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Conclusion  Our study shows that, in using a 320 row 
CCTA with AEC strategy it is better to employ a 100 kV 
tube voltage protocol because compared to 120  kV tube 
voltage setting, it appears to significantly improve both 
subjective and objective image quality without decreasing 
the mean effective radiation dose.
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Introduction

Coronary artery disease (CAD) is the leading cause of 
death in developed countries [1–3] and, although coro-
nary catheterisation remains the diagnostic gold stand-
ard in the evaluation of coronary arteries, several studies 
demonstrated that CCTA (coronary computed tomography 
angiography), thanks to its high sensitivity and negative 
predictive value, represents an effective alternative in the 
assessment of suspected CAD [3–5]. Concerns over radia-
tion risks of CCTA prompted the CT scanner manufactur-
ers to develop several techniques to lower the radiation 
exposure, such as ECG- based tube current modulation, 
prospective ECG gating, noise reduction filters, automatic 
exposure control systems, low tube voltage protocols and 
iterative methods of image reconstruction (ASIR, MBIR, 
IRIS, AIDR, iDose) [3]. All these dose-reducing technolo-
gies are widely employed in latest CT scanners, which are 
multislice and have high rotation tube speed. Several stud-
ies showed that a low tube voltage protocol allows to lower 
mean radiation dose keeping diagnostic image quality.

Although, to the best of our knowledge, there is no study 
relating the effects of a low tube voltage protocol with the 
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effective radiation dose and the image quality using an 
automatic exposure control system. In this regard, the main 
purpose of this study is to evaluate the impact of a 100 kV 
tube voltage protocol on image quality and radiation dose 
and compare them with a 120 kV tube voltage setting.

Materials and methods

Patients

In this active control trial, a total of 550 subjects, referred 
for coronary-CT angiography (CCTA) at San Salvatore   
Hospital of L’Aquila, were scanned with 320-row CT 
scanner (Aquilion One, Toshiba Medical Systems). Inclu-
sion criteria were: typical or atypical chest pain, dyspnea, 
and previous uncertain or inconclusive stress tests. Exclu-
sion criteria were: poor kidney function (serum creati-
nine >1.5  mg/dl), prior coronary artery surgery, coronary 
stents, heart rate (HRs) >65 beats per minute (bpm) after 
beta-blocker treatment. To obtain two groups virtually ran-
domized for important clinical characteristics subjects a 
matched propensity analysis was employed. The first group 
was composed of 135 subjects scanned using a standard 
tube voltage protocol (120 kV). This group was compared 
with a pool of subjects (135 patients) scanned employing a 
low tube voltage setting (100 kV). The variables included 
in the multivariate matched propensity analysis were age, 
gender, weight, and BMI. In both groups tube current (mA) 
was adjusted by an automatic exposure control system 
(Sure Exposure 3D) and images were reconstructed by the 
adaptive iterative algorithm (AIDR-3D). The images were 
visually assessed for the presence of significant stenosis 
defined as the reduction in coronary lumen equivalent to 
or greater than 50 %. Segments including calcification and 
stents were excluded. Written informed consent before CT 
scan was obtained from all individual participants and the 
study was approved by the San Salvatore Hospital IRB.

Acquisition protocol

All CT scans were performed using a 320 row CT scanner. 
One hour prior the CT acquisition, blood pressure and heart 
rate of all subjects were measured and registered. Subjects 
with a heart rate equivalent to 65 bpm or greater received 
5–20 mg of intravenous atenolol (Tenormin®, AstraZeneca, 
Sweden). All subjects received 5  mg of sublingual nitro-
glycerin (isosorbidedinitrate, Carvasin, Wyeth Lederle) 
prior the imaging. Sixty milliliteres of nonionic contrast 
medium (Visipaque 320; Ge Healthcare Srl, Milan, Italy) 
was injected into the antecubital vein at a rate of 6  ml/s, 
followed by 40 mL of saline solution at the same flow rate. 
A circular region of interest of the bolus tracking technique 

