vs. C32 X1 1.968 0.921 4.566 0.033 7.157 (1.177–43.523)

C05 vs. C21 X2 −2.774 0.943 8.643 0.003 0.062 (0.010–0.397)

C06 vs. C21 X3 2.201 0.908 5.876 0.015 9.033 (1.524–53.542)

C07 vs. C32 X4 −2.482 0.987 6.321 0.012 0.084 (0.012–0.579)

C07 vs. C22 X5 1.688 0.458 13.595 <0.001 5.408 (2.205–13.263)

C10 vs. C29 X6 1.356 0.455 8.863 0.003 3.879 (1.589–9.471)

C15 vs. C35 X7 0.807 0.326 6.111 0.013 2.241 (1.182–4.247)

C17 vs. C18 X8 −0.940 0.374 6.303 0.012 0.391 (0.188–0.814)

C17 vs. C19 X9 1.400 0.373 14.110 <0.001 4.054 (1.953–8.415)

C18 vs. C26 X10 0.980 0.389 6.348 0.012 2.663 (1.243–5.706)

Constant 1.126 0.489 5.297 0.021 3.084 

β, regression coefficients of covariates; SE, standard errors for regression coefficients; OR, odds ratio; CI, confidence interval.
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Pearson’s correlation coefficients were used to quantify the 
heterogeneities of myocardial repolarization at different 
sites where the T-wave signals were detected. Out of 
630 pairings of T-wave curves, Pearson’s correlation 
coefficients of 93 were significantly different between the 
two group. Based on the Pearson’s correlation coefficients, 
a binary logistic regression model was established, 
which was efficient to identify the patients who needed 
revascularization in those with angina -like symptoms.

Myocardial ischaemia causes regional ventricular 
repolarization abnormalities, which can be identified by 
S-T segment shift or T wave inversion in ECG. Cohen 
and coworkers demonstrated the unique potential of MCG 
for the study of acute myocardial ischaemia was provided 
in the 1970s using experimental MCG measurements to 
reveal changes related to ischemic injury currents that were 
not detected by ECG (12,13). For half a century, MCG 

has been expected to provide diagnostic information on 
cardiac activity and has been found to be more accurate 
for the evaluation of MI and abnormal ventricular 
repolarization than ECG (4,7,14). Although there is no clear 
standardization for MCG to diagnose CAD. Several MCG 
parameters calculated along the ST interval and T-wave were 
typically abnormal at rest in patients with CAD, and appear 
to be sensitive diagnostic parameters (3,5,6,11,15-17).

In previous studies, a non-dipolar phenomenon was 
observed on cardiac MFMs after ST-elevated and non-ST-
elevated MI (18,19). This phenomenon has also been found 
in post-MI patients (20). Lim and his colleagues classified 
abnormal MFM patterns into 4 different types (compressed, 
stretched, broken, and rotated pole) and found a significant 
correlation between the abnormal repolarization patterns 
at T-peak and myocardial ischaemia (7). In their study, 10 
characteristic parameters of MFM patterns were analyzed, 
including angle and amplitude. MFM patterns strongly 
associated with the number of abnormal parameters. The 
more the total number, the worse the MFM patterns. Bang 
et al. categorized all types of abnormal MFM patterns as 
a non-dipole pattern and confirmed these two types of 
MFM patterns in the repolarization phase through analysis 
of MCG findings from MI patients (5). However, the 
explanation of this non-dipolar phenomenon is still missing, 
which makes it difficult for clinicians to understand the 
results and make further treatment decisions, and might 
limit the application of MCG.

QT dispersion (QTd) and smoothness index have also 
proved useful in CAD diagnosis (11). It has been suggested 
that QTd reflected regional variations in ventricular 
repolarization and therefore might represent overall 
variability in repolarization timing (14). Taking the spatial 
distribution of QT intervals into account was helpful to 
distinguish CAD patients and non-CAD patients (21). 
Compared to healthy people, the spatial distribution of QT 
intervals in CAD patients showed greater dispersion, greater 
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Figure 4 Receiver operating characteristic curve of the binary 
logistic regression.

