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Abstract  Background: We describe a novel quantitative 
index of coronary artery motion (QCAM) from multislice 
computed tomography (MSCT) and test its association with 
the location of coronary artery disease. Methods: 25 patients 
with known or suspected coronary artery disease underwent 
ECG-gated MSCT. The coronary artery images were divided 
into 150 sections using landmarks that could be identified at 
time points at end-diastole and end-systole. QCAM was 
derived from the change in centerline length of the coronary 
sections between these time points. Plaques were identified 
and classified by type and severity of stenosis. Results: The 
mean QCAM was significantly less in the coronary sections 
with plaque (94.3%+/-8.1%) than those without 
(99.0%+/-10.2%) (p=0.023). There was a significant 
correlation between QCAM and plaque stenosis 
(Spearman’s rank correlation coefficient, ρ= -0.192, 
p=0.018). The correlation between QCAM and plaque type 
approached statistical significance (Spearman’s rank 
correlation coefficient, ρ= -0.156, p=0.057). Sensitivity, 
specificity, positive and negative predictive values for the 
identification of coronary plaque within a section for QCAM 
<100% were 80%, 46%, 27% and 90% respectively. 
Conclusions: QCAM is a novel quantitative measurement of 
coronary artery motion that correlates with the location of 
coronary artery disease. Quantitative evaluation of coronary 
artery motion provides a new approach to understanding the 
biomechanics of coronary artery disease. 
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1. Introduction 

The response to endothelial injury model of 
atherosclerosis was first proposed by Virchow in 1856 [1] 

and revised by Ross and Glomset in 1973 [2-4]. The shear 
stress of coronary blood flow is the mechanism of injury 
most commonly implicated [5-10]. Local biomechanical 
injury due to the axial strain of cyclical coronary artery 
motion has also been shown to be an alternative mechanism 
of injury [11]. Coronary artery motion has been proposed to 
have an effect on the location of coronary artery disease by 
causing both low shear wall stress and increased wall strain 
[12]. We and other authors have previously shown that the 
compression pattern of coronary artery motion correlates 
with the location of coronary artery disease [13] and is 
predictive of the locations of culprit lesions in STEMIs 
[14-16]. 

Multislice computerized tomography (MSCT) is one of 
the most exciting recent developments in cardiology. Rapid 
advances in technology have resulted in MSCT entering 
‘prime-time’ in recent years [17, 18]. Meta-analyses as early 
as 2007 support the potential use of 64 slice computed 
tomography coronary angiography in place of conventional 
coronary angiography (CCA) in carefully selected 
populations [19]. MSCT is superior to CCA alone in the 
analysis of plaque characteristics. Plaque characteristics 
have been shown to be different in patients with acute 
myocardial infarction or symptomatic stable angina pectoris 
[20] and to be predictive of future acute coronary syndromes 
[21]. MSCT readily allows quantitative evaluations to be 
performed. Coronary artery calcification is an example of a 
quantitative measurement that currently contributes 
significantly to risk stratification especially in persons with 
intermediate risk assessed by conventional risk analysis [22].  

2. Aim 
We describe a novel quantitative index of coronary artery 

motion (QCAM) obtained from MSCT. We test whether 
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there is an association between QCAM and the location of 
coronary artery disease. 

3. Methods 

3.1. Ethical Approval of the Study Protocol 

This study complied with the Declaration of Helsinki. The 
study was approved by the human research ethics committee 
of Royal Prince Alfred Hospital. 

3.2. Patients 

25 patients with known or suspected coronary artery 
disease who had undergone electrocardiographically-gated 
MSCT at Liverpool Hospital between April 2007 and 
January 2011 were evaluated. MSCT was performed using a 
retrospectively gated protocol on a 64 slice dual source 
cardiac CT scanner (SOMATON Definition, Siemens 
Healthcare). Patients were examined in a supine position, 
images extended from base of neck to the diaphragm during 
a single breath hold. Imaging parameters were as follows: 
detector collimation of 32×0.6 mm, slice acquisition 64×0.6 
mm by means of a z-flying focal spot, gantry rotation time 
330 ms, pitch of 0.2–0.43 adapted to the heart rate, tube 
current 400 mAs per rotation, and tube potential 120 kV. The 
patients were randomly retrospectively identified from a 
database of MSCT studies performed during this period. 
Clinical data of the patients and MSCT results was obtained 
from MSCT reports and medical records. 

