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Abstract

Objectives: Although the Agatston score is a commonly used quantification method, rescan 

reproducibility is suboptimal, and different CT scanners result in different scores. In 2007, 

McCollough et al (Radiology 2007;243:527–538) proposed a standard for coronary artery calcium 

quantification. Advancements in CT technology over the last decade, however, allow for improved 

acquisition and reconstruction methods. This study aims to investigate the feasibility of a 

reproducible reduced dose alternative of the standardized approach for coronary artery calcium 

quantification on state-of-the-art CT systems from 4 major vendors.

Materials and Methods: An anthropomorphic phantom containing 9 calcifications and 2 

extension rings were used. Images were acquired with 4 state-of-the-art CT systems using routine 

protocols and a variety of tube voltages (80–120 kV), tube currents (100% to 25% dose levels), 

slice thicknesses (3/2.5 and 1/1.25 mm), and reconstruction techniques (filtered back projection 

and iterative reconstruction). Every protocol was scanned 5 times after repositioning the phantom 

to assess reproducibility. Calcifications were quantified as Agatston scores.
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Results: Reducing tube voltage to 100 kV, dose to 75%, and slice thickness to 1 or 1.25 

mm combined with higher iterative reconstruction levels resulted in an on average 36% lower 

intrascanner variability (interquartile range) compared with the standard 120 kV protocol. 

Interscanner variability per phantom size decreased by 34% on average. With the standard 

protocol, on average, 6.2 ± 0.4 calcifications were detected, whereas 7.0 ± 0.4 were detected 

with the proposed protocol. Pairwise comparisons of Agatston scores between scanners within the 

same phantom size demonstrated 3 significantly different comparisons at the standard protocol (P 
< 0.05), whereas no significantly different comparisons arose at the proposed protocol (P > 0.05).

Conclusions: state-of-the-art CT systems of 4 different vendors, a 25% reduced dose, thin-

slice calcium scoring protocol led to improved intrascanner and interscanner reproducibility and 

increased detectability of small and low-density calcifications in this phantom. The protocol 

should be extensively validated before clinical use, but it could potentially improve clinical 

interscanner/interinstitutional reproducibility and enable more consistent risk assessment and 

treatment strategies.
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Quantification of coronary artery calcifications (CACs) with the Agatston score using 

cardiac CT is a strong predictive marker for future cardiovascular events in asymptomatic 

individuals at low-to-intermediate risk.1,2 Although CT technology has improved 

tremendously over the last decade, the CAC quantification standard—using 120 kV, 3 

or 2.5 mm slices, and filtered back projection (FBP)—has not been renewed since its 

introduction in 2007 by McCollough et al.3 Larger CT detector coverage, more efficient 

detector technology, higher spatial resolution, shorter gantry rotation time, increased x-ray 

tube power, and improved reconstruction algorithms are nowadays available to reduce the 

image noise of cardiac CT and thus allow for radiation dose reduction.4 A large body 

of evidence has shown that the reproducibility of currently used CAC acquisition and 

quantification methods is limited as it can result in reclassifications.4–7 Hence, the current 

quantification standard for CAC scoring should be updated.

Rutten et al8 demonstrated in patients that small variations of scan starting position affect 

the reproducibility of Agatston scores with a potential risk of reclassification in 9% of the 

individuals. In addition, Willemink et al5 found a substantial intervendor variability of the 

Agatston score, which resulted in a modest cardiovascular risk reclassification in up to 6.5% 

of ex vivo hearts. Coronary artery calcium reproducibility can be improved by reducing 

slice thickness and tube voltage.4,5,9 The current, standard slice thickness of 3 or 2.5 mm 

results in a suboptimal spatial resolution and a possible underestimation of small or less 

dense calcifications due to partial volume effects. The use of thinner slices reduces these 

effects, improves reproducibility, and enhances detectability of (micro)calcifications, where 

1 microcalcification is typically 0.5 to 15 μm.4,9,10 This may be an opportunity for risk 

factor modification and thus prevention of cardiovascular events, as nonzero CAC scores 

are associated with higher risk for future events, whereas zero scores are strong negative 

predictors.4,9–11 Reducing tube voltage results in 2 effects: it will reduce radiation dose 

when other settings remain unchanged; concurrently, it will increase CT attenuation, which 
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can potentially improve the detectability and quantification of less dense calcifications. 

