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Utility of the 16-cm Axial
Volume Scan Technique

for Coronary Artery Calcium
Scoring on Non-Enhanced
Chest CT: A Prospective
Pilot Study
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Purpose This study aimed to evaluate the utility of the 16-cm axial volume scan technique for
calculating the coronary artery calcium score (CACS) using non-enhanced chest CT.

Materials and Methods This study prospectively enrolled 20 participants who underwent
both, non-enhanced chest CT (16-cm-coverage axial volume scan technique) and calcium-
score CT, with the same parameters, differing only in slice thickness (in non-enhanced chest
CT =0.625, 1.25, 2.5 mm; in calcium score CT = 2.5 mm). The CACS was calculated using the
conventional Agatston method. The difference between the CACS obtained from the two CT
scans was compared, and the degree of agreement for the clinical significance of the CACS was
confirmed through sectional analysis. Each calcified lesion was classified by location and size,
and a one-to-one comparison of non-contrast-enhanced chest CT and calcium score CT was
performed.

Results The correlation coefficients of the CACS obtained from the two CT scans for slice thick-
ness of 2.5, 1.25, and 0.625 mm were 0.9850, 0.9688, and 0.9834, respectively. The mean differ-
ences between the CACS were -21.4% at 0.625 mm, -39.4% at 1.25 mm, and -76.2% at 2.5 mm
slice thicknesses. Sectional analysis revealed that 16 (80%), 16 (80%), and 13 (65%) patients
showed agreement for the degree of coronary artery disease at each slice interval, respectively.
Inter-reader agreement was high for each slice interval. The 0.625 mm CT showed the highest
sensitivity for detecting calcified lesions.
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Conclusion The values in the non-contrast-enhanced chest CT, using the 16-cm axial volume scan
technique, were similar to those obtained using the CACS in the calcium score CT, at 0.625 mm slice
thickness without electrocardiogram gating. This can ultimately help predict cardiovascular risk with-
out additional radiation exposure.

Index terms Calcium; Coronary Vessels; Tomography, X-Ray Computed; Coronary Artery Disease

INTRODUCTION

The coronary artery calcium score (CACS) is a quantitative measure of coronary artery cal-
cification, which has a high correlation with the total amount of atherosclerotic plaque and
is an independent predictor of coronary artery disease (CAD), and subsequent ischemic
heart disease (1-3). There are several methods for calculating the calcium scores, including
volume scores and the derived calcium mass; among these, the Agatston score is most widely
used (4-6). In this scoring method, calcifications are defined as lesions with attenuation > 130
Hounsfield unit (HU) and size > 1 mm?, and scores are calculated by multiplying the area and
weight of calcification.

The calcium score is generally measured using electrocardiogram (ECG)-gated CT. Howev-
er, recent studies have shown that calcium scores can also be obtained from non-ECG-gated,
conventional chest CT (7-9). These studies have shown a high correlation between the CACS
obtained from non-ECG-gated non-enhanced chest CT and that obtained from ECG-gated CT
scans. The 2016 Society of Cardiovascular Computed Tomography and Society of Thoracic
Radiology guidelines issued recommendations for the qualitative assessment of CACS using
non-enhanced chest CT (10). However, there may be certain limitations associated with CACS
calculated from non-ECG-gated chest CT owing to cardiac motion. Nonetheless, recent ad-
vancements in CT technology can potentially minimize cardiac motion artifacts on chest CT
by using a reduced gantry rotation time, and increased detector coverage (11, 12). Therefore,
the purpose of this study was to evaluate the feasibility of using the 16-cm axial volume scan-

ning technique to calculate the CACS from non-ECG-gated non-enhanced chest CT imaging.

MATERIALS AND METHODS

This study was reviewed and approved by the Institutional Review Board of our institution
(IRB No. 3-2017-0237). Informed consent was obtained from all participants. Twenty-eight pa-
tients aged = 50 years who required a chest CT scan for various clinical reasons were pro-
spectively enrolled in this study from December 2017 to April 2018.

