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Abstract 

Objectives This study aimed to evaluate the feasibility and accuracy of non-electrocardiogram (ECG)-triggered 
chest low-dose computed tomography (LDCT) with a kV-independent reconstruction algorithm in assessing coro-
nary artery calcification (CAC) degree and cardiovascular disease risk in patients receiving maintenance hemodialysis 
(MHD).

Methods In total, 181 patients receiving MHD who needed chest CT and coronary artery calcium score (CACS) 
scannings sequentially underwent non-ECG-triggered, automated tube voltage selection, high-pitch chest LDCT 
with a kV-independent reconstruction algorithm and ECG-triggered standard CACS scannings. Then, the image qual-
ity, radiation doses, Agatston scores (ASs), and cardiac risk classifications of the two scans were compared.

Results Of the 181 patients, 89, 83, and 9 were scanned at 100, 110, and 120 kV, respectively. Excluding those 
scanned at 120 kV, 172 patients were enrolled. Although the ASs of non-ECG-triggered LDCT were lower than those 
of the standard CACS, the agreement and correlation of ASs of the two scans were excellent, and both intraclass 
correlation coefficients (ICCs) and Pearson’s correlation coefficients were > 0.96. Cardiac risk classifications did not sig-
nificantly differ between the non-ECG-triggered LDCT and standard CACS (χ2 = 3.933, P = 0.269), and the agreement 
was excellent (weighted kappa value = 0.936; 95% confidence interval (CI): 0.903–0.970). The effective radiation doses 
of standard CACS and non-ECG-triggered chest LDCT scannings were 1.34 ± 0.74 and 1.04 ± 0.35 mSv, respectively.

Conclusions The non-ECG-triggered, automated tube voltage selection, high-pitch chest LDCT protocol with a kV-
independent reconstruction algorithm can obtain chest scans and ASs simultaneously and significantly reduce 
patients’ radiation exposure.
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Introduction
Maintenance hemodialysis (MHD) is a life-sustaining 
transitional treatment for patients with end-stage renal 
disease. Patients receiving MHD are often accompanied 
with risk factors for cardiovascular diseases, including 
hypertension, abnormal glucose and lipid metabolism, 
anemia, triglyceride–glucose index, and abnormal cal-
cium and phosphorus metabolism [1, 2]. The incidence 
of cardiovascular disease in patients receiving MHD 
is 20–30 times higher than that in healthy individuals, 
and 50% of patients receiving MHD die of cardiovascu-
lar disease [3, 4]. Coronary artery calcification (CAC) 
is an early sign [5] and one of the important pathologi-
cal changes of coronary atherosclerosis. Its incidence in 
patients receiving MHD is 2.5–5 times higher than that 
in healthy individuals [6, 7]. Agatston score (AS) is the 
most widely used method for quantifying the degree of 
CAC on the basis of computed tomography (CT) scans, 
which can effectively predict the risk of developing cardi-
ovascular events and facilitate in preventing them [8–11]. 
However, AS requires a fixed attenuation threshold (130 
Hounsfield units [HU]) to detect CAC using noncon-
trast CT with a fixed tube voltage of 120 kV and a slice 
thickness of 3 mm [12]. Notably, changes in scanning and 
reconstruction parameters can affect AS accuracy [13–
15]. Therefore, the radiation dose has been maintained at 
high levels (1–1.5  mSv) [16, 17]. Accurately quantifying 
calcified plaque and assessing cardiac risk classification 
at the lowest possible radiation dose according to the “as 
low as reasonably achievable principle” proposed by the 
International Commission of Radiological Protection has 
always been a research interest.

A recently developed kV-independent reconstruc-
tion algorithm reduces the effect of tube voltage on AS, 
generating images at any tube voltage with HU values 
equivalent to 120 kV for bone and calcium; consequently, 
consistent AS at lower tube voltage without chang-
ing the attenuation threshold can be achieved [18–20]. 
To reduce the radiation dose further and the influence 
of cardiac motion on the display of coronary calcified 
plaques through non-ECG-triggered scans, this study 
aimed to simultaneously perform chest CT and coronary 
artery calcium score (CACS) scans by combining non-
ECG-triggered, automated tube voltage selection, high-
pitch low-dose CT (LDCT) and the kV-independent 
reconstruction algorithm. The AS and the cardiac risk 
classification obtained from the standard CACS scan-
ning protocol were compared between the two scans to 

evaluate the feasibility and accuracy of non-ECG-trig-
gered chest LDCT in assessing the degree of CAC and 
the risk of developing cardiovascular diseases in patients 
receiving MHD.

