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Background: Our study assessed the reliability of non-gated, non-contrast chest computed tomography 
(NCCT) (with high pitch, wide coverage, and fast gantry rotation time, reconstructed at various slice 
thicknesses), compared with the electrocardiography (ECG)-gated calcium scoring cardiac computed 
tomography (CaCT), for quantifying coronary artery calcification (CAC). 
Methods: Patients aged ≥50 years who required clinical NCCT were prospectively enrolled. All CT scans 
were performed with 256-detector rows; z-axis coverage, 8 cm; pitch, 1.5; and gantry rotation time, 280 ms 
(table feed, 42.86 cm/s). NCCT was followed by ECG-gated CaCT. The NCCT images were reconstructed 
at 0.625-, 1.25-, and 2.5-mm slice intervals. The CAC score was calculated on four sets of CT images with a 
commercially available software using the Agatston method. The CAC scores were divided into four standard 
Agatston scoring categories (Agatston scores: 0, 1–100, 101–400, and >400). The inter-observer and inter-
technique agreements were evaluated for the CAC scores. 
Results: Twenty-six patients (M:F, 14:12; mean age, 66.04±6.97 years) were evaluated. Agatston scores 
showed near-perfect correlation between CaCT and NCCT for each slice thickness. On Bland-Altman 
analysis, the mean differences of Agatston scores between CaCT and NCCT (slice thicknesses: 0.625, 1.25, 
and 2.5 mm) were 37.54, 6.67, and −41.04, respectively. Inter-technique concordance was high for the 
four Agatston scoring categories with linear-weighted kappa values of 0.599, 0.609, and 0.597 for NCCT 
(slice thicknesses: 0.625, 1.25, and 2.5 mm, respectively). NCCT with 1.25-mm slice thickness showed the 
strongest correlation with CaCT. 
Conclusions: CAC quantification with NCCT using a wide detector, high pitch, and high temporal 
resolution scanning modes correlates very highly with ECG-gated CaCT, and 1.25-mm slice thickness 
NCCT images are more reliable than other NCCT images.
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Introduction

Cardiovascular disease (CVD) is by far the leading cause 
of death worldwide, with more than 17.9 million deaths 
in 2015. This figure is expected to rise to more than  
23.6 million annually by 2030 (1-3). In 2015, 43.8% of 
deaths due to CVD in the United States were caused by 
coronary artery disease (CAD), and medical costs for CAD 
are expected to nearly double between 2015 and 2030 (3).  
Coronary artery calcification (CAC) occurs almost 
exclusively in atherosclerotic arteries, and the extent of 
atherosclerotic plaque formation is a well-known marker 
indicating the total burden of coronary atherosclerosis (4). 
Previous large-scale prospective studies have confirmed that 
CAC is a strong independent predictor of CAD, adverse 
cardiovascular events, and all-cause mortality (5,6).

Electrocardiography (ECG)-gated calcium scoring cardiac 
computed tomography (CaCT) is the standard reference 
method for the detection and quantification of CAC. CAC 
screening with ECG-gated CaCT has been accepted as a 
method to identify seemingly asymptomatic people with a 
high-risk of adverse cardiovascular events and to ensure the 
primary prevention of CVD (7). Compared with CaCT, 
non-gated, non-contrast chest computed tomography 
(NCCT) is used in cases presenting with additional clinical 
indications, such as lung cancer screening, pneumonia, 
chronic obstructive pulmonary disease, and pleural disease. 
Previous reports have showed that approximately 10.6 
million chest CT scans are taken per year in the United 
States, compared with 0.5 million calcium scoring CT scans 
and 0.3 million cardiac CT (CaCT) scans (8,9).

As the detection of asymptomatic patients with significant 
CAC is expected to contribute to reducing the incidences 
of adverse cardiovascular events and medical costs, the need 
for immediate and reliable CAC screening with non-gated 
NCCT has recently increased (10). However, respiratory 
and cardiac motion artifacts, as well as partial volume 
effects, have been the main obstacles to calculating the 
CAC scores from routine NCCT images. Recent advances 
in multi-detector CT scanners with high-pitch acquisition 
modes and thin slices can significantly reduce these artifacts 
and allow the possibility of integrating CAC scoring into 
routine chest CT scans (11,12). 