(SUREStartTM) was placed in the descending aorta with 
a start scan threshold of 300HU. CT scan was performed 
in inspiratory apnea. The gantry rotation time was 350 ms, 
with the best temporal resolution of 175  ms. ECG pro-
spective gating with a mid diastolic acquisition centered 
at 70–80 % of the R–R was used. The maximum available 
range along z axis is 16 cm covered by 320 row detectors 
of 0.5 mm each. AEC (automatic exposure control) adjusts 
the tube current to keep a user-specified noise level in the 
image data [3, 6]. SureExposure (Toshiba Medical, Tokyo, 
Japan), the AEC systems that we employed, supplies both 
patient-size and z-axis AEC [3, 6]. This system established 
the tube current (50–500  mA) basing on projection data 
receiveds from a scanogram [3, 6]. The apt tube current 
is applied at the maximum water equivalent diameter to 
achieve the selected standard deviation (noise level) [3, 6]. 
In this study, we employed one of the latest iterative recon-
struction system, the AIDR-3D, which operates in both the 
raw data and the image domain. The AIDR-3D performs 
an automatic weighted combination between an original 
FBP image and an image obtained from the iterative pro-
cess. In the process of setting the mA, the AEC system 
considers the AIDR-3D which is incorporated in the cur-
rent modulation system. The target noise value (expressed 
as SD, standard deviation) was set as 33 (SD33). For each 
patient, the system (PhaseXact; Toshiba Medical Systems 
Corporation, Tochigi, Japan) traced a movement diagram 
of the sinogram and automatically selected the phase with 
the least movement artifact. Reconstruction was made 
with data from a single heartbeat. The maximal number of 
reconstructed slices was 640 with 0.3  mm thickness and 
0.25  mm interval by the means of the proprietary double 
slice technique and cone-beam reconstruction algorithm 
(ConeXact; Toshiba Medical Systems, Tochiki-ken, Japan).

Subjective image quality analysis

Subjective assessment of images quality was performed 
by two experienced cardiac radiologists (EDC and AG), 
who were blinded to details of CT datasets. Each reviewer 
evaluated the images independently and in a random fash-
ion. Discordant grades were discussed between the radiolo-
gists until a consensus rating was reached. Issues, such as 
poor gating and movement (respiratory and cardiac pulsa-
tion) artifacts were not considered because they could not 
be attributed to the acquisition protocol. The coronary tree 
was subdivided into 15 segments according to the modi-
fied American Heart Association classification [5, 7]. The 
intermedial artery, if present, was designated as segment 
16 [5, 7]. Each radiologist rated the subjective quality of 
all evaluable coronary artery segments using a 5-point 
scoring system graded as follow: 4 (excellent)  =  excel-
lent wall delineation and opacification of the artery lumen, 
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without movement artifacts and noise-associated blurring; 
3 (very good) = very good wall delineation and opacifica-
tion of the artery lumen, with minimal movement artifacts 
and image noise; 2 (good)  =  good wall delineation and 
opacification of the artery lumen, with moderate move-
ment artifacts and image noise; 1 (adequate)  =  severely 
impaired wall delineation and opacification of the artery 
lumen, because of severe movement artifacts and/or image 
noise; 0 (non-diagnostic)  =  poor artery wall delineation 
(because of severe movement artifact and/or marked image 
noise- associated blurring) and lack of vessel attenuation 
[5, 8–10]. The radiologists analyzed internal and external 
wall delineation, the grade of motion-related artifacts, the 
differentiation between artery lumen and plaque (calcified 
and non calcified) [5]. Nevertheless, the end evaluation was 
an assessment of the general appearance of the artery and 
the probability of getting a confident diagnosis.

Objective image quality assessment

Objective Image Quality assessment of the proximal coro-
nary arteries was performed by two experienced cardiac 
radiologists (XX and YY), who, as previously indicated, 
assessed noise (N), CT density (HU), signal to noise ratio 
(SNR) and contrast to noise ratio (CNR) [5, 8, 11]. The 
noise image was measured as the standard deviation of CT 
density which was determined by drawing the largest pos-
sible region of interest (ROI) at the aortic root above the 
left coronary ostium with concern to avoid inclusion of the 
artery wall (Fig. 1a) [5, 9, 12, 13]. Signal (IV, Internal Ves-
sel) of the proximal coronary arteries was determined as the 
mean attenuation value (Hounsfield units, HU) within round 
ROIs placed in the middle part of both left main coronary 
artery and right coronary artery, with concern to avoid inclu-
sion of the coronary vessel wall (Fig. 1b, c) [5, 13].

