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Introduction

Transcatheter aortic valve replacement (TAVR) is a stan-
dard procedure for the treatment of aortic valve stenosis. 

A computed tomography angiography (CTA) of the thora-
coabdominal aorta is performed usually as an electrocar-
diogram (ECG)-gated high-pitch CTA to assess the 
approach through the femoral artery and the anatomy of 
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Abstract
Purpose: The aim of this study was to evaluate the radiation dose, image quality, and the potential of virtual monoenergetic 
imaging (VMI) reconstructions of high-pitch computed tomography angiography (CTA) of the thoracoabdominal aorta on 
a dual-source photon-counting detector–CT (PCD-CT) in comparison with an energy-integrating detector–CT (EID-CT), 
with a special focus on low-contrast attenuation. Methods: Consecutive patients being referred for an electrocardiogram 
(ECG)-gated, high-pitch CTA of the thoracoabdominal aorta prior to transcatheter aortic valve replacement (TAVR), and 
examined on the PCD-CT, were included in this prospective single-center study. For comparison, a retrospective patient 
group with ECG-gated, high-pitch CTA examinations of the thoracoabdominal aorta on EID-CT with a comparable scan 
protocol was matched for gender, body mass index, height, and age. Virtual monoenergetic imaging reconstructions from 
40 to 120 keV were performed. Enhancement and noise were measured in 7 vascular segments and the surrounding air 
as mean and standard deviation of CT values. The radiation dose was noted and signal-to-noise ratio (SNR) and contrast-
to-noise ratio (CNR) were calculated. Finally, a subgroup analysis was performed, comparing VMI reconstructions from 
40 keV to 70 keV in patients with at least a 50% decrease in contrast attenuation between the ascending aorta and 
femoral arteries. Results: Fifty patients (mean age 77.0±14.5 years; 31 women) were included. The radiation dose was 
significantly lower on the PCD-CT (4.2±1.4 vs. 7.2±2.2 mGy; p<0.001). With increasing keV, vascular noise, SNR, and 
CNR decreased. Intravascular attenuation was significantly higher on VMI at levels from 40 to 65, compared with levels 
of 120 keV (p<0.01 and p<0.005, respectively). On the PCD-CT, SNR was significantly higher in keV levels 40 and 70 (all 
p<0.001), and CNR was higher at keV levels 40 and 45 (each p<0.001), compared with scans on the EID-CT. At VMI ≤60 
keV, image noise was also significantly higher than that in the control group. The subgroup analysis showed a drastically 
improved diagnostic performance of the low-keV images in patients with low-contrast attenuation. Conclusion: The 
ECG-gated CTA of the thoracoabdominal aorta in high-pitch mode on PCD-CT have significantly lower radiation dose 
and higher objective image quality than EID-CT. In addition, low-keV VMI can salvage suboptimal contrast studies, further 
reducing radiation dose by eliminating the need for repeat scans.

Clinical Impact 
ECG-gated CT-angiographies of the thoracoabdominal aorta can be acquired with a lower radtiation dose and a 
better image quality by using a dual-source photon-countinge detector CT. Furthermore, the inherent spectral data 
offers the possiblity to improve undiagnostic images and thus saves the patient from further radiation and contrast 
application.
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the heart. This information is essential for the interven-
tionalists and surgeons to plan the procedure. The poten-
tial radiation dose reduction of high-pitch examinations 
has been demonstrated in many studies.1,2 Low-keV CTAs 
have also been evaluated to further reduce the radiation 
dose.3,4 In addition, the possibility of improving diagnos-
tic efficiency by using spectral images from a dual-source 
CT was investigated.5,6 However, when looking at the 
low-keV reconstructions of the virtual monoenergetic 
imaging (VMI), the increasing noise level became par-
ticularly apparent.7 Even with optimized iterative recon-
structions, this remains an issue.8

Recently, photon-counting detector–CT (PCD-CT) has 
become available in clinical routine. With the ability to 
adjust the photon energy threshold, electronic background 
noise can be eliminated from image acquisition.9,10 The 
advantage of higher vessel attenuation in low-keV VMIs,6,11 
in combination with the proven high spatial resolution12–14 
and possible noise reduction, potentially permits a higher 
diagnostic confidence in CT angiographies. There have 
been some studies showing the superiority of PCD-CT 
concerning the radiation dose and image quality during dif-
ferent examinations.15,16 However, the possibility to 
improve otherwise nondiagnostic images has not been 
under evaluation yet.