Materials and methods
Study population
This prospective, single-center study received approval 
from the Ethics Committee of the Fourth Hospital of 
Hebei Medical University and obtained written informed 
consent from all patients. Data from patients receiv-
ing MHD who underwent CACS scans in our hospital 
between June and September of 2022 were continuously 
collected. The inclusion criteria were as follows: ① 
received hemodialysis treatment; ② required to undergo 
chest CT and CACS scans simultaneously to meet the 
needs of clinical diagnosis and treatment. We excluded 
patients with a history of coronary artery stent implanta-
tion, coronary artery bypass grafting, or prosthetic heart 
valve replacement. In total, 181 patients met the above-
mentioned criteria.

Sample size calculation
The sample size was calculated according to the mini-
mum number of study participants required to assess the 
agreement between two diagnostic methods. For agree-
ment studies evaluating diagnostic methods where the 
expected intraclass correlation coefficient (ICC)/kappa 
value is ≥ 0.80 with a desired 95% confidence interval 
(CI) of 0.1–0.2, the required sample size is approximately 
150–200 cases [21]. Considering potential dropouts, we 
initially planned to enroll 200 patients. Ultimately, we 
completed data collection for 172 cases.

Acquisition protocols
We used a third-generation 192-slice dual-source CT 
scanner (SOMATOM Force; Siemens Healthineers, 
Forchheim, Germany). Each participant sequentially 
underwent non-ECG-triggered, automated tube voltage 
selection, high-pitch chest LDCT scans and ECG-trig-
gered standard CACS scans. Table  1 presents the scan 
parameters. None of the patients took drugs for heart 
rate control before the scans.

Image quality
Observer 1 (YSC) with 3  years of experience in imag-
ing diagnosis measured the HU values of the ascend-
ing aorta at the left main coronary artery (LMA) level. 
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The HU values’ standard deviation  (SDascending aorta) was 
used as image noise to calculate the signal-to-noise ratio 
(SNR) as follows: SNR =  CTascending aorta /SDascending aorta. 
Furthermore, using the HU values of intrapericardial 
adipose tissue around the LMA at the same level, we 
calculated the contrast-to-noise ratio (CNR) as follows: 
CNR =  (CTascending aorta −  CTintrapericardial adipose tissue)/SDas-

cending aorta.

Coronary artery calcium scoring
Visual Score (VS)
Observer 1 and observer 2 (ML; with 15 years of experi-
ence in imaging diagnosis) visually evaluated non-ECG-
triggered CACS scans according to the expert consensus 
“Coronary Artery Calcium Data and Reporting System 
(CAC-DRS)” developed by the Society of Cardiovascu-
lar Computed Tomography (SCCT) [22]. Inconsistencies 
between the observers’ results were resolved by observer 
3 (LY) with 20 years of experience in imaging diagnosis. 
Patients were stratified for cardiovascular risk according 
to the final results as follows: category 0, none (very low); 
category 1, mild (mildly increased); category 2, moderate 
(moderately increased); and category 3, severely (moder-
ately-to-severely increased).

AS
Images were analyzed using semi-automatic CACS soft-
ware (syngo.via, version VB10B, Calcium Scoring, Sie-
mens Healthineers). To avoid memory bias, observer 1 
randomly marked the calcified plaque areas of the LMA, 
left anterior descending artery (LAD), left circumflex 
artery (LCX), and right coronary artery (RCA) of the two 
scans. Then, observer 2 confirmed the marked areas. Any 

disagreements were resolved by observer 3. After mark-
ing, the software automatically identified continuous pix-
els with an area of at least 1.03  mm2 and an attenuation 
threshold of 130 HU, followed by AS calculation. The 
cardiovascular risk of patients was stratified according to 
AS based on the CAC-DRS [22] as follows: category 0, 0 
(very low); category 1, 1–99 (mildly increased); category 
2, 100–299 (moderately increased); and category 3, ≥ 300 
(moderately-to-severely increased). Figure  1 illustrates 
the study’s flowchart.