CT density of the epicardial fat (EV, External Vessel) 
around the artery was determined by drawing the ROI just 
alongside the artery (both left main coronary artery and 
right coronary artery) [5, 10]. Signal to noise ratio (SNR) 
and contrast to noise ratio (CNR) were measured as fol-
lows: SNR = IV/N, CNR = (IV − EV)/N; SNR was esti-
mated by dividing the density by the image noise and, as 
for the CNR, CT density of the epicardial fat (EV) was 
subtracted from signal (IV), which was then divided by the 
image noise [5, 10].

Estimation of radiation dose

The effective radiation dose of each CCTA study was esti-
mated using an approach suggested by the European Work-
ing Group for Guidelines on Quality Criteria in CT [11]. 
The effective radiation dose was measured multiplying the 
DLP (Dose Length Product) value by an organ weighting 
factor for the chest as the examined anatomical structure 
(k  =  0.014  mSv·mGy-1·cm-1), that is deemed to result 
from the most reliable data set and is balanced between 
female and male subjects [11].

Statistical analysis

Continuous variables were condensed by the means, stand-
ard deviation (SD), standard error (SE) or 95  % CI as 
appropriate. Differences in continuous variables were ana-
lyzed by Student’s t test. Differences in categorical vari-
ables were compared with Pearson’s Chi square test with 
Yates’ continuity correction. Fisher’s exact test was used 
when data frequencies expected in the contingency tables 
were less than five. To reduce selection bias and deter-
mine technique effectiveness a case control matched pro-
pensity analysis was performed [14] using a multivariate 

Fig. 1   Measurement of noise (N) within a round ROI placed at the aortic root above the left coronary ostium (a). Measurement of signal within 
ROIs in the middle part of both left main coronary artery (b) and right coronary artery (c)
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logistic regression. Propensity score was arranged using 
as covariates gender, age, weight and BMI. P values <0.05 
were considered statistically significant. Interobserver 
agreement for image quality was calculated with Cohen 
k statistic [15], which was interpreted as poor (k < 0.20), 
fair (k  =  0.21–0.40), moderate (k  =  0.41–0.60), good 
(k = 5 0.61–0.80), very good (k = 0.81–0.90) or excellent 
(k > 0.91). The SPSS® version 13.0 was used for statistical 
analysis and graphic presentation.

Results

In the final analysis 270 out of 550 subjects were studied. 
56 patients were excluded because of prior coronary artery 
surgery (coronary artery by-pass graft), 31 patients because 
of a heart rate (HRs) >65 beats per minute (bpm) after beta-
blocker treatment and 193 subjects because they did not 
have overlapping propensity scores.

In Table 1 demographic and clinical features of the study 
population were given. There were no significant differ-
ences between the two groups regarding age, cardiovascu-
lar risk factors, clinical presentations, HR, scanning range 

and length (13.524 cm in 100 kV group and 13.39 cm in 
120 kV group). In the 120 kV group, 40 patients (29.6 %) 
did not have significant stenosis, 47 (34.8  %) had one-
vessel disease, 27 (20 %) had two- vessel disease and 21 
(15.6  %) had three-vessel disease. In the 100  kV group, 
43 patients (31.8  %) did not have significant stenosis, 
44 (32.6  %) patients had one-vessel disease, 23 (17  %) 
patients had 2-vessel disease, 25 patients had 3-vessel dis-
ease (18.6 %).

Subjective and objective evaluation of image quality

Among 2160 potentially assessable segments, 449 seg-
ments in the 100 kV group and 461 in the 120 kV group, 
respectively, were deemed to be non assessable because too 
small (diameter <1.5 mm; 124 and 131 segments, respec-
tively) or entirely occluded (11 and 9 segments, respec-
tively). Interobserver agreement of subjective image qual-
ity was deemed as ‘‘very good’’ for both groups (k = 0.88 
for the 100 kV group and 0.86 for the 120 kV group). In 
the 100 kV group, 605 segments (35.4 %) were graded as 4 
(=excellent), 985 segments (57.5 %) as 3 (=very good), 90 
segments (5.3 %) as 2 (=good), 25 segments (1.5 %) as 1 
(= adequate), 6 segments (0.3 %) as 0 (=non-diagnostic). 
In the 120 kV group, 510 segments (30 %) were graded as 
4; 965 segments (56.8 %) as 3; 174 segments (10.2 %) as 2; 
34 segments (2 %) as 1; 16 segments (0.9 %) as 0 (Table 2). 
The rate of non-diagnostic segments (0.9  %) was signifi-
cantly higher statistically in the 120 kV group (p = 0.032) 
although the percentage of subjects with at least one non-
diagnostic segment did not reach a significant difference 
(p = 0.26) [4/135 (2.9 %) and 9/135 (6.6 %) in the 100 and 
120 kV groups, respectively].

