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Abstract: 

The purpose of this study is, using a 16-section multidetector-row helical computed 

tomography (MDCT) scanner with retrospective reconstruction, to compare variability 

in repeated coronary calcium scoring and qualitative scores of the motion artifacts. One 

hundred and forty-four patients underwent two subsequent scans using MDCT. 

According to Agatston and volume algorithms, the coronary calcium scores during 

mid-diastole (the center corresponding to 70% of the R-R cycle) were calculated and the 

inter-scan variability was obtained. Motion artifacts from coronary artery calcium were 

subjectively evaluated and classified using a 5-point scale: 1 _ excellent; no motion 

artifacts; 2 _ fine, minor motion artifacts; 3 _ moderate, mild motion artifacts; 4 _ bad, 

severe motion artifacts and 5 _ poor, doubling or discontinuity. Each reading was done 

by vessels (left main, left descending, left circumflex and right coronary arteries) and 

the motion artifact score (mean of the scales) was determined per patient. The 

variability in low (1.2 ± 0.2) and high (2.4 ± 0.6) motion artifact score groups was 7 ± 6 

(median, 6)% and 19 ± 15 (16)% on Agatston score (p<0.01) and 7 ± 7 (6)% and 16 ± 

13 (14)% on volume score (p<0.01), respectively. In conclusion, motion have a 

significant impact on reproducibility of coronary calcium scoring. 
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Introduction: 

Low interscan variability and accuracy of coronary artery calcium (CAC) measurement 

are essential to monitor CAC for the assessment of the progression and regression of 

coronary atherosclerosis, risk factors and medical interventions [1,2]. Factors 

influencing inter-scan variability on CAC measurement reported are as follows; partial 

volume effect [3], the use of the step function in the Agatston method to quantitate 

calcium [4], coronary artery motion [5], image noise [6], field inhomogeneity [7], lack 

of calibration [8], total volume of CAC [9], scoring parameters [10], intraobserver and 

interobserver variations [11], etc. Some more details in the factors above are as follows: 

The use of a continuous weighting function instead of the step function decreases the 

variability. The variability is lower in the higher CAC score group. The CAC scoring 

parameters (four-connected or eight-connected, lesion size threshold and interpolation) 

affect the CAC score, therefore the parameters should be standardized. However, how 

important each of these factors is and therefore what should be done to reduce 

variability is not well understood.  

The purpose of this study is, using a 16-section MDCT scanner with retrospective 

reconstruction, to test the extent to which motion artifacts from CAC have an impact on 

variability in repeated coronary calcium scoring. 

 

Materials and methods: 

The study was approved by our institutional review committee. Written informed 

consent was received from all patients involved after the nature of the procedure had 

been fully explained. For 15 months, 144 consecutive subjects (96 males and 48 females, 
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68±9 years old: range, 44-85 years) who were asymptomatic, with at least one cardiac 

risk factor (n = 85) or complaints of chest pain (n = 59) were included. Prior to scanning, 

the technologists trained subjects in breath-hold techniques. Two subsequent volume 

scans were performed using a 16-section MDCT scanner (LightSpeed Ultrafast 16; GE 

Healthcare, Waukesha, WI) with no change in subject positioning. The table was 

advanced by 1mm each time (home position: 0 and +1mm), during the subsequent 

scans. 

 

16-section MDCT Protocol 

Volumetric data of the entire heart were obtained by helical mode with scan parameters 

of a 1.25mm collimation width x 16 detectors, a gantry rotation speed of 0.5 sec/rotation, 

120kV and 100mA. CT pitch factors were variable by the heart rate and were set 

according to the manufacturer’s recommendations for coronary CT angiography 

protocol, i.e. 0.275 below 45bpm, 0.3 for 45-49bpm, 0.325 for 50-59bpm, 0.3 for 

60-74bpm, and 0.275 for over 76bpm. In image reconstruction, single-sector, which is 

derived from approximately 240 degrees of one 360-degree gantry rotation data, was 

used when the heart rate was below 60bpm. Due to using half scan weighting, the 

effective temporal resolution will be: rotation speed x 2/3 (240 degree) x 0.75 = 

250msec. Multisector reconstruction was applied when the heart rate was more than 

60bpm. Multisector reconstruction uses a retrospective ECG-gating algorithm. With this, 

by combining some (n=2 to 4, depending on the heart rate) adjacent cardiac cycles 

(segments), temporal resolution is improved while maintaining image quality [12]. In a 

recent study, the influence of multisector reconstruction on image quality is only 
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observed at heart rates above 70 bpm [13]. One should also be aware that image quality 

does not increase even using multisector reconstruction when the heart rate varies 

between heart beats. 