Radiation dose
We recorded the volume CT dose index  (CTDIvol) 
and dose-length product (DLP) of the non-ECG-trig-
gered chest LDCT and standard CACS scans. The 
effective radiation dose (ED) was calculated as fol-
lows: ED = DLP × k, where k is a conversion factor of 
0.014 mSv/(mGy.cm).

Statistical analysis
We used Statistical Package for the Social Sciences ver-
sion 27.0 (IBM) for the statistical analysis. Normally dis-
tributed continuous variables, expressed as mean ± SD, 
were compared between two groups by using Student’s 
t-test. The ICC was calculated to assess the agreement 
of the non-ECG-triggered coronary artery calcium VS 
obtained by observers 1 and 2. Furthermore, we con-
ducted Bland–Altman analysis and calculated the ICCs 
to assess the agreement of AS between the two scans, 
as well as Pearson’s correlation coefficients to exam-
ine the correlation between the two. We also employed 
the McNemar test and calculated the weighted kappa 
to compare the cardiovascular disease risk classifica-
tion and to assess the agreement between the two scans, 
respectively. To evaluate the accuracy of cardiovascular 
risk stratification between patients with heart rates ≥ 80 
and < 80 beats per minute (BPM), we utilized Fisher’s 
exact test. Student’s t-test and chi-square test were used 
to compare differences between correct and incorrect 
groups in the risk classification of non-ECG-triggered 
chest LDCT scans. The ICC or kappa values of ≤ 0.10, 
0.11–0.40, 0.41–0.60, 0.61–0.80, and 0.81–1.00 indicate 
no, poor, general, moderate, and excellent agreement, 
respectively.

Results
Among the 181 patients, 89, 83, and 9 were scanned 
at 100, 110, and 120  kV, respectively. Excluding those 
scanned at a tube voltage of 120  kV, 172 patients were 
finally enrolled, comprising 113 men and 59 women. 
Their mean age range, weight, and body mass index 
(BMI) were 20–90 years (mean age: 57.12 ± 15.43 years), 
63.22 ± 12.47  kg, and 22.77 ± 3.62  kg/m2, respectively. 

Table 1 Parameters of the non-ECG-triggered chest LDCT and 
standard CACS scans

Non-ECG-triggered Chest LDCT Standard CACS

kV CARE kV (Ref.kV110) 120 kV

mAs CARE Dose 4D CARE Dose 4D

Reference mAs 52 mAs 80 mAs

Pitch 3 0.15

Collimation 192 × 0.6 mm 192 × 0.6 mm

Rotation time 0.25 s 0.25 s

Reconstruction FBP FBP

Slice 3 mm 3 mm

Increment 1.5 mm 1.5 mm

Kernel Sa36 Qr36

Scan area thorax heart

Scan time 0.5–0.7 s 6.05 s

SFOV 500 mm 500 mm

DFOV heart 200 mm; thorax 350 mm 200 mm
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During the standard CACS scans, the mean heart rate 
was 72.07 ± 12.32 beats/min (Table 2).

Comparison of image quality and radiation dose 
between the two scans
The non-ECG-triggered chest LDCT scans had lower 
SD and higher SNR and CNR than the standard CACS 
scans (P < 0.05); however, the values of these scans were 
very close, and the image quality was equivalent. Notably, 
the EDs of the standard CACS and non-ECG-triggered 
chest LDCT scans were 1.34 ± 0.74 and 1.04 ± 0.35  mSv, 

respectively. Additionally, the mean ED and the  CTDIvol 
were reduced by 21.77% and 59.93%, respectively 
(Table 3).

Non-ECG-triggered chest LDCT coronary artery calcium VS
Observers 1 and 2 had an excellent agreement on non-
ECG-triggered chest LDCT VS (ICC = 0.944; 95% CI: 
0.925–0.958) (Table  4). Meanwhile, cardiac risk clas-
sification significantly differed between the non-ECG-
triggered VS and the standard CACS AS (χ2 = 34.333, 
P < 0.001; weighted kappa value = 0.813; 95% CI: 0.756–
0.869). Considering the cardiac risk classification of 

Fig. 1 Flowchart of this study

Table 2 Subgroup analysis for the different kV levels

kV BMI (kg/m2) CTDI (mGy) DLP (mGy × cm) Effective Dose (mSv)