Objective image quality analysis

In Table  3 the results of objective image quality analysis 
were given. Noise was not significantly different between 
the two group (p = 0.72) while the 100 kV group showed 
a significant increase of SNR and CNR (Table  3) com-
pared to 120 kV group (Fig. 2). A 0.15 (95 % CI of mean 
difference −0.68 to 0.72) mean Noise increment, a 1.9 
(95  % CI of mean difference −2.72 to 1.07) mean SNR 
increment and a 2.2 (95 % CI of mean difference −3.0 to 
−1.4) CNR increment was observed at the level of LM. 
At the level of RCA, a 1.83 (95 % CI of mean difference 
−2.53 to −1.31) mean SNR increment and a 2.1 (95  % 
CI of mean difference −2.86 to −1.34) mean CNR incre-
ment (Table  3) was observed. The mean effective radia-
tion dose was 2.89 ±  0.7  mSv in the 120  kV Group and 
2.80 ± 0.57 mSv in the 100 kV Group with no significant 
difference (p = 0.25) (Table 3). 

Table 1   Clinical and demographic characteristics

a  Hypertension was defined as the use of antihypertensive medication 
or a systolic blood pressure ≥140 mm Hg or diastolic blood pressure 
≥90 mm Hg
b  Hypercholesterolemia was defined as total cholesterol >200 mg/dl 
or use of a cholesterol-lowering agent
c  DM was defined as fasting plasma glucose level >126 mg/dl or cur-
rent diabetes treatment with dietary modification, oral glucose-lower-
ing agents or insulin
d  CAD in male first-degree relative <55 years; CAD in female first-
degree relative <65 years

Parameter 100 kV 120 kV p

Number of patients 135 135 1.0

Gender (%)

 M 54 51 0.71

 F 46 49 0.71

Age (years ± SD) 63.8 ± 9.07 63.3 ± 12.47 0.71

Weight (Kg ± SD) 77.9 ± 12.31 76.4 ± 12.25 0.31

BMI (Kg/m2 ± SD) 26.65 ± 3.4 26.23 ± 3.09 0.29

β-Blocker (%) 61 58 0.70

HR<65pbm (%) 100 100 1.0

Cardiovascular risk factores

 Hypertensiona (%) 48 46 0.83

 Dyslipidemiab (%) 59 62 0.71

 Smoking (%) 39 37 0.83

 Diabetesc (%) 14 12 0.76

 CDA in family historyd (%) 44 42 0.83
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Discussion

Studies conducted over the past years using 64-slices, DS 
64-slices and 320-row CT scanners have demonstrated 
that the use of low tube voltage is an important tool to 
lower radiation exposure because the latter is proportional 
to the square of tube voltage [16–18]. Nevertheless, low 
tube voltage is inevitably accompanied by an increase 
in image noise and, thus, its use is advisable only for 
patients with a BMI (Body Mass Index) lower than 25–30 
[18–20]. We suggest that BMI is only a rough index of 
patient attenuation profile because it gives no informa-
tion about the distribution of body weight. Therefore, we 
agree with Blankstein et  al. [21] who selected the tube 
voltage (kV) and current (mA) not only on the basis of 
patient’s BMI but also according to clinical indications, 
patient’s body shape and, above all, chest wall attenua-
tion. This was performed by both visual examination of 
the patient prior the scan and by evaluation of the coronal 
scout image and axial test-bolus image (obtained before 
the scan) [21]. Blankstein et al. [21] was able, using this 

