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ABSTRACT. The aim of this study was to determine the impact of
multi-slice computed tomography (MSCT) evaluation of coronary
artery stenosis on left heart structure and systolic function. Coronary
artery CT angiography was performed in 200 patients diagnosed
with coronary heart disease, and then according to the AHA coronary
artery 17-segment fractionation method, the Gensini score (GS) was
determined for every narrow segment, and one-stop assessment of the
correlation between left heart structure and function was performed.
After the grouping of GS quartiles from low to high, there were
differences between different patients with regard to LVDD, LADD,
LVEDYV, LVESV, MM, LVEF, and FS, while no difference in SV and
CO. GS showed linear negative correlation with LVEF and FS, and
linear positive correlation with LVDD, LADD, LVEDV, LVESYV, and
MM, while no correlation with SV and CO. That is, GS of coronary
artery stenosis was negatively correlated with left ventricular systolic
function and positively correlated with myocardial mass. The narrower
the coronary artery, the worse the cardiac function and the higher
the myocardial hypertrophy. Coronary artery stenosis was one of the
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important causes of the decrease in left ventricular systolic function and
cardiac remodeling.
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INTRODUCTION

Currently, cardiovascular disease has become “the number one killer”, thereby a se-
rious hazard to human health. Epidemiological investigation of coronary heart disease has
shown a rising trend in morbidity and mortality year by year, and the changes in heart function
directly affect the quality of life and survival rate of the patients with coronary heart disease.
Studies have shown that accurate determination of left ventricular function is an important ba-
sis for clinical diagnosis, risk stratification, therapy planning, and prognosis evaluation (Zhang
et al., 2009; Ito et al., 2010).

In the fields of investigating the relationship between the degree of coronary artery
disease and heart function, foreign and domestic scholars often use traumatic selective coro-
nary angiography to determine the degree of stenosis with visual observation, and then com-
pare with transthoracic echocardiography evaluation results of cardiac function, in which col-
lecting adequate data is difficult. Furthermore, there is often a certain time interval between
the two examinations, so the cardiac function would not correspond exactly to the degree
of stenosis at the time of selective coronary angiography, and transthoracic echocardiogra-
phy would be affected by artificial influence. Multi-slice computed tomography (MSCT) has
shown an advantage in the diagnosis of coronary arterial stenosis and cardiac function. With
the continuous improvement of time and spatial resolution in MSCT, multi-slice spiral CT
coronary artery angiography (MSCTCA) could be used for the evaluation of coronary arterial
stenosis, and the original data could also be used for a one-stop cardiac function determination.
Studies have shown that 64-layer SCTCA has high sensitivity and specificity in the diagnosis
of coronary artery stenosis, and its results for cardiac function parameters were found to be
highly correlated with the gold standard cMRI (Annuar et al., 2008; Groen et al., 2009; Zhang
et al., 2009; Ito et al., 2010). In the present study, 128-layer SCTCA was used, along with
retrospective ECG gating techniques (Mollet et al., 2005; Lu et al., 2008), to continuously
scan several cardiac cycles, and the real-time dynamic 4-D raw image data of the systolic and
diastolic ends, namely the “time-space” periods, were analyzed for the one-stop noninvasive
evaluation of coronary artery stenosis, left ventricular structure and systolic function (Ko et
al., 2010; Takx et al., 2012). Accordingly, we explored the relationship of degree of coronary
artery stenosis and left ventricular systolic function and ventricular remodeling, providing ba-
sic data for clinical diagnosis, risk stratification, efficacy evaluation, and prognosis follow-up,
which would especially be of great significance for the prevention of congestive heart failure.

MATERIAL AND METHODS
Subjects

Two hundred patients were collected from the outpatient and inpatient clinics in our
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hospital, and enrolled in the study from January to December 2012. They were 38 to 88 years
old, with an average age of 58 &+ 23 years, including 130 males and 70 females, who all under-
went MSCTCA. This study was conducted in accordance with the Declaration of Helsinki and
with approval from the Ethics Committee of Liaoning Medical University. Written informed
consent was obtained from all participants.

Inclusion criteria

Suspected or diagnosed patients were included if they had no history of iodine allergy
or coronary artery bypass grafting and percutaneous coronary intervention, no tachyarrhyth-
mia and ectopic pacemaker rhythm, no valvular heart disease, no congenital heart disease, and
no hypertensive heart disease or myocardial disease; pregnant women and patients with liver
and kidney dysfunction were excluded.

