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ABSTRACT

Objective: To explore the diagnostic value of vectorcardiography (VCG) combined with color Doppler echocardiography (CDE)
for acute inferior myocardial infarction (MI) culprit vessel.
Methods: A total of 82 patients who had been clinically diagnosed as acute inferior MI and had received coronary arteriography
(CAG) were selected as research objects. They received bedside VCG and CDE examinations after admission. Their culprit
vessels were analyzed and compared with CAG results to evaluate the diagnostic efficiency.
Results: The detection rate of acute inferior MI culprit vessel by VCG combined with CDE was 76.83%, including 18 left
circumflex (LCX) branches and 45 right coronary arteries (RCA). The lower left constituent ratio of LCX was 61.11%, which
was significantly higher than 20.00% in RCA (p < .05); the lower right constituent ratio of RCA was 71.11%, which was much
higher than 11.11% in LCX (p < .05); the sensitivity and the accuracy of RCA culprit vessel judged with frontal plane ST-vector
pointing to the lower right quadrant were 71.11% and 53.33% respectively; the diagnostic efficiency of LCX culprit vessel judged
with frontal plane ST-vector pointing to the lower left quadrant was 61.11% and 50.00% respectively. The maximum amplitude of
the frontal plane in LCX culprit vessel was significantly lower than that in RCA culprit vessel; and the frontal plane vector angle
in LCX was significantly greater than that in RCA culprit vessel (p < 0.05).
Conclusions: VCG combined with CDE can effectively diagnose acute inferior MI. It has a good diagnostic efficiency by judging
culprit vessels according to the frontal plane ST-vector direction.
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1. INTRODUCTION

Myocardial infarction (MI), which is a type of necrosis dis-
ease in myocardial tissues, resulting from continuous my-
ocardial ischemia, is a high risk factor for cardiac sudden
death. To increase the accuracy of MI diagnosis can effec-
tively improve the prognosis and prevent the recurrence of
MI.[1] The most commonly used MI examinations in clin-
ical application include electrocardiography (ECG), color
Doppler echocardiography (CDE), coronary arteriography
(CAG) and so on. ECG is mainly used to observe the de-

pression or elevation of the corresponding ST segment and
T wave inversion after J point to judge the disease condition
and diagnose the culprit vessel. However, it is difficult to
diagnose untypical MI by this method. CDE, commonly
adopted as a supplementary measure to ECG, can reflect
the infarction size.[2, 3] Vectorcardiography (VCG) is a type
of vector-based graphics, and it can reflect cardiac electric
activities in the order of occurrence through projections on
the frontal plane, the horizontal plane and the lateral plane.
Compared with ECG, it is more informative and accurate and
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can be used to diagnose culprit vessels, providing a reference
for physicians for the use of diagnosis.[4] Taking patients
with acute inferior MI as research objects, this research is
aimed at the diagnostic value of VCG combined with CDE
for acute inferior MI culprit vessel.

2. DATA AND METHODS
2.1 Case information
A total of 82 cases of patients who were diagnosed as
acute inferior MI during inpatient in our hospital from April
of 2012 to October of 2017 were selected as research ob-
jects. Inclusion criteria for research objects were as follows:
(1) patients who were diagnosed as acute inferior MI by
means of CAG and laboratory examinations; (2) the culprit
vessels were shown to be right coronary arteries (RCA) or
left circumflex (LCX) branches; (3) patients who understood
this research and signed the informed consent form. Exclu-
sion criteria were as follows: (1) patients with acute inferior
MI accompanying serious cardiovascular and cerebrovascu-
lar diseases and malignant tumors; (2) patients with acute
inferior MI accompanying serious anterior descending artery
stenosis or triple vessel coronary artery disease, which may
interfere with the judgment of RCA and LCX culprit vessels;
(3) patients with a past medical history of MI; (4) patients
with acute inferior MI accompanying ventricular hypertro-
phy, intra-ventricular block, pre-excitation syndrome and
other diseases which may affect ventricular depolarization
vectors.

2.2 Examination methods
Patients were required to receive CAG examination in 12 h
and VCG, CDE examinations in 48 h after the occurrence of
disease.

