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CHAPTER 6

Abstract
Objectives  

To define a dose-reduced coronary calcium CT protocol that provides similar calcium 
score values as a conventional 120 kVp protocol.

Methods  

A thorax phantom containing 100 calcifications was scanned with the reference 
protocol (120 kVp, 90 ref mAs, FBP) and 30 dose-reduced protocols (70-110 kVp, 90 
ref mAs, FBP and iterative reconstruction (IR) levels 1-5 with 3rd generation dual-
source CT. For protocols that yielded similar detectability and calcium scores as the 
reference protocol, additional scans were acquired at reduced ref mAs. Kendall’s τb and 
independent-samples-median test were used to determine trends and differences in 
contrast/signal-to-noise ratio (CNR and SNR), dose and calcium scores.

Results  

The detectability and  calcium scores decreased at increasing IR levels (τb<-0.825, 
p<0.001) and increasing tube voltage (τb<-0.679, p<0.001). For 90kVp-IR3 and 
100kVp-IR1, similar detectability and calcium score was found compared to the 
reference protocol (p>0.206). For these protocols, lower tube currents did not affect 
the detectability and Agatston score (p>0.206), while CNR and SNR were similar/ 
higher compared to the reference protocol (0.008<p<0.206). Dose reduction was 
60.6% (90kVp-IR3) and 43.6% (100kVp-IR1).

Conclusion

The protocol of 90kVp-IR3 and 100kVp-IR1 yielded similar calcium detectability, 
Agatston score and image quality as the reference protocol, with dose reduction up 
to 60.6%.
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Introduction
The utility and usage of cardiac computed tomography (CT) has grown exponentially 
over the last few decades [1]. Within this context, radiation dose reduction of cardiac 
CT examinations has gained more and more importance due to the widespread use of 
the technique [2]. Dose reduction has mainly focused on coronary CT angiography 
(cCTA), and the main breakthrough in cCTA dose reduction was the introduction 
of faster imaging, tube voltage reduction and iterative reconstruction [3]. However, 
besides faster imaging techniques, the techniques have not been systematically 
implemented for coronary artery calcium (CAC) scoring.  

Iterative reconstruction is a commonly used reconstruction technique that enables 
radiation dose reduction (when used in combination with a lower tube current) by 
reducing image noise and improving image quality. Previous studies have shown that 
iterative reconstruction algorithms of different vendors show a trend towards lower 
Agatston scores and lower calcification volume, while differing in effects on calcification 
mass [4–6]. Another method to reduce radiation dose, is the application of lower tube 
voltage. While iterative reconstruction has been found to reduce the Agatston score, a 
lower tube voltage increases the Agatston score if the calcium threshold is kept at 130 
Hounsfield Units (HU) [7–9].

Radiation dose reduction for CAC scanning might be feasible by combining low tube 
voltages with a modeled based iterative reconstruction algorithm at different strengths. 
In clinical practice, cardiovascular risk stratification is based on the Agatston score 
derived from scans acquired at 120 kVp and reconstructed with filtered-back projection 
(FBP). Therefore, any new acquisition protocol should give comparable stratification 
results as the conventional 120 kVp protocol to be implementable in clinical practice.   

The purpose of this study was to define a radiation dose reduced CAC CT protocol 
that provides similar calcium score values as the traditional 120 kVp protocol.

 

Materials and methods
This study was performed using an anthropomorphic cardiac CT thorax phantom 
representing small patient size (Thorax, QRM, Möhrendorf, Germany) in which a 
calcium insert was placed, see Figure 1. Fat rings in the second part of the experiment 
(see below) represented medium and large size patients. The cylindrical calcium insert 
included 100 very small calcifications with sizes of 0.5 to 2.0 mm and density of 90-
540 mgHA (D100 insert, QRM, Möhrendorf, Germany). Furthermore, the phantom 
contained a calibration plane with five cylinders with a diameter of 30 mm with 
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densities of 0, 80, 230, 360 and 530 mgHA/cc, which represented respectively no, very 
low, low, intermediate and high density calcifications. The five cylinders were used to 
calibrate for mass measurements. 

Image acquisition and reconstruction

The thorax phantom was scanned with 3rd generation dual-source CT (DSCT) 
(SOMATOM Definition Force, Siemens, Erlangen, Germany) in high-pitch spiral 
mode. As reference, data sets were acquired at a tube voltage of 120 kVp and tube 
current of 90 ref mAs and reconstructed with FBP. This study contained three steps. 
In the first step, data sets were acquired at low tube voltages of 70, 80, 90, 100 and 
110 kVp and tube current of 90 ref mAs. This data were reconstructed with FBP and 
advanced modeled based iterative reconstruction using five different strength levels: 
1, 2, 3, 4 and 5 (ADMIRE, Siemens, Erlangen, Germany), resulting in 30 combination 
protocols. Data were reconstructed with a field-of-view (FOV) of 250 mm and a 
512×512 matrix, a sharp reconstruction filter (Qr36d), slice thickness of 3.0 mm and 
an increment of 1.5 mm. 

