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Abstract
Purpose The aim was to assess the image quality (IQ) in computed tomography angiography (CTA) of the thoracoabdominal 
aorta utilizing automated tube voltage selection (ATVS) with a subsequently adapted contrast media (CM) injection protocol.
Materials and methods A total of 104 consecutive patients referred for CTA of the thoracoabdominal aorta were included. 
Scans were acquired on a 3rd-generation DSCT using ATVS with a quality reference tube voltage and current of 100 kV and 
150 mAs. CM protocols were adapted to kV settings by modifying iodine delivery rate (IDR) whilst maintaining an identical 
injection time (13.3 s): 0.9 gI/s (70 kV), 1.0 gI/s (80 kV), 1.1 gI/s (90 kV) 1.2 gI/s (100 kV). Both objective (attenuation, 
contrast-to-noise and signal-to-noise) and subjective (4-point Likert scale: 1 = poor/2 = sufficient/3 = good/4 = excellent) IQ 
were assessed.
Results ATVS assigned a 70 kV (n = 88) and 90 kV (n = 16) protocol in most patients. Fewer patients were assigned to an 
80 kV (n = 4) and 100 kV (n = 1) protocol, these protocols were, therefore, excluded from further analysis. Attenuation on 
all designated levels of the thoracoabdominal aorta was diagnostic in 99.0% of the scans; 87/88 scans (98.9%) in the 70 kV 
group and in 16/16 (100%) in the 90 kV group. Overall mean attenuation was 349 ± 72HU for 70 kV and 310 ± 43HU for 
90 kV. Subjective IQ was diagnostic in all scans. Overall effective radiation dose for 70 kV and 90 kV was 1.8 ± 0.2 mSv 
and 3.4 ± 0.7 mSv, respectively.
Conclusions Adaptation of CM injection protocols (IDR) to ATVS in CTA of the aorta—scanned with 70 kV and 90 kV—is 
feasible and results in diagnostic image quality.
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Abbreviations
PC-AKI  Post-contrast acute kidney injury
ATVS  Automated tube voltage selection

BMI  Body mass index
CM  Contrast media
CNR  Contrast-to-noise ratio
CTA   Computed tomography angiography
DSCT  Dual source computed tomography
IDR  Iodine delivery rate
IQ  Image quality
SNR  Signal-to-noise ratio

Introduction

Computed Tomography Angiography (CTA) of the aorta 
is an important imaging method with high diagnostic accu-
racy for the detection of various aortic diseases [1–4]. High 
diagnostic accuracy relies on sufficient intravascular iodine 
attenuation and contrast-to-noise ratio (CNR) [5]. These fac-
tors depend on various features regarding contrast media 
(CM) administration (e.g. iodine concentration and iodine 
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delivery rate [IDR]), scan protocol (e.g. tube voltage and 
tube current) and patient related factors (e.g. body weight, 
heart rate and cardiac output) [6]. Body weight has a sub-
stantial impact on vascular attenuation. A fixed injection 
protocol causes a large variation between different weight 
groups indicating suboptimal use of CM in different patient 
weight categories. Patients with a low body weight require 
less CM volume to be injected in comparison to patients 
with a higher body weight for diagnostic attenuation. There-
fore, optimisation of scan and injection protocols is a must, 
and various beforementioned features can be used. With 
regard to the CM injection protocol, the IDR is considered 
the most important factor [7].

One potential disadvantage of CTA of the aorta is the 
possible development of post-contrast acute kidney injury 
(PC-AKI) after CM administration. A higher CM volume 
might increase the risk of developing PC-AKI, especially in 
patients with multiple pre-existent risk factors for PC-AKI 
undergoing CTA of the aorta [8]. Although the development 
of PC-AKI has been a topic of discussion [9, 10], guidelines 
still advise to use as low CM volumes as possible. With 
the optimisation of CM injection protocols, patients only 
receive the amount of CM volume needed for a diagnostic 
scan. Another concern is about the long-term, stochastic 
risks of CT radiation dose, especially in younger patients 
undergoing frequent follow-up examinations in aneurysm 
surveillance or endovascular treatment follow-up [3, 11, 12]. 
Therefore, in CT imaging the “as low as reasonably achiev-
able” (ALARA) principle always applies. Current scanner 
technology provides sufficient tube current output on lower 
kV levels, which aids in reducing overall radiation dose. Fur-
thermore, automated tube voltage selection (ATVS) allows 
for maintained image quality (IQ) with lower overall radia-
tion doses for patients [13–15].

