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Abstract
Objectives To investigate the relationship between automated
tube voltage selection (ATVS) and body mass index (BMI)
and its effect on image quality and radiation dose of coronary
CT angiography (CCTA).
Methods We evaluated 272 patients who underwent CCTA
with 3rd generation dual-source CT (DSCT). Prospectively
ECG-triggered spiral acquisition was performed with auto-
mated tube current selection and advanced iterative recon-
struction. Tube voltages were selected by ATVS (70-
120 kV). BMI, effective dose (ED), and vascular attenuation
in the coronary arteries were recorded. Signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR) were calculated.

Five-point scales were used for subjective image quality
analysis.
Results Image quality was rated good to excellent in 98.9 % of
examinations without significant differences for proximal and
distal attenuation (all p≥ .0516), whereas image noise was rated
significantly higher at 70 kV compared to ≥100 kV (all
p<.0266). However, no significant differences were observed
in SNR or CNR at 70–120 kV (all p≥ .0829). Mean ED at 70-
120 kV was 1.5±1.2 mSv, 2.4±1.5 mSv, 3.6±2.7 mSv, 5.9
±4.0 mSv, 7.9±4.2 mSv, and 10.7±4.1 mSv, respectively (all
p≤ .0414). Correlation analysis showed a moderate association
between tube voltage and BMI (r= .639).
Conclusion ATVS allows individual tube voltage adaptation
for CCTA performed with 3rd generation DSCT, resulting in
significantly decreased radiation exposure while maintaining
image quality.
Key Points
• Automated tube voltage selection allows an individual tube
voltage adaption in CCTA.

• A tube voltage-based reduction of contrast medium volume
is feasible.

• Image quality was maintained while radiation exposure was
significantly decreased.

• Amoderate association between tube voltage and body mass
index was found.

Keywords Coronary CTangiography . Automated tube
voltageselection . Imagequality .Bodymass index .Radiation
dose reduction
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CI Confidence interval
CNR Contrast-to-noise ratio
DSCT Dual-source CT
SNR Signal-to-noise ratioSSDE: Size-specific

dose estimates

Introduction

As the use of coronary CT angiography (CCTA) has grown,
numerous technical advances have been implemented to de-
crease radiation dose without impacting image quality. Many
efforts have been undertaken to individually tailor CT proto-
cols to patient-specific characteristics. In this context, tube-
voltage reduction has been shown to simultaneously enhance
vascular signal and reduce radiation exposure at CTA [1–6]. A
fully-automated voltage selection (ATVS) algorithm is avail-
able, which uses an individual patient’s attenuation profile as
determined by the planning (Bscout^) scan and information on
the type of examination to custom-tailor the tube potential.

The potential of this ATVS algorithm to reduce radiation
dose has been previously described [7–15]. Significant radia-
tion dose reduction with maintained or even improved image
quality has been reported for CCTA performed with a second
generation DSCTsystem using ATVS compared to bodymass
index (BMI)-based tube-voltage selection [12, 14]. Improved
image quality and lower radiation dose was also observed for
third generation DSCT ATVS, which selects tube voltages
ranging from 70-150 kVat 10 kV-increments, when compared
to standard imaging protocols with fixed tube voltages [7, 13].

The purpose of our study was to assess the radiation dose and
image quality of CCTA studies performed with third generation
DSCT and ATVS in order to evaluate the efficiency of the auto-
mated algorithm at each tube voltage, and to investigate the
impact of BMI on tube voltage selection and radiation dose.

Materials and methods

Patient population

This retrospective study was approved by the local
Institutional Review Boardwith a waiver of informed consent.