This study assessed the effectiveness of NCCT scan with 
a wide detector, high pitch, and fast gantry rotation in the 
quantification of CAC score, compared with ECG-gated 
CaCT, and to evaluate the concordance of CAC scores 
between NCCT and ECG-gated CaCT scans. We present 

the following article in accordance with the MDAR reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-1371).

Methods

Study population

A total of 30 patients aged 50 years and older, who had 
been referred for NCCT scans for various reasons, were 
prospectively enrolled in this study from April 2018 to 
May 2019. Three patients were excluded from the study, as 
previous scans showed no CAC. One patient who showed 
no CAC on the first chest CT scan was also excluded from 
the study, and underwent no calcium scoring cardiac CT 
scan. Thus, 26 patients [14 men and 12 women; mean 
age, 66.04±6.97 years; mean body mass index (BMI),  
23.80±2.52 kg/m2] were prospectively registered in this 
study. NCCT was performed for evaluating the response 
of lung cancer to chemoradiation therapy (n=6), diagnosis 
or follow-up of benign lung diseases (n=6), postoperative 
follow-up after lung cancer or lung metastasis (n=5), 
diagnosis or follow-up of lung metastasis (n=5) and 
diagnosis or follow-up of incidental lung nodules (n=4). 
This prospective study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013), and 
approved by the institutional review board of Gangnam 
Severance Hospital (Approval No. 3-2018-0047). Informed 
consent was taken from all the patients (Figure 1).

CT protocols

All CT scans were performed with a wide-coverage, 
256-detector row CT scanner (Revolution CT, GE 
Healthcare, Milwaukee, WI, USA) and a gantry rotation 
time of 280 ms. NCCT scans were performed with a 
pitch of 1.5 and a table feed of 42.86 cm/s. The patients 
underwent scanning in the supine position while holding 
their breath at the end of each inspiration. The imaging 
protocol consisted of non-gated NCCT, followed by 
CaCT in the same examination. The CT protocol and its 
parameters are summarized in Table 1. Non-gated NCCT 
images of the thorax from the lung apex to the adrenal 
glands were acquired at 120 kVp voltage, 70–150 mAs tube 
current, and a slice thickness of 0.625 mm. During image 
acquisition, the images were reconstructed at 0.625-, 1.25, 
and 2.5-mm slice intervals. CaCT was performed with a 
prospective ECG-gated acquisition protocol and images 
were obtained from the carina to the cardiac apex at middle 

http://dx.doi.org/10.21037/jtd-20-1371
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diastole (75% of the R-R interval). The imaging parameters 
were as follows: voltage, 120 kVp; tube current, 20–50 mAs; 
and reconstruction slice thickness, 2.5 mm (Table 1).

All CT images were transferred to a Picture Archiving 
and Communication System (PACS) station (Centricity 2.0; 

GE Medical Systems, Mt Prospect, IL, USA). The axial 
images were transferred to a workstation for CAC scoring 
using a commercially available software (Aquarius iNtuition 
TM Ver.4.4.6, TeraRecon, Durham, NC, USA). The dose-
length-product (DLP) of NCCT and CaCT scans was 
systemically recorded.

Image quality analysis

The quality of CT images was evaluated by an observer 
(TH Kim, with >20 years of experience in cardiovascular 
radiology) from the axial NCCT images (slice thickness, 
2.5 mm), and from the CaCT images on the PACS station. 
According to the semi-quantitative, three-point grading 
scale, the image quality for calculating CAC scores was 
classified as poor (1, not suitable for CAC scoring due 
to cardiac motion artifacts), good (2, presence of cardiac 
motion artifacts but confident CAC scoring), or excellent (3, 
no artifacts affecting image quality are present).

CAC scoring

The CAC score was independently evaluated by two 

30 patients (>50 years) 

referred for NCCT from 

April 2018 to May 2019

Exclusion (n=3)

No visible CAC

on previous CaCT

Exclusion (n=1)

No visible CAC

on NCCT

Non-gated non-contrast chest 

CT (n=27)

Calcium scoring cardiac CT 

(n=26)

Figure 1 Flow chart of patient selection. NCCT, non-contrast 
chest computed tomography; CAC, coronary artery calcification; 
CaCT, calcium scoring cardiac computed tomography.