First, all 28 patients underwent a non-ECG-gated non-enhanced chest CT. Patients without
coronary calcification on visual assessment were excluded from the study. Subsequently, 20
patients underwent an ECG-gated CT, and the CACS was calculated. These 20 patients under-
went chest CT for investigating a solitary pulmonary nodule (n = 6, 30%), lung metastasis (n =
6, 30%), primary lung cancer (n = 5, 25%), other pulmonary diseases (n = 2, 10%), and health
examination (n = 1, 5%). Finally, the results of the 20 patients were analyzed in this study.
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CT PROTOCOLS
All non-ECG gated and ECG-gated CT scans were performed with a 256-slice CT scanner

(Revolution CT, GE Healthcare, Chalfont St., Giles, UK). First, non-contrast chest CT without
EGC-gating was performed for the 28 patients at the end of inspiration in the supine position.
The scan parameters were as follows: 120 kVp; 50-100 mAs (AEC, fixed noise index: 20); 0.625-
mm slice thickness; wide detector, 16-cm coverage, and fast gantry rotation time (0.28 sec). A
chest CT scan of the region from the thyroid gland level to the adrenal gland level was per-
formed using 2 or 3 axial scanning with a maximal Z-axis coverage of 16 cm. The ECG-gated
calcium score CT was immediately performed with the same parameters for 20 patients, (ex-
cluding the 8 patients with calcium scores of 0); 120 kVp; 50 mAs; 2.5-mm slice thickness. The
chest CT images were reconstructed at 0.625-, 1.25-, and 2.5-mm slice intervals during acqui-
sition. Three sets of chest CT images were stored in the picture archiving and communica-
tion system (Centricity 4.0, GE Medical Systems, Mt Prospect, IL, USA) (Table 1).

IMAGE QUALITY ANALYSIS FOR CHEST CT

Two radiologists with more than 10 years of experience in the field of chest radiology eval-
uated the image quality of the chest CT images (slice thickness: 2.5 mm) with a three-point
grading system. The grading system was as follows:

Grade 1: severe artifacts caused by cardiac motion: the CACS cannot be calculated.

Grade 2: some artifacts due to cardiac motion, but the CACS can be calculated.

Grade 3: minimal artifacts and the CACS can be accurately calculated.

CORONARY ARTERY CALCIFICATION SCORE ANALYSIS
The three sets of non-enhanced chest CT images (0.625-/1.25-/2.5-mm slice thickness) and

the calcium score CT images were exported to a commercially available analysis software
(Aquarius iNtuition TM Ver.4.4.6 TeraRecon, Foster City, CA, USA). Two readers analyzed the
CACS. As per the Agatston scoring method, a lesion with attenuation > 130 HU was defined
as a calcification, and the calcification area was established using the semi-automated method.
Calcium deposition observed in the three coronary arteries was manually selected by the
reader, and the area of calcification (mm?) and weight number of the lesion (1 = 130-199 HU,
2 =200-299 HU, 3 = 300-399 HU, and 4 = > 400 HU) were automatically multiplied by the pro-
gram (Fig. 1). The total CACS was calculated by adding the CACS obtained from each artery (4).

Table 1. Acquisition Parameters for Chest CT and Calcium Score CT

Chest CT Calcium Score CT
Tube voltage, kVp 120 120
Tube currents, mAs 50-100 (AEC, fixed noise index: 20) 50
Slice thickness, mm 0.625/1.25/2.5 2.5
Coverage length, cm 16 16
Scan mode Axial Axial
Rotation time, sec 0.28 0.28
ECG-gating None Done

AEC = automatic exposure control, ECG = electrocardiogram
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In addition, each calcified plaque’s location and length were recorded according to the pre-
viously reported guidelines on calcium score CT. Each calcified plaque was additionally
checked to determine and compare its visibility on chest CT and calcium score CT.

The CACS was classified into four grades to stratify the risk of CAD for each slice thickness
for sectional analysis: minimum, < 10; mild, 10 to < 100; moderate, 100 to < 400; and severe, =
400 (1). The grades from each slice thickness were compared with those obtained from calci-
um score CT. By comparing the grades obtained from the non-enhanced chest CT and the cal-
cium score CT, the degree of agreement for the clinical significance of CACS was confirmed.