approach, to lower substantially the radiation exposure 
without compromising the image quality. However, as 
concluded by these authors, this approach is not com-
pletely realistic in the clinical routine due to its subjec-
tive nature and because it is not always possible to have 
a physician experienced in cardiac imaging technique at 
every scan. AEC (automatic exposure control) allows to 
overcome these issues. Indeed, the operator selects the 
highest level of acceptable image noise and system sets 
consequentially the tube current (mA) [3]. The range in 
tube current is narrow (50–500 mA) and, thus, when the 
patient attenuation profile requires more than 500  mA, 
the system increases also the tube voltage to avoid under-
exposure. The system also works in the same way when 
the patient attenuation profile requires less than 50  mA 
and, in this case, reduces the tube voltage to avoid over-
exposure. Thus, AEC is a system to optimize exposure 
parameters [3]. Our study, performed with a 320-detector 
CT scanner, evaluated the effects, on radiation exposure 
and image quality, of a 100kv protocol in comparison 
with a conventional 120  kV protocol demonstrating that 

Table 2   Segment-based subjective image quality scores between groups

Pearson’s Chi-square test with Yates’ continuity correction. Fisher ‘s exact test was used when data frequences expetectcd in the contingency 
tables were less than five
a  The 16 coronary artery segments were categorized into three segmental classes as follows: (1) Proximal [proximal right coronary artery 
(RCA), left main coronary artery (LM), proximal left circumflex artery (LCx), proximal left anterior descending artery (LAD)]; (2) Mid [mid 
RCA, distal RCA, ramus intermedins (R. intermediLLs), first obtuse marginalis (OM1), first diagonal hranch (L > 1), mid LAD]; and (3) Distal 
segmental classes [posterior descending artery (PDA), distal LCx, second diagonal branch (D2), distal LAD, second obtuse marginalis (OM2)] 
[8]

Score Total p value* Proximala p value* Mida p value* Distala p value*

100 kV 
N = 1711

120 kV 
N = 1699

100 kV 120 kV 100 kV 
N = 629

120 kV 
N = 627

100 kV 
N = 542

120 kV 
N = 533

4 605 510 0.0010 246 222 0.17 219 180 0.023 140 108 0.036

3 985 965 0.67 272 274 0.92 382 369 0.53 331 322 0.87

2 90 174 <0.0001 22 43 0.01 23 62 <0.0001 45 69 0.017

1 25 34 028 0 0 1.0 5 13 0.06 20 21 0.95

0 6 16 0.032 0 0 1.0 0 3 0.12 6 13 0.11

Table 3   Objective image quality ami radiation dose

Parameter Group 120 Group 100 P Mean difference Standard error 95 % CI of mean difference

HU aorta 478 ± 95 548 ± 109 <0.0001 −70 12.4 −94.5 to −45.5

Aorta noise 28.9 ± 3.3 29.05 ± 3.6 0.72 −0.15 0.42 −0.68 to 0.72

HU LM 483.4 ± 99 542.7 ± 85.8 <0.0001 −59.3 11.28 −81.5 to −31.7

SNR LM 16.7 ± 2.65 18.6 ± 4.07 <0.0001 −1.9 0.42 −2.72 to −1.07

CNR LM 20.2 ± 2.67 22.4 ± 3.9 <0.0001 −2.2 0.41 −3.0 to −1.4

HU RCA 461 ± 101 525 ± 80 <0.0001 −64 11.1 −85.8 to −42.2

SNR RCA 16.07 ± 2.6 17.9 ± 3.2 <0.0001 −1.83 0.35 −2.53 to −1.31

CNR RCA 19.5 ± 2.8 21.6 ± 3.5 −0.0001 −2.1 0.39 −2.86 to −1.34

Dose (mSv) 2.89 ± 0.7 2.8 ± 0.57 0.25 0.09 0.08 −0.24 to 0.063
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a 100 kV protocol, in association with AEC, significantly 
improves the image quality without reducing the radia-
tion exposure. Subjective image quality analysis showed 
that the rate of non-diagnostic segments was significantly 
higher in the 120  kV group although this figure did not 
parallel with the percentage of subjects with at least one 
non-diagnostic segment. Furthermore, the percentage of 
segments scored as 4 (excellent) was significantly higher 
in the 100 kV group for both middle and distal segmental 
classes. These results were achieved without significantly 
different radiation exposure, which was similar in both 
group. To the best of our knowledge, only one previous 
study [18] evaluated the effects, on radiation exposure and 
image quality, of a 100kv protocol in comparison with a 
conventional 120 kV protocol. Zhang et al. [19] reported 
a 54 % reduction in radiation exposure in 100 kV group 
without a significantly difference in image quality. Our 
data may seem to be in contradiction with Zhang’s results 