ATVS is a software program which automatically adapt 
scan settings to the individual patient. ATVS uses scout 
scans (with information on patient size and tissue density) to 
automatically adjust the kV setting and mAs to reach a cer-
tain CNR level. For slimmer patients, a lower kV setting is 
selected, and for bigger patients, a higher kV setting. The use 
of lower kV settings is accompanied by higher iodine attenu-
ation, explained by the fact that mean photon energy (of the 
lower kV) in the X-ray beam moves closer to the K-edge of 
Iodine (33.2 keV) [16]. Vice versa, a higher kV setting is 
accompanied by a lower iodine attenuation. Therefore, the 
CM injection protocol should be adjusted to the kV setting. 
With a lower tube voltage, a smaller amount of CM can be 
applied to achieve the same intravascular attenuation level 
[17–20]. Canstein et al. found that with every 10 kV sub-
traction, the iodine dose can be reduced by 10% (10-to-10 
rule) and vice versa [21]. This was tested and proven feasible 
in a previous study at 80 kV and 100 kV by adjusting the 
IDR [22].The aim of this study was to assess feasibility and 

image quality of CM injection protocols (IDR) adapted to 
ATVS in a cohort of patients undergoing CTA of the aorta.

Materials and methods

Ethics and patient population

The study design was approved by the local ethical commit-
tee and the institutional review board. A waiver of written 
informed consent was obtained from the local ethical com-
mittee (METC 15-4-247). Between January 2016 and April 
2017, all patients referred for CTA of the thoracoabdominal 
aorta were considered eligible for inclusion. A non-rand-
omized study design was deemed appropriate, since ATVS 
takes the patient size and scan length into account when 
assigning the optimal kV setting.

The following exclusion criteria for CTA in our depart-
ment were applicable; allergy to iodinated CM, pregnancy, 
and renal insufficiency (defined as glomerular filtration rate 
(GFR) < 30 mL/min/1.73  m2). Furthermore, patients were 
excluded if a combined examination protocol was applied, 
e.g. additional portal venous assessment of the upper abdo-
men, as this required a different CM protocol with larger 
volumes for parenchymal enhancement.

Patient characteristics (age, sex, weight, height and BMI) 
were collected and analysed. Patients were analysed in 
groups according to the kV setting designated by automated 
tube voltage selection (ATVS; CAREkV™, Siemens Health-
ineers, Forchheim, Germany): the possible kV settings in 
this study ranged from 70 to 120 kV, in increments of 10 kV.

CTA scan protocol

Scans were performed using a 3rd generation dual-source 
CT scanner (DSCT, Somatom Force, Siemens) with a slice 
collimation of 2 × 192 × 0.6 mm; gantry rotation time of 
0.5 s. A pitch value of 0.6 was chosen to increase scan time 
and prevent the scanner from outrunning the CM bolus in the 
aorta. The scan acquisition time varied depending on scan 
range. All patients received a scan protocol with a quality 
reference tube voltage of 100  kVref and quality reference 
tube current of 150  mAsref (CareDose 4D™, Siemens). The 
slider position in the current study was set at 11; the vascular 
setting. Scan delay was determined via bolus tracking by 
placing a circular region of interest (ROI) in the descending 
aorta at the level of the pulmonary trunk. A threshold of 
100 HU was used with a post bolus tracking delay of 5 s for 
table movement followed by a breath hold command. Image 
reconstruction was performed on 1 mm slices with an incre-
ment of 0.8 mm using an iterative reconstruction vascular 
kernel (Bv36; Advanced Modelled Iterative Reconstruction 
[ADMIRE], strength 3).
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CAREkV™ is ATVS software developed to reduce 
radiation dose while keeping CNR constant [15]. Scout-
scans and the resulting patient attenuation are used to 
calculate patient-specific mAs curves for all possible kV 
settings. These mAs curves are composed with help of 
different parameters, e.g. scan length, patient anatomy, 
scan type and tissue of interest. The scanner calculates 
estimated radiation dose and the optimal dose efficiency in 
terms of kV and mAs combination is determined for each 
individual patient [23].