2.2.1 VCG
With the help of synchronous 12-lead ECG workstation (Bei-
jing Vales & Hills Biomedical Tech. Ltd.), bedside VCG
examination was performed, with Frank lead system used for
scanning and recording. Simultaneously, 12-lead ECG was
recorded to observe the frontal plane ST-vector angle and
direction, as well as the angle and amplitude of the instan-
taneous vector of each 10 ms within 40 ms since QRS loop
started. The diagnostic standards of inferior MI by means
of VCG were: (1) frontal plane QRS loop centrifugally ro-
tated in clockwise direction, the vector pointed to the upper
right quadrant in the first 0.01 s, and then turned to the upper
left quadrant at 0.02 s; between 0.03 and 0.04 s, the vector
slightly pointed to the upper left. Besides, the amplitude
of QRS loop above X axis was more than 0.2 mV, and the
corresponding movement time was more than 0.025 s, with
left thrust more than 0.3 mV and the maximum angle of QRS

loop less than 10◦. (2) In the right lateral plane, the initial
vector of QRS loop pointed to the upper and the anterior,
with the loop rotating in clockwise direction, and stayed
above X axis between 0.025 and 0.3 s. (3) In the transverse
plane, the loop showed no significant manifestations. (4) T
loop was usually shown as a big circle.

2.2.2 CDE
Vivid E9 color ultrasound system (GE company), with the
probe frequency of 2.5 MHz, was used to observe not only
left and right ventricular ejection fractions and stroke vol-
umes, but also E peak and A peak to judge whether ven-
tricular wall motion remained normal and the ventricular
wall turned thinner with strong intracardiac echoes. The
judgment standards of culprit vessels by means of CDE: ven-
tricular wall motion abnormality appeared in inferior wall,
posterior wall, middle segment even base segment of pos-
terior interventricular septum, which can judge that RCA
was considered to be the culprit vessel; ventricular wall mo-
tion abnormality appeared in posterior wall, between base
segment and middle segment of inferior wall, and motion
abnormality appeared between base segment and middle
segment of lateral wall, with no obvious changes in base seg-
ment of posterior interventricular septum, which can judge
that LCX was considered to be the culprit vessel.

2.3 Statistical methods
SPSS 19.0 statistical software was applied to statistical anal-
ysis, and χ2 test was used in the comparison of categorical
data. The measurement data were represented by X̄ ± s,
with t-test used. The difference p < .05 was of statistical
significance.

3. RESULTS

3.1 Vector distribution of culprit vessels
CAG results, considered as the gold standards for the de-
termination of culprit vessels, showed that 60 RCA and 22
LCX were included in culprit vessels with infarction. There
were 63 culprit vessels diagnosed as acute inferior MI by
means of VCG combined with CDE, and the detection rate
was 76.83% (63/82), including 18 LCX and 45 RCA. From
the aspect of ST-vector direction in different vessels, the con-
stituent ratio of LCX with ST-vector pointing to the lower
left quadrant was 61.11%, which was significantly higher
than that of RCA with ST-vector pointing to the lower left
quadrant (20%, p < .05); the constituent ratio of RCA with
ST-vector pointing to the lower right quadrant was 71.11%,
which was obviously higher than that of LCX with ST-vector
pointing to the lower right quadrant (11.11%, p < .05) (see
Table 1).
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Table 1. Vector distribution of culprit vessels (n = 82)
 

 

Culprit Vessels 
ST-vector Direction 

CAG 
Lower Left Lower Right Upper Left Upper Right Total 

LCX 11 2 3 2 18 22 

RCA 9* 32* 1 3 45 60 

  Notes. In comparison with LCX, * p < .05 

3.2 Analysis on diagnostic efficiency of frontal plane ST-
vector pointing to the lower right quadrant to diag-
nose RCA culprit vessel

The sensitivity of frontal-plane ST-vector pointing to the
lower right quadrant to judge RCA culprit vessel was 71.11%
(32/45), and the accuracy was 53.33% (32/60) (see Table 2).

Table 2. Analysis on diagnostic efficiency of frontal plane
ST-vector pointing to the lower right quadrant to diagnose
RCA culprit vessel (n = 60)

 

 

Frontal Plane ST-vector 
CAG Results 

Total 
RCA non-RCA 

Lower Right 32 1 33 

Excluding Lower Right 13 14 27 

Total 45 15 60 

 

3.3 Analysis on diagnostic efficiency of frontal plane ST-
vector pointing to the lower left quadrant to diag-
nose LCX culprit vessel

The sensitivity of frontal-plane ST-vector pointing to the
lower left quadrant for the judgment of LCX culprit vessel
was 61.11% (11/18), and the accuracy was 50% (11/22) (see
Table 3).

Table 3. Analysis on diagnostic efficiency of frontal plane
ST-vector pointing to the lower left quadrant to diagnose
LCX culprit vessel (n = 22)

 

 

Frontal Plane ST-vector 
CAG Results 

Total 
LCX non-LCX 

Lower Left 11 1 12 

Excluding Lower Left 7 3 10 

Total 18 4 22 

 

3.4 Imaging analysis on frontal plane QRS loop by
means of VCG

The maximum frontal-plane amplitude of LCX culprit vessel
was more than 0.4 mV, and the average value was (0.86 ±
0.24) mV, which was significantly lower than that of RCA
culprit vessel ((1.15 ± 0.23) mV, p < .05); the angle of
frontal-plane vector of LCX was (25.32 ± 5.67)◦, which was
obviously greater than that of RCA ((20.43 ± 4.87)◦, p <
.05).

