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Abstract

Object: To study the clinical value of 3.0T magnetic resonance whole heart coronary
angiography in the diagnosis of coronary artery stenosis.

Method: 38 patients with suspected coronary artery stenosis were randomly selected
from our hospital from September 2017 to September 2018. All patients were diagnosed
with whole heart coronary angiography by 3.0T magnetic resonance examination.
Angiography was adopted as the gold standard to evaluate the value of whole heart
coronary angiography via 3.0T magnetic resonance. All the 38 patients have completed
the examinations, including 13 segments with grade 0 image quality and 28 segments
with grade | image quality. Of 38 patients, 25 underwent coronary angiography, 29 of 25
patients had coronary artery stenosis, while 30 of 25 patients had coronary artery
stenosis.The results of 22 coronary stenoses which were confirmed by coronary
angiography are consistent with the results obtained from whole heart coronary stenosis
by 3.0T MRI. The accuracy, sensitivity, specificity, negative predictive value and positive
predictive value of the imaging scheme were 75.86%, 75.86%, 96.67%, 73.33% and
80.00%, respectively.The 3.0T MR whole heart coronary angiography is of outstanding
value in the diagnosis of coronary artery stenosis and is worthy of utilization.

Keywords: Coronary artery stenosis; Diagnosis; 3.0T magnetic resonance whole heart
coronary angiography; Application; Clinical value

1. Introduction

Coronary artery stenosis is a common disease in
cardiovascular system, which directly endangers
the life of patients that cause by many
environmental and external factors Feng et al.,
2020; Liu et al., 2018; Su et al., 2020; Su et al., 2019;
Duan et al., 2020; Zhong et al., 2020; Zuo et al.,
2015; Zuo et al., 2017; Chen and Xu, 2020; Liu et al.,
2017; Jiang et al., 2020; Pan et al., 2020; Chen et al.,
2020; Zuo et al., 2013; Li et al., 2020; Liu et al.,2020;
Wang et al.,2019; Xu et al., 2019; Zhang et al., 2019;
Zhang et al., 2019). Most heart disease risk factors
are influenced by lifestyle and environmental
factors. In recent decades, heart attacks in both
women and men have declined due to improved
eating habits and smoking cessation. This rate has
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remained constant in recent years due to the
increasing incidence of obesity in the United States
and industrialized countries (Liu et al., 2019; Gou et
al., 2019; Xu et al., 2019; Zhu et al., 2019; Zhao et
al., 2019; Xiao et al., 2019; Kamran et al., 2019; Li et
al., 2019; Xu et al., 2019; Wan et al., 2019; Mou et
al., 2019; Si et al., 2019; Zhou et al., 2019; Irshad et
al., 2019; Bhatti et al., 2019; Yan et al., 2019; Loya-
Rivera et al., 2019; Huang et al., 2019; Gao et al.,
2019; Zhou et al., 2019).

Timely diagnosis and treatment are important
measures to improve the condition and prognosis
of patients with coronary artery stenosis (Ma et al.,
2017). In recent years, with the continuous
improvement of diagnostic technology at home and
abroad, a new non-invasive MR coronary
angiography scheme has been introduced in clinical
diagnosis, At present, the 3.0T MR whole heart
coronary angiography scheme has been involved in
the diagnosis of coronary artery stenosis patients in
our hospital. In order to analyze its effect, 38
patients with suspected coronary artery stenosis
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were randomly selected from our hospital from
September 2017 to September 2018.

2. Materials and Methods
2.1. Clinical Data

Thirty-eight suspected patients with coronary
artery stenosis admitted to our hospital from
September 2017 to September 2018 were
randomly selected. There were:20 (52.63%) males
and 18 (47.37%) females; age were ranged from 40
to76 years old with a median of 58.82+2.87 years
old; ECG were performed for all the patients which
reported which sinus rhythm and the heart-rate
was ranged from 68/min-80/min, of which 25
patients developed coronary symptoms within two
weeks after admission. The arteriography inclusion
criteria were patients or family members had
known the research activities and signed informed
consent; exclusion criteria were any
contraindications of 3.0T magnetic resonance
whole heart coronary angiography.

2.2. Examination Protocol

Thirty-eight patients with coronary artery
stenosis had received magnetic resonance whole
heart coronary angiography with a 3.0T magnetic
resonance image machine ((Philip, Ingenia 3.0T,
USA). The gradient field intensity was set at 30
mT/m, and the gradient switching rate was 150
mT/m per second with 16 channel phased array
coils. During the examination, a 3D-TFE sequence is
selected and then combined with real-time breath
gating navigation. Vector ECG vector R-wave
triggers the gating technique. During the
examination, the patients were assisted in
maintaining a supine state and scanned by the
transverse axis. Four-chamber heart film data were
obtained, the image information was observed, the
motion amplitude of right coronary artery tissue in
middle and late diastolic phase was subsequently
determined, and the time interval of which the
motion amplitude was the smallest has been
determined. The acquisition window width was set
to determine the trigger delay time (TD t) in the
examination. The K-space fast gradient echo factor,
i.e. the ratio of acquisition window width to TR, is
was calculated. Then the patients were scanned
with MR coronary imaging sequence, and the
scanning range was set to the bifurcation of
pulmonary artery to the base of the heart. The
scanning mode was set to 3D mode, FOV was 300 x
250 mm, the scanning layers were 120-140 layers,
the acquisition voxels were set to 1.25 x 1.25 x 1.6,
the reconstructed voxels were set to 0.62 x 0.8, and
the inversion angle was15 degrees. The echo time
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was 70 ms, and the frequency-selective fat
suppression could enhance the contrast of coronary
artery signals. The 3.0T magnetic resonance whole-
heart coronary angiography was interpreted by
imaging physicians to quantitatively analyze and
grade the stenosis degree of each segment of
coronary artery lumen in patients with specific
software. The stenosis can be judged as significant
if the angusty degree was greater than 50%, it (Lee
etal., 2017).