We identified 280 patients who had undergone CCTA on a
third generation DSCT system between May 2014 and
September 2015. Patients were excluded if severe metal or
motion artefacts were present, ECG synchronization was
compromised, the patient was unable to elevate the arms over
the head, or if any deviations from the standard scan protocol
had occurred. Indications for CCTA included acute chest pain
(n=179) and atypical chest pain (n=47). The remaining pa-
tients (n=46) were asymptomatic and examinations were per-
formed within the framework of preoperative risk

stratification for potential liver transplant surgery (n=7), mi-
tral valve replacement (n=17), and aortic valve replacement
(n=14), as well as postoperatively in cases of heart transplan-
tation (n=3) and aortic aneurysm repair (n=5).

CTacquisition parameters

All examinations were performed with a third generation
DSCT system (SOMATOM Force, Siemens Healthcare,
Forchheim, Germany) equipped with a fully integrated circuit
detector system (Stellar Infinity, Siemens) and two x-ray tubes
(Vectron, Siemens) with substantially increased power
(120 kW each) enabling tube currents to reach up to
1300 mAs and, thus, allowing for low-kV studies to be per-
formedwithin a broader patient collective [16]. A prospective-
ly ECG-triggered adaptive sequential-mode acquisition proto-
col was used, which acquires images at 20 % of the nominal
tube current between 30-90 % of the RR interval and full
nominal tube current at 40 % or 70 % of the cardiac cycle,
depending on the heart rate. The scan length for CCTA ranged
from the carina to the cardiac apex. All studies were per-
formed using automated tube current modulation (CARE
Dose4D, Siemens) and ATVS (CARE kV, Siemens) with tube
voltage settings ranging from 70 to 120 kV in 10 kV
increments.

Further scan parameters were as follows: adaptive detector
collimation varying from 96–192 in increments of 8×0.6 mm,
gantry rotation of 0.25 s, and a pitch of 1.0.

Vessel attenuation was achieved using intravenously ad-
ministered iodinated contrast agent (350 mgI/mL iohexol,
Omnipaque, General Electric, Chalfont St. Giles, UK) at a
flow rate of 4.5 mL/s, followed by a 50 mL saline chaser
injected at the same flow rate. Contrast medium volume was
adapted to the tube voltage (70 kV, 50 mL; 80 kV, 60 mL;
90 kV, 70mL; ≥100 kV, 80mL) based on our standard clinical
protocols derived from prior studies on individual injection
protocol adaptations and attenuation changes at different tube
voltages [1, 16].

Using bolus-tracking software (CARE Bolus, Siemens), a
region of interest (ROI) was placed within the descending
aorta at the level of the carina and the scan was started auto-
matically 4 seconds after a threshold of 100 Hounsfield units
(HU) was reached [7].

Image reconstruction

All studies were reconstructed with dedicated third generation
advanced modeled iterative reconstruction (ADMIRE,
Siemens) at a strength level of 3 using a medium sharp con-
volution kernel (Bv36), 0.6 mm section thickness, and an
increment of 0.4 mm. The reconstruction phase that provided
the best image quality while minimizing motion artefacts
(BestPhase, Siemens) was chosen for the analysis.
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Objective image quality analysis

Attenuation was measured by drawing ROIs in the major coro-
nary arteries (left main [LM], left anterior descending [LAD],
circumflex [CX], and right coronary artery [RCA]), which were
scaled as largely as possible (average size, 10mm2). Vessel walls,
calcifications, non-calcified plaque, and stented segments were
all carefully avoided. LAD, CX, and RCA measurements were
determinedwithin the first 5mmof the proximal and distal vessel
segment as defined by the standard American Heart Association
segmentation model [17]. Image noise was defined as the stan-
dard deviation (SD) of CT measurements of a ROI (size, 2 cm2)
in the left ventricular blood pool. CTattenuation of the pericardial
fat tissue adjacent to the vessel contour was measured in order to
determine vessel contrast.

Signal-to-noise ratio (SNR) and contrast-to-noise ratio
(CNR) were calculated for each measurement as previously
proposed [18]:

SNR ¼ CTattenuationproximal or distal coronary arteries=noise
� �

CNR ¼ CTattenuationproximal or distal coronary arteries–CT attenuationfat
� �

=noise
� �

Subjective image quality analysis

Dedicated post-processing and evaluation software (syngo.via
VA30, Siemens) was used for both objective and subjective
analysis.