Scan methods and parameters

Scanning method: Definition AS (64-detector 128-slice CT; Siemens, Munich, Ger-
many) was first performed to obtain the calcification score, and a high-pressure syringe was
then used for the injection of 65-70 mL non-ionic contrast medium iohexol (350 mg/mL; Bei-
jing Beilu Pharmaceutical Co., Ltd., China) via the antecubital vein, at a flow rate of 3.5 to 5.0
mL/s, with an additional 40 mL physiological saline (to reduce the amount of contrast agent
and the artifacts caused by the exceedingly high contrast agent concentrations in the superior
vena cava and right atrium). The aortic root region was set as the region of interest, trigger-
ing threshold as 100 HU, then performed the automatical-tracking timing bolus of contrast
agent, measuring the time-density curve to calculate the scan delay time, then performed the
coronary angiography scan, scanned from the trachea carina to the heart diaphragmatic surface
under the control of retrospective ECG gating; the scanning time was set as about 6 to 11 s.
Scan parameters were as follows: voltage, 120 kV; current, automatic mA; field of vision, 160
to 220 mm; pitch, 0.2 to 0.5, automatically selected with heart rate scanner; detector basic
value, 64 x 0.6 mm, slice thickness, 0.6 mm, speed, 0.33 s/r; matrix, 512 x 512; and convolu-
tion kernel, B26F. Heart rate was controlled within 75 bpm, where the patients whose heart
rate was more than 75 bpm were given 25 to 50 mg Betaloc sublingually 30 min before the
examination to lower the heart rate.

Image postprocessing and measurement

The circulation software was used to reconstruct 10 sets of images of the 10% RR ref-
ormation interval according to the raw 0 to 90% RR interval data of ECG reformation interval,
and 4-D preview mode was then used to determine the diastolic and systolic ends. The diastol-
ic image was postprocessed, including multi-planar reformation, curved planar reformation,
volume rendering technique, maximum intensity projection, and digital subtraction angiogra-
phy flipping for coronary artery evaluation, as shown in Figure 1A and B. Measured horizon-
tally were the left ventricular end-diastolic dimension (LVDD), left ventricular end-systolic
dimension (LVSD) and the left atrium end-diastolic dimension (LADD) through the chordae
tendineae of the mitral valve. The left ventricular shortening fraction (FS) = (LVDD - LVSD) /
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LVDD (Figure 1C and D). The left ventricular systolic function was measured by determining
the septal position, and then allowing the software to automatically draw the outline of the left
ventricular inner and outer membranes. After manual correction, the software automatically
calculated the left ventricular ejection fraction (LVEF), left ventricular end-diastolic volume
(LVEDV), left ventricular end-systolic volume (LVESV), stroke volume (SV), cardiac output
(CO), and myocardial mass (MM), as shown in Figure 2.

Figure 1. Coronary artery calcification imaging and the calculation method of left ventricle fraction shortening
(FS). A. Maximum intensity projection image; B. Coronary calcification in Angioview DSA inversion image; C.
Multi-planar reformation (MPR) image of systolic length; D. MPR section of diastolic length. The white short
arrow refers to papillary muscle, and the long arrow refers to the horizontal section of mitral valve in systole.

Figure 2. Analytical results of heart function with the Circulation software. Circulation cardiac function analysis
software results: LVEF = 24.00%, MM = 260.00 g, EDV = 181.00 mL, SV = 138.00 mL, SV =43.00 mL, CO
3.18 L/min.
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Coronary artery evaluation method

According to the improved coronary segmentation method of the American Heart As-
sociation (AHA) (Gensini, 1983; Bruners et al., 2009), the coronary artery tree was divided into
17 segments, and the Circulation Vascular Analysis software was used for image processing and
analysis. In this experiment, according to the principle of the visual method, the cross-sectional
area was used for the stenosis assessment, i.e., the degree of stenosis = [(normal vascular area
adjacent to the stenosis - area of the stenosis) / normal vascular area adjacent to the stenosis]
(Figure 3), and the modified Gensini score (GS) system (Annuar et al., 2008) was used for the
quantitative scoring of the degrees of vascular lesions, recorded as GS. Different degrees of
coronary artery stenosis, namely 25, 50, 75, 90, 99 and 100%, were rated 1, 2, 4, 8, 16, and 32
points, and different coronary segments were multiplied by the appropriate factors: pathologi-
cal changes on the left main coronary artery, score x 5; left anterior descending artery, proximal
segment, score x 2.5; left anterior descending artery, middle segment, score x 1.5, distal seg-
ment, score X 1; the first diagonal branch, score x 1; the second diagonal branch, score x 0.5;
left circumflex artery, proximal segment, score x 2.5; posterior descending and distal segment,
score x 1; posterior branch, score x 0.5; the right coronary, proximal, middle, distal, and posterior
descending segment, score x 1. The final points were the summary of the branch points.