Iterative reconstruction (IR) can be used to reduce radiation dose without compromising 

image noise compared with routine dose FBP.12,13 Multiple studies have shown that 

radiation dose reduction over 50% is possible in CAC imaging with IR.12 Modifying the 

CAC acquisition method will result in more accurate estimation of coronary calcified lesions 

as well as reduced radiation, hence important for consistent risk assessment and treatment.

This study aims to investigate the feasibility and reproducibility of a reduced dose alternative 

of the standardized approach for CAC quantification on state-of-the-art CT systems from 4 

major vendors.

MATERIALS AND METHODS

Phantom

For all experiments, a commercially available static anthropomorphic thoracic phantom 

(Thorax; QRM, Möhrendorf, Germany) was used. At the position of the heart, a cardiac 

calcification insert (CCI; QRM, Möhrendorf, Germany) was placed, containing 9 small 

cylindrical calcifications with different sizes and densities (diameters: 1, 3, and 5 mm; 

densities: 200, 400, and 800 mg/cm3 calcium hydroxyapatite [CaHA]), and 2 large 

calibration rods (one water equivalent and one 200 mg/cm3 CaHA). The thoracic phantom 

simulates a small-sized patient (anterior-posterior × lateral, 200 × 300 mm). Two additional 

tissue-equivalent oval rings (extension rings; QRM, Möhrendorf, Germany) were used to 

simulate medium- and large-sized patients (250 × 350 mm and 300 × 400 mm, respectively; 

Fig. 1).

Image Acquisition and Reconstruction

All phantom sizes were scanned using state-of-the-art CT systems from 4 different vendors 

(scanner A: SOMATOM Force, Siemens Healthineers, Erlangen, Germany; scanner B: 

Revolution, GE Healthcare, Milwaukee, WI; scanner C: iCT, Philips Healthcare, Best, 

the Netherlands; scanner D: Aquilion One PRISM Edition, Canon Medical Systems, 

Otawara, Japan). Acquisition and reconstruction parameters are listed in Tables 1 and 2. 

A reference tube voltage of 120 kVand a decreased tube voltage of 100 kV were used. An 

exploratory scan session on each CT system showed that tube power limitations arose for 

80 kV; therefore, 100 kV was the most optimal reduced tube potential for all 4 vendors 

(Supplementary Table 1, http://links.lww.com/RLI/A641). Tube current was modulated with 

anatomic based automatic exposure control on scanners A, B, and D. For scanner C, this was 

not available. Volumetric CT dose indices (CTDIvol) were kept similar between CT systems. 

Reference dose levels (100%) were chosen as CTDIvol values of 1.5, 3.3, and 7.0 mGy for 

small, medium, and large phantom size, respectively, which is in line with clinically used 

protocols.15–17 The following parameters were varied on the scanners: radiation dose, slice 

thickness, and IR level (Table 2). Radiation dose was incrementally reduced by lowering 

CTDIvol, resulting in 4 dose levels: 100%, 75%, 50%, and 25%. Multiple reconstructions 

were made per scan with varying slice thickness and increment: 3.0 and 1.0 mm on scanners 