The combination protocols of lowered tube voltage and iterative reconstruction strength 
level that yielded similar calcium detectability (number of detected calcifications out 
of 100) and calcium scores as the reference protocol were selected for step 2. In step 
2, the dose of the selected protocols was reduced by lowering the quality reference 

Figure 1 – Overview of phantom set-up. (1) The calcium insert with 100 small calcifications was placed 
inside the (2) anthropomorphic thorax phantom, representing a small patient size. Additional fat equivalent 
phantom rings were consecutively placed around the thorax to represent (3) medium and (4) large patient 
size.
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mAs in 20% steps, to 72, 54, 36 and 18 ref mAs. Again, the calcium detectability and 
calcium scores were compared to the reference protocol. Finally, by adding a medium 
and large fat ring to the thorax phantom (step 3), the impact of these dose reduced 
protocols were also evaluated for medium and large patient size, by applying the ref 
mAs that yielded similar results as the reference protocol in step 2. All acquisitions 
were repeated five times with a small translation and rotation between each scan. 

Data analysis

Image quality was determined by calculating the contrast-to-noise ratio (CNR) and 
signal-to-noise (SNR) of all the protocols. Regions of interest (ROI) with diameter 
of 20 mm were drawn and mean HU and standard deviation (SD) of the ROI were 
registered. Target ROI was the calibration plane of 230 mgHA/cc, and the background 
ROI was the calibration plane of 0 mgHA/cc representing normal myocardium. The 
CNR and SNR were calculated as follows:

 CNR = (meanHUtarget- meanHUbackground) / (√(SDtarget
2+SDbackground

2 ))  (1)

 SNR = mean HUtarget / SDtarget      (2)

The median radiation dose of each protocol was registered by registering the CTDIvol of 
each scan. Quantification of calcium was expressed as (1) the number of calcifications 
that were detected, referred to as calcium detectability, and (2) the total calcium score, 
denoted as the Agatston score, volume and mass score. Calcium detectability and 
scores were determined with calcium scoring software (CaScoring, Aquarius iNtuition 
Viewer, Version 4.1.11, TeraRecon Inc, Foster City, USA) for all scans acquired in step 
1, 2 and 3. A calcification was defined as an area comprising ≥2 connected pixels with a 
density of ≥130 HU. Standard scoring algorithms for Agatston score, volume and mass 
were used, and median and interquartile range (IQR) of the repetitions were calculated 
[10]. Agatston variability was calculated as follows:

 

 Variability = (median ( |xi - median(x)| ) ∙ 100% ) / median   (3)

In which the median of the absolute difference in Agatston score is divided by the 
median Agatston score. 
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Figure 2 – (a) The median (min-max) detectability: number of detected calcifications out of 100, and (b) 
median (min-max) Agatston score for low tube voltages and iterative reconstruction ADMIRE strength 
levels 1-5. *Significant differences in median detectability and Agatston score compared to 120kVp-FBP are 
marked with asterisk. 

a

b
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Statistical analysis

Kendall’s tau-b (τb) was used to analyze trends in Agatston, volume and mass score 
for the different iterative reconstruction strength levels and tube voltages. The dose 
reduction protocols were compared to the reference protocol. A difference in median 
CNR, SNR, detectability and calcium scores was determined by using independent-
samples-median test and a difference in distribution was determined by using Mann-
Whitney U test (α=0.05) (SPSS Statistics, version 22, IBM, USA). 

Results
Results of 30 combination protocols of lowered kVp and iterative reconstruction strength 
levels (step 1)

Image Quality

The median CNR and SNR were 10.1 (9.4-10.4) and 14.2 (13.1-14.7), respectively, for 
the reference protocol of 120 kVp. For the 30 protocols of 70-110 kVp, the median 
CNR ranged from 9.2-22.1, and the SNR ranged from 13.1-29.1. 

Dose

The median radiation dose (CTDIvol) of the 120 kVp reference protocol was 0.46 (0.46-
0.50) mGy. The median CTDIvol for the protocols of 70 kVp to 110 kVp ranged from 
0.40 to 0.44 mGy.