Radiation dose monitoring software (Radimetrics™, 
Bayer) was used to record the CTDIvol (mGy), dose-
length product (DLP; mGy*cm) and the effective dose 
(mSv) for each CTA. The software estimates the effective 
dose using patient age and sex to determine accurate tis-
sue weighing factors as described by the ICRP publication 
103 [24].

CM injection protocol

CM consisted of 300 mg 1/mL Iopromide (Ultravist, Bayer 
Healthcare, Berlin, Germany), prewarmed to body tem-
perature (37 °C; 99 °F), injected using a dual-head CT 
power injector (Stellant, Bayer).

Patients received a CM injection protocol accord-
ing to the selected kV setting. The various CM injection 
parameters are listed in Table 1. A clinically validated 
CM injection protocol for 80 kV was used and adapted for 
the other kV settings (70 kV and 90 kV, 100 kV, 110 kV 
and 120 kV) [22]. The IDR of 80 kV was known, and for 
every 10 kV increment subtraction or addition, the IDR 
was decreased or increased with 10% [21]. Since the CM 
concentration was known and a fixed injection time (IT) 
of 13.3 s was used, the other injection protocol param-
eters could be calculated. A saline chaser was injected 
afterwards with a volume of 40 mL at the same flow rate 
as the CM bolus.

Data analysis

All CT-images were analysed using axial slices and multi-
planar reconstruction (MPR) on a dedicated post process-
ing workstation (Syngo-Via™, Siemens Healthineers). To 
assess the true axial planes perpendicular to the vascular 
wall on multiple pre-defined levels of the aorta, a centre-
line was automatically drawn in the aorta and both right 
and left iliac and femoral arteries. Curved multiplanar 
reconstructions (MPRs) were used to draw region of inter-
ests (ROIs) in the aorta (for examples, see Figs. 1 and 2).

Image analysis: primary endpoint

The primary endpoint was the proportion of scans with a 
mean intravascular attenuation above 200 HU at multiple 
pre-defined vascular segments in the aorta (see below). 
The minimal diagnostic attenuation value for the evalu-
ation of aortic pathologies is considered to be 200 HU 
[25, 26]. Objective image quality analysis was performed 
by one radiology resident (N.E, 5 years of experience) by 
measuring intravascular attenuation in Hounsfield Units 
(HU) in predefined vascular segments. ROI’s were man-
ually drawn as large as possible in the ascending aorta 
(AA), aortic arch (Arch), descending aorta (DA), abdomi-
nal aorta (AbA), right and left common iliac artery (RCIA 
and LCIA) and right and left common femoral arteries 
(RCFA and LCFA) [20]. Special care was taken to avoid 
measurements of the vessel wall, stents and atherosclerotic 
plaques. Image noise was defined as the standard deviation 
(SD) of the intravascular attenuation and measured at the 
level of the AbA [27]. Overall mean intravascular attenu-
ation was defined as the mean of the sum of all different 
anatomic levels in one scan. Overall mean intravascular 
attenuation (per-patient) and attenuation at the different 
anatomic levels (per-segment) were reported.

Image analysis: secondary endpoints

CNR was calculated as intravascular attenuation minus 
intramuscular attenuation, divided by the SD of the intra-
muscular attenuation [19, 20, 22, 28]. SNR was calculated 
as intravascular attenuation divided by the SD of the intra-
vascular attenuation [19, 22, 27].