A, C, and D, and 2.5 and 1.25 mm on scanner B. Besides FBP, 3 settings of IR algorithms 

were used on every scanner. Every protocol was scanned 5 times with small repositioning 
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(approximately 5 mm translational and 2 degrees rotational) of the phantom after each scan 

to measure and correct for interscan variability.18

Quantification of Coronary Calcifications

The calcifications inside the phantom were quantified as Agatston scores using the validated 

fully automated quantification method (FQM).19 The standard 130 Hounsfield unit (HU) 

threshold was used for 120 kV scans. Due to increased x-ray beam attenuation, the threshold 

was increased to 147 HU for 100 kV scans as proposed by Nakazato et al,20 and effects in 

similar Agatston results with decreased tube voltage, decreased slice thickness, and use of 

IR shown by Hou et al.21 In addition, the output of FQM gave the following information 

about each individual calcification: volume, mass, maximum area, and mean Agatston 

weight factor (based on maximum HU value per area).22 Volume was quantified according 

to Callister et al.23 Volume, area, and weight factor were only used for clarification purposes 

of the changes in Agatston scores due to acquisition or reconstruction adjustments.

Image Noise

The output of FQM included the number of detectable calcifications and noise level. Noise 

level was defined as the standard deviation of pixel values in HU within a circular region 

of interest of 1.5 cm2 placed in the center slice of the water equivalent rod. McCollough et 

al3 described a noise target measured in the water equivalent rod of 20 HU for small- and 

medium-sized phantoms and 23 HU for the large-sized phantom. Noise levels below these 

targets were not selected to keep radiation dose levels reasonable, thus not too high. After 

review of the experimental data, we chose an upper threshold as well of 30 HU for the small- 

and medium-sized phantom and 35 HU for the large-sized phantom to keep image noise 

reasonable and reduce the possibility of false-positives.

Statistical Analysis

The interquartile range (IQR) of the total Agatston scores from all phantom sizes and 

all CT systems scanned with the standard protocol were used as a reference range for 

total Agatston scores to keep scores similar to the current protocol. We compared the 

different scan protocols based on intrascanner and interscanner reproducibility, calcification 

detectability, and image noise as described previously. On that basis, a protocol for each 

scanner was proposed and compared with the currently used standard protocol. Intrascanner 

reproducibility was defined as the calcium score IQR of the 5 repetitions within that 

protocol. Interscanner reproducibility was defined as IQR of the sum of all calcium scores 

from that protocol acquired on all 4 CT systems. Change of variability was thus calculated 

as: (−1 + IQRnew protocol/IQRcurrent protocol) × 100%. The FQM used a mask based on the 

physical locations of all calcifications in the phantom. A calcification was defined detected 

when connected components above the 130 or 147 HU threshold arose within the mask. 

To show trends, results in the text are shown in median (IQR) for all phantom sizes and 

scanners combined unless indicated otherwise. More detailed comparisons between scores 

are displayed in the figures. Only pairwise comparisons were done for the total Agatston 

scores of the standard and proposed protocol. After testing for normality, differences were 

evaluated with Friedman tests and post hoc Dunn tests with Bonferroni correction. P 
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values less than 0.05 were considered statistically significant. SPSS version 25 (IBM Corp, 

Armonk, NY) was used for statistical analyses.

RESULTS

Intrascanner Reproducibility

Agatston score variability of repeated acquisitions on the same scanner slightly increased 

after decreasing the tube potential (see Fig. 2 and Supplementary Figures 1 and 2, http://

links.lww.com/RLI/A641), that is, IQR of 100 kV, 100% dose, thick slices, and routine 

reconstruction protocol changed with 7% (−26% to 140%). Reducing slice thickness in 

addition to the decreased tube potential lowered intrascanner variability with IQR changes of 

−54% (−76% to −44%). Comparing this 100 kV, thin slice, 100% dose protocol with tube 

current reductions to 75%, 50%, and 25% resulted in Agatston score IQR changes of 22% 

(−39% to 141%), 0 (−45% to 86%), and 99% (40% to 519%), respectively. Similar trends 

were seen involume scores (see Supplementary Results, http://links.lww.com/RLI/A641).