 

Figure 1.  Vessel reconstructions at two time points in the cardiac cycle. 
Landmarks for the left anterior descending and left circumflex coronary 
arteries are shown with matching colors in the reconstructions 

3.3. Calculation of QCAM 

The images were reconstructed and manipulated on a 
dedicated cardiac work station. Raw data was reconstructed 
in 5% intervals throughout the cardiac cycle (which was 
defined as starting at the R wave). Vessel reconstructions 
that were representative of end-systole and end-diastole of 
the left ventricle were used for further analysis. The percent 
of the cardiac cycle for these two time points was recorded. 

The coronary arteries were divided into sections using 
landmarks that could be identified at both time points. Most 
landmarks were bifurcations. Figure 1 shows the concepts of 
vessel reconstructions at end-systole and end-diastole and 
landmarks. Centerline lengths from the ostium of the vessel 
to the identified landmarks were measured on curved 
multiplanar reconstructions. The centerline lengths for each 
section were derived (Section X = (Ostium to Landmark X) - 
(Ostium to Landmark (X-1)). QCAM was defined as the 
percent shortening of centerline lengths between the time 
points (QCAM=100x(centerline length for section X at 
end-systole)/(centerline length for section X at 
end-diastole)%. 

3.4. Plaque Stenosis and Plaque Type Evaluation 

Plaques within coronary sections were identified. Plaque 
stenoses were classified by the maximal luminal diameter 
stenosis seen on any plane and the severity of stenosis was 
graded as none, non-obstructive (<=50%) and significant 
(>50%). Plaque types were classified as calcified arterial 
plaques (CAP) when calcified tissue occupied >50% of the 
plaque area, plaques with <50% calcium as mixed calcified 
plaques (MCAP), and plaques without any calcium as 
non-calcified plaques (NCAP), as previously described [18].  

3.5. Statistical Analyses 

Statistical analyses were performed using Stata version 
8.0 (College Station, TX). Numerical values are expressed as 
mean and standard deviation unless otherwise stated. 
p-values <0.05 were considered statistically significant. The 
distributions of QCAM for sections with and without plaque 
were tested with an unpaired t test. Spearman’s rank 
correlation coefficients were calculated for QCAM and both 
plaque stenoses and plaque types. Receiver operating 
characteristics (ROC) analysis was used to test the 
relationship between sensitivity and specificity at different 
cutoff values of QCAM.  

4. Results 

4.1. Clinical and MSCT Characteristics of the Patients 

Baseline clinical characteristics of the patients are shown 
in Table 1. The age of the patients was 53.3(+/-15.6) years. 
16 (64%) of the patients were male. MSCT details are shown 
in Table 2. Chest pain was the indication for the majority of 
examinations. The elevated heart rate and high radiation 
doses reflect the selective use of retrospectively gated 
examinations in this study. 30 coronary plaques were 
identified in 11 patients. 4 patients underwent subsequent 
conventional coronary angiography (CCA). 2 of the patients 
had CCA within one week of their MSCT examinations. 1 of 
these patients was then referred for coronary artery bypass 
surgery. 1 was managed medically. 1 patient had CCA 6 
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months later with percutaneous treatment of a left anterior 
descending stenosis (in a section reported as non-diagnostic 
on the MSCT examination due to heavy calcification). 1 
patient had CCA 12 months later with only minor coronary 
disease identified. 

Table 1.  Baseline clinical characteristics 

Characteristic  

Age in years (+/-standard deviation) 53.3 (+/-15.6) 

Male sex, number (%) 16 (64%) 

Clinical information,  Number (%) 

Family history of premature coronary disease 5 (20%) 

Hypercholesterolemia 16 (64%) 

History of Smoking 7 (28%) 

Diabetes 8 (32%) 

Hypertension 14 (56%) 

Systolic blood pressure (mmHg) 138 (24%) 

Obesity 10 (40%) 

Table 2.  MSCT details 

Detail  

Indication,  Number 

Chest pain 19 

Cardiomyopathy 3 

Cardiac arrest 1 

Congenital heart disease 1 

Anomalous coronary artery 1 

Heart Rate in beats per minute (standard 
deviation) 74.9 (+/-13) 

Dose length product  (standard deviation) 734 (+/-300) 

Calcium scores Value (standard deviation) 

Agatston score 89.9 (+/-279) 

Volume score 71.4 (+/-225) 

Mass in mgCaHA 17.8 (+/-56) 