Table 1 Chest and cardiac CT protocols for CAC quantification

Parameters Chest CT Calcium scoring cardiac CT

Acquisition parameters

ECG-gating Non-gated Prospective ECG-gated, 75% of the R-R interval

Detector coverage Wide-coverage, 256-row (8 cm, z-axis) Wide-coverage, 256-row (16 cm, z-axis)

Tube rotation time (ms) 280 280

Scan mode Helical scan Axial scan

Pitch 1.5 (table feed: 42.86 cm/s) –

Tube voltage (kVp) 120  120  

Tube current (mAs) 70–150 20–50 

Reconstruction parameters

Section thickness (mm) 0.625/1.25/2.5 2.5

Interscan spacing (mm) 0.625/1.25/2.5 2.5 

Matrix size 512×512 512×512

FOV (mm) 340.0–392.0 170.0 

Kernel Standard kernel Standard kernel

Reconstruction algorism Filtered back projection Filtered back projection

CT, computed tomography; CAC, coronary artery calcification; ECG, electrocardiography; kVp, peak kilovoltage; mAs, milliampere-
second; FOV, field of view; DLP, dose length product.
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observers (TH Kim and CH Park, with >20 and >10 years 
of experience in cardiovascular radiology, respectively) using 
Aquarius (TeraRecon) software. Four sets of CT images, 
consisting of NCCT images (slice thicknesses: 0.625, 
1.25, and 2.5 mm) and ECG-gated CaCT images, were 
presented to the observers in a random, blinded manner. 
The CAC score was estimated when the lesion showed 
a peak attenuation value of >130 Hounsfield units (HU) 
and a minimum area of 1.02 mm2 (at least 3 contiguous 
pixels). The lesion score was calculated using the Agatston 
method by multiplying the lesion area by the attenuation 
factor (derived from the maximum HU within the lesion) as 
follows: factor 1 for lesions with 130–199 HU, 2 for 200– 

299 HU, 3 for 300–399 HU, and 4 for ≥400 HU (13).
The region of interest in each coronary artery 

was manually encircled and the lesion with CAC was 
automatically depicted. The area of the lesion and the CAC 
score were automatically measured. The total Agatston 
score of the CAC lesion was automatically calculated by 
summation of the scores of individual lesions with CAC. 
For CAD risk stratification, the Agatston scores of CAC 
lesions were further classified into the following four 
Agatston scoring categories: category 0, CAC score 0; 1, 
1–100; 2, 101–400; and 3, >400. These four categories have 
been used in several previous studies (14-16) and are also 
commonly used in clinical practice.

Statistical analysis

Categorical variables are presented as frequencies (in 
percentages). Continuous variables are presented as mean ± 
standard deviation (SD) for normally distributed variables, 
and as median [interquartile range (IQR)] for non-normally 
distributed variables. Normality assumptions for continuous 
variables were confirmed with Shapiro-Wilk test and 
Kolmogorov-Smirnov test. The continuous variables 
were analyzed using Pearson’s correlation. Inter-group 
comparisons were performed by two independent sample 
t-tests.

The inter-observer and inter-technique agreements 
on the quantitative CAC scores were evaluated using 
Bland-Altman analysis, intraclass correlation coefficient 
(ICC), kappa value, and variability. The concordance of 
the Agatston scoring categories with the four sets of CT 
images was expressed as weighted kappa values. ICCs or 
kappa values of <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 (17). A P value of 0.05 
or less was considered a statistically significant difference. 
Statistical analyses were performed a using commercially 
available software (R package version 3.4.4, SAS Institute 
Inc., Cary, NC, USA).

Results

The physical characteristics and risk profiles of patients 
are summarized in Table 2. The presence of smoking 
history was associated with CAC scores (P=0.020). Other 
characteristics or risk factors did not significantly affect 
CAC scores (P>0.05). The mean DLP was 239.69± 
50.65 mGy·cm (145.03–327.68 mGy·cm) for NCCT 

Table 2 Patient characteristics and risk profiles

Variables Value

Age (years)
+

66.04±6.97

Sex

Female 12 (46.15)

Male 14 (53.85)

BMI (kg/m
2
)
+

23.80±2.52

Heart rate (/min)*
+

70.81±12.78

DM

No 22 (84.62)

Yes 4 (15.38)

Hypertension

No 16 (61.54)

Yes 10 (38.46)

Hyperlipidemia

No 22 (84.62)

Yes 4 (15.38)

CAD

No 24 (92.31)

Yes 2 (7.69)

Smoking

No 20 (76.92)

Yes 6 (23.08)

Data are numbers of subjects with percentages in parentheses 
unless otherwise noted. 