Calcification Detectability

Table 3 shows the number of detected calcifications per protocol and phantom size of all 

scanners combined. Of the 9 calcification inserts, the number of detected calcifications with 

the standard protocol was onaverage6.2 ± 0.4. This was similar with standard slice thickness, 

100 kV, 100% dose, and routine reconstruction. Additional reduction of the slice thickness 

increased the number of detected calcifications with on average 1 calcification. Protocols 

with 100 kV, thin sections, routine reconstruction, and reduced radiation dose resulted in 

a similar number of detected calcifications. Increasing IR levels showed a trend toward a 

slight decrease in detected number of calcifications. The higher number of calcifications 

detected was due to small calcifications of 800 or 400 mg/cm3 CaHA.

Radiation Dose and Image Noise

Noise levels differed between scanners, but noise levels of the standard protocols were equal 

or below the lower noise limit on all scanners (see Fig. 3 and Supplementary Figures 3 and 

4, http://links.lww.com/RLI/A641). Thin-sliced protocols at 100 kV with 50% or 25% dose 

resulted in noise levels exceeding the upper threshold on scanner C, even with highest IR 

level for medium-and large-sized phantoms, respectively. Thin-sliced protocols with 75% 

dose stayed within the noise thresholds when intermediate or high IR was used for all 

scanners, except scanner C. Noise-levels exceeded the upper threshold at scanner C when 

100 kV, 75% dose, thin slices, and intermediate IR was used at the medium- and large-sized 

phantom, respectively.

Proposed Protocol

Based on the above results, we proposed the following protocols: for scanners A and B: 100 

kV, 75% dose, thin slices, intermediate IR; for scanners C and D: 100 kV, 75% dose, thin 

slices, high IR (Table 4). Figure 4 shows axial images of the phantom obtained with the 

standard and proposed protocol on all scanners.
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Compared with the standard protocol, these protocols resulted in an improved intrascanner 

variability (IQR) of −12%, −68%, and −73% for scanners A, B, and C, respectively, and 

a slight increase of 8% for scanner D. Also, improved intrascanner volume variability 

was found for all scanners and improved mass-variability for scanners C and D (see 

Supplementary Results, http://links.lww.com/RLI/A641).

With these proposed protocols, interscanner variability changed with −55%, −35%, and 

−13% for small-, medium-, and large-sized phantoms, respectively. Interscanner variability 

improved for all volumes and mass scores as well, except for the mass scores in the 

large-sized phantom (see Supplementary Results, http://links.lww.com/RLI/A641).

Pairwise comparisons of Agatston scores between scanners within the same phantom size 

showed that the standard protocol resulted in significantly different scores between scanners: 

scanner B versus C for the small phantom (558 [556–574] vs 702 [661–730], P < 0.01), 

scanner B versus C for the large phantom (588 [567–603] vs 653 [635–685], P = 0.02), and 

scanner B versus D for the small phantom (558 [556–574] vs 720 [703–733], P = 0.02). All 

other comparisons were not significantly different (P > 0.05). In contrast, Agatston scores 

were not significantly different between scanners when using the proposed new protocols (P 
> 0.05).

Noise levels for small-, medium-, and large-sized phantoms with the proposed protocols 

ranged from 23.7 (23.3–24.2) to 27.9 (27.5–29.3) for scanner A, 26.1 (26.0–27.1) to 29.1 

(28.3–29.4) for scanner B, 21.3 (21.1–21.6) to 35.1 (33.5–36.9) for scanner C, and 20.8 

(20.4–22.4) to 23.3 (21.9–24.5) for scanner D.

The number of detectable calcifications with the proposed protocols was 7.1 ± 0.2, 7.1 ± 0.4, 

and 7.0 ± 0.5 for the small-, medium-, and large-sized phantoms, respectively.