2.3. Analysis of the images

After transferring the 3.0T MR whole heart
coronary angiography image to the post-processing
workstation of the diagnostic department, the post-
processing was performed via a software of Soap-
Bubble tool (Philips, USA) with the multiplanar
reconstruction technology. The coronary artery
tissue was divided into nine segments, and the
image quality was evaluated objectively. The nine
segments were proximal left circumflex coronary
artery, distal left circumflex coronary artery, main
left coronary artery, proximal right coronary artery,
middle right coronary artery, distal right coronary
artery, proximal left anterior descending coronary
artery, middle left anterior descending coronary
artery and distal left anterior descending coronary
artery (Luo et al., 2018). During the evaluation of
the image qualities of the 3.0T MR whole-heart
coronary angiography, the four-point system was
adopted: vascular tissue could not be displayed was
scored 0O; vascular tissue could be displayed, but
could not be accurately diagnosed, scored 1;
vascular tissue edge was blurred, but could be
diagnosed, scored 2; vascular tissue had high
clarity, and only a few artifacts appeared, were
scored with 3 and 4 points, respectively (Li et al.,
2017; Zhang et al., 2018), and no artifacts in the
vascular tissue. The image quality evaluation work
was assessed by two professional specialties. When
the score is consistent, the final score can be
regarded as a result. If the image quality evaluation
result was greater more than 2 points, it could be
identified that the image has the diagnostic value.
Coronary artery tissue was evaluated by double-
blind method, and the presence of stenosis was
observed. If one or more coronary artery had
stenosis, it would be positive (Shao et al., 2018).

2.4. Statistical Analysis

The data statistics in this study were all
performed by SPSS20.0 software, [n (%) was the
counting data, and )(2 test was adopted; (+s) was
the measurement data, and t-test was utilized. The
results showed that there was a significant
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difference (P < 0.05). including 13 segments with grade 0 quality and 28
segments with grade | quality, as shown in Table
3. Result 1(Tables 1 -2).

All the 38 patients completed the examination,

Table 1. Examination results of patients with coronary artery stenosis

LADimage RCAimage LCXimage

Near Middle Far Near Middle Far Near Far
segment part segment segment part segment segment segment

Imaging score  3.69+0.47 3.66+0.47 3.18+0.67 2.49+0.77 3.69+0.47 3.38+0.56 2.79+0.86 2.19+0.88 1.18+0.73

Figure 1. A MPR image of CMRA right coronary artery showed the full length of the right coronary artery, the
distal, middle and proximal segments are clear, and the edge of the wall is smooth and sharp; 1B. CMRA-
MPR showed distal and proximal segments of left coronary artery; 1C-1D. CMRA-MPR showed the first and
second diagonal branches of LAD in different directions;1E-1F. CMRA-VR showed main branches of the left
and right coronary.
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Figure 2. Schematic diagram of image quality scoring; Take RCA as an example; A.4 score: The blood vessels
are clearly developed, and the edges are sharp and smooth; B.3score: The blood vessels are clearly
formed, and the edges are slightly blurred; C.2 score Visible blood vessels running, moderately blurred
edges; D.1score: Severe artifacts, the blood vessel wall is blurred or cannot be displayed, and cannot be
assessed.Of the 38 patients, 25 underwent coronary angiography, and 29 of the 25 patients had stenosis.
Among them, 12 patients had single-vessel disease, 7 patients had double vessel disease and 1 patient had
the three-vessel disease. Thirty coronary artery stenosis was found in 25 patients following magnetic
resonance whole-heart coronary angiography in 38 patients. The detection results of 22 coronary artery
stenosis were consistent with those of coronary angiography. The accuracy, sensitivity, specificity, negative
predictive value and positive rate of 3.0T magnetic resonance whole-heart coronary angiography were
75.86%, 75.86%, 96.67%, 73.33%, respectively. The predicted value is 80.00%, as shown in Table 2.