 The center of the temporal window was set to 70% of the R-R interval. To reduce 

the influence of partial volume averaging, overlapping reconstruction, i.e. 2.5mm 

thickness images with 1.25mm increment were reconstructed [14-17]. Image 

reconstruction was performed with a 512 x 512 pixel matrix using a standard kernel. A 

display field of 26cm was sufficient and yielded a pixel size of approximately 0.5x0.5 

mm2. 

 

Calcium Scoring 

Agatston and volume scores were determined on a commercially available external 

workstation (Advantage Windows Version 4.1, GE Healthcare) using CAC-scoring 

software (Smartscore Version 3.5). In accordance with the Agatston method [18], we 

defined the ROIs by vessel and slice with the threshold option for pixels greater than 

130 Hounsfield units (HU) to measure the area and peak density of plaques. Depending 

on the peak density of the plaque, an area of at least 0.52mm2 (2 pixels) was multiplied 

by one of the following cofactors: a factor of 1 for 130-199HU, a factor of 2 for 

200-299HU, a factor of 3 for 300-399HU, and a factor of 4 for densities greater than 

400HU. The total calcium score was calculated as the sum of the individual lesion 

scores in all coronary arteries. The calcium volume [19] was calculated using the 

following equation: 

Volume=∑(area x slice increment) 
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The calcium mass was not calculated because no calibration phantom was available. To 

avoid interobserver variability, all CT scans were scored by a radiologist with 6 years 

experience of CAC measurement. The percentage of variability on Agatston and volume 

scores was calculated using the following equation: 

[absolute (scan1 – scan2 ) / 0.5 x [(scan1 + scan2)]] x 100. 

 

Scoring of motion artifacts 

Motion artifacts from coronary artery calcium were subjectively evaluated and 

graded using a 5-point scale: 1 _ excellent; no motion artifacts, sharply delineated; 2 _ 

fine, minor motion artifacts, blurred lesion margin; 3 _ moderate, mild artifacts, 

tail-shaped artifacts; 4 _ bad, severe motion artifacts, star-shaped artifacts; and 5 _ poor, 

doubling or discontinuity of calcium (Fig. 1). In each patient, reading was done vessel 

by vessel; i.e. left main (LM), left anterior descending (LAD), left circumflex (LCx) and 

right coronary arteries (RCA) on two subsequent CT scans by two radiologists who 

were unaware of the CAC measurement results. In case the consensus of the grade was 

not obtained, a third radiologist participated in the grade determination. The final 

decision was made on a 2:1 decision. When the grade differed between two subsequent 

CT scans, the worse grade was assigned to the grade of the coronary vessel. This 

evaluation of the coronary arteries was mainly performed on eight of the 15 coronary 

segments according to the American Heart Association classification: LM; the proximal 

and middle segments of LAD and LCX; and the proximal, middle, and distal segments 

of RCA. This is due to the fact that small calcium does not have much effect on total 

CAC scoring. The motion artifact score was defined per patient as the mean of the 
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grades assigned to 4 parts (LM, LAD, LCx and RCA) of coronary artery burden with 

calcium. 

 

  First, the grades of motion artifacts were compared between LM, LAD, LCx and 

RCA. Next, the relationship between the motion artifact score and the variability of 

CAC scoring was assessed. Lastly, dividing the patients (n=144) into two groups (n=72) 

according to the motion artifact scores (low and high), the heart rate, heart rate change, 

CAC scores and the variability were compared between the two groups. For statistical 

analysis, t-tests, Kruskal-Wallis test and ANOVA followed by Bonferroni/Dunn test 

were used to determine differences. 

 

Results: 

All patients were able to hold their breath on two subsequent scans. Median heart rate 

66 ± 12 bpm (ranged, 44-99 bpm) on scan1, and 65 ± 13 bpm (ranged, 47-95 bpm) on 

scan2. Change in heart rate (difference between maximum and minimum of heart rate in 

the scan) was 7 ± 13 bpm during scan1 and 8 ± 14 bpm during scan2. The number of 

segments used in the multisector reconstruction was 2 to 4. The number depended on 

the heart rate and variability, thus varied even during one scan. Almost all MDCT 

images had a temporal resolution from 100 to 250msec, determined according to the 

heart rate and the number of segments used for reconstruction. 

Mean scores on two subsequent scans were 570 ± 748 (median, 271) and 464 ± 579 

(median, 248) on Agatston and volume, respectively. Variability between two 

subsequent scans were 13 ± 13% (median, 9%) and 12 ± 11% (median, 8%) on Agatston 
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and volume, respectively. 