To analyze the effective radiation dose, the volume CT dose index and dose-length product
(DLP) were obtained from the patient’s dose report. The effective radiation dose was calculat-

ed by multiplying the DLP by a conversion factor (chest CT: 0.017 mSv/mGy, calcium score

Fig. 1. Representative image of well visualized calcium on calcium score CT scan and chest CT scan. Discrete
calcified plaques (arrows) are observed at mid left anterior descending artery, and each coronary artery
calcium score is as follows.

A. Calcium score CT: 7.72.

B. 0.625 mm slice thickness non-enhanced chest CT: 4.18.
C. 1.25 mm slice thickness non-enhanced chest CT: 4.04.
D. 2.5 mm slice thickness non-enhanced chest CT: 0 (not exceeding 130 Hounsfield unit), respectively.
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CT: 0.014 mSv/mGy).

STATISTICAL ANALYSIS

Categorical variables were represented as numerical values of frequencies and/or percent-
ages, while continuous variables were denoted as mean =+ standard deviation or median (Q1,
Q3). The normality of data distribution was evaluated using the Shapiro-Wilk test. Wilcoxon
signed-rank test with post-hoc analysis using the Bonferroni method was used to compare
the CACS obtained for the calcium score CT and non-enhanced chest CT. Spearman’s correla-
tion analyses were performed to compare the CACS obtained from the calcium score CT and
the non-enhanced chest CT, and the Bland-Altman analyses were used to determine the lim-
its of agreement between the CACS obtained from the two types of CT. The mean difference
was calculated as a percentage value: the difference in the CACS between the calcium score
CT and chest CT was divided by the average of the two values and multiplied by 100. Cohen’s
kappa test was used to evaluate the inter-reader reproducibility of chest CT image quality as-
sessment. One proportion test was used to compare the differences in calcium scoring ac-
cording to the slice thickness of the chest CT. Generalized estimated equations were used to
compare the visualization differences in calcium by plaque length and location. Inter-reader
reproducibility of the CACS measurements was verified using the intraclass correlation coef-
ficient (ICC). ICCs values < 0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.00 indicated
slight, fair, moderate, substantial, and almost perfect agreement, respectively. R, version
3.5.1 (R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical

analyses. p values < 0.05 were considered statistically significant.

RESULTS

PARTICIPANT CHARACTERISTICS
The demographic data of the 20 participants (male:female = 13:7, mean age = 67.7 & 2.1

years) are summarized in Table 2. The mean height, body weight, and heart rate during the
scan were 162.8 = 11.7 cm, 64.2 £ 13.2 kg, and 75.7 £ 13.1 beats per minute, respectively.
The mean DLP was 264.2 & 72.73 mGycm for the non-enhanced chest CT scans and 34.15 +
23.52 mGycm for the calcium score CT scans. No complications occurred after the CT scan.
The CACS and the characteristics of the calcium plaques measured using the calcium score

CT and non-enhanced chest CT are summarized in Table 3.

IMAGE QUALITY OF CHEST CT WITH THE 16 CM AXIAL VOLUME SCAN
TECHNIQUE

Among the 20 chest CT images of 2.5-mm slice thickness, 13 were graded as 2 and 7 were

graded as 3. The inter-reader kappa value for chest CT image quality was 0.780.

CORRELATION OF CORONARY ARTERY CALCIFICATION SCORE ON

CALCIUM SCORE CT AND NON-ENHANCED CHEST CT
The median CACS score derived from calcium score CT was 110.4 (15.4, 537.2) for 20 pa-

tients. The median CACS in the non-enhanced chest CT with 2.5-, 1.25-, and 0.625-mm slice
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Table 2. Demographic Data and Baseline Characteristics of 20 Patients Who Underwent Chest CT Scan and
Calcium Score CT Scan

Variables Values
Age, years 67.7xt2.1
Sex, male/female, n (%) 13(65)/7 (35)
Hypertension, n (%) 11 (55)
Diabetes, n (%) 6 (30)
Dyslipidemia, n (%) 4(20)
Height, cm 162.8 = 11.7
Weight, kg 64.2 £ 135
Heart rate, beats/min 75.7%+13.1
Body mass index, kg/m? 242 %31
DLP of chest CT scan, mGycm, mean = SD (range) 264.20 = 72.73, (97.86-481.87)
DLP of calcium score CT scan, mGycm, mean % SD (range) 34.15 = 23.52, (13.26-90.40)