+
, data are presented as the mean ± 

standard deviation; *, heart rates were recorded during the 
cardiac CT scans. BMI, body mass index; DM, diabetes mellitus; 
CAD, coronary artery disease. 
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Figure 2 Comparison of visualized coronary artery calcification (CAC) among the calcium scoring cardiac computed tomography (CaCT) 
scan and the non-contrast chest computed tomography (NCCT) scans. (A) CaCT scan shows CAC on right coronary artery (RCA); CAC 
Agatston score is 33.40. (B) NCCT scan (slice thickness 2.5 mm) shows a false-negative result of CAC. (C,D) NCCT scans (slice thickness 
1.25 and 0.625 mm, respectively) show CAC on RCA; CAC Agatston scores are 13.38 and 23.47, respectively. 

acquisitions, and 26.92±9.07 mGy·cm (14.66–55.49 mGy·cm) 
for CaCT acquisitions. The mean effective doses of NCCT 
and CaCT with a conversion factor of 0.017 were 4.07±0.86 
mSv and 0.46±0.15 mSv, respectively. 

Image quality of chest and cardiac CT scans 

Among the 26 patients, six axial NCCT images (6/26; 
23.08%) (slice thickness, 2.5 mm) were graded with an 
image quality score of 3, and 20 images (20/26; 76.92%) 
has a score of 2. For CaCT images, 18 images (18/26; 
69.23%) were graded with a score of 3 and eight images 
(8/26; 30.77%) has a score of 2. The mean heart rate during 
CaCT scans, patients’ BMI, and DLP showed no significant 
differences between the grade 2 group and grade 3 image 
groups.

CAC scores

The CAC score was estimated for all patients using the 

CaCT images. In one patient (Agatston score of 33.40 on 
the CaCT images), a false-negative result (1/26; 3.85%) 
was registered on one NCCT image (slice thickness, 2.5 
mm), whereas lesions with CAC could be seen on the other 
NCCT images (slice thicknesses of 0.625 and 1.25 mm) 
(Figure 2).

The median Agatston scores were 139.25 (IQR, 109.05–
309.38), 119.88 (IQR, 84.30–276.14), and 75.52 (IQR, 
55.58–207.90) for NCCT images (slice thicknesses: 0.625, 
1.25, and 2.5 mm, respectively), and 109.75 (IQR, 76.37–
207.90) for CaCT images. The inter-technique reliability 
for CAC scoring is summarized in Tables 3,4. The inter-
technique agreement of Agatston scores between CaCT and 
NCCT scans was excellent at all slice thicknesses.

In contrast, the inter-technique agreement in the 
four Agatston scoring categories was substantial between 
CaCT and NCCT scans (slice thickness, 1.25 mm) 
(linear-weighted kappa value of 0.609), and moderate in 
the scans with the other two slice thicknesses (0.625 and  
2.5 mm; linear-weighted kappa values of 0.599 and 0.597, 



5788 Shin et al. CAC scoring with chest CT using wide-detector, high-pitch and fast gantry rotation

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(10):5783-5793 | http://dx.doi.org/10.21037/jtd-20-1371

respectively). NCCT scan with a slice thickness of 1.25 mm 
had the highest ICC or weighted kappa value, and the least 
variability in both Agatston scores and Agatston scoring 
categories, showing the strongest correlation with CaCT. 
This was followed by NCCT scan with a slice thickness of 
0.625 mm. Results of Bland-Altman analysis showed that 
the mean differences between CaCT and NCCT (slice 
thicknesses: 0.625, 1.25, and 2.5 mm) were 37.54, 6.67, 
and −41.04, respectively (Figure 3).

The ICCs for inter-observer reliability were excellent in 
both the Agatston score and the Agatston scoring categories 
for the four sets of CT images (Tables 5,6).