Detectability and calcium scores

The detectability, Agatston score, volume and mass decreased for increasing levels of 
iterative reconstruction (τb=-0.825, p<0.001; τb=-0.915, p<0.001; τb=-0.928, p<0.001; 
τb=-0.892, p<0.001) and increasing tube voltage (τb=-0.679,p<0.001; τb=-0.924, 
p<0.001; τb=-0.928, p<0.001; τb=-0.914, p<0.001). The median detectability for the 
reference 120 kVp with FBP (120kVp-FBP) protocol was 15 calcified lesions (14.5-
15.5) out of 100, the Agatston score was 35.4 (34.5-38.4), volume score 54.4 (53.0-
56.3) mm3 and mass score 7.4 (7.2-7.5) mg. Seventeen protocols out of 30, including 
tube voltages in the range of 70-110 kVp in combination with iterative reconstruction 
strength levels of 1-5, yielded similar detectability rate compared to the reference 
protocol (0.206<p<1.000), see Figure 2a. Of these seventeen combination protocols 
of lower tube voltage and iterative reconstruction strength level, six combinations 
showed a similar Agatston score compared to the reference protocol (0.206<p<1.000), 



130

CHAPTER 6

Table 1 – Contrast-to-noise ratio (CNR)

Quality 
reference 
mAs

120kVp-FBP 90kVp-IR3 100kVp-IR1

CNR
Median (IQR) 

CNR 
Median (IQR)

p-value CNR
Median (IQR)

p-value

Small patient size

72 10.1 (9.4-10.4) 12.6 (12.4-13.2) 0.008  10.1 (9.9-10.1) 1.000

54 11.3 (10.6-11.9) 0.008  9.5 (8.7-9.6) 0.206

36 10.1 (9.7-10.2) 1.000 7.8 (7.4-8.2) 0.008 

18 8.1 (4.1-8.6) 0.008  6.7 (6.3-7.6) 0.008 

Medium patient size

72 8.3 (8.2-8.6) 11.4 (10.8-11.7) 0.008  8.5 (7.0-11.6) 1.000

54 9.9 (9.5-10.1) 0.008  8.1 (7.7-8.1) 0.008 

36 9.0 (8.5-9.7) 0.206 - -

Large patient size

72 7.7 (7.0-8.0) 10.8 (10.6-11.4) 0.008  8.4 (8.2-8.5) 0.008 

54 9.5 (9.5-9.9) 0.008  7.6 (7.2-7.9) 1.000

36 8.9 (8.4-9.2) 0.008  - -

Table 2 – Signal-to-noise ratio (SNR)

Quality 
reference 
mAs

120kVp-FBP 90kVp-IR3 100kVp-IR1

SNR
Median (IQR)

SNR 
Median (IQR)

p-value SNR 
Median (IQR)

p-value

Small patient size

72 14.2 (13.1-14.7) 17.3 (16.7-19.0) 0.008  13.9 (13.6-14.2) 1.000

54 16.1 (14.7-17.6) 0.206 13.3 (12.2-13.5) 0.206

36 14.3 (13.6-14.7) 1.000 11.1 (10.3-11.5) 0.008 

18 10.7 (5.4-12.2) 0.008  9.3 (8.7-10.8) 0.008 

Medium patient size

72 11.5 (11.3-12.3) 15.6 (15.2-16.3) 0.008  12.3 (10.2-12.9) 1.000

54 13.6 (12.9-14.7) 0.206 11.1 (10.8-11.6) 1.000

36 12.5 (11.9-13.9) 0.206 - -

Large patient size

72 11.3 (10.2-11.7) 15.8 (15.4-16.2) 0.008  12.2 (11.6-12.8) 0.206

54 12.9 (12.6-13.5) 0.008  10.4 (10.2-12.0) 1.000

36 12.7 (11.6-13.2) 0.206 - -
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see Figure 2b. Moreover, of these six protocols, four did also show no significant 
difference for the volume score (0.206<p<1.000), and only two showed no difference 
for mass (0.206<p<1.000). 

Finally, the combination protocols of 90 kVp with iterative reconstruction strength 
level 3 (90kVp-IR3) and 100kVp with level 1 (100kVp-IR1) did not show any 
difference with the reference protocol for detectability and all three calcium scores. For 
respectively the 90kVp-IR3 and 100kVp-IR1 protocol, the median (IQR) detectability 
was 14.0 (13.0-15.0) and 16.0 (13.0-17.5), Agatston score was 39.3 (37.4-45.8) and 41.5 
(38.3-46.3), volume score was 56.6 (51.3-60.1) mm3 and 57.2 (56.8-63.0) mm3, and 
mass score was 6.6 (5.8-7.4) mg and 7.4 (7.0-7.9) mg. The range of the detectability and 
calcium scores was smaller for the 120kVp-FBP reference protocol than for the 90kVP-
IR3 and 100kVp-IR1 combinations, but no significant difference in distribution was 
found (p>0.095).