4.2. QCAM and Coronary Plaque 

Vessel reconstructions that were most representative of 
end-systole occurred at 37.1(+/- standard deviation of 5.1) % 
of the cardiac cycle. Vessel reconstructions that were most 
representative of end-diastole occurred at 73.2(+/1 standard 
deviation of 7.3) % of the cardiac cycle. Frequency 
distributions of QCAM for coronary sections without and 
with plaque are shown in Figure 2 with further categorization 
by plaque stenosis and plaque type in Table 3. QCAM was 
significantly less for coronary sections with plaque (94.3% 
+/-8.1%) than for those without plaque (98.9% +/-8.1%) 

(p=0.023). There was a significant correlation between 
QCAM and plaque stenosis (Spearman’s rank correlation 
coefficient, ρ= -0.192, p=0.018). The correlation between 
QCAM and plaque type approached statistical significance 
(Spearman’s rank correlation coefficient, ρ= -0.156, 
p=0.057). Sensitivity, specificity, positive and negative 
predictive values for the identification of coronary plaque 
within a section for QCAM <100% were 80%, 46%, 27% 
and 90% respectively. 

Table 3.  QCAM categorized by plaque stenosis and plaque type 

Categorization Sections  
QCAM (+/- 

standard 
deviation) 

P value 

 Number   

Plaque   0.023‡ 

None 122 99.0(+/-10.2)  

Present 30 94.3(+/-8.1)  

Plaque Stenosis   0.018† 

None 122 99.0(+/-10.2)  

NonObstructive 25 94.1(+/-7.4)  

Significant 5 95.2(+/-11.9)  

Plaque Type   0.057† 

None 122 99.0(+/-10.2)  

Non-calcified 10 95.1(+/-9.1)  

Mixed calcified 5 89.3(+/-9.6)  

Calcified 15 96.8(+/-7.9)  

‡Unpaired t test †spearman’s rank correlation 

 

Figure 2.  Frequency distribution of QCAM for coronary sections without 
and with plaque 

5. Discussion 

In this study, QCAM, a quantitative index of coronary 
motion from MSCT, is described for the first time. The mean 
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QCAM was 4.7% less in coronary sections with coronary 
plaque than in those without plaque. This difference was 
statistically significant. Interestingly, the point estimates for 
QCAM were similar for both non-obstructive plaque and for 
plaque that caused significant stenosis. In terms of plaque 
type, the point estimate for QCAM was smallest for mixed 
calcific plaque and similar for non-calcified and calcified 
plaque. The small number of sections with mixed calcific 
plaque and the wide confidence interval for the point 
estimates preclude any further interpretation of this 
observation. 

The frequency distribution of QCAM for coronary 
sections without and with coronary plaque (Figure 2) show 
considerable overlap of QCAM. In particular, a number of 
sections without plaque had QCAM values in the same range 
seen for sections with plaque. This is also reflected in the 
receiver operation characteristics of QCAM. Although the 
sensitivity (80%) and negative predictive value (90%) of a 
QCAM value of <100% for detection of coronary plaque 
within a section were excellent, the specificity (40%) and 
positive predictive value (27%) were disappointing. 

QCAM measures change in centerline length of a section 
of the coronary artery during the cardiac cycle. The decision 
to use this as a quantitative measure of coronary artery 
motion was based on the results of previous qualitative 
evaluations of coronary artery motion. In particular, change 
in centerline length was thought to best mirror the 
compression type of qualitative motion, which has 
previously been shown to correlate with the location of 
coronary artery disease [13]. The results in this study extend 
this finding to a quantitative method using MSCT. The 
compression pattern of coronary artery motion has also been 
shown to be predictive of the locations of culprit lesions in 
ST-segment elevation myocardial infarctions [14-16]. 
Whether QCAM is predictive of the location of culprit 
lesions in STEMIs is a clinically interesting hypothesis that 
remains to be tested. 

This study has a number of limitations. Firstly, the use of 
landmarks to calculate QCAM results in averaging of the 
index over the artery section. This averaged index was then 
correlated with the coronary plaque. Plaque location was 
often focal and not involving the entire section for which 
QCAM was correlated. Secondly, this study uses 
retrospectively ECG-gated MSCTs. The mean heart rate of 
the examinations was 75 beats per minute. Most MSCTs 
currently performed use prospective ECG-gating, with 
acquisition of data predominantly within a pre-specified 
window in diastole. This precludes the measurement of 
QCAM as described in this study. Clinical benefit of QCAM 
measurement is required before the use of extra radiation to 
acquire the additional data for its calculation would be 
warranted.  

6. Conclusion 

QCAM is a novel measure which correlates with the 

location of coronary artery disease. Quantitative evaluation 
of coronary artery motion using MSCT provides an 
opportunity to better understand the biomechanics of 
coronary artery disease. 
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