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Introduction

12-lead electrocardiogram, a widely used non-
invasive tool in clinical practice, is highly sensitive
and specificin diagnosing acute myocardial infarc-
tion(1), but it has diagnostic limitations in diagnosing
prior myocardial infarction(2-3), since the specific ST-
T variation in the acute phase of myocardial infarc-
tion no longer exists. Reports indicate that about
80% of prior myocardial infarctions present no
exact feathers of electrocardiogram and the diagno-
sis by ECG is easy to be missed(4). Correctly inden-
tify the prior myocardial infarction diagnosis is of
great significance for clinical practice to make
treatment strategy and judge the prognosis, there-
fore, it is important to find out a more sensitive and
specific diagnosis method.

3D-ECG is a novel noninvasive 3-dimensional
electrocardiography system that records cardiac
electric activities subsequent to the electrocardio-
gram and vectorcardiogram, and provides global
mapping in a single beat. The objective of this
study is to to evaluate the potential of this system in
prior myocardial infarction. 

Materials and methods

Research objects
212 patients with more than 1 month history

of acute myocardial infarction were select as the
prior myocardial infarction group(PMI), in which
there were 169 male patients and 43 female patients
with average age of 63±11. Among them, 119
patients have definite evidences of coronary
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ABSTRACT

Introduction: This study aims to understand the usefulness of a novel noninvasive 3-dimensional electrocardiography sys-
term (3D-ECG)in the diagnosis of prior myocardial infarction. 

Material and methods: 212 patients with more than 1 month history of acute myocardial infarction were selected as prior
myocardial infarction group(PMI). 88 patients without myocardial infarction were selected as control group(NPMI).
Electrocardiograph and 3D-ECG were applied on all patients in order. 

Results: Comparison between 3D-ECG and ECG was accomplished in 212 prior myocardial patients and 88 non myocar-
dial patients. 3D-ECG correctly diagnosed prior myocardial infarction in 210 of 212 (99%)PMI and non myocardial infarction in
84 of 88 (95%) NPMI, while ECG diagnosed prior myocardial infarction in 132 of 212 (62%)PMI and non myocardial infarction
in 84 of 88 (95%)NPMI. 3D-ECG misdiagnosed prior myocardial infarction in 2 of 212 (0.9%)PMI and non myocardial infarction
in 4 of 88 (4.5%) NPMI,while ECG misdiagnosed prior myocardial infarction in 80 of 212 (37.7%)PMI and non myocardial
infarction in 84 of 88 (4.5%)NPMI.

Discussion: The study shows a high success rate of 3D-ECG in accurately diagnosing the prior myocardial infarction com-
paring with ECG and its application to diagnose prior myocardial infarction is under the way.
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angiography. 88 patients without myocardial infarc-
tion were selected as control group, in which there
were 43 male patients and 45 female patients,
including 22 healthy persons (with exact coronary
angiography or other exact diagnostic basis), 39
hypertension patients, 27 patients with stable angi-
na pectoris (with exact coronary angiography or
other exact diagnostic basis), 14 patients with
Diabetes Mellitus and 1 patient with rheumatic
heart valve disease (based on cardiac ultrasound).
The patient with age ≤18 or urgent and danger dis-
eases were excluded.

Instruments and methods
Paired design was selected as the research

method. Electrocardiograph and 3-dimensional
electrocardiograph were applied on all the selected
patients in order, and then examination was carried
out according to the instruction. 12 lead ECG and
3D-ECG were recorded, stored and printed.

12 channel digital electrocardiograph with
auto-analysis produced by Fukuda Co., Ltd. (Japan)
and 3D-ECG electrocardiograph produced by
Beijing Cardis Medical Technology Co., Ltd. were
applied.

Diagnostic criteria for prior myocardial
infarction

The diagnosis of ECG was based on Minesota
code, and prior myocardial infarction can be diag-
nosed when any of the following criteria was
matched.

1) Q≥1/3R, Q≥0.04 s in any of leads I, II or
V2-V6.