Subjective image quality was assessed by two readers with 6
(S.M.) and 2 years (Z.B.P.) of cardiovascular imaging experi-
ence. Reviewers were blinded to the clinical indication for imag-
ing, patient characteristics, and the clinical imaging report. The
studies were interpreted individually and in random order.
Window settings were freely adjustable. The contrast attenuation
in the major coronary artery segments (LM, proximal and distal
LAD, CX, and RCA) and the severity of image noise were
graded using a modified scoring system as previously described
[19]: vessel attenuation was defined as: 1=poor opacification,
insufficient for diagnosis; 2=suboptimal opacification, low diag-
nostic confidence; 3=acceptable opacification ofmajor coronary
arteries, sufficient for diagnosis; 4=good opacification of prox-
imal and distal segments; and 5=excellent opacification of prox-
imal and distal segments. The accompanying image noise was
rated using a 5-point scale defined as: 1=major noise, not ac-
ceptable for diagnosis; 2=major noise, suboptimal evaluation
with low confidence; 3=moderate noise, sufficient for diagnosis;
4=minor noise, diagnosis not influenced; and 5=none perceiv-
able. Image quality was classified as sufficient for diagnosis if
both vessel opacification and noise were rated as ≥3. In case of
disagreements between readers regarding diagnostic image qual-
ity (i.e., a score of ≥3 by one reviewer and <3 by the second
reviewer), scores were arbitrated by a third observer with
>15 years of cardiovascular imaging experience (U.J.S.).

Radiation dose

Patient BMI was recorded and lateral and anteroposterior
chest diameters were measured on scout and axial images.
The effective chest diameter was calculated as the square root
of the product of both chest diameter measurements [20].

The volume CT dose index (CTDIvol; 32 cm phantom),
effective tube current, and dose-length-product (DLP) were
recorded for each examination. Effective radiation dose was
estimated by multiplying the DLP with a standard conversion
factor of 0.014 mSv/mGy*cm [21].

Furthermore, to correct for patient sizes deviating from the
32 cm phantom, size-specific dose estimates (SSDE) were cal-
culated by multiplying the CTDIvol with an effective diameter-
based, size-specific conversion factor for a 32 cm phantom [22].

Statistical analysis

Commercially available software (MedCalc Statistical Software,
v12.7.5.0, MedCalc bvba, Ostend, Belgium) was used for statis-
tical analysis. Mean and SD were calculated for all numerical
results derived from multiple measurements. The Kolmogorov-
Smirnov test was used to test for normal distribution, and a p-
value <0.05 was considered statistically significant.

Differences in patient characteristics, objective image qual-
ity (vessel attenuation, image noise, SNR and CNR), and ra-
diation dose estimates were tested between the different tube
voltages by using the t-test for independent samples.

In order to compare subjective image quality, the mean
score averaged from the two readers was evaluated using the
Mann-Whitney U test. Spearman’s correlation coefficient was
calculated to examine possible correlation between effective
chest diameter and BMI, as well as to calculate the influence
BMI and effective chest diameter have on tube voltage selec-
tion. BMI-based thresholds for tube voltage selection were
defined using 95 % confidence intervals (CI) of the mean
BMI that were calculated for each tube voltage.

Inter-rater agreement was analyzed with Cohen's kappa (κ)
analysis. Coefficients were interpreted in the following manner:
κ <0.20=slight agreement, κ: 0.21−0.40=fair agreement, κ:
0.41−0.60=moderate agreement, κ: 0.61−0.80=good agree-
ment, and κ: 0.81−1.0=excellent agreement.