Per-Calcification Analysis

Median Agatston scores of 800 mg/cm3 CaHA calcifications changed with the proposed 

protocol by −15% and −14% for the large- and medium-sized calcifications, respectively 

(see Fig. 5 and Supplementary Figures 5 and 6, http://links.lww.com/RLI/A641). Median 

Agatston scores slightly decreased on average for the large-sized 400 mg/cm3 CaHA 

calcification (−2%), whereas scores increased for the medium-sized 400 mg/cm3 CaHA 

calcification (11%). Median Agatston scores of 200 mg/cm3 CaHA calcifications increased 

on average with 39% and 43% for the large- and medium-sized calcifications, respectively.

The proposed protocol resulted in calcification volumes closer to the physical volume 

for all calcifications (see Supplementary Results and Supplementary Fig. 7, http://

links.lww.com/RLI/A641). Mass scores remained similar compared with the standard 

protocol (Supplementary Fig. 8, http://links.lww.com/RLI/A641). Maximum areas and 

weight factors remained similar or slightly increased (Supplementary Figs. 9 and 10, 

http://links.lww.com/RLI/A641). Weight factors especially increased in 200 mg/cm3 CaHA 

calcifications.

Intrascanner variability of the Agatston score decreased for most calcifications. Medians of 

IQR changes per-calcification were −68%, 5%, and −30% for large-sized 800, 400, and 200 
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mg/cm3 CaHA calcifications, and −81%, −37%, and 39% for medium-sized 800, 400, and 

200 mg/cm3 CaHA calcifications, respectively.

Furthermore, interscanner variability of Agatston scores per calcification decreased, 

resulting in IQR changes of −63%, −29%, and −34% for large-sized 800, 400, and 200 

mg/cm3 CaHA calcifications, and −60%, −44%, and −8% for medium-sized 800, 400, and 

200 mg/cm3 CaHA calcifications, respectively (Fig. 5).

DISCUSSION

Our multivendor phantom study showed that an updated reduced dose, thin-slice CT 

acquisition protocol for CAC scoring resulted in improved intrascanner and interscanner 

variability and detectability of small- and low-density calcifications. The proposed protocol 

decreased volume variability of calcifications and thus decreased influence of the partial 

volume effect, resulting in volumes closer to their physical volume. Also, 1 additional 

small calcification was detected, and an increase in area and weight factor, especially for 

low-density calcifications, showed improved visibility. We aimed to update the 2007 CAC 

quantification standard by evaluating multiple protocols with the same phantom setup. For 

4 state-of-the-art CT systems, we established an updated CAC quantification protocol by 

combining lower tube voltage (100 kV), reduced radiation dose (CTDIvol 1.1, 2.5, and 

5.3 mGy for small-, medium-, and large-sized patients, respectively), thinner slices (1- or 

1.25-mm), and higher IR levels (ADMIRE 3, ASiR-V 50%, iDose4 5, or AIDR 3D strong).

Multiple important factors call for an update of the current standard.4,11 First, in the last 

decade, CT technology has remarkably improved.4 Second, recent research from Blaha 

et al24 has shown that the shape and distribution of CAC are important contributors to 

cardiovascular risk stratification. Third, Criqui et al25 found an inversely proportional 

association between CAC density and future cardiovascular events, therefore making it 

important to accurately quantify low-density calcifications. Fourth, there is a substantial 

intrascanner and interscanner variability with the current CAC quantification protocols, 

possibly causing different treatment approaches for the same patient on different scanners 

or in different hospitals.5,8 Last, Han et al26 recently demonstrated that a small but 

nonnegligible number of patients with zero CAC score actually did have CACs, missed 

by the current protocol. The presence of these plaques was associated with higher risk for 

major adverse cardiovascular events.