Subjective image quality was determined by two read-
ers in consensus (N.E. and M.D.) using a four-point Likert 
scale with regard to intravascular attenuation, presence of 
artefacts and image noise: 1 = non-diagnostic image qual-
ity, 2 = sufficient image quality, 3 = good image quality, 
4 = excellent image quality.

Table 1  Injection protocols per kV setting

ATVS automated tube voltage selection, IT injection time, IDR iodine 
delivery rate

kV setting CM volume 
(mL)

Flow rate 
(mL/s)

IT (s) IDR (g I/s)

Thoracoabdominal aorta
 70 40 3.0 13.3 0.9
 80 44 3.3 13.3 1.0
 90 49 3.7 13.3 1.1
 100 53 4.0 13.3 1.2
 110 57 4.3 13.3 1.3
 120 63 4.7 13.3 1.4
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Fig. 1  Example of curved 
MPR of the thoracoabdomi-
nal aorta. Patient with a BMI 
of 28 kg/m2; scan protocol: 
90 kV, 164  mAseff, CTDIvol 
4.75 mGy, effective radiation 
dose of 4 mSv, image quality 
was graded excellent. Three-
dimensional reconstruction of 
the entire aorta (left) shows 
an abdominal aortic aneurysm 
(AAA). Vessel definition, with 
help of a centreline drawn in 
the aorta (right), and axial 
views (small boxes) on the same 
anatomical level (stripe) also 
show a short dissection. The 
axial views are used to measure 
intravascular attenuation, and 
vessel wall and plaques can be 
avoided with more precision

Fig. 2  Example of curved 
MPR of the thoracoabdomi-
nal aorta. Patient with a BMI 
of 20 kg/m2; scan protocol: 
70 kV, 172  mAseff, CTDIvol 
2.02 mGy, effective radiation 
dose of 1.6 mSv, image quality 
was graded excellent. Three-
dimensional reconstruction of 
the entire aorta (left) shows 
an abdominal aortic aneurysm 
(AAA). The axial views are 
used to measure intravascular 
attenuation, and vessel wall and 
plaques can be avoided with 
more precision
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Statistical analysis

Statistical analysis was performed with Statistical Package 
for the Social Sciences (IBM SPSS statistics, Chicago IL, 
USA, version 25.0). Continuous variables were expressed as 
mean ± standard deviation (SD) and categorical variables as 
absolute numbers and percentages (%). Categorical variables 
were expressed as absolute numbers and percentages.

Results

Patient characteristics

A total of 153 consecutive patients referred for CTA of the 
thoracoabdominal aorta were considered eligible for inclu-
sion. A total of 44 patients were excluded because aber-
rant scan parameters or a different CM injection protocol 
was used (n = 42; e.g. a multiphase scan protocol was used 
instead of the requested study protocol), or because the 
aortic tract was not depicted in its entirety (n = 2). The use 
of ATVS resulted in the following group distribution: 88 
patients (80.7%) for 70 kV, four patients (3.7%) for 80 kV, 
16 patients (14.7%) for 90 kV and one patient for 100 kV 
(0.9%). ATVS did not select a 110 kV or 120 kV setting for 
any patient. Since the 80 and 100 kV groups consisted of less 
than five patients each, these were excluded for detailed sta-
tistical analysis. Thus, a total of 104 patients were included 
for further analysis.

Mean age in the 70  kV and 90  kV group was 
68.2 ± 12.5  years and 66.5 ± 11.6  years, respectively. 
Mean weight was 78.5 ± 16.8 kg in the 70 kV group and 

83.6 ± 19.7 in the 90 kV group. A total of 52 patients (50%) 
had a BMI ≥ 25 kg/m2 (40 patients in the 70 kV group and 
12 patients in the 90 kV group), the rest of the patients had 
a BMI < 25 kg/m2. All patient characteristics are depicted 
in Table 2.