Results for dose reduced protocols (step 2)

Image quality

For 90kVp-IR3 with 36-72 ref mAs and for 100kVp-IR1 with 54-72 ref mAs, the CNR 
and SNR were similar (0.206<p<1.000) or higher (p<0.008) than the reference protocol 
of 120kVp-FBP, see Figure 3 and Table 1 and Table 2.  

Dose

See Table 3 for the median dose of the reference protocol, 90kVp-IR3 protocol and 
100kVp-IR1 protocol for small patient size. A potential dose reduction could be 
achieved of 21.7-78.3 % for the 90kVp-IR3 and 100kVp-IR1 protocols compared to 
120kVp-FBP (p<0.05).

Detectability and calcium scores

The median detectability, Agatston score and volume of all the 90kVp-IR3 and 100kVp-
IR1 dose reduced protocols (18-72 ref mAs) were similar to that of the reference 
protocol of 120kVp-FBP (p>0.206), except for the volume score of the 100kVp-IR1 54 
ref mAs protocol which was lower (p=0.008), see Figure 4.

The dose reduced protocols showed mixed results for the mass score. All the protocols 
at 100kVp-IR1 with 18-72 ref mAs showed similar results for mass score compared to 
the reference 120kVp-FBP protocol (p>0.206). However, for the protocols at 90kVp-
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Table 3 – Radiation dose 

Quality 
reference 
mAs

120kVp-FBP 90kVp-IR3 100kVp-IR1

CTDIvol (mGy)
Median (IQR)

CTDIvol (mGy)
Median (IQR)

p-value CTDIvol (mGy)
Median (IQR)

p-value

Small patient size

72 0.46 (0.46-0.50) 0.36 (0.33-0.39) 0.008  0.36 (0.33-0.39) 0.008 

54 0.27 (0.24-0.30) 0.008  0.27 (0.25-0.30) 0.008 

36 0.20 (0.18-0.23) 0.008  0.19 (0.18-0.20) 0.008 

18 0.10 (0.09-0.11) 0.008  0.10 (0.10-0.12) 0.008 

Medium patient size

72 0.94 (0.93-0.95) 0.73 (0.73-0.75) 0.008  0.71 (0.70-0.71) 0.008 

54 0.55 (0.55-0.56) 0.008  0.53 (0.53-0.54) 0.008 

36 0.37 (0.37-0.38) 0.008  - -

Large patient size

72 1.91 (1.88-1.97) 1.72 (1.71-1.79) 0.008  1.57 (1.54-1.62) 0.008 

54 1.31 (1.30-1.37) 0.008  1.19 (1.18-1.23) 0.008 

36 0.90 (0.89-0.94) 0.008  - -

a  b 

c 

Figure 3 – Example of the phantom set-up repre-
senting a small patient size for two dose reduced 
protocols and the reference protocol. No signifi-
cant difference in CNR and SNR was found bet-
ween (a) 90kVp-IR3 with 36 ref mAs, (b) 100kVp-
IR1 with 54 ref mAs and (c) the reference protocol 
120kVp-FBP with 90 ref mAs.
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IR3 with 18-72 ref mAs the mass score showed varying results (0.008<p<0.206).  
Nevertheless, no significant difference in distribution for detectability was found 
for any of the 90kVp-IR3 and 100kVp-IR1 dose reduced protocols (18-72 ref mAs) 
compared to the reference protocol (p>0.095). While overall, Agatston variability 
was higher for  90kVp-IR3 (7.8%) and 100kVp-IR1 (5.4%) compared to the reference 
protocol (4.0%). 

Results medium and large patient size (step 3)

Image quality

The CNR and SNR of the 90kVp-IR3 (with 36-72 ref mAs) and 100kVp-IR1 (with 54 
and 72 ref mAs) protocols for medium and large patient size were similar (p>0.206) 
or higher (p<0.008) than the CNR and SNR of the reference protocol, see also Table 1 
and Table 2.

Dose

See Table 3 for the median dose of the reference protocol, 90kVp-IR3 protocol and 
100kVp-IR1 protocol for medium and large patient size. The dose could be reduced 
by 60.6% and 52.9% by using 90kVp-IR3 protocol compared to the reference protocol, 
for medium and large patient size respectively. By applying the 100kVp-IR1 protocol, 
the dose could be reduced by 43.6% and 37.7%, for medium and large patient size 
respectively.