Multiple phantom and patient studies have been conducted to evaluate radiation dose 

reduction for CAC CT scans by lowering kV and/or mAs with or without IR.12,15,27–29 Also, 

multiple studies evaluated the effect of slice thickness on CAC scores.9,18,30–33 No studies 

have tested a variation of all 4 parameters (tube voltage, tube current, slice thickness, and 

reconstruction technique) on current state-of-the-art CT systems of multiple vendors. Vonder 

et al34 varied tube voltages, dose levels, and ADMIRE levels with a dedicated phantom 

containing 100 small calcifications on a single CT system with conventional 3-mm slice 

thickness. They found possible dose reductions of up to 60.6% with 100 kVand IR-1. The 

lower tube current and IR level compared with our study can be explained by the 3-mm 

slices, as thinner slices result in more noise. Groen et al35 varied tube voltage and slice 
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thickness on 1 CT scanner with the same phantom. They found an optimal protocol of 100 

kV and 3-mm slices that resulted in similar Agatston scores and CAC detectability compared 

with traditional electron beam tomography, thus, not intending to improve detectability or 

reproducibility.

Mantini et al30 showed in patients that thinner slice reconstructions led to significant upward 

risk reclassifications due to higher CAC scores. Two possible explanations were given (1) 

increased detection efficiency of small calcifications and (2) increased noise-level resulting 

in more false-positives. Our results support the first explanation. Although the excess risk 

of nonzero CAC scores by microcalcifications is not yet precisely known, the study of 

Hanet al26 suggests that these calcifications missed by the current protocol should not be 

neglected.36,37 We expect that the updated protocol may result in improved identification of 

these false zero scores as detection of smaller calcifications and low-density calcifications is 

expected to improve. This is confirmed by our study since on average we found 1 additional 

small calcification with the proposed protocol compared with the current protocol. The most 

effective way to assess how this would translate to the clinic would be a study where patients 

are scanned with both the current protocol and the proposed protocol. Furthermore, we 

showed that IR minimizes increased noise levels of thinner sections.

A large body of evidence shows that it is safe to implement reduced radiation dose by lower 

tube potential and/or current, and increased IR levels.12,28,38 Also, the positive effects of 

thinner slices in CAC acquisition has been thoroughly investigated and coincide with our 

findings: decreased influence of the partial volume effect, improved reproducibility of CAC 

scores, and increased detectability of small calcifications.9,24,30–33 However, the effect of 

combining all 4 parameters in scanning patients should be further investigated.

Earlier studies have used the increased threshold before or a similar threshold, which 

resulted in comparable Agatston scores between the current 120 kVp protocol and a 100 

kVp, lower dose protocol with 3-mm slice thickness,20,30,33 or with 0.5-mm slice thickness 

and IR.21 Therefore, we decided to use the same threshold and also found similar Agatston 

scores to the current protocol.

The supplementary section provides more specific results of volume, mass, area, and weight 

factor per calcification. Similar results between volumes and Agatston scores were seen, 

indicating that the decreased intrascanner variability is due to the decreased partial volume 

effects. Also, volumes of all calcifications came closer to the physical volume with the 

proposed protocol compared with the current standard protocol, thus resulting in a more 

accurate representation of the calcifications. Besides that, an increase in area and weight 

factor is seen in especially low-density calcifications, resulting in a maximum area closer 

to the physical area for small calcifications and indicating better detectability of these 

calcifications. This is likely due to the decreased tube voltage, hence increased attenuation.

Our study has limitations. A static phantom was used; hence, the effect of motion was 

not addressed. Cardiac motion can cause artifacts, which have a nonnegligible effect on 