2) Q≥0.04 s in any of leads I, II or V2-V6.
3) Q≥0.04, R wave ≥0.3 mV in lead aVL.
4) Q≥0.05 s in lead III, aVL, while Q≥0.1 mV

in lead aVF.
5) Q≥0.05 mV in lead aVF.
6) Q wave in leads V2-V6, while R wave in

the adjacent right chest lead (lead V1 presented as
rS pattern).

7) Leads V1-V4 presented as QS pattern or all
leads V1-V6 presented as QS pattern.  

The diagnostic criteria of 3D-ECG was listed
as follows.

1) Anteroseptal myocardial infarction: No ini-
tial forward vector in QRS loop existed and 0.02 s
QRS vector was directly backward.

2) Localized anterior myocardial infarction:
Initial forward vector (interventricular septal vec-
tor) still existed, and 0.02 s QRS vector was direct-

ly backward, and voltage standards of left ventricu-
lar hypertrophy were not possessed.

3) Extensive anterior myocardial infarction:
No initial forward vector in QRS loop accompanied
by clockwise horizontal plane QRS loop.

3) Anterior and lateral myocardial infarction:
Initial forward vector (interventricular septal vec-
tor) was normal; initial rightward vector > 0.022 s;
centrifugal branches of horizontal plane QRS loop
were clockwise; initial rightward vector > 0.16 mV;
the maximum vector of frontal plane QRS loop >
400; QRS loop was counterclockwise.

5) High lateral myocardial infarction: The
maximum vector of frontal plane QRS loop > 400,
and QRS loop was counterclockwise; no specific
variation of horizontal plane QRS loop.

6) Inferior myocardial infarction: initial QRS
upward vector > 0.025 s or initial QRS upward vec-
tor ≥ 0.02 s, and the maximum leftward and upward
vector ≥0.25 mV accompanied by the maximum
vector of frontal plane QRS loop < 100, and the
centrifugal branches of QRS loop were clockwise;
“ventricular septal” existed in the returning branch-
es of frontal plane QRS loop.

7) Inferior and lateral myocardial infarction:
Initial rightward vector of QRS loop > 0.022 s; ini-
tial upward vector > 0.025 s; the centrifugal branch-
es of frontal plane QRS loop were clockwise; initial
rightward vector of QRS loop > 0.16 mV.

8) Posterior myocardial infarction: the anterior
area of QRS loop > 70% of the total area; the maxi-
mum leftward vector of QRS loop was in front of
+200; the time limit of QRS forward vector > 0.05
s; QRS half area vector was in front of +100; the
maximum forward vector of QRS loop ≥0.6 mV.

Statistical analysis 
Statistical analysis software SAS®(9.10) was

applied for the data treatment and statistical analy-
sis, and χ2 test was performed as the statistical
method for paired enumeration data, and McNemar
Test was applied. The difference with P≤0.05 was
statistically significant.

Results

Sensitivity, specificity and accuracy of 3D-
ECG and ECG on prior myocardial infarction

In PMI group, there were 210 positive cases
(true positive) and 2 negative cases (false negative)
in 3D-ECG, while 132 positive cases (true positive)
and 80 negative cases (false negative) in ECG.
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In NPMI group, there were 4 positive cases
(false positive) and 84 negative cases (true nega-
tive) in 3D-ECG while 4 positive cases (false posi-
tive) and 84 negative cases (true negative) in ECG
(Table 1).

According to the following formulas:
Sensitivity= true positive/(true positive + false neg-
ative), Specificity=true negative/(true negative +
false positive) and Accuracy= (true positive + true
negative)/total patients.

The sensitivities of 3D-ECG and ECG on the
diagnosis of prior myocardial infarction were
99.06% and 62.26%, respectively, and the specifici-
ties of them were both 95.45%, and the accuracies
were 98.00% and 72.00%, respectively.

Comparison between 3D-ECG and ECG on
prior myocardial infarction

In 212 prior myocardial infarction, there were
132 positive cases and 2 negative cases in both
ECG and 3D-ECG; there were 78 cases which were
negative in ECG while positive in 3D-ECG, and in
the contrary condition, there was none. In 88 cases
of the control group, there were 81 negative cases
and 1 positive cases in both ECG and 3D-ECG;
there were 3 cases which were negative in ECG
while positive in 3D-ECG, while in the contrary
condition, there was 3 cases (Table 2).