Figure 3. Calculation of the proximal stenosis degree of left anterior descending branch (LAD). Section area
method of coronary stenosis (the same patient as in Figure 2), VR and CPR images: LAD proximal stenosis degree
= (5.0 mm? - 0.85 mm?) x 100% / (5.0 mm?) = 83%.
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Statistical analysis

The SPSS17.0 software was used for the statistical processing. Measurement data
are reported as means + standard deviation. Intragroup comparison was performed by single-
factor analysis of variance (ANOVA); the correlation between GS and cardiac function indices
was assessed using the Spearman test.

RESULTS
General information

All 200 patients successfully completed the examination, without allergy to the con-
trast agent and leakage phenomenon, and the image quality was excellent and met the de-
mands of coronary stenosis analysis and the quantitative evaluation of left ventricular struc-
ture and function indicators. The average post-inspiratory breath-hold time was 15 + 7 s, and
54 patients took metoprolol at a dose of 12.5 to 50 mg. The average heart rate was 64.5 = 7.3
bpm (50 to 85 bpm).

Coronary artery GS and the left heart structure and function

Having grouped the patients into quartile groups from low to high according to the GS
of the degree of coronary artery stenosis, the means of LVDD, LADD, LVEDYV, LVESV, MM,
LVEEF, and FS showed statistically significant differences between the different groups (all P <
0.05), indicating that with increasing GS of coronary artery disease, LVDD, LADD, LVEDYV, and
LVESV increased to various degrees, while LVEF and FS decreased to different degrees. That is,
the more severe the coronary stenosis, or the higher the GS, the worse heart function is; SV and
CO showed no statistically significant differences between the groups (all P > 0.05), which might
have been related to the compensatory role of the FS law-regulating mechanisms (Table 1).

Table 1. Comparison of left ventricular structure, function and coronary Gensini score (GS).

Parameters GS<5(N=90) 5<GS<25(N=60) 25<GS<60(N=40) GS>61(N=10) F P

LVDD (mm) 445 +0.56 4.79 +0.49 5.69 % 0.69 6.83+0.77 7.183 0.001
LADD (mm) 3.43+0.47 3.69+0.45 3.71+0.58 3.83+0.52 7.973 0.001
LVEDV (mL) 102.18 +29.28 113.37 +23.01 168.67 £22.17 199.35 +39.16 7.052 0.001
LVESV (mL) 39.57 + 15.62 53.90 + 18.59 119.26 + 26.77 161.33 +23.42 13.512 <0.000
SV (mL) 62.53+20.31 59.30+21.30 49.67 +£7.08 48.91+11.88 1.865 0.159
CO (L/min) 3.69 £ 1.07 3.60 £ 1.50 323+1.17 3.05+1.16 0.370 0.776
MM (g) 138.21 +21.28 187.90 + 24.12 208.33 +33.20 221.07 +37.24 9.493 <0.000
LVEF (%) 61.41+8.72 51.6+10.50 35,50+ 9.91 31.66 % 11.59 6.841 0.001
FS (%) 36.05 +2.82 35454538 35.69 £ 4.68 31.07+6.75 8.592 0.001

Data are reported as means = SD.
Correlation analysis
GS showed negative correlation with LVEF and FS (P < 0.05), indicating that the LVEF

and FS values decreased, while the internal diameters of the left atrium and ventricle increased;
GS was positively correlated with LVDD, LADD, LVEDYV, and LVESV in a linear fashion (P <
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0.05), indicating that the greater the coronary artery stenosis, the higher the GS, LVDD, LADD,
LVEDV, and LVESV were accordingly; GS showed no significant correlation with CO and SV
(P > 0.05), which might have been correlated with the compensatory role caused by the FS
adjustment mechanism; GS and MM were linearly and positively correlated, and MM was nega-
tively correlated with LVEF and FS (r =-0.596, -0.732) (P < 0.05), suggesting that the higher the
GS, the much more severe MM is, and the worse systolic function is (Table 2).

Table 2. Correlation analysis of coronary Gensini score and left ventricular structure and function.

Parameters Structural parameters of left heart Functional parameters of left heart

LVDD (mm) LADD (mm) LVEDV (mL) LVESV (mL) SV (mL) CO (L/min) MM(g) LVEF (%) FS(%)
r 0.595 0.503 0.567 0.690 -0.283 -0.183 0.618 -0.575 -0.490
P 0.001 0.028 0.002 0.000 0.009 0.327 0.006 0.001 0.007
DISCUSSION

Coronary artery stenosis can cause angina and myocardial infarction, further lead-
ing to the failure of myocardial contractile function, cardiac enlargement and lower compli-
ance. Coronary angiography is the “gold standard” for the diagnosis of coronary heart disease,
but because it is an invasive examination, it is often not easily accepted by the patient. The
application of MSCT, accompanied by retrospective ECG gating technology, could evalu-
ate cardiac function and coronary artery stenosis noninvasively, and with the combination
of MSCTCA-determining coronary artery stenosis, the relationship between coronary artery
stenosis and cardiac morphology and function was considered in this study.