CAC scores. Van der Werf et al41 showed in a dynamic phantom that heart rates have 

a substantial effect on Agatston and mass scores. Future research should investigate the 
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magnitude of this potential problem with our proposed protocol. Also, the CCI only 

contains 9 calcifications of 3 different sizes and densities. To investigate the exact improved 

detectability of our protocol, another dedicated phantom with more calcifications should be 

used. Although we expect the reclassification rates to be lower with the updated protocol, 

clinical studies should be performed to investigate whether reclassifications still occur due 

to the proposed protocol. Last, this protocol should be tested with new emerging techniques 

such as dedicated kV-independent kernels.42

In conclusion, current CT acquisition protocols for CAC quantification may be updated to 

a protocol with 100 kV, 75% radiation dose, 1- or 1.25-mm slice thickness, and higher IR 

levels. On state-of-the-art CT systems of 4 different vendors, this protocol led to improved 

intrascanner and interscanner reproducibility and increased detectability of small and low-

density calcifications. It is important to emphasize that before clinical use, the viability of 

this protocol should be validated in dynamic phantom and clinical studies. However, due to 

the improved reproducibility of the Agatston score with this protocol, this could potentially 

improve clinical interscanner/interinstitutional reproducibility, which would result in more 

consistent risk assessment and treatment strategies, and it may potentially facilitate in better 

risk stratification and an improved scoring method.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
A, Axial sketch of the thoracic phantom including the cardiac calcification insert; B, Axial 

and lateral sketch of the cardiac calcification insert containing the 9 calcifications and the 2 

calibration rods14; C, Photo of the anthropomorphic phantom (small-sized; center) and the 

2 additional rings to simulate medium-sized (left) and large-sized (right) patients. CaHA, 

calcium hydroxyapatite.
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FIGURE 2. 
Total Agatston scores of all scanners and protocols scanned with the medium phantom. 

Reconstruction technique/IR levels and slice thicknesses are given on the x-axis (thick = 

3 or 2.5 mm; thin = 1 or 1.25 mm). Results are grouped in dose levels. The light-yellow 

range is the reference range, which is the IQR of all Agatston scores from all scanners 

and all phantom sizes scanned with the standard protocol. Routine reconstruction (used at 

thick slices) for scanner A is corresponding to low IR level; for scanner B corresponding to 

intermediate IR level; for scanner C and D corresponding to FBP. HU thresholds were 130 
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HU for 120 kV scans and 147 HU for 100 kV scans. Std, standard/routine reconstruction 

setting; IR, iterative reconstruction; IQR, interquartile range; FBP, filtered back projection; 

HU, Hounsfield units. Scanner A: SOMATOM Force, Siemens Healthineers; Scanner B: 

Revolution, GE Healthcare; Scanner C: iCT, Philips Healthcare; Scanner D: Aquilion One 

PRISM Edition, Canon Medical Systems.
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FIGURE 3. 
Noise levels of all scanners and protocols scanned with the medium phantom. IR levels 

and slice thicknesses are given on the x-axis (thick = 3 or 2.5 mm; thin = 1 or 1.25 mm). 

Results are grouped in dose levels. Noise levels are calculated in a circular ROI of 1.5 

cm2 in the center slice of a water equivalent rod as standard deviation of CT values. The 

2 continuous lines show the target range. Std, standard/routine reconstruction setting; IR, 

iterative reconstruction; ROI, region of interest.
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FIGURE 4. 
Axial views of the center slice of the calcifications in the CCI in the medium phantom. 

Upper row shows standard protocol for all scanners; lower row shows the proposed protocol 

for all scanners. Below every image, the median (IQR) noise level (standard deviation [SD] 

of HU in the water equivalent rod) is given. White arrows show the calcifications that were 

detected in the proposed protocol, whereas they were not detected in the standard protocol 

at that scanner. CCI, cardiac calcification insert; IQR, interquartile range; HU, Hounsfield 

units.
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FIGURE 5. 
Per-calcification analysis. The Agatston scores per-calcification of the routinely used 

standard protocol and the proposed protocol at the medium phantom. The continuous lines 

show the IQR of the Agatston scores for the standard protocol. The dashed lines showthe 

IQR of the Agatston scores for the proposed protocol. The 1 mm diameter calcifications are 

not shown, as they are not always detectable with every protocol. IQR, interquartile range.
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