Results

Patient population

Of the 280 patients initially identified, we excluded a total of
eight patients who were unable to elevate the arms over the
head (n=6), or compromised ECG-synchronization (n=2).
Thus, a total of 272 patients who had undergone CCTAwere
included. Overall, our study cohort had a mean age of
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56.9 ± 15.1 years, a mean BMI of 29.4 ± 7.0 kg/m2, and
was comprised of 148 women (mean age, 57.5±15.0 years;
mean BMI, 30.5±8.1 kg/m2) and 134 men (mean age, 56.2
± 15.1 years; mean BMI, 28.3 ± 5.7 kg/m2; p= .4905 and
.0123, respectively). Mean heart rate was 68.5±14.3 beats
per minute (bpm, women: 70.2 ± 16.3 bpm; men: 68.7
± 16.6 bpm, p= .8652) and no significant differences were
found between the heart rates at each tube voltage (p-values
between .0740 and .6223). Detailed patient specific data are
summarized in Table 1.

A total of 1884 coronary artery attenuation measurements
were performed, but ten coronary arteries in eight patients
were excluded due to severe calcifications (n=6) or motion
artefacts (n=4).

Tube voltage selection and radiation dose

Detailed radiation dose data are shown in Table 2. A continuous
increase in radiation dose was observed for all 10 kV increments
in the 70 to 120 kV range. Significant differences were noted
between 70 and 80 kV (CTDI, p=.0053; DLP, p=.0063; SSDE,
p=.0090; ED, p=.0064), 80 and 90 kV (CTDI, p=.0430; DLP,
p= .0462; SSDE, p= .0270; ED, p= .0334), 90 and 100 kV
(CTDI, p= .0099; DLP, p= .0006; SSDE, p= .0084; ED,
p=.0065), 100 and 110 kV (CTDI, p= .0148; DLP, p= .0433;
SSDE, p=.0350; ED, p=.0414), and 110 and 120 kV (CTDI,
p= .0020; DLP, p=.0010; SSDE, p=.0123; ED, p= .0216).

Objective image quality analysis

Results of quantitative image quality analysis are summarized
in Table 3 and shown in Fig. 1. Attenuation decreased contin-
uously from 70 to 120 kV with significant differences for 70
vs. ≥80 kV (70 vs. 80 kV: proximal, p= .0080 and distal,
p= .0148; 70 vs. 90, 100, 110 or 120 kV: proximal and distal,
p< .0001, respectively), 80 vs. ≥100 kV (80 vs. 100 kV: prox-
imal, p= .0003; distal, p= .0006; 80 vs. 110 kV: proximal,
p= .0007 and distal, p= .0004; 80 vs. 120 kV: proximal and
distal, p< .0001, respectively), 90 vs. ≥110 kV (90 vs. 110 kV:
proximal, p= .0291 and distal, p= .0433; 90 vs. 120 kV: prox-
imal and distal, p< .0001), and 100 vs. 120 kV (proximal,
p= .0101; distal, p= .0023).

Image noise decreased continuously from 70 to 120 kV with
significant differences noted between 70 and ≥90 kV (70 vs.
90 kV, p=.0007; 70 vs. 100, 110 or 120 kV, p<.0001, respec-
tively), 80 and ≥90 kV (80 vs. 90 kV, p=.0238; 80 vs. 100 kV,
p=.0002; 80 vs. 110 and 120 kV, p<.0001, respectively), and
between 90 and ≥100 kV (90 vs. 100 kV, p=.0256; 90 vs. 110 or
120 kV, p<.0001, respectively).

Comparing SNR and CNR of studies at different tube volt-
ages against each other did not reveal any significant differ-
ences for proximal SNR (p-values between .0829 and .8589),
distal SNR (p-values between .0945 and .9752), proximal T
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CNR (p-values between .2108 and .9920), or distal CNR (p-
values between .2079 and .9988). Exact p-values are summa-
rized in Supplementary Table 1.

Subjective image quality analysis

Detailed results of the subjective image quality analysis are
summarized in Table 4 and Supplementary Table 2. Case ex-
amples are shown in Fig. 2.