DLP =dose-length product, SD = standard deviation

thickness was 59.9 (10.8, 421.1), 81.8 (14.8, 515.2), and 89.9 (15.6, 566.9) respectively. The me-
dian CACS for the unenhanced chest CT was significantly lower than that for the calcium
score CT for only the 2.5-mm slice thickness (p = 0.039). The p values for the 1.25-mm and
0.625-mm slice thicknesses were 0.103 and 0.529, respectively, which did not show a statisti-
cally significant difference. The CACSs obtained from the different slice intervals of non-en-
hanced chest CT differed significantly from each other (p < 0.05). The CACS exhibited high
correlation coefficients of 0.985, 0.969, and 0.983 between calcium score CT and non-en-
hanced chest CT with slice intervals of 0.625-, 1.25-, and 2.5 mm, respectively (Fig. 2).

BIAS OF CACS BETWEEN CALCIUM SCORE CT AND CHEST CT

The mean differences (%) between the CACS obtained from the calcium score CT and chest
CT were -21.4% (95% limit of agreement: -131.0% and 88.2%) for the 0.625-mm slice thickness,
-39.4% (95% limit of agreement: -165.8% and 87.0%) for the 1.25-mm slice thickness, and
-76.2% (95% limit of agreement, -220.4% and 68.1%) for the 2.5-mm slice thickness (Fig. 3).

SECTIONAL ANALYSIS

The CACS values obtained from the calcium score and non-enhanced chest CT scans were
compared. The results of the calcium score CT results showed that 4, 6, 4, and 6 patients had
a minimum (1-10), mild (11-100), moderate (101-400) and severe (> 400) risk of CAD, respec-
tively. There were four cases of severity inconsistencies on the 1.25- and 0.625-mm slice
thickness chest CT: one case was overestimated and three were underestimated in each slice
interval, respectively. The calcium score was underestimated for all three severity inconsis-

tencies on 2.5-mm slice thickness CT (Table 4).

DETECTION RATE OF CHEST CT AND DIFFERENCE IN CALCIUM SCORE
ACCORDING TO LOCATION AND LENGTHS

The number of calcium plaques in the 20 subjects in this study was 89. The detection rate
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of chest CT with a 0.625-mm slice thickness was 96.6 (92.9-100.4), which was significantly
higher than those of chest CTs with 1.25-mm (88.8 [82.2-95.3]) and 2.5-mm (67.4 [57.7-77.2])
slice thicknesses (p = 0.016 and p < 0.001, respectively). Regarding the effects of plaque length

Table 3. CACS and Characteristics of Calcium Plaques Measured Using Calcium Score CT and Non-Enhanced