Among 144 patients, CAC was detected in 72, 130, 94 and 108 patients on LM, LAD, 

LCx and RCA, respectively. Distribution of the grades of motion artifacts per coronary 

artery branches is shown (Fig. 2). Per vessel analysis, motion artifacts were graded as 

1.4 ± 0.7 (median, 1), 1.6 ± 0.7 (median, 1), 1.7 ± 0.8 (median, 2) and 2.4 ± 1.1 (median, 

2) on LM, LAD, LCx and RCA, respectively. When comparing the number of grades, 

there were statistical differences between the coronary artery branches (Kruskal-Wallis 

test; p<0.01). On ANOVA followed by Bonferroni/Dunn test, the grades of RCA were 

higher (with more motion artifacts) than those of other coronary branches (p<0.001), 

whereas there were no differences between LM, LAD and LCx. 

The motion artifact score, determined per patient by the mean of the grades, was 1.8 

± 0.7 (median, 1.7: ranged 1 to 4). Relationship between the score and variability of 

repeated Agatston and volume scores are shown (Fig. 3 and 4). Using the median 

motion artifact score of 1.67, 144 patients were divided into two groups. The heart rate 

and the variability of both CAC scores between two subsequent scans were lower in the 

low score group (<0.01, t-test) (Table 1). 

 

Discussion: 

Motion artifacts from CAC is one of the important causes of increasing variability; 

however, how big an effect, has not been well demonstrated before. Results of a 

previous study have shown that variability of CAC scoring is high at high heart rates on 

prospective ECG-triggering MDCT [20]. However, according to our knowledge, there 

have not been many studies published to compare between the intensity of motion 
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artifacts and the variability of CAC scoring [21]. 

  Variability of Agatston scores using electron beam CT yields 20% to 37% [4,9,19,22]. 

Although the temporal resolution of MDCT is lower than that of electron beam CT, 

MDCT with overlapping image reconstruction shows lower variability of 12% 

compared with 23% with non-overlapping [16] and 13% compared with 22% [23]. We, 

therefore, believe that partial volume effect is one of the most important factors on 

influencing variability of CAC scoring, and that the use of overlapping image data sets 

is suited for validating the effect of motion artifacts. Image noise [6], in other words, 

standard deviation of images [9], is known as another factor. Our MDCT protocol, 

using a tube current of 100mA, provides low-noise images [24], therefore is also able to 

minimize the effect of image noise on variability of CAC scoring. 

There have been many studies exploring variability of CAC scoring per coronary 

arteries. Lu et al. [25] showed that interscan variabilities in individual arterial scores 

were highest in the LM, followed by the RCA, LCx, and LAD. The finding that the 

largest score variation occurred in the LM may have been due in part to difficulty in 

delineating the exact junction between the LM, LAD, and LCx [26]. For example, 

calcification near the junction of the LM bifurcation into the LAD and LCx may be 

assigned to the LM, whereas at the second reading or examination, the same lesion may 

be assigned to the LAD or LCx. The phenomenon is considered to be a major drawback 

in this kind of analysis. Our approach is limited to being a semi-quantitative analysis, 

however is not subject to this phenomenon. 

In a previous study, Lu et al. [27] measured coronary motion and found that the rest 

periods in the cardiac cycle for the LAD artery, LCx, and RCA were 439.4–1,060.4 
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msec, 101.9–258.8 msec, and 87.2–167.7 msec, respectively, at heart rates lower than 

70 bpm. Temporal resolution of 250 msec, which is a fixed value by single-sector when 

heart rates are below 60bpm in our study, is considered insufficient especially when 

imaging the RCA. Hong et al. [20] using prospective ECG-triggering MDCT with 

temporal resolution of 250 msec, interacquisition variability in the low heart rate group 

(70 bpm or lower) was lower than that in the high heart rate group (higher than 70 bpm). 

We used multisector reconstruction when the heart rate was more than 60bpm. It is 

known that changes in heart rate or cardiac rhythm may alter the duration or location of 

the components in the cardiac cycle, and thus, acquisition may be disturbed by systole 

or atrial contraction. This retrospective ECG gating algorithm does not rely on 

prospective estimations of the duration of the R-R interval. Image reconstruction can be 

performed at arbitrary or multiple cardiac phase(s) according to the real R-R interval, 

therefore is able to minimize the influence of heart rate variation. In addition, by 

combining some adjacent cardiac cycles segments, temporal resolution is improved. 