100 (n = 89) 21.57 ± 3.44 1.87 ± 0.89 61.43 ± 20.60 0.86 ± 0.29

110 (n = 83) 24.07 ± 3.36 2.67 ± 0.59 88.48 ± 20.84 1.24 ± 0.29

t value − 4.815 − 6.863 − 8.556 − 8.556

P < 0.001 < 0.001 < 0.001 < 0.001



Page 5 of 10Wang et al. BMC Cardiovascular Disorders           (2025) 25:48  

standard CACS as the gold standard, the accuracy of 
cardiac risk classification of non-ECG-triggered VS was 
77.91% (134/172). Additionally, 38 patients were reclas-
sified to another risk category, but all were adjacent-level 
reclassifications, with no cross-level reclassifications. 
Among them, 27 were underestimated, 11 were overesti-
mated, and 4 were false-negative (Fig. 2).

Non-ECG-triggered chest LDCT coronary artery calcium AS
The number of calcified vessels did not significantly dif-
fer between the non-ECG-triggered LDCT and stand-
ard CACS scans, with excellent agreement (P > 0.05; 
ICC = 0.989; 95% CI: 0.985–0.992). Except for LCX, the 
ASs of the LMA, LAD, and RCA, as well as the total scores, 
obtained from the two scans showed significant differences 
(all P < 0.05). Bland–Altman plots revealed a slight differ-
ence in ASs between the two scans (Fig. 3). ASs obtained 
from non-ECG-triggered LDCT were lower than those 
obtained from the standard CACS, with a mean difference 

of 61.67 in the total scores. The largest mean difference 
among the four vessels was noted in RCA (33.64). However, 
the agreement and correlation of ASs obtained from the 
two scans were excellent, and both ICCs and Pearson’s cor-
relation coefficients were > 0.96. Cardiac risk classification 
did not significantly differ between such scans (χ2 = 3.933, 
P = 0.269), demonstrating excellent agreement (weighted 
kappa value = 0.936; 95% CI: 0.903–0.970). The accuracy of 
cardiac risk classification of the non-ECG-triggered AS was 
92.44% (159/172), considering the cardiac risk classification 
of standard CACS as the gold standard. This risk stratifi-
cation was more accurate in patients with heart rates < 80 
BPM (93.9%) than those with heart rates ≥ 80 BPM (87.8%), 
although the difference was not statistically significant 
(P = 0.194). Additionally, 13 patients were reclassified to 
another risk category, but all were adjacent-level reclassifi-
cations, with no cross-level reclassifications. Among them, 
10 were underestimated, 3 were overestimated, 2 were 
false-negative, and 1 was false-positive (Fig. 2). The ASs of 
the correct group in the non-ECG-triggered LDCT were 
higher than those of the incorrect group (P < 0.05), with no 
significant difference in BMI, heart rate, scan voltage, and 
image noise (P > 0.05; Table 5).

Other abnormal signs found in non-ECG-triggered chest 
LDCT scans
Other abnormal signs found in non-ECG-triggered chest 
LDCT scans were pulmonary inflammation, pulmonary 
nodules, enlarged mediastinal lymph nodes, and gallstones 
in 58, 140, 5, and 9 patients, respectively (Fig. 4).

Discussion
This pilot study demonstrated that chest scans and AS 
can be obtained simultaneously by combining non-ECG-
triggered, automated tube voltage selection, high-pitch 

Table 3 Image quality, radiation dose, and CAC degree between the two scans

Standard CACS Non-ECG-
triggered Chest 
LDCT

T value P ICC (95%CI) Correlation 
Coefficients

P

Image Quality SD Ascending Aorta 15.53 ± 2.85 14.92 ± 1.72 3.320 0.001

SNR 3.14 ± 0.67 3.29 ± 0.53 3.585 < 0.001

CNR 9.06 ± 1.80 9.35 ± 1.33 2.301 0.023

Radiation dose CTDIvol (mGy) 5.64 ± 2.81 2.26 ± 0.86 16.730 < 0.001

ED (mSv) 1.34 ± 0.74 1.04 ± 0.35 5.378 < 0.001

Calcified vessels N 2.45 ± 1.33 2.44 ± 1.34 1.135 0.258 0.989(0.985–0.992) 0.989 < 0.001