Radiation dose and injection parameters

All radiation dose parameters are listed in Table 3. Mean 
effective radiation dose was 1.8 ± 0.2 mSv in the 70 kV 
group and 3.4 ± 0.7 mSv in the 90 kV group.

Mean CM volumes and flow rates for the different kV 
settings were 39.9 ± 0.9 mL and 2.9 ± 0.1 mL/s for 70 kV 
and 48.9 ± 0.1 mL and 3.6 ± 0.0 mL/s for 90 kV (Table 4). 

Image quality‑per‑patient level

Mean intravascular attenuation on a per-patient level was 
diagnostic (≥ 200 HU) in 99.0% of all scans; mean intra-
vascular attenuation was diagnostic in 87/88 scans (98.9%) 
in the 70 kV group and in all scans (16/16; 100%) in the 
90 kV group. In one patient of the 70 kV group, the scan-
ner outrunned the bolus. Hence, the attenuation level was 
below 200 HU in four distal segments (i.e. RCIA, LCIA, 
RCFA, LCFA). Overall mean attenuation for different kV 
groups was 349 ± 72 HU for 70 kV and 310 ± 43 HU for 
90 kV. Overall mean CNR was 15 ± 6 for the 70 kV and 
18 ± 7 for the 90 kV group. Overall mean SNR was 11 ± 4 
for the 70 kV and 14 ± 4 for the 90 kV group.

All image quality parameters are depicted in Table 5.

Table 2  Patient characteristics and scan indications for different 
groups

Values are presented as means ± standard deviation, or absolute num-
bers and percentages between parentheses
BMI Body Mass Index

Characteristic 70 kV (n = 88) 90 kV (n = 16)

Age (year) 68.2 ± 12.5 66.5 ± 11.6
Sex
 Male n (%) 67 (76.4) 13 (81.3)
 Female n (%) 21 (23.9) 3 (18.8)

Height (m) 1.73 ± 0.10 1.72 ± 0.10
Weight (kg) 78.5 ± 16.8 83.6 ± 19.7
BMI (kg/m2) 26.0 ± 5.0 28.0 ± 4.7
Indication scan: n (%)
 Aneurysm 33 (37.5) 8 (50.0)
 Post-surgery 31 (35.2) 2 (12.5)
 Dissection 15 (17.0) 2 (12.5)
 Other 9 (10.2) 4 (25.0)

Table 3  Radiation dose different kV settings

Values are presented as means ± standard deviation
CTDI computed tomography dose index volume, DLP dose length 
product

Parameter 70 kV (n = 88) 90 kV (n = 16)

Effective tube current (mAs) 211 ± 40 163 ± 50
CTDIvol (mGy) 2.5 ± 0.5 4.7 ± 1.4
DLP (mGy*cm) 176 ± 44 314 ± 93
Effective dose (mSv) 1.8 ± 0.2 3.4 ± 0.7

Table 4  Injection parameters for different scan ranges and kV settings

Values are presented as means ± standard deviation
IT injection time

Contrast injection parameter 70 kV (n = 88) 90 kV (n = 16)

Mean volume (mL) 39.9 ± 0.9 48.9 ± 0.1
Mean flow rate (mL/s) 2.9 ± 0.1 3.6 ± 0.0
IT (s) 13.9 ± 0.8 13.6 ± 0.1
Peak pressure (psi) 68.4 ± 18.7 68.0 ± 13.0
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Image quality per‑segment level

Attenuation on a per-segment level was diagnostic in 
94.8% of all scans (≥ 200 HU). Figures 3 and 4 show the 
attenuation and corresponding CNR values at the different 
anatomic levels of the aorta. Attenuation fell below 200 
HU in the abdominal and lower levels of the aorta in 13 
scans of the 70 kV (14.8%) and two scans of the 90 kV 
group (12.5%) (AbA, RCIA, LCIA, RCFA and LCFA) due 
to the scanner outrunning the bolus (n = 10; 8 in 80 kV and 
2 in 90 kV), aortic stenosis (n = 2), aortic dissection (n = 2) 
and high BMI (29.7 kg/m3) with a 70 kV protocol (n = 1). 