Image quality was considered sufficient for diagnosis by
observers in 98.9% of the examinations on a per-patient basis.
Two examinations (120 kV, BMI of 41.3 and 43.5 kg/m2)
were considered suboptimal due to major image noise.
Additionally, in one examination distal attenuation was rated
as suboptimal (70 kV, BMI of 22.3 kg/m2), resulting in limited
diagnostic confidence (score of 2).

Mean subjective image quality was rated good to excellent for
both coronary artery attenuation and image noise at all tube volt-
ages without significant differences for proximal and distal atten-
uation (p-values between .0840 and .9133 for proximal attenua-
tion and between .0516 and .8590 for distal attenuation).
However, image noise was rated as significantly higher for
70 kV studies when compared to CTA performed at ≥100 kV
(70 vs. 100 kV, p=.0266; 70 vs. 110 kV, p=.0204 and 70 vs.
120 kV, p=.0143).

Good to excellent inter-observer agreement was achieved
for vascular attenuation and image noise (κ range, 0.686-
0.889, Supplementary Table 3).

Tube voltage selection and BMI/effective chest diameter

Increased patient BMI levels correlated with increased select-
ed tube voltages from 70 to 120 kV for all 10 kV increments.
Significant differences were observed between 70 and 80 kV
(p= .0081), 90 and 100 kV (p= .0242), and 110 and 120 kV
(p= .0453). No significant differences were found for 80 vs.
90 kV (p= .6136) or 100 vs. 110 kV (p= .6756).

In addition, increased effective chest diameter values also
paralleled continuous increases in tube voltages ranging
from 70 to 120 kV, noting significant differences be-
tween 70 and 80 kV (p = .0016), 80 and 90 kV
(p= .0433), and also 110 and 120 kV (p= .0259). No
significant differences were found for 90 vs. 100 kV
(p= .3362) or 100 vs. 110 kV (p= .8238).

Spearman’s correlation coefficient showed a positive asso-
ciation between effective chest diameter and BMI (ρ= .836;
95 % CI, .790 to .867; p= .0001), selected tube voltage and
BMI (ρ= .639; 95%CI, .590 to .702; p< .0001), and also tube
voltage and effective chest diameter (ρ= .595; 95 % CI, .509
to .670; p< .0001; Fig. 3).

Table 2 Radiation dose estimates

70 kV 80 kV 90 kV 100 kV 110 kV 120 kV

No. of patients 43 39 37 40 23 90

Volume CT dose index
in mGy

7.3 ± 5.7 11.3 ± 6.2* 14.8 ± 7.9* 21.8 ± 12.9* 26.3 ± 13.7* 37.2 ± 12.0*

Dose-length-product
in mGy*cm

110.5 ± 86.5 174.5 ± 110.5* 244.3 ± 115.9* 421.5 ± 289.1* 595.6 ± 301.4* 767.8 ± 290.5*

Effective dose in mSv 1.5 ± 1.2 2.4 ± 1.5* 3.6 ± 2.7* 5.9 ± 4.0* 7.9 ± 4.2* 10.7 ± 4.1*

Size-specific dose
estimates in mGy

9.4 ± 7.0 14.1 ± 8.0* 17.4 ± 7.6* 25.5 ± 15.1* 31.1 ± 15.9* 40.3 ± 12.7

* indicates statistical significance between each 10 kV increment

Table 3 Comparisons between objective image quality parameters

70 kV 80 kV 90 kV 100 kV 110 kV 120 kV

Proximal attenuation in Hounsfield units 524.9 ± 150.4 441.8 ± 112.7 393.2 ± 95.3 352.5 ± 82.0 334.8 ± 80.2 310.4 ± 80.6

Distal attenuation in Hounsfield units 392.7 ± 116.4 333.8 ± 87.2 306.9 ± 77.4 285.9 ± 70.2 269.3 ± 57.4 229.3 ± 64.0