ASs LMA 47.03 ± 125.88 42.92 ± 114.71 2.259 0.025 0.980(0.973–0.985) 0.985 < 0.001

LAD 325.24 ± 419.46 307.31 ± 415.77 4.043 < 0.001 0.990(0.987–0.993) 0.990 < 0.001

LCX 142.76 ± 360.04 136.77 ± 367.03 0.852 0.396 0.968(0.957–0.976) 0.968 < 0.001

RCA 286.54 ± 556.02 252.90 ± 526.27 5.427 < 0.001 0.989(0.985–0.992) 0.990 < 0.001

Total 801.56 ± 1129.60 739.90 ± 1098.38 5.919 < 0.001 0.992(0.990–0.994) 0.993 < 0.001

Table 4 Agreement between the two observers’ non-ECG-
triggered chest LDCT VS

Observer 
1

Observer 2

Category 
0

Category 
1

Category 
2

Category 
3

Total

Category 
0

27 0 0 0 27

Category 
1

0 17 6 0 23

Category 
2

0 1 48 2 51

Category 
3

0 0 13 58 71

Total 27 18 67 60 172
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chest LDCT and a kV-independent reconstruction algo-
rithm in patients receiving MHD. This protocol can 
accurately demonstrate the degree of CAC, maintain the 
overall cardiac risk classification, implement one-stop 
scanning of the chest and reveal AS, and significantly 
reduce the radiation exposure of patients, thereby poten-
tially useful for clinical application.

The AS depends on the tube voltage, and the CACS 
scanning protocol of < 120  kV can increase the CT 
attenuation value of calcification, resulting in AS over-
estimation [23–25]. Some studies adjusted the thresh-
old to obtain AS with excellent agreement between 
reduced voltage scans and standard CACS scans [13, 23, 
26]. The metallic components of coronary stents, surgi-
cal bypass grafts, and mechanical heart valves can affect 
calcified plaque identification and measurement; there-
fore, we excluded patients with these conditions. The 
kV-independent reconstruction algorithm (Sa36) uses 
a voltage-dependent lookup table based on raw data for 
the image reconstruction of acquired noncontrast CT. 
It can reproduce 120  kV-equivalent images for a range 
of tube voltage settings without the need for changing 
the calcium threshold. Vingiani et  al. [18] found that 
combining automated tube voltage selection, ECG-trig-
gered, and kV-independent reconstruction algorithm 
yielded an excellent correlation of AS compared with 
using the standard 120-kVp acquisition protocol. Our 
study revealed that the ASs derived from non-ECG-trig-
gered chest LDCT scans were slightly lower than those 
derived from standard CACS scans, possibly related to 

the use of non-ECG-triggered scans. Additionally, non-
ECG-triggered scans can help reduce the radiation dose 
significantly [27, 28]. A study demonstrated an excel-
lent correlation between the ASs derived from the non-
ECG-triggered and standard CACS scans and excellent 
agreement in the cardiac risk classification derived from 
these two scans [27]. However, non-ECG-triggered scans 
cannot suppress cardiac motion artifacts, affecting the 
accuracy of AS. The RCA exhibits the highest degree of 
systolic–diastolic motion of heart vessels and produces 
the most severe motion artifacts. In our study, the differ-
ence in the total AS was mainly caused by differences in 
AS of the RCA (33.64/61.67, 54.55%), consistent with the 
results reported by Hutt et al. [28]. In a previous study, AS 
had limited reproducibility, and CT scan machines made 
by different manufacturing companies produced sub-
stantially different ASs [29]. Moreover, ASs even differed 
between two scannings performed using the same scan-
ner and protocol [30, 31]. This study used a high-pitch 
scan to reduce the radiation dose [23, 32] while shorten-
ing the scanning time, thereby relatively decreasing the 
impact of cardiac motion artifacts on AS. The two scans 
had an excellent agreement in cardiac risk classification 
(weighted kappa value = 0.936; 95% CI: 0.903–0.970), 
and the accuracy of risk classification by non-ECG-trig-
gered chest LDCT was 92.44%, which is similar to those 
reported in previous studies [33, 34]. Lower heart rates 
are associated with reduced coronary motion artifacts. 
Nonetheless, our study demonstrated that the accuracy 
of risk stratification did not significantly differ between 