However, between the two readers, there were three 
discordant Agatston scoring categories in two patients. One 
discordant score was observed in the NCCT scan (slice 
thickness of 1.25 mm) (86.47 vs. 104.27), while the other 
two discordant scores were observed in the CaCT scans 
(106.54 vs. 98.75 and 102.96 vs. 95.06). Table 7 shows the 
number of concordant and discordant results between the 
CaCT images and the three sets of NCCT images in the 
Agatston scoring categories. NCCT scans (slice thickness, 
0.625 mm) had seven discordant cases (7/26; 26.92%): 
score 1 was overestimated as score 2 in five patients (5/26; 
19.23%) and the other two patients (2/26; 7.69%) were 

underestimated by 1 category (2 instead of 1 and 3 instead of 
2). In the NCCT scans (slice thickness, 1.25 mm), 4 patients 
(4/26; 15.38%) were overestimated by 1 category (1 instead 
of 2) and 3 patients (3/26; 11.54%) were underestimated by 
1 category [2 instead of 1 (n=2) and 3 instead of 2 (n=1)]. 
Therefore, the net reclassification rate was 26.92% (7/26). 
In the NCCT scans (slice thickness 2.5 mm), all eight cases 
of discordance (8/26; 30.77%) were underestimated by 1 
category [1 instead of 0 (n=1); 2 instead of 1 (n=5); 3 instead 
of 2 (n=2)] (Figures 4,5).

The mean age, BMI, and DLP were not significantly 
different between the patients with concordant and 
discordant scoring categories. However, the mean heart rate 
measured during CaCT was significantly higher in patients 
with discordant score categories than that in patients with 
concordant scoring categories (74.53/min vs. 65.73/min, 
respectively; P<0.001).

Discussion

This study evaluated the reliability of NCCT images using 
a wide detector, fast gantry rotation, and a high-pitch 
scanning mode for quantifying CAC scores, and compared 
those with the scores estimated from ECG-gated calcium 
scoring CaCT scans. Our study demonstrated that the 
agreement of Agatston scores was excellent between the 
ECG-gated CaCT and NCCT scans at each slice thickness. 
The agreement on the four Agatston scoring categories 
was strong between CaCT and NCCT (slice thickness,  
1.25 mm) and was moderate between CaCT and the 
remaining two slice thicknesses of NCCT. NCCT (slice 
thickness, 1.25 mm) had the highest ICC or weighted 
kappa values, and the least variability in the Agatston 
scores and Agatston scoring categories, thus showing the 
strongest correlation with CaCT.

Many recent studies have suggested that CAC screening 
in the asymptomatic population could greatly help to 
prevent the incidence of adverse cardiovascular events 
(6,18-22). Chest CT scans are more likely to be used as 
a CAC screening tool because a larger proportion of the 
asymptomatic population undergo chest CT than CaCT 
CT scans, and also because of the improvements in the 
temporal resolution of CT systems. In addition, recent 
studies comparing automated CAC scoring in either ECG-
gated coronary CT or non-gated chest CT with standard 
manual assessment reported that automated CAC scoring 
is feasible with acceptable agreement and reliability  
(23-25). Automated CAC scoring may save time and labor, 

Table 3 Agreement of coronary artery calcium Agatston scores 
between each non-contrast chest computed tomography (NCCT) 
scan and the calcium scoring cardiac computed tomography (CaCT) 
scan

Slice thickness 
of NCCT

ICC (95% CI) Variability (%)

0.625 mm 0.8940 (0.7592–0.9529) 31.53

1.25 mm 0.9167 (0.8236–0.9617) 27.43

2.5 mm 0.8150 (0.6120–0.9147) 45.36

ICC, intraclass correlation coefficient; CI, confidence interval.