According to the degree of coronary artery stenosis or GS grouping, the results showed
that with increase in coronary artery score, there was an increase in LVDD, LADD, LVEDV,
and LVESYV to various degrees, while LVEF and FS decreased to different degrees, consistent
with that reported in the literature (Artmann et al., 2009; Mahnken et al., 2009; Xue et al.,
2012). The Spearman correlation analysis of the GS results demonstrated that GS was nega-
tively and significantly correlated with LVEF and FS, positively and significantly correlated
with LVDD, LADD, LVEDV, and LVESYV, with no significant correlation in regard to SV and
CO. This indicated that the higher the GS, the higher the LVDD, LADD, LVEDV, and LVESV
and the lower the LVEF and FS were, suggesting an increase in the inner diameter of left
atrium and ventricle, which could be used to predict the severity of coronary artery disease.
The possible mechanism may be like the following: myocardial ischemia would lead to a de-
crease in myocardial contractility, the left ventricle and left atrium would then congest, and the
left atrial systolic diameter and diastolic diameter would then expand, leading to left ventricu-
lar remodeling, which would feedback and increase left ventricular systolic function failure.
Thus, the severer the coronary stenosis is, the higher the GS is, which means the worse heart
function. When the coronary artery diameter stenosis is less than 75%, stenosis has less effect
on ventricular systolic function, and the stenosis developed more obviously, it would further
reduce systolic dysfunction. When the extent of coronary stenosis is more than 90%, LVEF
significantly decreases (Ashrafian et al., 2008; D’Ancona et al., 2008; Wang et al., 2009b).
The fact that GS was not statistically associated with SV and CO may be connected with the
Frank-Starling mechanism (Leber et al., 2005; Ashrafian et al., 2008; D’ Ancona et al., 2008).
That is, when a coronary artery stenosis causes moderate systolic heart failure, myocardial
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end-diastolic fiber length increases by the FS law-regulating mechanism, and the ventricular
end-diastolic volume (ventricular preload) increases, the resting CO and ventricular function
could maintain at normal levels.

The cardiac muscle is the driving force of the systole, where changes in the MM
would be bound to cause changes in myocardial contractility, thereby affecting cardiac output.
Therefore, MM could be used to express ventricular function. The results of this study showed
that GS and MM had a good positive correlation and that MM had a good negative correlation
with LVEF, suggesting that the higher the GS is, the severer the MM is, which leads to worse
systolic function. Studies have shown that MM is a strong predictor of sudden cardiac death
and that MM has a very close relationship with cardiac function, where it is one of the most
sensitive indicators of cardiac function (Nakamura, 2010; Li et al., 2012). Coronary artery
stenosis is an important cause of the reduction of left ventricular systolic function and cardiac
remodeling. It could cause heart expansion (left atrium and left ventricle), mainly due to myo-
cardial ischemia, myocardial cell edema, interstitial hyperplasia and left ventricular remodel-
ing, resulting in a decrease in left ventricular compliance and cardiac function. As the degree
of stenosis increases, MM will increase, suggesting that left ventricular MM could be used as
an effective indicator to determine left ventricular dysfunction, especially valuable for those
patients with normal early LVEF values and no effects on general activities, and in whom MM
is relatively stable in a certain period, with strong repeatability (Chander et al., 2008; Wang et
al., 2009a; Krim et al., 2011).

In this research, 128-layer SCT, accompanied by retrospective ECG-gating technol-
ogy, was used to evaluate cardiac function, and noninvasively assess the relationship of coro-
nary artery stenosis (morphology) and cardiac function (functional study). This showed great
advantages: the scanning speed was fast, easy, safe, noninvasive, and of low cost; synchronism
was good, in which image data of the coronary artery could be obtained and cardiac function
determined in one-stop access, without examination interval, where cardiac function could
reflect the current vein stenosis. We also found that there were some deficiencies: the time and
spatial resolutions needed to be further improved, and there were still partial motion artifacts,
which could affect the precise definition of left ventricular systolic end and diastolic end; and
breathing exercises, rapid heart rate, heart rate arrhythmia, and severe coronary calcification
would all affect coronary stenosis assessment (Ruixing et al., 2007; Chander et al., 2008). In
addition, whether the use of metoprolol and contrast agents and saline in the contrast could
affect left ventricular function still remains to be further studied.
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