Detectability and calcium scores

For respectively medium and large patient size at 120kVp-FBP, the calcium lesion 
detectability was 14.0 (13.0-15.5) and 13.0 (12.5-14.0), and the Agatston score was 
33.6 (30.4-38.4) and 30.9 (29.4-34.9). The median detectability and Agatston score of 
90kVp-IR3 (36-72 ref mAs) and 100kVp-IR1 (54-72 ref mAs) were similar to that of 
the reference protocol of 120kVp-FBP for medium patient size (p>0.206).

For large patient size, 90kVp-IR3 (72 ref mAs) and 100kVp-IR1 (54-72 ref mAs) 
showed similar detectability and Agatston score as the reference protocol (p>0.206). 
For 100kVp-IR1 (54-72 mAs), the median volume and mass score were also similar 
(p>0.206) to the reference protocol for medium and large patient size. At 90kVp-IR3 
(36-72 ref mAs), the volume and mass score showed varying results for medium and 
large patient size (0.008<p<1.000).
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a    

Figure 4 – (a) The median (min-max) detectability and (b) median (min-max) Agatston score for dose re-
duced protocols 90kVp-IR3 and 100 kVp-IR1 for 18-90 ref mAs.  

    b 



135

THE EFFECT OF IR COMBINED WITH LOW TUBE VOLTAGE ON CAC
  

  6

Discussion
The combination of a tube voltage of 90kVp-IR3 and 100kVp-IR1 yielded similar 
Agatston scores as determined by the conventional acquisition at 120kV-FBP without 
the necessity to change the calcium HU threshold. In addition, by lowering the tube 
current for these protocols, it was feasible to acquire coronary calcium scans of small, 
medium and large patient sizes with similar results for detectability and Agatston score 
with a dose reduction up to 60.6% compared to the reference protocol of 120kVp-FBP. 
The 100kVp-IR1 protocol with 52-74 ref mAs also showed similar results for calcium 
volume and mass score as the reference protocol, for all patient sizes. Nevertheless, 
variability of the Agatston score was slightly higher for the dose reduced protocols, but 
future in vivo studies should demonstrate whether this impacts cardiovascular risk 
stratification or not. 

Many former studies have investigated either the effect of iterative reconstruction 
with lower tube currents [4–6,11–22] or the effect of solely lower tube voltages [7–
9,23–26] on the quantification of coronary calcium. Only one study determined the 
effect of lower tube voltages e.g. 80 and 100 kVp with one strength level of iterative 
reconstruction for coronary calcium scoring on a CT system of another vendor [27]. 
The authors found that by adjusting the calcium HU threshold for these settings, 
similar Agatston scores were found compared to 120 kVp. Nevertheless, this was only 
examined for one patient size, and detectability was only based on two calcifications of 
1 mm while low-density calcifications (<400 mgHA/cc) were not taken into account, 
nor the effect on mass score. 

Impact of iterative reconstruction

As expected, the calcium scores decreased for increasing strength levels of iterative 
reconstruction with ADMIRE. This is in line with other studies, that showed a reduced 
Agatston score and calcium volume for increasing and high strength levels of iterative 
reconstruction algorithms from various vendors, like AIDR 3D (Toshiba), ASIR (GE 
Healthcare), iDose4, IMR (Philips) and SAFIRE (Siemens) [4–6,11–14,16,17,21]. In 
contrast, several studies showed that the mass score was not affected at increasing 
levels of iterative reconstruction [4,12,15,21]. However, in our study and in several 
other studies [13,17] there was a trend towards lower mass scores, for increasing levels 
of iterative reconstruction. This apparent discrepancy in effect on mass score can be 
explained by the fact that a lower detectability can also lead to a lower total mass score. 
Since the phantom used in our study is especially suited to determine calcium lesion 
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detectability, the mass score is affected by this as well. This is a simulation of what could 
occur in patients in case of reduced sensitivity for coronary calcification. In patients 
with small and/or low-density calcifications, the calcifications cannot be detected with 
(high) levels of iterative reconstruction. If not detected, there will also be a mass score 
of zero. In the study of Van Osch et al. this is illustrated by the fact that the calcium 
score decreased to zero with iterative reconstruction in patients with a low calcium 
score at FBP [17]. In studies reporting no effect of iterative reconstruction on mass 
score, included patients had very high mean calcium scores in the range of 130 mg, 
suggesting large and very dense calcification, whereas in our study and in the study 
by Van Osch et al. the median calcium scores were in the range of 10 mg. Although 
we found a trend towards lower mass scores for increasing iterative reconstruction, 
the 90kVp-IR3 and 100kVp-IR1 protocols showed similar mass score as the reference 
120kVp-FBP protocol. 