Discussion

Adaptation of IDR to ATVS resulted in a diagnostic mean 
overall intravascular attenuation of the thoracoabdominal 
aorta, a sufficiently high CNR and a sufficient SNR in nearly 
all (99.0%) scans. Furthermore, the use of ATVS predomi-
nantly resulted in an image acquisition with low kV settings 
(e.g. 70 kV and 90 kV). By using the attenuation effect of 
low kV settings drawing closer to the K-edge of iodine, CM 
volumes of 40 mL (70 kV) and 46 mL (90 kV) were used 
without loss of diagnostic overall image quality.

The current study shows that with IDR adapted to ATVS, 
a diagnostic objective and subjective image quality can be 
achieved in nearly all scans. In some scans the attenuation 
fell < 200 HU due to the scanner outrunning the CM bolus, 
a large abdominal aortic aneurysm (AAA), an aortic stenosis 
resulting in a decreased attenuation, an extensive thoracoab-
dominal dissection were the contrast filled the false instead 
of the true lumen, or a patient with a high BMI (29.7 kg/
m2) scanned with 70 kV, where a low CM volume of 40 mL 
was administered. Figure 3 shows a lower mean intravas-
cular attenuation in the peripheral arteries and a relatively 
large SD in the 70 kV group. The first can be explained by 
the scanner outrunning the CM bolus peripherally in the 
patients with a large aneurysm or significant stenosis. In 
this situation, it is possible that the table speed was too fast, 
and a longer CM bolus (e.g. 46 mL in the 90 kV group) or 
a decreased flow rate is needed to widen the peak of the 
enhancement curve to prevent this from happening. Another 
solution could be the use of a double-level test bolus to 

Table 5  Quantitative and qualitative IQ for different kV settings

Values are presented as means ± standard deviation
CNR contrast to noise ratio, SNR signal to noise ratio

Parameters 70 kV (n = 88) 90 kV (n = 16)

Mean attenuation (HU) 349 ± 72 310 ± 43
Mean image noise (SD) 30 ± 6 23 ± 3
Mean CNR 15 ± 6 18 ± 7
Mean SNR 11 ± 4 14 ± 4
Likert scale
 Non-diagnostic – –
 Sufficient 9 (10.2) –
 Good 19 (21.6) 5 (31.3)
 Excellent 60 (68.2) 11 (68.8)

Fig. 3  Boxplot shows attenua-
tion at different anatomic levels 
of the aorta for different scan 
protocols: 70 kV and 90 kV as 
assigned by ATVS
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calculate the individual injection duration [29]. The wide SD 
could be due to the large variations in body size between the 
patients. Patient with a high body weight (or BMI) have an 
increased blood volume compared to slimmer patients. Since 
CM is diluted by the circulating blood, an increased blood 
volume causes more diluted CM [30]. Thus, an increased 
CM volume, for instance via additional optimisation to body 
weight, is needed in bigger patients to reach the same intra-
vascular attenuation. Furthermore, the use of low kV set-
tings increases the image noise in bigger patients, caused 
by the increased volume of surrounding tissue. A higher 
IDR and larger CM volume in patients with a higher BMI 
is needed. Indeed, although the study group was small, the 
90 kV group had no cases of non-diagnostic scans.

Previously used one-size-fits-all protocols, where every 
patient receives the same amount of CM volume (ca. 
120 mL) with the same kV setting (120 kV), resulted in 
suboptimal image quality [22, 31]. Technical development 
in scan technique allow for usage of lower kV settings 
(70–90 kV). These lower kV settings, coming closer to the 
K-edge of iodine (33.2 keV), result in a higher intravascular 
attenuation [16]. Thus, lower CM volumes can be used with 
a 70 kV scan acquisition compared to 120 kV. In the current 
study, the CM injection protocol was adapted to the tube 
voltage by adjusting the IDR based on a previously used 
CM injection protocol [22]. With every 10 kV subtraction, 
the iodine dose can be reduced by 10% (10-to-10 rule) [21]. 
When using ATVS, the 10-to-10 rule can be used to adapt 
the CM injection protocol to tube voltage in CTA of the 
aorta.