Table 4 Agreement of Agatston scoring categories between each 
non-contrast chest computed tomography (NCCT) scan and the 
calcium scoring cardiac computed tomography (CaCT) scan

Slice thickness 
of NCCT

Linear weighted  
kappa (95% CI)

Quadratic weighted  
kappa (95% CI)

0.625 mm 0.599 (0.331–0.867) 0.676 (0.436–0.917)

1.25 mm 0.609 (0.340–0.897) 0.692 (0.457–0.926)

2.5 mm 0.597 (0.373–0.821) 0.710 (0.535–0.884)

CI, confidence interval.
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Figure 3 Bland-Altman plots demonstrating the comparison of coronary artery calcification (CAC) Agatston scores between each non-
contrast chest computed tomography (NCCT) scan and calcium scoring cardiac computed tomography (CaCT) scan. (A) The mean 
difference in Agatston scores between NCCT (slice thickness 0.625 mm) and CaCT is 37.54 [95% confidence interval (CI): −127.52 to 
202.60]. (B) The mean difference in Agatston scores between NCCT (slice thickness 1.25 mm) and CaCT is 6.67 (95% CI: −140.94 to 
154.27). (C) The mean difference in Agatston scores between NCCT (slice thickness 2.5 mm) and CaCT is 41.04 (95% CI: −228.47 to 
146.40).

Table 5 Inter-observer agreement in Agatston scores for the four 
sets of CT scans

Acquired CT scan ICC (95% CI) Variability (%)

NCCT (0.625 mm) 0.9992 (0.9976–0.9997) 2.25

NCCT (1.25 mm) 0.9952 (0.9895–0.9979) 2.81

NCCT (2.5 mm) 0.9996 (0.9991–0.9998) 1.17

CaCT 0.9997 (0.9992–0.9999) 1.64

The slice thicknesses of the chest CT scans are presented in 
parentheses, after NCCT. ICC, intraclass correlation coefficient; 
NCCT, non-contrast chest computed tomography; CaCT, 
calcium scoring cardiac computed tomography; CI, confidence 
interval.

Table 6 Inter-observer agreement in Agatston scoring categories 
for the four sets of CT scans

Acquired CT scan
Linear weighted  
kappa (95% CI)

Quadratic weighted  
kappa (95% CI)

NCCT (0.625 mm) 1.000 (1.000–1.000) 1.000 (1.000–1.000)

NCCT (1.25 mm) 0.938 (0.816–1.000) 0.949 (0.847–1.000)

NCCT (2.5 mm) 1.000 (1.000–1.000) 1.000 (1.000–1.000)

CaCT 0.841 (0.670–1.000) 0.879 (0.745–1.000)

The slice thicknesses of the chest CT scans are presented in 
parentheses. NCCT, non-contrast chest computed tomography; 
CaCT, calcium scoring cardiac computed tomography; CI, 
confidence interval.
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Table 7 Concordant and discordant results between calcium scoring cardiac computed tomography (CaCT) and each of the three sets of non-
contrast chest computed tomography (NCCT) images in Agatston scoring categories

CaCT

NCCT (0.625 mm) NCCT (1.25 mm) NCCT (2.5 mm)

Category  
0

Category  
1

Category  
2

Category  
3

Category  
0

Category  
1

Category  
2

Category  
3

Category  
0

Category  
1

Category  
2

Category  
3

Category 0 0 0 0 0 0 0 0 0 0 0 0 0

Category 1 0 5 5 0 0 6 4 0 1 9 0 0

Category 2 0 1 11 0 0 2 10 0 0 5 7 0

Category 3 0 0 1 3 0 0 1 3 0 0 2 2

A

C

B

D

Figure 4 Overestimation of Agatston scores in the non-contrast chest computed tomography (NCCT) scan (slice thickness 0.625 and 
1.25 mm), compared with the calcium scoring cardiac computed tomography (CaCT) scan. (A) A 70-year-old man has coronary artery 
calcification (CAC) on the left anterior descending artery (LAD). (B,C,D) CAC Agatston scores in CaCT and NCCT (slice thicknesses 0.625, 
1.25, and 2.5 mm) are 55.02, 109.05, 84.30, and 47.05, respectively; Agatston scoring categories are 1, 2, 1, and 1, respectively.  