Iterative reconstruction in combination with lower tube currents is a commonly used 
technique that enables radiation dose reduction. We investigated also the impact of 
iterative reconstruction with lower tube currents and found no impact on detectability 
of calcifications and Agatston score for lower tube currents. This corresponds to the 
results of other studies investigating  the impact of  lower tube currents on coronary 
artery calcium measurements [28,29].

Impact of low tube voltages

As expected, the Agatston score increased at lower tube voltages. Former studies have 
shown similar results, in which the Agatston score was overestimated at low tube 
voltages compared to 120 kVp [7,8] or studies adjusted for this overestimation by 
adjusting the calcium HU threshold [9,25,26]. However, mere adjustment of the lower 
HU threshold may be too simplistic: Deprez et al. mentioned that the Agatston score 
is a multi-threshold measurement, and therefore cannot be adapted by one single 
threshold [8]. For example, in the study by Marwan et al. only the lower HU threshold 
for 100 kVp calcium scoring was adjusted, but a systematic overestimation of the 
Agatston score compared to 120 kVp remained [25]. The advantage of the findings in 
our study is that the threshold does not need to be adjusted for 90kVp-IR3 or 100kVp-
IR1 scans to maintain similar calcium scores at a reduced dose.  

In this study we determined the detectability of all the combination protocols of 
lower tube voltage and iterative reconstruction strength level. If the detectability of a 
new protocol would be lower than the detectability of the reference protocol, then in 
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individuals this new protocol could lead to a false-negative result. It is important to 
take the detectability into account, since the zero score is an important discriminant 
in cardiovascular risk stratification, and denotes an extremely low risk of coronary 
events [30–32]. 

The volume and mass score were evaluated for all protocols as well. However, these 
absolute measures of calcium cannot yet be used for cardiovascular risk stratification. 
Nevertheless, this study showed that the 90kVp-IR3 or 100kVp-IR1 might also be used 
for determining the volume and mass score. The image quality expressed by the CNR 
and SNR was similar to, or higher than those of the reference protocol. 

Limitations

In this static phantom study, the effect of movement and impact of very large and 
dense calcifications on the calcium scores in dose reduction coronary artery scanning 
were not addressed. Furthermore, the effect (e.g. impact on reproducibility) of the 
dose reduction protocols on the risk stratification in patients based on either absolute 
or percentile-based calcium score, should be investigated.  

A general limitation is the fact that iterative reconstruction algorithms differ between 
vendors. This entails that the selected iterative reconstruction strength level, tube 
voltage  and tube current is a unique combination that cannot be directly transferred 
to other CT systems. Nevertheless, the same methodology as used in this study can 
be applied to find the optimum combination of tube voltage, iterative reconstruction 
strength level and tube current for other modern CT systems.  

Conclusion

In conclusion, in this phantom study, the scan protocol of 90kVp-IR3 and 100kVp-
IR1 yielded similar calcium detectability, Agatston scores and image quality as the 
conventional acquisition of 120kVp-FBP, with a dose reduction up to 60.6%. Further 
research should be performed in humans to compare the 90kVp-IR3 protocol and 
100kVp-IR1 with the reference protocol to confirm whether these new protocols have 
any impact on cardiovascular risk stratification.

 



138

CHAPTER 6

References
[1] A. Sarma, M.E. Heilbrun, K.E. Conner, S.M. Stevens, S.C. Woller, C.G. Elliot, Radiation and Chest CT 

Scan Examinations, Chest. 142 (2012) 750–760. doi:10.1378/chest.11-2863.

[2] C. McCollough, A.N. Primak, N. Braun, J. Kofler, L. Yu, J. Cristner, Strategies for Reducing Radiation 
Dose, Radiol Clin North. 47 (2009) 27–40. doi:10.1016/j.rcl.2008.10.006.Strategies.

[3] P. Apfaltrer, U.J. Schoepf, R. Vliegenthart, et al., Coronary computed tomography -present status and 
future directions, Int. J. Clin. Pract. 65 (2011) 3–13. doi:10.1111/j.1742-1241.2011.02784.x.

[4] C. Gebhard, M. Fiechter, T.A. Fuchs, et al., Coronary artery calcium scoring: Influence of adaptive 
statistical iterative reconstruction using 64-MDCT, Int. J. Cardiol. 167 (2013) 2932–2937. doi:10.1016/j.
ijcard.2012.08.003.

[5] M. Takahashi, F. Kimura, T. Umezawa, Y. Watanabe, H. Ogawa, Comparison of adaptive statistical 
iterative and filtered back projection reconstruction techniques in quantifying coronary calcium, J. 
Cardiovasc. Comput. Tomogr. (2015) 1–8. doi:10.1016/j.jcct.2015.07.012.