Chest CT
Plaque CACS CACS CACS CACS
Patient q Each Location (Length) (Calcium (0.625mm (1.25mm  (2.5mm
ScoreCT) ChestCT) ChestCT) ChestCT
p-RCA (D), m-RCA (D), d-RCA (D)
1 6 p-LAD (D), p-LAD (D), p-LCx (D) 97.16 74.56 26.46 20.62
2 1 p-LAD (D) 12.32 2.84 0 0
p-RCA (D), m-RCA (D), d-RCA (T)
3 9 p-LAD (T), p-LAD (D), p-LAD (D) 547.37 524.16 504.70 463.03
m-LAD (D), m-LAD (D), p-LCx (D)
p-RCA (D), d-RCA (D)
4 4 p-LAD (Di), m-LAD (Di) 527.00 609.56 575.48 504.50
p-RCA (D), m-RCA (D), d-RCA (D)
5 8 p-LAD (T), m-LAD (D), DG (D) 571.00 661.02 525.68 379.24
p-LCx (D), OM (D)
6 1 LM (D) 8.70 13.50 12.86 9.92
7 3 p-RCA (D), d-RCA (D), OM (D) 18.48 18.12 16.72 11.76
p-RCA (Di), m-RCA (Di)
d-RCA (Di), p-LAD (Di)
8 8 m-LAD (D), d-LAD (Di) 2242.30 1654.40 1698.50 1295.00
p-LCx (Di), OM (Di)
p-LAD (D), p-LAD (D)
9 4 m-LAD (T), p-LCx (D) 31531 353.77 313.65 254.67
p-RCA (D), p-LAD (D)
10 4 p-LAD (D), m-LAD (D) 66.20 82.19 81.90 59.90
11 1 LM (D) 30.60 29.84 20.40 14.33
LM (D), m-LAD (D), DG (D)
12 9 DG (D), p-LCx (D), p-LCx (D) 290.06 398.00 283.70 216.81
p-LCx (D), p-LCx (D). d-LCx (D)
p-LAD (Di), m-LAD (Di), d-LAD (Di)
13 5 p-RCA (Di), DG (Di) 719.50 722.70 699.14 621.40
14 1 m-LAD (D) 4.83 0 0 0
p-RCA (D), m-RCA (D), d-RCA (D)
d-RCA (d), p-LAD (T), m-LAD (T)
15 10 m-LAD (D), DG (D), p-LCx (D) 1066.50 1005.40 959.50 863.59
d-LCx (D)
p-RCA (D), d-RCA (D), p-LAD (D)
16 5 m-LAD (D), DG (D) 197.68 175.51 151.77 84.52
p-RCA (D), d-RCA (D), p-LAD (D)
17 5 m-LAD (D), DG (D) 123.60 97.52 81.76 59.90
18 3 m-RCA (D), d-RCA (D), m-LAD (D) 72.76 42.90 34.91 15.80
19 1 m-LAD (D) 1.72 4.18 4.04 0
20 1 p-LAD (D) 6.00 471 441 0

CACS = coronary artery calcium score, D = discrete, d = distal, Di = diffuse, LAD = left anterior descending ar-

tery, LCx = left circumflex artery, m = mid, p = proximal, RCA = right coronary artery, T =tubular

https://doi.org/10.3348/jksr.2020.0156
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Fig. 2. Correlation of CACS between calcium score CT scan and chest CT scan.
A-C. The correlation coefficient of CACS between calcium score CT and non-enhanced chest CT with slice intervals of 0.625 mm (A), 1.25 mm
(B),and 2.5 mm (C) are 0.9850, 0.9688, and 0.9834, respectively.

CACS = coronary artery calcium score
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Fig. 3. Bland-Altman plot of coronary artery calcium score obtained from calcium score CT and chest CT.
A-C. The mean bias between calcium score CT and non-enhanced chest CT with slice intervals of 0.625 mm (A), 1.25 mm (B), and 2.5 mm (C)
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and location, the marginal logistic model based on generalized estimated equations showed

that no factors affected the detection of calcium plaques on non-enhanced CT, regardless of

slice thickness (p =0.139 and p = 0.408, respectively).

REPRODUCIBILITY OF CACS MEASUREMENTS

There was a high inter-reader agreement for the CACS measured from the non-enhanced
chest CT. The ICC obtained from the CACS calculated by the two readers was 0.987, 0.998 and

0.993 with 0.625-, 1.25-, and 2.5-mm slice intervals, respectively.

1500
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Table 4. Sectional Analysis according to Coronary Artery Disease Risk Stratification

Chest CT 0.625 mm
0 <10 10-<100 100-<400 400-
Calcium scoring CT 2.5 mm
0
<10 1 2 4
10-<100 1 5 6
100- <400 1 3 4
400- 6 6
Chest CT 1.25 mm
0 <10 10-<100 100-<400 400-
Calcium scoring CT 2.5 mm
0
<10 1 2 4
10-<100 1 5 6
100- <400 1 3 4
400- 6 6
Chest CT 2.5 mm
0 <10 10-<100 100-<400 400-
Calcium scoring CT 2.5 mm
0
<10 3 1 4
10-<100 1 5 6
100- <400 2 2 4
400- 1 5 6
DISCUSSION

This study showed that the value of the CACS obtained with a 16-cm axial volume scan was
highly correlated to that obtained from the calcium score CT. The CT protocol and scan type
for the 16-cm axial volume technique were similar to that of the conventional calcium score
CT, with the exception of ECG-gating.