Table 3 Effectiveness of the regression model

Diagnostic 
method

Sensitivity, % Specificity, %
Likelihood ratio Predictive value, % Post-test probability, % Accuracy, 

%
χ2 P value

+ − + − + −

MCG 72.9 65.9 2.138 0.411 74.8 63.6 68.1 29.1 69.9 30.23 <0.001

ECG 62.7 63.5 1.718 0.587 70.5 55.1 63.2 37.0 67.0 13.63 <0.001

MCG* 70.1 66.3 2.080 0.451 68.5 67.9 67.5 31.1 68.2 22.54 <0.001

ECG* 55.2 65.1 1.582 0.688 62.3 58.1 61.3 40.8 60.0 7.02 0.008

*, patients without significant elevated TnI levels (TnI <0.5 ng/mL). MCG, magnetocardiography; ECG, electrocardiography.



838 Huang et al. Effectiveness of MCG to identify patients requiring revascularization

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2020;10(4):831-840 | http://dx.doi.org/10.21037/cdt-20-121

local variability, and a change in overall MCG pattern (22). 
Thus, examination of the spatial information gave us an 
insight into the heterogeneity of the repolarization process 
as registered on the body surface. 

In this study, we investigated the heterogeneity of the 
repolarization process by comparing each two T-waves 
by bivariate correlation analysis. Of the 630 pairings, 
only 93 showed significant differences between the two 
groups. These Pearson’s correlation coefficients, containing 
both spatial and temporal cardiac magnetic information 
reflecting the non-uniformity of cardiac repolarization, 
could quantify the repolarization heterogeneity. The 
smaller the coefficient, the more heterogeneous the two 
curves. The results suggested that the uniformity of 
myocardial repolarization changed in patients who needed 
revascularization, which might be an explanation of the 
non-dipolar phenomenon. And these Pearson’s correlation 
coefficients might be able to identify patients in need of 
revascularization.

To further investigate the efficacy of these Pearson’s 
correlation coefficients in distinguishing between patients 
who needed revascularization or not, a logistic regression 
model was established. Ten covariates were included into 
the model. The predictive probability of the formula is 
easy to calculated and expected to recommend further 
examinations (e.g., PCA or CCTA). At the cut-off value of 
0.55, the sensitivity, specificity, PPV, NPV, and accuracy 
were 72.9%, 65.9%, 74.8%, 63.6% and 69.9%, and the 
positive and negative post-test probabilities were 65.9% and 
25.7%. According to the regression model, 56 of 85 patients 
in this study could have been avoided unnecessary invasive 
angiography. This diagnostic method could facilitate 
the diagnosis process and avoid unnecessary invasive 
angiography. As the presence of chest pain with elevated 
troponin I (TnI) levels is a potent indication of PCA, we 
evaluated the efficacy of this model to identify patients 
requiring revascularization in non-AMI patients. The 
sensitivity of MCG was higher than that of ECG (70.1% vs. 
55.2%), whereas the specificity was similar to ECG (66.3% 
vs. 65.1%). This suggested that this MCG model was also 
helpful in identifying patients requiring revascularization 
from chest pain patients without MI.

Study limitation

There are some limitations that should be acknowledged. 
This study investigated a population with angina-
like symptoms and indicated to undergo PCA, but the 

proportions of severity in coronary lesions and the location 
of coronary lesions were not considered. Therefore, further 
studies are needed to evaluate the relationship between the 
diagnostic model and coronary lesions in a study of large 
population. The specificity was only 65.9%, which might be 
due to the number of covariates included into the model was 
restricted by the number of patients, statistically. Including 
more covariates might be able to increase the specificity of 
the regression model in a study of large population.

Despite these limitations, we demonstrated the presence 
of myocardial repolarization heterogeneity in CAD patients 
and quantified the heterogeneity via comparing T-waves 
curves detected by MCG with a bivariate correlation 
analysis. 

Conclusions

This study suggested that patients suffering from angina-
like symptoms, with a logistic regression model value over 
0.55, should be recommended for PCA. 
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Supplementary

Figure S1 Numbers and locations of the detecting channels. 

Figure S2 Expression of the paired T-wave pairings. m and n were the corresponding number of a certain channel.