[6] J. Blobel, J. Mews, J.D. Schuijf, W. Overlaet, Determining the Radiation Dose Reduction Potential for 
Coronary Calcium Scanning With Computed Tomography the Adaptive Iterative Dose Reduction 
Algorithm for Image Reconstruction, Invest. Radiol. 48 (2013) 857–862.

[7] C. Fujioka, Y. Funama, M. Kiguchi, et al., Coronary Artery Calcium Scoring on Different 64-detector 
Scanners Using a Low-tub Voltage (80kVp), Acad. Radiol. 19 (2012) 1402–1407. doi:10.1016/j.
acra.2012.07.003.

[8] F.C. Deprez, A. Vlassenbroek, R. Raaijmakers, E. Coche, Controversies about effects of low-kilovoltage 
MDCT acquisition on Agatston calcium scoring, J. Cardiovasc. Comput. Tomogr. 7 (2013) 58–61. 
doi:10.1016/j.jcct.2012.11.006.

[9] R. Nakazato, D. Dey, A. Gutstein, et al., Coronary artery calcium scoring using a reduced tube voltage 
and radiation dose protocol with dual-source computed tomography, J. Cardiovasc. Comput. Tomogr. 
3 (2009) 394–400. doi:10.1016/j.jcct.2009.10.002.

[10] C.H. McCollough, S. Ulzheimer, S.S. Halliburton, R.D. White, W.A. Kalender, Coronary Artery 
Calcium: A Multi-institutional, Multimanufacturer International Standard for Quantification at 
Cardiac CT, Radiology. 243 (2007) 527–538.

[11] N. Funabashi, R. Irie, M. Aiba, et al., Adaptive-Iterative-Dose-Reduction 3D with multisector-
reconstruction method in 320-slice CT may maintain accurate-measurement of the Agatston-
calcium-score of severe-calcification even at higher pulsating-beats and low tube-current in vitro, Int. 
J. Cardiol. 168 (2013) 601–3. doi:10.1016/j.ijcard.2013.01.230.

[12] A.M. Den Harder, M.J. Willemink, R.L.A.W. Bleys, et al., Dose reduction for coronary calcium scoring 
with hybrid and model-based iterative reconstruction: An ex vivo study, Int. J. Cardiovasc. Imaging. 
30 (2014) 1125–1133. doi:10.1007/s10554-014-0434-8.

[13] A. Kurata, A. Dharampal, A. Dedic, et al., Impact of iterative reconstruction on CT coronary calcium 



139

THE EFFECT OF IR COMBINED WITH LOW TUBE VOLTAGE ON CAC
  

  6

quantification, Eur. Radiol. 23 (2013) 3246–3252. doi:10.1007/s00330-013-3022-8.

[14] N. Matsuura, M. Urashima, W. Fukumoto, et al., Radiation Dose Reduction at Coronary Artery 
Calcium Scoring by Using a Low Tube Current Technique and Hybrid Iterative Reconstruction, J. 
Comput. Assist. Tomogr. 39 (2015) 119–124. doi:10.1097/RCT.0000000000000168.

[15] H. Murazaki, Y. Funama, M. Hatemura, C. Fujioka, S. Tomiguchi, Quantitative evaluation of calcium 
(content) in the coronary artery using hybrid iterative reconstruction (iDose) algorithm on low-dose 
64-detector CT: comparison of iDose and filtered back projection, Nihon Hoshasen Gijutsu Gakkai 
Zasshi. 67 (2011) 360–366. doi:10.6009/jjrt.67.360.

[16] V.C. Obmann, T. Klink, J.T. Heverhagen, et al., Impact of hybrid iterative reconstruction on agatston 
coronary artery calcium scores in comparison to filtered back projection in native cardiac CT, Fortschr 
Röntgenstr. 187 (2015) 372–379. doi:10.1055/s-0034-1398850.

[17] J.A.C. van Osch, M. Mouden, J.A. van Dalen, et al., Influence of iterative image reconstruction on 
CT-based calcium score measurements, Int. J. Cardiovasc. Imaging. 30 (2014) 961–7. doi:10.1007/
s10554-014-0409-9.

[18] A. Schindler, R. Vliegenthart, U.J. Schoepf, et al., Iterative image reconstruction techniques for CT 
coronary artery calcium quantification: comparison with traditional filtered back projection in vitro 
and in vivo, Radiology. 270 (2014) 387–93. doi:10.1148/radiol.13130233.