4. DISCUSSION

Acute MI is one of the most common and serious coronary
atherosclerotic heart diseases, in which anterior MI is prone
to ventricular arrhythmias; inferior MI mostly shows de-
creased heart rate and atrioventricular block.[5] Patients with
the latter disease may develop cardiac rupture, arhythmia,
cardiac failure, cardiogenic shock and other complications.
Once acute MI occurs, it is supposed to early determine the
infarction-associated artery and the stenosis zone. It is of
great guiding significance to determine whether it is required
to perform vascular reconstruction.[6]

Non-invasive examinations for myocardial ischemia include
conventional 12-lead ECG, treadmill exercise, dynamic elec-
trocardiogram, radionuclide myocardial tomography and so
on. ECG is mainly used to observe II, III and AVF lead.
Patients with infarction usually show the elevation of the cor-
responding ST segment or obvious depression of ST segment
after J point. However, this change in ST segment is prone
to transient myocardial ischemia, medication, electrolyte dis-
turbance and other various factors. Hence, it is required to
use ECG in combination with other supplementary means.[7]

Electrocardial vector refers to myocardial electrodynamic
force generated during the depolarization or the repolariza-
tion on the cell membranes of the myocardial in the course
of impulse. As myocardial electrodynamic force is a vector
of magnitude, it is called spatial electrocardial vector, which
is short for electrocardial vector.[8] Every moment of the
impulse, myocardial cells in each part of heart go through
depolarization and repolarization, and then generate various
electrocardial vectors with different directions. The maxi-
mum vectors of all instantaneous electrocardial vectors in
a cardiac cycle are connected in the order of time, so that a
closed circular motion curve is formed and called electrocar-
dial vector loop. Conventional 12-lead ECG is considered
to be the projection of VCG on each lead axis, and it is a
different pattern of manifestation for the same thing. How-
ever, VCG can also reflect the change in the direction of
instantaneous electrocardial vector.[9]

Xixuan Zhao et al.[10] analyzed the relationship between
inferior MI frontal plane vectors and coronary arterial culprit
vessels. The change in the angle of ST vector was applied to
the differentiation of infarcted coronary arteries. The results
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showed the amplitude of the maximum depolarization vector
of RCA was significantly lower than that of LCX, affirming
that the direction of frontal plane ST vector was of guiding
significance to determine culprit vessels for patients with
acute inferior MI. Yuqin Wu et al.[11] analyzed the diagnostic
efficiency of ECG, VCG and CDE. The results showed that
the accuracy of each method to detect acute MI was 65.79%,
26.32% and 7.89% respectively. However, for the detection
of remote MI, the detection rate of each method was 18.18%,
54.55% and 27.27% respectively, and it was found that a
patient developed left ventricular aneurysm through VCG
examination. Therefore, ECG is considered to play an ir-
replaceable role in the diagnosis of acute MI. Nevertheless,
as to different types of MI, it is suggested to use ECG in
combination with other non-invasive diagnostic methods for
the diagnosis to improve the diagnostic efficiency.

VCG combined with CDE was used to judge the disease con-
dition in the research, with CAG results taken as gold stan-
dards. The type of inferior MI was fully evaluated according
to ST vector direction. The results showed that the detec-
tion rate of the combined diagnosis reached up to 76.83%.
In addition, the research also showed that the accuracy of
frontal plane ST-vector pointing to the lower right quadrant
for the judgment of RCA culprit vessel was higher than that
of frontal plane ST-vector pointing to the lower left quadrant

for the judgment of LCX culprit vessel; and the maximum
amplitude of frontal plane of RCA culprit vessel was signif-
icantly higher than that of LCX. All these were consistent
with the research made by Yuqin Wu et al.[11] When LCX or
RCA was blocked, frontal plane ST-vector might point to the
lower left, the lower right, the upper left and the upper right
quadrants. If frontal plane ST-vector pointed to the lower left
quadrant, it conformed with LCX lesion characteristics; if
frontal plane ST-vector pointed to the lower right quadrant,
it conformed with RCA lesion characteristics. Therefore,
the direction of frontal plane ST-vector can be used as a
reference indicator for the judgment of culprit vessels.

5. CONCLUSIONS

In conclusion, frontal plane ST-vector direction of VCG can
be used to judge culprit vessels, and CDE is applied to the
observation of chamber morphology and ventricular wall
motion in different segments to judge culprit vessels. CDE
in combination with VCG can significantly improve the di-
agnostic efficiency of acute inferior MI culprit vessel. It is
recommended to apply combined diagnosis to the detection
of acute inferior MI culprit vessel.
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