Table S1 Screening of covariates before binary logistic regression

Pairings Group Mean SD SE
Analysis of variance t-test ROC curve analyses

F Pa t Pb AUC (95% CI) Pc

C07 vs. C04 I −0.003 0.592 0.064 0.728 0.394 −2.035 0.043 0.585 (0.506–0.664) 0.040 

II 0.172 0.611 0.056 

C25 vs. C05 I −0.726 0.401 0.043 8.084 0.005 −2.017 0.045 0.574 (0.495–0.654) 0.070 

II −0.593 0.537 0.049 

C26 vs. C05 I −0.719 0.404 0.044 11.321 0.001 −2.574 0.011 0.599 (0.520–0.677) 0.017 

II −0.542 0.580 0.053 

C30 vs. C05 I −0.512 0.497 0.054 18.827 0.000 −2.397 0.017 0.571 (0.492–0.650) 0.085 

II −0.316 0.667 0.061 

C31 vs. C05 I −0.674 0.460 0.050 10.854 0.001 −2.830 0.005 0.620 (0.543–0.698) 0.003 

II −0.462 0.604 0.056 

C32 vs. C05 I −0.706 0.383 0.042 7.039 0.009 −2.351 0.020 0.597 (0.518–0.676) 0.019 

II −0.558 0.513 0.047 

C09 vs. C05 I 0.769 0.337 0.037 10.978 0.001 2.658 0.009 0.404 (0.326–0.482) 0.020 

II 0.611 0.509 0.047 

C10 vs. C05 I 0.748 0.339 0.037 7.695 0.006 2.464 0.015 0.408 (0.329–0.487) 0.026 

II 0.605 0.486 0.045 

C14 vs. C05 I 0.631 0.479 0.052 7.992 0.005 2.352 0.020 0.411 (0.333–0.490) 0.031 

II 0.451 0.612 0.056 

C20 vs. C05 I −0.498 0.617 0.067 6.310 0.013 −3.028 0.003 0.633 (0.556–0.710) 0.001 

II −0.217 0.699 0.064 

C21 vs. C05 I −0.518 0.593 0.064 2.172 0.142 −2.159 0.032 0.601 (0.521–0.680) 0.014 

II −0.328 0.640 0.059 

C26 vs. C06 I −0.792 0.342 0.037 6.187 0.014 −2.173 0.031 0.615 (0.536–0.693) 0.005 

II −0.669 0.459 0.042 

C29 vs. C06 I −0.618 0.419 0.045 12.643 0.000 −2.245 0.026 0.569 (0.490–0.648) 0.092 

II −0.462 0.566 0.052 

C30 vs. C06 I −0.551 0.467 0.051 12.700 0.000 −2.438 0.016 0.583 (0.504–0.662) 0.044 

II −0.364 0.626 0.058 

C31 vs. C06 I −0.735 0.401 0.043 5.909 0.016 −2.341 0.020 0.611 (0.532–0.689) 0.007 

II −0.583 0.520 0.048 

C09 vs. C06 I 0.857 0.209 0.023 15.312 0.000 2.902 0.004 0.395 (0.317–0.473) 0.011 

II 0.732 0.398 0.037 

C10 vs. C06 I 0.855 0.218 0.024 10.691 0.001 2.711 0.007 0.396 (0.318–0.474) 0.011 

II 0.745 0.362 0.033 

C20 vs. C06 I −0.624 0.524 0.057 8.680 0.004 −2.921 0.004 0.634 (0.556–0.711) 0.001 

II −0.384 0.644 0.059 

C21 vs. C06 I −0.650 0.479 0.052 4.256 0.040 −2.317 0.022 0.616 (0.537–0.694) 0.005 

II −0.482 0.550 0.051 

C24 vs. C06 I −0.636 0.445 0.048 5.072 0.025 −2.257 0.025 0.596 (0.517–0.674) 0.020 

II −0.480 0.539 0.050 

C25 vs. C07 I −0.706 0.399 0.043 11.056 0.001 −2.175 0.031 0.570 (0.491–0.649) 0.088 

II −0.564 0.532 0.049 

C26 vs. C07 I −0.688 0.400 0.043 12.539 0.000 −2.849 0.005 0.607 (0.529–0.685) 0.009 

II −0.496 0.558 0.051 

C27 vs. C07 I −0.604 0.472 0.051 4.322 0.039 −2.099 0.037 0.593 (0.514–0.672) 0.023 

II −0.453 0.546 0.050 

C30 vs. C07 I −0.597 0.407 0.044 22.802 0.000 −2.521 0.012 0.558 (0.479–0.637) 0.160 