[18] but this discrepancy may be explained by a number 
of different parameters included in our study. In his study, 
Zhang [19] used a 100 kV protocol only in subjects with 
BMI <25, while using a 120 kV protocol for overweight 
patients. Furthermore, he [19] employed no automatic 
exposure control system but adjusted the tube current set-
tings according to BMI. Our data demonstrated that, using 
an AEC and selecting the same level of acceptable image 
noise, a change in the tube voltage (100 or 120 kV) has no 
effect on the radiation exposure because AEC increases 
the tube current to maintain the same image quality, but 
increases signal, signal to noise ratio and contrast to noise 
ratio (Fig. 2). These results can be explained by the fact 
that a lower tube voltage translates into lower effective 
photon energy (effective photon energy is approximately 
one half of the kV) and, when the effective photon energy 
is closer to the K-edge of iodine (33.2 keV), CT attenu-
ation increases [21]. Without the use of an automatic 

Fig. 2   Coronary computed tomography angiography (CCTA) images 
obtained with an AEC (Automatic Exposure Control) system and, 
respectively, a 120 kV tube voltage protocol (a, b, c) and a 100 kV 
tube voltage setting (d, e, f). The two subjects have similar body mass 
index (BMI): patient in (a, b, c) images has BMI of 28.7 while sub-
ject in (d, e, f) images has BMI of 28.3. CCTA images obtained with 

a 120 kV tube voltage setting show a CT density of 442 HU and a 
noise of 30.7, while CCTA images acquired with a 100 kV tube volt-
age protocol present a CT density of 617.7HU and a noise of 31.6. 
Mean effective dose was similar between the two subjects: 2.9 mSv 
in the 120 kV protocol and 2.8 mSv in the 100 kV setting
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exposure control system, a low tube voltage protocol is 
inevitably accompanied by an increase in image noise, 
and, thus, without a careful selection of eligible patients, 
it leads to a lower image quality, which could compro-
mise the diagnostic quality of the images. An increase 
in image noise is possible also using an AEC but, in this 
case, only by selecting a higher level of acceptable image 
noise. We would like to evaluate, in the future, image 
quality and radiation exposure of protocol with higher 
level of acceptable image noise to identify the noise level, 
which offers the best compromise between image qual-
ity and radiation exposure. As demonstrated in previous 
study [22–24], the contrast material has to produce a high 
intra-coronary attenuation, that allows more reliable visu-
alization of coronary arteries. Nonetheless, in accordance 
with La Grutta et  al. [24], which recently demonstrated 
that different iodinated CM have an analogous impact on 
plaque attenuation profile (in terms of SNR and CNR) 
depending on the iodine load, we employed low concen-
tration CM (320 mgI/mL) with high flow-rate of 6 mL/s 
and, consequently, high iodine load (IDR = 1.920 gI/s) in 
both protocols. A focal point of our study is the use of a 
propensity analysis, which helped us to obtain two groups 
of subjects virtually randomized for main clinical charac-
teristics and made the results less prone to methodological 
biases in comparison with other usual statistical methods. 
Our study has some limitations. First, the image quality 
scoring system was largely subjective and thus potentially 
biased. We also did not test the diagnostic accuracy with 
coronary catheterisation correlation. In our opinion, the 
latter is the main limitation because we did not assess the 
diagnostic accuracy of a 100 kV protocol in the evaluation 
of calcified plaque, as the severity of calcified plaque is 
the most likely to be overestimated using a 100 kV pro-
tocol considering that, theoretically, a low voltage setting 
may increase blooming artifacts [25, 26]. Nevertheless, 
unlike Zhang [19], we did not report a higher number 
of unassessable segments due to calcification in 100  kV 
group than in 120 kV one.

Conclusion

Our study shows that, using a 320 row CCTA with AEC, it 
is preferable to use a 100 kV tube voltage setting because 
compared to 120  kV tube voltage protocol, it seems to 
significantly improve subjective and objective image 
quality, without significantly lowering the mean effective 
radiation dose. All procedures performed in the studies 
involving human participants were in accordance with the 
ethical standards of the Institutional Research Commit-
tee and with the 1964 Helsinki declaration and its later 
amendments.
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