The statistical analysis showed that the diag-
nostic sensitivities of 3D-ECG and ECG on prior
myocardial infarction were 99.06% and 62.06%,
respectively, and accordingly, P<0.0001; the speci-
ficities of them were both 95.45%, and accordingly
P=1.000; the accuracies of them were 98.00% and
72.00%, respectively, and the P<0.0001 (Table 3). 

It indicated the diagnosis sensitivity and accu-
racy of 3D-ECG on prior myocardial infarction

were significantly higher than traditional 12-lead
ECG, while the specificities of them were similar. 

Security comparison between 3D-ECG and
ECG.

Compared with ECG, there were no symptoms
and signs in the record process of 3D-ECG, indicat-
ing the securities of both methods were good.  

Discussions

The diagnosis on prior myocardial infarction
by electrocardiogram is mainly based on the pres-
ence of abnormal Q wave2-4, however, it is influ-
enced by a lot of factors. With the process of the
disease, the abnormal Q wave may decrease or even
disappear, moreover, the presence of Q wave is not
definitely caused by myocardial infarction, while
the similar variation can also exist in hypertrophic
cardiomyopathy. Besides, several factors may result
in high omission diagnostic rate and high misdiag-
nosis rate of prior myocardial infarction including
the coverage of ventricular hypertrophy, abnormal
intraventricular conduction, the presence of electro-
cardiogram blind zone and interaction or even
cancellation of the depolarization vectors in differ-
ent parts caused by multiple-site infarction. The
research indicated that the sensitivity, specificity
and accuracy of electrocardiogram on the diagno-
sis of prior myocardial infarction were only 61%,
89% and 75%, respectively(2). In recent years, with
the performance of reperfusion therapy in the
early stage, more and more myocardial infarction
cases without Q wave occurred, resulting in more
and more false negative diagnosis by electrocar-
diogram.

The development of modern computer sci-
ence makes it possible to perform 3-dimensional
examination and record bioelectrical activities.
3D-ECG is a new method for bioelectrical activity
record on such basis.

3D-ECG can scan 3-dimensional electrocar-
diogram vector loop and exhibit phase properties
of the cardiac electrical activity using Frank cor-
rected lead system, which makes the graph more
intuitionistic and the visual angle more compre-
hensive to preferably reflect cardiac electrical
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PMI group (N=212) NPMI group (N=88)

True positive False negative False positive True negative

ECG
132 80 4 84

(62.26%） -37.74% -4.50% -95.45%

3D-ECG
210 2 4 84

-99.06% -0.94% -4.50% -95.45%

Table 1: The sensitivity, specificity and accuracy of 3D-
ECG and ECG on the diagnosis of prior myocardial
infarction.

PMI group (N=212) NPMI group (N=88)

ECG positive ECG negative ECG positive ECG negative

3D-ECG positive 132 78 1 81

3D-ECG negative 0 2 3 3

Table 2: Diagnosis results on prior myocardial infarction
by 3D-ECG and ECG.

ECG 3D-ECG P value

Sensitivity 62.26% 99.06% 〈0.0001

Specificity 95.45% 95.45% 1

Accuracy 72.00% 98.00% 〈0.0001

Table 3: Ratio comparisons between 3D-ECG and ECG
on diagnosis of prior myocardial infarction.



activities and accordingly to explain the principles
of electrocardiogram production and some cardiac
electrical phenomena preferably. 3D-ECG5 can
develop three plane electrocardiogram vector
loops into a time-electrocardiogram vector graph
using time as the abscissa.

It also can rotate two axial coordinates in 90°
counterclockwise and then develop clockwise to
preferably observe the density variation of initial
lacrimal punctum and directly describe the maxi-
mum leftward and rightward space vector, and at
the same time, it intensively develops the P-QRS-
T wave from 3-dimensional space in a manner of
transient lacrimal punctum to reveal the myocar-
dial depolarization and repolarization characteris-
tics of electrocardiogram vector loop in three
planes, whose advantages are the cognition on the
P, QRS, T and U waves.

The research indicated that the diagnostic
values of 3D-ECG on preexcitation syndrome,
bundle branch block and left ventricular hypertro-
phy were better than those of ECG6-10, however,
it was still not clear whether the diagnostic value
of 3D-ECG systerm on prior myocardial infarction
was better than that of ECG. 