II −0.418 0.603 0.056 

C31 vs. C07 I −0.675 0.436 0.047 11.282 0.001 −2.771 0.006 0.612 (0.534–0.690) 0.006 

II −0.478 0.573 0.053 

C32 vs. C07 I −0.707 0.358 0.039 5.547 0.019 −2.135 0.034 0.589 (0.509–0.668) 0.032 

II −0.583 0.473 0.043 

C09 vs. C07 I 0.752 0.269 0.029 18.408 0.000 3.547 0.000 0.390 (0.313–0.467) 0.008 

II 0.560 0.496 0.046 

C10 vs. C07 I 0.747 0.270 0.029 16.951 0.000 3.331 0.001 0.396 (0.318–0.473) 0.011 

II 0.573 0.468 0.043 

C14 vs. C07 I 0.594 0.442 0.048 8.583 0.004 2.853 0.005 0.396 (0.319–0.474) 0.012 

II 0.390 0.579 0.053 

C20 vs. C07 I −0.512 0.571 0.062 6.780 0.010 −3.264 0.001 0.643 (0.566–0.720) 0.001 

II −0.228 0.662 0.061 

C21 vs. C07 I −0.494 0.554 0.060 3.900 0.050 −2.759 0.006 0.612 (0.533–0.690) 0.007 

II −0.263 0.611 0.056 

C22 vs. C07 I −0.209 0.632 0.069 2.006 0.158 −2.471 0.014 0.597 (0.519–0.675) 0.019 

II 0.022 0.675 0.062 

C23 vs. C07 I −0.275 0.596 0.065 3.975 0.048 −2.441 0.016 0.591 (0.513–0.670) 0.026 

II −0.059 0.658 0.061 

C24 vs. C07 I −0.464 0.525 0.057 6.246 0.013 −2.714 0.007 0.599 (0.521–0.677) 0.016 

II −0.247 0.608 0.056 

C30 vs. C08 I −0.478 0.547 0.059 4.659 0.032 −2.050 0.042 0.578 (0.499–0.658) 0.057 

II −0.309 0.617 0.057 

C31 vs. C08 I −0.456 0.607 0.066 2.251 0.135 −2.200 0.029 0.593 (0.513–0.672) 0.024 

II −0.258 0.649 0.060 

C14 vs. C08 I 0.328 0.619 0.067 1.851 0.175 2.084 0.038 0.411 (0.332–0.490) 0.030 

II 0.136 0.664 0.061 

C17 vs. C08 I −0.140 0.673 0.073 0.000 0.988 −2.224 0.027 0.588 (0.508–0.667) 0.033 

II 0.073 0.671 0.062 

C20 vs. C08 I −0.204 0.707 0.077 0.607 0.437 −2.727 0.007 0.616 (0.537–0.696) 0.005 

II 0.063 0.673 0.062 

C21 vs. C08 I −0.174 0.690 0.075 0.170 0.680 −2.087 0.038 0.581 (0.500–0.661) 0.050 

II 0.027 0.668 0.061 

C29 vs. C09 I −0.629 0.407 0.044 11.188 0.001 −2.563 0.011 0.589 (0.510–0.667) 0.031 

II −0.457 0.549 0.051 

C30 vs. C09 I −0.581 0.465 0.050 4.391 0.037 −2.138 0.034 0.589 (0.509–0.668) 0.031 

II −0.426 0.568 0.052 

C35 vs. C09 I −0.242 0.628 0.068 0.033 0.856 −2.120 0.035 0.589 (0.509–0.669) 0.031 

II −0.055 0.613 0.056 

C12 vs. C09 I 0.927 0.136 0.015 8.398 0.004 2.413 0.017 0.386 (0.309–0.464) 0.006 

II 0.868 0.212 0.020 

C18 vs. C09 I 0.458 0.600 0.065 5.866 0.016 2.127 0.035 0.414 (0.335–0.492) 0.036 

II 0.265 0.686 0.063 

C29 vs. C10 I −0.603 0.418 0.045 11.862 0.001 −2.642 0.009 0.592 (0.514–0.670) 0.026 

II −0.422 0.558 0.051 

C30 vs. C10 I −0.547 0.469 0.051 4.012 0.047 −2.305 0.022 0.595 (0.516–0.674) 0.021 