Table 2. Diagnostic efficacy of coronary angiography
Accuracy Sensitivity Specificity Negative predictive value Positive predictive value
75.86% 75.86% 96.67% 73.33% 80.00%

4. Discussion

3.0T magnetic resonance whole-heart coronary
artery imaging (3.0T MRCAI) was developed in the
1980s. It is a non-invasive measure to examine the
health status of coronary artery tissue. With the
further innovation of imaging methods and imaging
sequence in recent years, 3.0T MRCAI has been
applied in  various medical institutions
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(Multinational et al., 2018; Albrecht et al., 2017).
Not only can the 3.0T magnetic resonance whole-
heart coronary angiography demonstrate non-
traumatic characteristics, it also features with
radiation-free, which can achieve imaging
objectives at any level. By combining with delayed
enhanced imaging and cine imaging, it can reveal
both of the patients' cardiac structure their as well
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as cardiac function, myocardial viability and
myocardial perfusion.At the same time, we can
estimate the stable state of atherosclerosis and the
specific condition of abnormal coronary artery
tissues in  aortic-coronary artery bridging
vessels(Ran et al., 2017; Zhou et al., 2017).

The application of 3.0T magnetic resonance
whole-heart coronary angiography in the diagnosis
of coronary artery stenosis enables patients to
undergo an examination under free-breathing
conditions and scan their whole hearts under high-
resolution three-dimensional volume conditions.
The recovery of T2 pre-pulse sequence and pulse
sequence inversion is utilized to make the blood
and adjacent tissues of patients contrast. The
effects of physiological movement in patients were
suppressed by the combined application of ECG
vector gating, three-dimensional motion-following
measures and respiratory navigation echo
techniques in order to improve the performance of
this technique. The signal acquisition link is
expanded by 3D steady-state fast echo sequence,
which can improve the quality of new coronary
artery imaging and achieve high contrast imaging
targets such as fast imaging and high signal-to-noise
ratio imaging (Wang et al., 2018; Zhang et al., 2017,
Li et al., 2017; Lu et al., 2017). After examining 38
suspected patients with coronary artery stenosis
with  3.0T magnetic resonance whole-heart
coronary angiography, 13 segments with grade 0
imaging quality were found, 28 segments with
grade | imaging quality was found, and 29 coronary
artery tissues in 20 patients with coronary artery
stenosis were found in 25 patients who underwent
coronary angiography. The results of 3.0T MR
whole heart coronary angiography showed that the
accuracy, sensitivity, specificity, negative predictive
value, negative predictive value and positive
predictive value of 3.0T MR whole heart coronary
angiography were 75.86%, 75.86%, 96.67%,
73.33%, 80.00%, respectively. The application value
of coronary angiography can be used in the clinical
diagnosis of coronary artery stenosis.

5. Conclusion

The current MR angiography protocol
incorporates several improvements over those
used in earlier studies. In details, the
contemporaneity coronary MR angiogram has been
derived in a double-slanted three-dimensional
plane, following a process of major coronary
arteries that requires repeated MR acquisition to
cover the entire coronary artery: 1. A steady state,
free-floating MR sequence allows the acquisition of
a large three-dimensional volume covering the
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entire heart without affecting the artery's higher
luminal signal. 2. Planning of the three-dimensional
volume of whole-hearted coronary MR angiography
is very simplified and considerable time gains can
be obtained by eliminating the 3-point planning
required for biaxial three-dimensional coronary MR
angiography. 3. Prospective ECG clinic has been
used to correct cardiac motion on coronary MR
angiogram by obtaining imaging data in the mid-
diastolic period. Favorable coronary images were
obtained in patients with a heart rate of 70
beats/min by reconstructing the images at mid-
diastole. However, in patients with higher heart
rates, reconstruction at an earlier stage of the
cardiac cycle is essential. In the current study, the
minimum motion interval of the RCA was visually
determined on a cine MR image, thereby utilizing
coronary MR data in all patients. The use of patient-
specific acquisition windows during the cardiac
cycle reduces motion blur on coronary MR
angiograms, providing the examiner with diagnostic
coronary MR images even in patients with relatively
high heart rates.

There are some limitations existing in the
research: current evaluation has been completed
by 2 experienced radiography specialists, which
means the real evaluation effect may depend on
the interpretation level in certain degree. 2. Failure
of MR acquisition is likely to occur in the daily scan
operations, the design and data analysis did not
make such situation involved, where may lead to
the result inaccuracy; 3. Compare to invasive
angiography as well as coronary CTA, the spatial
resolution of MR angiography is relatively lower,
and the imaging time is still long, which reflexes the
need of experienced interpreters as well as
radiography specialists to make correct diagnosis.
Nevertheless, the reported sensitivity and negative
predictive value of the current whole-heart
coronary MR angiographic approach may not as
favorable as of that from 256-slice computerize
tomography, which demonstrates significant
greater special resolution. In the meantime, it is
likely eliminate certain emergency cases since the
long examination time. Third, the heart commonly
moves by the diaphragm in vertical direction.

Alone with previous and current investigations,
all the features and improvement of the techniques
have significant facilitated the clinical application
for the diagnosis of coronary artery stenosis. That
is, in this study, whole-heart coronary MR
angiography has been validated for the diagnosis
with noninvasive detection of significant luminal
narrowing in the coronary artery. Although
multicenter studies are desirable to further support
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the diagnostic value of coronary MR angiography, it
has already demonstrated with considerable
sensitivity and high specificity, which deserves to be
widely utilized in the clinical setting.
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