The diagnostic image quality required for CTA of the 
aorta varies per indication; for instance, assessment of aorta 
diameters can be accomplished even at relatively low image 
quality, whereas assessment of aortic dissection, rupture or 
endoleakage post-EVAR requires the full picture. In the cur-
rent study, the objective and subjective image quality was 
good to excellent in 99% of patients. Therefore, the proposed 
protocols may be used for all indications.

Disadvantages of CT imaging and administering CM are 
the use of radiation dose and the possible development of 
PC-AKI. Even though there is an ongoing discussion regard-
ing the potential development of PC-AKI, guidelines still 
advocate preventive hydration in high-risk individuals to 
minimise the risk of PC-AKI [32, 33]. In addition, overall 
CM volume reduction is a straight forward method to mini-
mise the risk as well. The current study showed that with 
adaptation of CM injection protocols to ATVS, CM volumes 
of 40 mL and 49 mL for respectively 70 kV and 90 kV are 
feasible. Furthermore, a low radiation dose is important in 
patients who require lifelong follow-up, to keep the cumula-
tive radiation dose as low as possible in these patients. In the 
current study, ATVS assigned a tube voltage of 70 kV and 
90 kV to almost all patients and this resulted in a radiation 
dose of 1.8 mSv for 70 kV and 3.4 mSv for 90 kV. Unfor-
tunately, the patient groups of 80 kV and 100 kV where too 
small for statistical analysis and had to be excluded. Higher 
kV settings (110 kV and 120 kV) were not assigned. An 
important factor contributing to lower tube voltage in this 
study is the pitch setting used; 0.6. CT scanners have a limi-
tation with regard to the maximum photon output in a certain 

Fig. 4  Boxplot shows CNR 
at different anatomic levels 
of the aorta for different scan 
protocols: 70 kV and 90 kV as 
assigned by ATVS
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amount of time, which usually corresponds to a tradeoff 
between pitch and maximum tube output [34]. A low pitch 
corresponds to slower table movement and thus longer scan 
time. The scanner has enough time to provide a sufficiently 
high tube current to reach the desired diagnostic image qual-
ity. Consequently, a lower kV setting can be chosen by the 
software. With a high pitch the scan time decreases, the tube 
may not be able to provide a high enough tube current per 
second (mAs) required at low kV settings.

In the current study, the scanner assigned 70 kV and 
90 kV to most patients. Previous studies with ATVS also 
found that a majority of CTA scans can be performed on 
the lower spectrum of possible kV settings (80–90 kV) [15, 
35–37]. These studies did not scan any patient with 70 kV, 
whereas in our study 70 kV was assigned in the majority 
of patients. Several explanations can be found: the differ-
ent quality reference kV and mAs, the slider position and 
pitch, the latter explained above. The quality reference kV 
and mAs can be set pre-acquisition to determine a user pre-
ferred image quality. Based on these references, the scanner 
calculates the optimal tube settings (kV and mAs) for each 
patient to reach a comparable image quality (CNR) as with 
the reference settings. With a higher reference kV and/or 
mAs, higher tube settings are needed to ensure the same 
image quality and the software will increase kV and/or mAs.

This study has some limitations. First, it is a single-cen-
tre study with a small population. A larger cohort might 
result in a larger number of patients chosen in higher kV 
settings (e.g. 100 kV and 110 kV). Furthermore, a larger 
cohort would improve the power of the results. Secondly, 
this study was executed as a feasibility study and therefore 
did not focus on a direct comparison with a control group.

To conclude, adaptation of IDR to ATVS (70 kV and 
90 kV) in CTA of the aorta is feasible and results in diag-
nostic image quality.
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