These factors are advantageous for reducing motion artifacts, however we were often 

unable to suppress motion artifacts especially on high heart rate patients. The result in 

our study that RCA was most difficult to suppress motion artifacts is well 

understandable when we relate the motion speed of individual coronary arteries 

[27,28,29] with the motion artifacts. For better imaging of CAC using MDCT, further 

reduction of gantry rotation time is considered mandatory despite when multisector 

reconstruction is used.  

One limitation of our study is that we chose 70% for reconstruction of all heart rates, 

although we used retrospective-gated technique without dose modulation. 
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Determination of the data acquisition window is also a vital factor as the optimal 

ECG-triggering point for minimizing motion artifacts differs between heart rates, 

lengths of acquisition windows and of course, individuals [30]. The rest period is 

located in diastasis for low heart rates and in end-systole for high heart rates or atrial 

fibrillation [31]. Recently, a dynamic model called the ‘delay algorithm’ which enables 

us to capture the same physiological phase or ‘state’ of the anatomy during the cardiac 

cycle as the instantaneous heart rate varies during the spiral scan has been introduced 

[32]. Hoffmann et al have introduced a clinical evaluation of the motion map, which 

will allow to measure low motion phases after scan acquisition automatically [33]. The 

other limitation is that we did not perform calcium mass scoring which has been 

proposed to be used as the standard measurement of CAC. 

If we are able to reduce motion artifacts as to the level of the low motion artifacts 

score group with variability of 7 ± 7 (6)% on Agatston scores and of 7 ± 7 (6)% on 

volume scores, monitoring coronary atherosclerosis on MDCT will be very promising. 

The level of variability is far superior to that on electron beam CT and is 

recommendable in consideration of normal progression of CAC score per year; 14-27% 

[34] and accelerated level with significant coronary disease; 33-48% [35,36]. 

Although not the focus in this study, lowering radiation exposure is vital for CAC 

scoring using MDCT especially retrospective ECG-gated technique. ECG-controlled 

modulation [37] or/and the use of low-dose (low milliampere) [24] will contribute to 

this. In conclusion, motion artifacts have a significant impact on variability of CAC 

scoring. Reducing motion artifacts by improving temporal resolution and optimization 

of the data acquisition window, such as the reconstruction of multiple phases, enables 
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MDCT to be a further useful tool for monitoring coronary atherosclerosis. 
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Legends for Illustrations 

Fig. 1  Grading intensity of motion artifacts from CAC 

A: Grade 1_ excellent; no motion artifacts from CAC 

B: Grade 2 _ fine, margin of CAC blurred 

C: Grade 3 _ moderate, CAC with tail-shaped artifacts 

D: Grade 4 _ bad, CAC with star-shaped artifacts 

E: Grade 5 _ poor, doubling or discontinuity of CAC 

 

Fig. 2  The grade of motion artifacts from CAC per branch 

The motion artifacts from RCA were more intense than those from LM, LAD and LCx. 

 

Fig. 3  Scatterplots of motion artifact score and the variability of Agatston scores 

Variability of Agatston score 

= [-0.052+0.099 x (Score of motion artifacts)] x 100%   R=0.573 

 

Fig. 4  Scatterplots of motion artifact score and the variability of volume scores 

Variability of volume scores 

= [-0.012+0.073 x (Score of motion artifacts)] x 100%   R=0.480 
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Fig. 1-A 
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Fig. 1-B 
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Fig. 1-C 
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Fig. 1-D 
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Fig. 1-E 
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Fig. 4 
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Table 1: Characteristics of parameters in the two groups divided by motion artifact score 

  Artifact score Heart rate HR change Agatston score
Variability of 

AS Volume score
Variability of 

VS 
Low score group 1.2 ± 0.2 63 ± 12 (62) 6.3 ± 9.3 (4.0) 572 ± 749 7 ± 6 (6)% 462 ± 574 7 ± 7 (6)% 
High score group 2.4 ± 0.6 69 ± 11 (69) 8.0 ± 16.0 (4.0) 567 ± 752 19 ± 15 (16)% 466 ± 588 16 ± 13 (14)%

t-test <0.01 <0.01 n.s. n.s. <0.01 n.s. <0.01 

Data are expressed as mean ± standard deviation (median) 

Artifact score: motion artifact score per patient 

Heart rate: mean of heart rate in the scan 

HR change: difference between maximum and minimum heart rate in the scan 

Variability of AS: variability of Agatston scores between the 2 scans 

Variability of VS: variability of volume score between the 2 scans 

Statistics are performed using t-test. P-values < 0.05 were considered to identify 

significant differences. 

n.s.: not significant 
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