II −0.379 0.568 0.052 

C35 vs. C10 I −0.228 0.620 0.067 0.003 0.955 −2.280 0.024 0.598 (0.518–0.678) 0.017 

II −0.030 0.605 0.056 

C36 vs. C10 I −0.326 0.569 0.062 1.167 0.281 −2.127 0.035 0.585 (0.506–0.665) 0.038 

II −0.150 0.588 0.054 

C12 vs. C10 I 0.912 0.137 0.015 7.104 0.008 2.319 0.021 0.412 (0.334–0.491) 0.033 

II 0.857 0.200 0.018 

C18 vs. C10 I 0.426 0.600 0.065 5.056 0.026 2.134 0.034 0.409 (0.33–0.488) 0.026 

II 0.234 0.671 0.062 

C29 vs. C11 I −0.606 0.438 0.047 9.331 0.003 −2.518 0.013 0.589 (0.511–0.667) 0.030 

II −0.430 0.557 0.051 

C30 vs. C11 I −0.541 0.487 0.053 3.562 0.061 −2.413 0.017 0.607 (0.528–0.686) 0.009 

II −0.353 0.586 0.054 

C35 vs. C11 I −0.211 0.641 0.070 0.356 0.552 −2.115 0.036 0.591 (0.51–0.671) 0.028 

II −0.023 0.612 0.056 

C29 vs. C12 I −0.614 0.424 0.046 17.427 0.000 −2.570 0.011 0.578 (0.499–0.656) 0.059 

II −0.433 0.580 0.053 

C30 vs. C12 I −0.553 0.479 0.052 8.942 0.003 −2.600 0.010 0.596 (0.518–0.674) 0.020 

II −0.355 0.607 0.056 

C31 vs. C12 I −0.730 0.394 0.043 5.387 0.021 −2.214 0.028 0.584 (0.505–0.663) 0.041 

II −0.596 0.466 0.043 

C35 vs. C12 I −0.225 0.647 0.070 0.006 0.941 −2.109 0.036 0.589 (0.509–0.669) 0.030 

II −0.033 0.638 0.059 

C20 vs. C12 I −0.633 0.522 0.057 5.221 0.023 −2.359 0.019 0.609 (0.531–0.688) 0.008 

II −0.448 0.591 0.054 

C17 vs. C13 I 0.000 0.637 0.069 0.025 0.875 2.093 0.038 0.418 (0.338–0.497) 0.045 

II −0.190 0.637 0.059 

C18 vs. C13 I 0.271 0.671 0.073 0.064 0.801 2.329 0.021 0.398 (0.318–0.477) 0.013 

II 0.050 0.660 0.061 

C35 vs. C14 I −0.161 0.634 0.069 0.104 0.747 −2.136 0.034 0.588 (0.508–0.668) 0.032 

II 0.028 0.612 0.056 

C18 vs. C14 I 0.414 0.617 0.067 4.211 0.041 2.102 0.037 0.408 (0.329–0.487) 0.025 

II 0.219 0.697 0.064 

C26 vs. C15 I −0.771 0.287 0.031 17.908 0.000 −2.313 0.022 0.535 (0.456–0.615) 0.391 

II −0.646 0.476 0.044 

C30 vs. C15 I −0.399 0.531 0.058 10.262 0.002 −2.257 0.025 0.575 (0.496–0.654) 0.069 

II −0.213 0.646 0.059 

C31 vs. C15 I −0.649 0.408 0.044 9.342 0.003 −2.158 0.032 0.563 (0.484–0.642) 0.126 

II −0.507 0.534 0.049 

C35 vs. C15 I −0.086 0.650 0.070 0.877 0.350 −2.284 0.023 0.591 (0.510–0.672) 0.027 

II 0.118 0.612 0.056 

C20 vs. C15 I −0.575 0.522 0.057 10.088 0.002 −2.616 0.010 0.582 (0.503–0.661) 0.046 

II −0.365 0.615 0.057 

C33 vs. C17 I 0.137 0.577 0.063 2.862 0.092 3.088 0.002 0.378 (0.301–0.456) 0.003 

II −0.134 0.646 0.059 

C34 vs. C17 I 0.169 0.583 0.063 3.836 0.052 3.118 0.002 0.376 (0.299–0.453) 0.003 