making CAC scoring possible in routine chest CT scans. 
One of the strategies for the use of a chest CT scan for 
CAC screening may be to use the widest detector coverage, 
the highest pitch and the fastest rotation time permitted by 
the CT system. Our preliminary results show that reliable 
CAC scores can be obtained from non-gated chest CT 
scans with a z-axis coverage of 8 cm, pitch of 1.5, and a 

gantry rotation time of 280 ms. This scanning mode covers 
42.86 cm/1 s, which could reduce the motion artifact due 
to a beating heart. In our study, however, the CAC scores 
were overestimated in the NCCT images (slice thicknesses 
of 0.625 and 1.25 mm) (median, 139.25 and 119.88) as 
compared with the CaCT images (109.75). The difference 
in CAC scores was much greater in the NCCT scan with a 
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slice thickness of 0.625 mm (mean difference, 37.54) than 
in those with slice thickness of 1.25 mm (mean difference, 
6.67). This overestimation is likely to have included systolic 
and diastolic images from the non-gated chest CT scan, 
and coronary artery motion artifacts are common in the 
systolic cardiac phase. Previous studies have mentioned 
overestimation of size due to blurred images from 
motion artifacts (18,26). Another potential reason for this 
overestimation may be that the partial volume effect in the 
thinner slice thickness of chest CT has decreased, increasing 
the attenuation of the coronary calcification (26). In our 
study, the CAC score increased in the NCCT with slice 
thicknesses of 0.625 and 1.25 mm. For NCCT images with 
a slice thickness of 1.25 mm, however, the CAC score was 
close to that of CaCT images. This is thought to be caused 
by the thin slice thickness, which reduces partial volume 
effects, and blurs the images during NCCT as compared to 
the ECG-gated CaCT, at a slice thickness of 2.5 mm (26).

In  contras t ,  NCCT (s l i ce  th ickness ,  2 .5  mm) 
underestimated the CAC scores (median, 75.52) and had 
one false-negative CAC. Non-gated CT scans may miss 
small lesions with CAC due to motion artifacts (19-21,26). 
In addition, the thicker the slice intervals, the more the 
chances of lesions being missed. A potential explanation 
for this is that thick slices reduce blooming artifacts on 
NCCT images as compared with ECG-gated CaCT images 
by increasing the attenuation and area of the calcified 
lesions (21,26). For CAC scoring, false-positive results are 
considered to occur with high image noise. In our study, 
there were no false-positive results, suggesting that all 26 
of our image sets maintained acceptable image quality for 

CAC scoring (21,26). 
Heart rate may be an important factor in the discordant 

results of the Agatston scoring categories. In our study, the 
mean heart rate measured during cardiac CT was much 
higher in patients with discordant scoring categories than 
in patients with concordant scoring categories (74.53/min  
vs. 65.73/min, P<0.001). However, chest CT is usually 
performed without ECG-gating; therefore, it is difficult 
to accurately assess the discordant effects of heart rate. 
In this study, NCCT images with slice thickness of  
0.625 mm overestimated the Agatston scoring categories 
(5/7; 71.43%), whereas those with slice thickness of 2.5 mm 
underestimated the Agatston scoring categories (8/8; 
100%). NCCT images (slice thickness, 1.25 mm) tended 
not to be stronger than the other two NCCT images (4/7; 
57.14% vs. 3/7; 42.86%), suggesting that the CAC score 
measured using NCCT images with a slice thickness of  
1.25 mm was the most reliable. 

Our study has some limitations. First, the number of 
patients was relatively small for the results to be generally 
accepted. In future studies, more patients should be 
recruited, and various CT techniques should be employed, 
using the most up-to-date CT scanners. Second, the clinical 
impact of coronary calcification on the chest CT has not 
been studied in this study.

Conclusions

We found that CAC quantification using NCCT scans with 
a wide detector, high pitch, and high temporal resolution 
scanning mode correlated highly with the ECG-gated 

Figure 5 Underestimation of Agatston score in the non-contrast chest computed tomography (NCCT) scan (slice thickness 2.5 mm), 
compared with the calcium scoring cardiac computed tomography (CaCT) scan. A 68-year-old woman has coronary artery calcification (CAC) 
on the left anterior descending artery and right coronary artery. CAC Agatston scores in CaCT and NCCT (slice thickness 2.5 mm) are 
112.95 and 68.72, respectively; Agatston scoring categories are 2 and 1, respectively.
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CaCT scans. Chest CT images reconstructed with a slice 
thickness of 1.25 mm were more reliable than those with 
slice thickness of 0.625 or 2.5 mm for quantifying the CAC 
scores.  
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