Image noise in Hounsfield units 47.8 ± 13.0 45.4 ± 14.5 38.9 ± 8.8 34.3 ± 8.3 30.4 ± 5.9 32.9 ± 10.7

Signal-to-noise ratio proximal 11.8 ± 5.1 10.5 ± 3.6 10.7 ± 3.9 11.0 ± 3.8 11.5 ± 4.0 10.4 ± 4.1

Signal-to-noise ratio distal 8.8 ± 3.5 8.0 ± 2.8 8.4 ± 3.3 8.3 ± 2.7 9.2 ± 2.9 7.9 ± 2.9

Contrast-to-noise ratio proximal 13.8 ± 5.5 12.7 ± 4.0 13.1 ± 4.5 13.5 ± 4.5 14.1 ± 4.1 12.7 ± 4.5

Contrast-to-noise ratio distal 10.8 ± 3.9 10.2 ± 3.3 10.8 ± 3.9 10.8 ± 3.3 11.2 ± 2.6 10.0 ± 3.3

Mean values and standard deviation of all measurements from left main, left anterior descending, circumflex, and right coronary artery
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Discussion

Our results demonstrate that using ATVS for CCTA studies
performed with a third generation DSCT system facilitates
automated individual adaptation of tube voltages and determi-
nation of optimal examination parameters in clinical routine
over a wide range of different patient sizes. The selection of
low tube voltages significantly reduced radiation dose, yet still
maintained image quality. Furthermore, our results
showed that contrast medium volume can be adjusted
based on tube voltage selection, reducing contrast medi-
um requirements, while still providing intravascular at-
tenuation sufficient for diagnosis. Previous studies have
compared the use of AVTS to BMI-based tube voltage
selections [12, 14], to standard 120 kV acquisitions [8-
10; 13], and to the second generation DSCT AVTS al-
gorithm, which allowed for tube voltage selection of
20 kV increments ranging between 80 and 140 kV [7].
AVTS has been recognized as an effective technique for
radiation dose reduction; however, in these prior studies,

image quality of low-kV examinations was only com-
pared with the reference standard. In contrast, we direct-
ly compared all selected tube voltages showing that im-
age quality remains consistently high in the majority of
examinations. Image quality was not acceptable for di-
agnosis in only two 120 kV studies and one 70 kV
CCTA study (1.1 %).

Several technical improvements in the third generation
DSCT system have created the potential to achieve image
quality sufficient for diagnosis while still lowering tube volt-
age. New x-ray tubes in this system provide greater power
reserves. The greater tube power mitigates previous tube cur-
rent limitations at lower kVand makes low-kV imaging feasi-
ble for a broader patient population. In addition, a fully inte-
grated circuit detector [23] and an advanced iterative recon-
struction algorithm allow for enhanced image quality [5,
24–27].

Along with tube voltage reductions, a continuous decrease
in radiation dose was observed, resulting in a reduction of
86 % for ED between 120 kV and 70 kV studies based on

Fig. 1 Graph shows comparison
between objective image quality
and radiation dose at each tube
voltage level. Stable image
quality without significant
differences is seen between the
different tube voltages.
Furthermore, a linear decrease
was observed in size specific dose
estimates towards lower tube
voltages SNR, Signal-to-noise
ratio; CNR, Contrast-to-noise
ratio; SSDE, size-specific dose
estimates

Table 4 Subjective image quality analysis

70 kV 80 kV 90 kV 100 kV 110 kV 120 kV

Proximal attenuation 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (4.5-5.0) 5.0 (4.5-5.0) 5.0 (5.0-5.0) 5.0 (4.0-5.0)

Distal attenuation 5.0 (4.0-5.0) 5.0 (4.0-5.0) 4.5 (4.0-5.0) 4.0 (4.0 – 5.0) 4.75 (4.0-5.0) 4.5 (4.0-5.0)

Image noise 4.0 (4.0-5.0) 5.0 (4.0-5.0) 5.0 (4.0-5.0) 5.0 (4.0-5.0) 5.0 (4.5-5.0) 4.5 (4.0-5.0)

Values are given for the median; interquartile range is shown in parentheses

Eur Radiol (2016) 26:3608–3616 3613



CTDIvol for a standardized 32 cm phantom. Since we included
a wide range of patient body sizes, SSDE were used to com-
pensate for inaccuracies in dose values for patient sizes

deviating from this phantom. We observed a reduction of
76.7 % for this same comparison, which can be explained
by the smaller patient cohorts in low kV studies.