Results in this paper indicated that the diag-
nostic sensitivity and accuracy of 3D-ECG sys-
term were as high as 99% and 98% respectively,
while those of ECG were only 62% and 72%, the
differences between the two were significant, indi-
cating 3D-ECG is good than ECG in diagnose the
prior myocardial infarction; the diagnostic speci-
ficity of the two methods on prior myocardial
infarction were both 95.45%, indicating both of
them had similar capacity to distinguish whether
the patients suffered prior myocardial infarction or
not. Moreover, no symptoms and signs occurred
during the whole operation process of 3D-ECG,
indicating the similar securities of 3D-ECG and
ECG. 

So, 3D-ECG systerm possessed not only
good detection ability, namely, low omission diag-
nostic rate, but also high diagnostic accuracy,
namely, low misdiagnosis rate. The advantages of
3D-ECG were obvious on prior myocardial infarc-
tion when compared with ECG. 3D-ECG could
provide important clinical information to help the
diagnosis, treatment and condition evaluation in
time, especially in the situations that the medical
history was unclear or it could not be diagnosed as
prior myocardial infarction by ECG. From the dis-
cussions above, 3D-ECG is a good clinical exami-

nation method which can be use for the diagnosis
and identification of prior myocardial infarction. 

Conclusion

3D-ECG systerm is a novel noninvasive
examination method which can be use in facilitat-
ing the diagnosis of prior myocardial infarction,
decreasing misdiagnosis rate and omission diag-
nostic rate. 

References

1) Reddy K, Khaliq A, Henning R.J.World J Cardiol.
Recent advances in the diagnosis and treatment of
acute myocardial infarction. 2015 May 26; 7(5): 243-
276. 

2) George E B, Nicholas P, DePasquale. The history of
electrocardiography. [M]. Yearbook Medical,1964:309.

3) Richardson WJ, Clarke SA, Quinn TA, et al.
Physiological Implications of Myocardial Scar
Structure. Compr Physiol. 2015 Oct; 5(4): 1877-1909. 

4) Bonakdar H, Moladoust H, Kheirkhah J, et al.
Significance of a fragmented QRS complex in patients
with chronic total occlusion of coronary artery without
prior myocardial infarction. Anatol J Cardiol. 2016
Feb; 16(2): 106-112. 

5) Janouesk O, Kolarova J, Novakova M, et al. Three-
dimentional electrocardiogram in spherical coordinates:
application to ischemia analysis[J]. Physiol Res, 2010,
9: S51-58.

6) Shah AJ, Hocini M, Xhaet O, et al. Validation of novel
3-dimensional electrocardiographic mapping of atrial
tachycardias by invasive mapping and ablation: a mul-
ticenter study. J Am Coll Cardiol. 2013 Sep 3; 62(10):
889-97. 

7) Haissaguerre M, Shah AJ, Cochet H, et al. Intermittent
drivers anchoring to structural heterogeneities as a
major pathophysiological mechanism of human persis-
tent atrial fibrillation. J Physiol. 2016 May
1;594(9):2387-98.

8) Shah AJ, Lim HS, Yamashita S, et al. Non Invasive
ECG Mapping To Guide Catheter Ablation. J Atr
Fibrillation. 2014 Oct 31;7(3):1139. 

9) Dubois R, Shah AJ, Hocini M, et al. Non-invasive car-
diac mapping in clinical practice: Application to the
ablation of cardiac arrhythmias. IEEE J Transl Eng
Health Med. 2016 Dec 16; 5: 1900215.

10) Soto Iglesias D, Duchateau N, Kostantyn Butakov CB,
et al. Quantitative Analysis of Electro-Anatomical
Maps: Application to an Experimental Model of Left
Bundle Branch Block/Cardiac Resynchronization
Therapy. IEEE J Transl Eng Health Med. 2016 Dec 16;
5: 1900215.

_________
Corresponding author
SHUYING FAN
ShuYing Fan, Department of Cardiology, China-Japan
Friendship Hospital, Beijing 100029, 
(China)

1836 ShuYing Fan, ShaoHua Fan et Al