Fig. 2 Agreement of cardiac risk classification obtained from the two scans
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Fig. 3 Bland–Altman plots and column chart of Agatston scores obtained from the standard CACS and non-ECG-triggered chest LDCT scans. 
Bland–Altman plots revealed a slight difference in ASs between the two scans. The mean differences in the scores for LMA, LAD, LCX, and RCA 
were 4.1, 17.9, 6.0, and 33.6, respectively, with 95% limits of agreement of − 51.0 to + 42.7, − 131.9 to + 96.1, − 186.7 to + 174.8, and − 193.0 to + 125.7, 
respectively. The total mean difference was 61.7, with a 95% limit of agreement of − 329.5 to + 206.2



Page 8 of 10Wang et al. BMC Cardiovascular Disorders           (2025) 25:48 

patients with heart rates < 80 and ≥ 80 BPM, possibly 
because of the use of high-pitch scanning, which short-
ens scan duration and minimizes the influence of coro-
nary motion artifacts in patients with higher heart rates. 
Patients in the incorrect group had lower ASs than those 
in the correct group, likely related to low-risk stratifica-
tion requiring higher AS accuracy. The long-term clinical 
implications of this method in assessing the risk of devel-
oping cardiovascular diseases in patients receiving MHD 
require further investigation.

This study combined non-ECG-triggered, automated 
tube voltage selection, and high-pitch scans. The  CTDIvol 
was reduced by 59.93% compared with the standard 
CACS scans, and chest scans and ASs could be obtained 
simultaneously. This protocol significantly reduced the 
radiation exposure of patients and maintained the over-
all cardiac risk classification. Moreover, all image noises 
met the standard recommended by the SCCT, where the 
image noise of CACS scans should be < 23 HU [17].

Additionally, the guidelines issued by the SCCT and 
the Society of Thoracic Radiology recommend visual esti-
mation of CAC and AS on noncardiac-gated chest CT 
images [22]. In our study, the visual estimation of CAC 
was less accurate (77.91%) and poorly sensitive and could 
only roughly evaluate the degree of CAC despite a good 
interobserver agreement.

Our study has the following limitations. First, this 
was a single-center study with a relatively low number 
of patients and a small range of tube voltages (100 and 
110  kV only). Second, it only focused on the effect of 
the non-ECG-triggered LDCT protocol on the AS and 
not on the volume and mass scores of CAC. Third, our 
findings may not be generalizable or adjustable to other 
CT system manufacturers, considering that the image 
datasets were postprocessed using a manufacturer-spe-
cific kV-independent reconstruction algorithm. Finally, 
AS evaluation relies on manual marking of the calcified 
plaque areas and radiologists’ judgment, thereby likely 

Table 5 Factors affecting the accuracy of cardiac risk classification of non-ECG-triggered LDCT AS

Cardiac Risk Classification of Non-
ECG-triggered LDCT AS

BMI Heart Rate Scans Voltage Image Noise Standard CACS AS

100 kV 110 kV

Incorrect Group 24.39 ± 4.01 76.62 ± 15.13 5(38.5) 8(61.5) 14.62 ± 1.62 176.46 ± 140.41

Correct Group 22.64 ± 3.56 71.70 ± 12.04 84(52.8) 75(47.2) 14.95 ± 1.73 852.67 ± 1159.61

t/χ2 value 1.685 1.387 0.994 − 0.652 − 6.771

P 0.094 0.167 0.319 0.515  < 0.001

Fig. 4 Top row: cardiac CT scan of a standard 120 kV protocol. Middle row: cardiac CT scan acquired using non-ECG-triggered chest LDCT 
reconstructed with kV-independent reconstruction algorithm. Bottom row: non-ECG-triggered chest LDCT scan (lung window)
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influenced by subjective factors. However, with the appli-
cation of AI technology in cardiovascular diseases, the 
stability, sensitivity, and accuracy of detecting calcified 
plaques can be enhanced [35].

Conclusion
Combining the non-ECG-triggered, automated tube 
voltage selection, high-pitch chest LDCT protocol and a 
kV-independent reconstruction algorithm enables one-
stop scanning of the chest and AS, accurately demon-
strates the degree of CAC, maintains the overall cardiac 
risk classification, and significantly reduces the radiation 
exposure of patients.
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