Fig. 2 Curved, multiplanar
reformations of two exemplary
coronary arteries from coronary
CT angiography performed with
tube voltages of 70 kV (A and B),
80 kV (C and D), 90 kV (E and
F), 100 kV (G and H), 110 kV (I
and J), and 120 kV (K and L)
showing excellent vessel
attenuation and no perceivable or
minor image noise at each tube
voltage. Image quality was rated
as sufficient for diagnosis in all of
these cases

Fig. 3 Graphs show distribution
of effective chest diameter plotted
against body mass index (BMI,
A), and tube voltage plotted
against BMI (B) and effective
diameter (C), respectively. A
positive association was observed
between effective diameter and
BMI (r= .836), as well as tube
voltage and BMI (r= .639) and
effective diameter (r = .585),
respectively

3614 Eur Radiol (2016) 26:3608–3616



Several low-kV CTA studies have previously demonstrated
good image quality with reduced contrast medium volume due to
increased iodine attenuation [1, 3, 4]. However, to our knowl-
edge, no prior studies have investigated ATVS vis-a-vis contrast
medium reduction. In our study, we adjusted the contrast medi-
um amount to the tube voltage and obtained intravascular atten-
uation sufficient for diagnosis in 99.6 % of CCTA studies.
Suboptimal distal attenuation was observed in only one case
(70 kV, BMI 22.3 kg/m2). The tube voltage reduction
from ≥100 to 70 kV enabled a contrast medium reduc-
tion of 37.5 %. These results demonstrate that ATVS is an
effective tool for both radiation dose and contrast medium
reduction.

ATVS is a fully-automated algorithm that adjusts tube volt-
ages not only to patient size, but also according to a combina-
tion of an individual patient’s attenuation profile determined
by the scout image, information on patient habitus, and the
type of examination [7, 15]. This may explain why plotting
BMI and effective chest diameter against tube voltage only
showed a moderately positive correlation. However, mean
BMI and effective diameter, which are commonly used for
calculating SSDE [22, 28], showed a continuous increase
from 70 kV to 120 kV. A stronger correlation was found for
tube voltage and BMI than for tube voltage and effective di-
ameter. Using these results, coupled with the fact that BMI
values can usually be obtained more simply than effective
diameter, we suggest using the proposed BMI thresholds to
define an appropriate tube voltage if ATVS is not available. In
this study, we did not increase tube voltages above 120 kV
even in morbidly obese patients, even though higher tube
voltages have been proposed for CCTA in obese patients
[29, 30].

We acknowledge that this study has several limitations.
First, we did not compare the diagnostic performance of
CCTA versus invasive catheter angiography to detect signifi-
cant coronary artery stenosis. Second, our results are currently
only valid for third generation DSCTwith the dose reduction
techniques. Third, gender composition between groups was
inhomogeneous, showing possible influences of breast tissue
attenuation on the acquisition settings. Lastly, a fixed contrast
agent volumewas arbitrarily chosen for each kV level. Further
investigations are necessary to more systematically define op-
timal contrast medium volumes for low-kV CCTA studies.

In conclusion, our results demonstrate that ATVS is an
efficient algorithm facilitating individual tube-voltage adapta-
tion at CCTA resulting in significantly reduced radiation dose
while maintaining image quality. In addition, contrast medium
volumes can be adjusted according to the automatically select-
ed tube voltage, reducing contrast medium requirements at
low-kV studies.
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