II −0.106 0.646 0.059 

C35 vs. C17 I 0.556 0.501 0.054 10.221 0.002 2.788 0.006 0.396 (0.318–0.474) 0.011 

II 0.339 0.605 0.056 

C36 vs. C17 I 0.430 0.552 0.060 6.743 0.010 2.615 0.010 0.407 (0.329–0.485) 0.024 

II 0.211 0.636 0.059 

C18 vs. C17 I 0.253 0.611 0.066 0.058 0.810 −2.114 0.036 0.616 (0.540–0.693) 0.005 

II 0.441 0.633 0.058 

C19 vs. C17 I 0.248 0.665 0.072 5.189 0.024 −2.174 0.031 0.583 (0.503–0.664) 0.043 

II 0.444 0.585 0.054 

C26 vs. C18 I −0.503 0.560 0.061 13.348 0.000 −2.805 0.006 0.603 (0.526–0.681) 0.012 

II −0.256 0.689 0.063 

C27 vs. C18 I −0.497 0.556 0.060 4.117 0.044 −2.238 0.026 0.59 (0.512–0.669) 0.028 

II −0.308 0.640 0.059 

C31 vs. C18 I −0.382 0.631 0.068 7.256 0.008 −2.542 0.012 0.602 (0.524–0.68) 0.013 

II −0.141 0.713 0.066 

C34 vs. C18 I 0.106 0.643 0.070 0.121 0.728 2.266 0.025 0.402 (0.324–0.481) 0.017 

II −0.103 0.651 0.060 

C20 vs. C18 I −0.192 0.697 0.076 0.271 0.603 −3.325 0.001 0.643 (0.567–0.720) 0.001 

II 0.141 0.708 0.065 

C21 vs. C18 I −0.347 0.642 0.070 3.183 0.076 −2.848 0.005 0.624 (0.547–0.701) 0.003 

II −0.071 0.710 0.065 

C22 vs. C18 I −0.122 0.687 0.075 0.318 0.574 −2.728 0.007 0.611 (0.533–0.689) 0.007 

II 0.145 0.686 0.063 

C23 vs. C18 I −0.227 0.648 0.070 1.514 0.220 −2.047 0.042 0.579 (0.500–0.658) 0.055 

II −0.030 0.699 0.064 

C24 vs. C18 I −0.389 0.605 0.066 5.154 0.024 −2.428 0.016 0.597 (0.518–0.675) 0.019 

II −0.167 0.692 0.064 

C20 vs. C19 I 0.386 0.648 0.070 13.607 0.000 −2.679 0.008 0.593 (0.512–0.674) 0.024 

II 0.610 0.497 0.046 

C29 vs. C20 I 0.475 0.601 0.065 2.131 0.146 2.201 0.029 0.393 (0.314–0.473) 0.010 

II 0.280 0.639 0.059 

C35 vs. C20 I 0.094 0.680 0.074 2.716 0.101 2.388 0.018 0.398 (0.318–0.477) 0.013 

II −0.127 0.627 0.058 

C36 vs. C20 I 0.141 0.659 0.071 2.079 0.151 2.625 0.009 0.394 (0.314–0.473) 0.010 

II −0.098 0.626 0.058 

C28 vs. C21 I 0.754 0.382 0.041 6.468 0.012 2.165 0.032 0.405 (0.327–0.484) 0.021 

II 0.627 0.450 0.041 

C35 vs. C21 I −0.063 0.700 0.076 8.712 0.004 2.074 0.040 0.432 (0.348–0.516) 0.099 

II −0.257 0.595 0.055 

C29 vs. C24 I 0.294 0.651 0.071 0.105 0.746 2.348 0.020 0.406 (0.325–0.487) 0.022 

II 0.081 0.630 0.058 

C35 vs. C24 I −0.080 0.677 0.073 6.354 0.012 2.424 0.016 0.417 (0.335–0.499) 0.044 

II −0.301 0.583 0.054 

C36 vs. C24 I 0.011 0.644 0.070 2.092 0.150 2.043 0.042 0.420 (0.339–0.501) 0.052 

II −0.168 0.597 0.055 

C36 vs. C31 I 0.267 0.639 0.069 0.472 0.493 1.977 0.049 0.419 (0.338–0.500) 0.049 

II 0.092 0.609 0.056 