[19] B. Szilveszter, H. Elzomor, M. Károlyi, M. Kolossváry, R. Raaijmakers, K. Benke, C. Celeng, A. 
Bartykowszki, Z. Bagyura, Á. Lux, B. Merkely, P. Maurovich-Horvat, The effect of iterative model 
reconstruction on coronary artery calcium quantification, Int. J. Cardiovasc. Imaging. 32 (2016) 153–
60. doi:10.1007/s10554-015-0740-9.

[20] M.J. Willemink, A.M. den Harder, W. Foppen, et al., Finding the optimal dose reduction and iterative 
reconstruction level for coronary calcium scoring, J. Cardiovasc. Comput. Tomogr. 10 (2015) 69–75. 
doi:10.1016/j.jcct.2015.08.004.

[21] M.J. Willemink, R.A.P. Takx, P.A. de Jong, et al., The impact of CT radiation dose reduction and 
iterative reconstruction algorithms from four different vendors on coronary calcium scoring, Eur. 
Radiol. 24 (2014) 2201–2212. doi:10.1007/s00330-014-3217-7.

[22] H. Haubenreisser, M. Meyer, S. Sudarski, T. Allmendinger, S.O. Schoenberg, T. Henzler, Unenhanced 
third-generation dual-source chest CT using a tin filter for spectral shaping at 100kVp, Eur. J. Radiol. 
84 (2015) 1608–1613. doi:10.1016/j.ejrad.2015.04.018.

[23] G.M. Feuchtner, D. Jodocy, A. Klauser, et al., Radiation dose reduction by using 100-kV tube voltage 
in cardiac 64-slice computed tomography: a comparative study, Eur. J. Radiol. 75 (2010) e51-6. 
doi:10.1016/j.ejrad.2009.07.012.

[24] M.M. Hell, D. Bittner, A. Schuhbaeck, et al., Prospectively ECG-triggered high-pitch coronary 
angiography with third-generation dual-source CT at 70 kVp tube voltage: Feasibility, image quality, 
radiation dose, and effect of iterative reconstruction, J. Cardiovasc. Comput. Tomogr. 8 (2014) 418–
425. doi:10.1016/j.jcct.2014.09.003.



140

CHAPTER 6

[25] M. Marwan, C. Mettin, T. Pflederer, et al., Very low-dose coronary artery calcium scanning with high-
pitch spiral acquisition mode: Comparison between 120-kV and 100-kV tube voltage protocols, J. 
Cardiovasc. Comput. Tomogr. 7 (2013) 32–38. doi:10.1016/j.jcct.2012.11.004.

[26] C.K. Thomas, G. Mühlenbruch, J.E. Wildberger, et al., Coronary artery calcium scoring with multislice 
computed tomography: in vitro assessment of a low tube voltage protocol, Invest. Radiol. 41 (2006) 
668–73. doi:10.1097/01.rli.0000233324.09603.dd.

[27] J. Blobel, J. Mews, K.A. Goatman, J.D. Schuijf, W. Overlaet, Calibration of coronary calcium scores 
determined using iterative image reconstruction (AIDR 3D) at 120, 100, and 80 kVp, Med. Phys. 43 
(2016) 1921–1932. doi:10.1118/1.4942484.

[28] D. Dey, R. Nakazato, R. Pimentel, et al., Low radiation coronary calcium scoring by dual-source CT 
with tube current optimization based on patient body size, J. Cardiovasc. Comput. Tomogr. 6 (2012) 
113–20. doi:10.1016/j.jcct.2011.12.008.

[29] C. Hong, K.T. Bae, T.K. Pilgram, J. Suh, D. Bradley, Coronary Artery Calcium Measurement with 
Multi–Detector Row CT: In Vitro Assessment of Effect of Radiation Dose, Radiology. 225 (2002) 
901–906.

[30] M. Blaha, M.J. Budoff, L.J. Shaw, et al., Absence of Coronary Artery Calcification and All-Cause 
Mortality, JACC Cardiovasc. Imaging. 2 (2009) 692–700. doi:10.1016/j.jcmg.2009.03.009.

[31] A. Sarwar, L.J. Shaw, M.D. Shapiro, et al., Diagnostic and Prognostic Value of Absence of Coronary 
Artery Calcification, JACC Cardiovasc. Imaging. 2 (2009) 675–688. doi:10.1016/j.jcmg.2008.12.031.

[32] M.J. Budoff, R.L. McClelland, K. Nasir, et al., Cardiovascular events with absent or minimal coronary 
calcification: The Multi-Ethnic Study of Atherosclerosis (MESA), Am. Heart J. 158 (2009) 554–561. 
doi:10.1016/j.ahj.2009.08.007.



141

THE EFFECT OF IR COMBINED WITH LOW TUBE VOLTAGE ON CAC
  

  6




	Chapter 6