Since the discovery that CACS could be measured using chest CT, several attempts have
been made to calculate the calcium score using various protocols and scan methods. Visual
estimation of CACS from non-gated chest CT and calcium score CT has shown high agree-
ment in previous studies (13-15). The ability to ascertain the presence of calcium plaques in
the coronary artery quickly and easily is a great advantage for visual assessment; however,
the lack of accuracy is a limitation of this method (16). Several previous studies have attempt-
ed to measure CACS quantitatively using chest CT, in addition to qualitative measurements
through visual assessment (14, 15). However, a specific chest CT protocol for quantitatively
evaluating the CACS has not been established, despite various studies on the subject. Kim et
al. (8) have shown that CACS with a high correlation can be obtained from a low-dose CT for

lung screening. Another study (7) has shown a higher correlation with the CACS obtained us-

https://doi.org/10.3348/jksr.2020.0156 1501
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ing the conventional chest CT protocol. Chen et al. (17) have recently shown an even higher
correlation with the CACS obtained using a high-speed helical scan. This series of studies
demonstrated the possibility of estimating CACS qualitatively and quantitatively using non-
gated chest CT with high relevance. However, most studies used a helical scan, while the
original calcium score CT uses an axial scan. The advantage of our study was that it used the
exact same protocol as the calcium score CT, including the axial-scan mode. The only differ-
ence was that ECG-gating was not performed. The axial scan enables imaging of the heart
with one scan without ECG-gating. The 16-cm axial volume scanning technique can detect a
greater length than previous methods, which rendered cardiac scanning possible within 1
breath-hold and reduced cardiac motion artifact. In our study, CACS values were calculated
using a 16-cm axial volume scan at three slice intervals (0.625, 1.25, and 2.5 mm). Among
these, the 0.625-mm slice interval showed the highest correlation between the CACS obtained
from the non-enhanced chest and calcium score CT scans. We assumed that the largest dif-
ference between in the conventional and calcium score CT was observed with the 2.5-mm
slice thickness because the effect of motion artifact and partial volume artifact was maxi-
mized at the 2.5-mm thickness, compared with the 0.625-mm thickness, resulting in CACS
underestimation. Previous studies have shown that motion artifacts occur during the cardiac
systolic phase and that the partial volume effect decreases as the slice thickness decreases.
(7, 18, 19). The section analysis revealed the overestimated and underestimated portions for
each slice thickness. All portions were underestimated at the 2.5-mm slice interval, resulting
in the loss of small solitary lesions as the slice thickness increased. The values in the calcium
score CT were 2242.3, and the values measured on the 0.625-, 1.2-, and 2.5-mm slice intervals
of the non-enhanced chest CT were 1654.4, 1698.5, and 1295.0, respectively, for this outlier.
Although these values were different, they belonged to the same stratification level, i.e., the
severe grade with scores of = 400; therefore, there was no significant change in their clinical
relevance. Several studies have shown that cardiac events can be predicted more accurately
by the stratification of the CACS (20-22). Therefore, we think that the measurement of CACS
using non-enhanced chest CT, which showed a high consistency, can be a good screening
tool for the risk assessment of CAD. Moreover, all slice thicknesses showed very high ICC val-
ues, which is evidence of good reproducibility. Although the scan was not ECG-gated, using a
high-rotation time enabled the acquisition of images of good quality.

Our study has some limitations. First, this was a single-center study with a small sample.
Second, the number of calcified plaques was not high, and the analysis was performed based
on the location and length of each plaque, and not calcium scoring. Third, because ECG gat-
ing was not performed, the artifacts caused by cardiac motion cannot be ignored. However,
we attempted to minimize these artifacts by using a fast gantry rotation time.

In conclusion, the 16-cm axial volume scan technique is feasible for assessing the CACS us-
ing non-enhanced chest CT. This technique facilitates the quantitative evaluation of the
CACS in patients who have undergone chest CT for any clinical requirement. The ability to
detect CACS values in all patients without additional radiation exposure can also help in the
risk stratification of cardiovascular disease.
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