This study analyzes the objective image quality and radi-
ation dose of CT angiographies of the thoracoabdominal 
aorta with ECG-gating and a high-pitch factor performed 
on a PCD-CT compared with an energy-integrating detec-
tor–CT (EID-CT), with special focus on examinations with 
suboptimal contrast attenuation.

Materials and Methods

The Medical Research and Ethics Committee (MREC) of 
Ludwig Maxilimilan’s University (Munich, Germany) 
approved to conduct this prospective study (protocol no. 
21-0773) and the subsequent analysis of anonymized 
patient data. Informed consent was collected from each 
patient in the study group. The need for informed consent of 
the retrospective control group was waived by the institu-
tional review board. The study was performed concordantly 
with the ethical standards of the 1946 Declaration of 
Helsinki and its later amendments.

Patient Population

Inclusion criteria comprised written informed consent, age 
≥18 years, and an ECG-gated, high-pitch CTA of the thora-
coabdominal aorta on a first-generation dual-source 
PCD-CT (NAEOTOM alpha, Siemens Healthcare GmbH, 
Forchheim, Germany) as part of routine clinical care 
between April and July 2021 (PCD-CT cohort). Exclusion 
criteria were missing spectral data, incomplete protocol 
acquisition, and missing informed consent. A control group, 
matched for gender, body mass index (BMI), height, and 
age, was selected from patients examined between January 
2018 and July 2021 on a third-generation dual-source 
EID-CT (Somatom Definition Flash, Siemens Healthcare; 
EID-CT cohort). During the period when the scanners were 
in simultaneous clinical use, allocation to each scanner was 
based on availability without patient selection.

Scan Protocol and Image Reconstruction

An antecubital intravenous canula was used for contrast 
injection. A monophasic contrast protocol comprised an 
80 ml contrast material bolus (Ultravist 300, Bayer 
Healthcare, Berlin, Germany), followed by a 20 ml of a saline 
chaser, both injected using a power injector with a flow of 5 
ml/s. Scans were started after bolus triggering in the ascend-
ing aorta, using an enhancement threshold of 100 Hounsfield 
unit (HU) with a delay of 11 seconds. The scan stretched 
from the third cervical vertebra to the groin.

Scan protocols for both scanners were adopted from 
manufacturer recommendations. On the EID-CT, auto-
mated tube potential selection (ATPS; CARE kV, Siemens 
Healthineers) and automated tube current modulation were 
used (CareDose 4D, Siemens Healthineers, with reference 
mAs of 100, 120, and 140 kVp: 354, 320, and 312, respec-
tively). Collimation, pitch, and rotation time were 123 × 
0.6, 3.2, and 0.28 seconds, respectively.

On the PCD-CT, all scans were acquired at 120 kVp, 
using an image quality level of 64 and a spectral acquisition 
mode (“QuantumPlus,” Siemens Healthineers), using 4 
detector-based energy thresholds (20/30/65/70 keV). 
Collimation, pitch, and rotation time were 144 × 0.4, 3.2, 
and 0.25 seconds, respectively.

Medium smooth kernels and iterative reconstruction 
algorithms were used on both systems (I26s+ADMIRE 
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3 and Bv36+QIR 3 for EID-CT and PCD-CT, respec-
tively; Kernels and algorithms from Siemens Health- 
ineers). These combinations had been selected for clini-
cal routine based on their similar image texture impres-
sion. On the PCD-CT, an enhanced Digital Imaging  
and Communications in Medicine (DICOM) format 
(“Spectral Postprocessing” [SPP]) was chosen, which 
contains the spectral information.

All reconstructions were performed in axial orientation, 
using a slice thickness of 1.5 mm and an increment of 1 
mm, with a manually adapted field-of-view encompassing 
both legs and a matrix size of 512.

The SPP reconstructions were postprocessed using com-
mercially available software (Syngo.Via VB70A, Siemens 
Healthineers) to generate VMI reconstructions with identi-
cal field-of-view, matrix, and slice positioning at various 
keV levels (40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 110, 
and 120 keV).

Objective Image Analysis

Image analyses were performed on a dedicated workstation 
using commercially available (Onis 2.5, Tokyo, Japan) and 
open-source software (ImageJ, NIH, Bethesda, Maryland). 
Circular regions of interest (ROIs) were positioned in the 
left ventricle, the ascending aorta, the aortic arch, the 
descending aorta, the infrarenal aorta, and common femoral 
arteries. The measurements in the common femoral arteries 
were performed pairwise. For PCD-CT data sets, ROIs 
were drawn on the 70 keV VMIs and automatically copied 
to VMIs of all other keV levels, so that identical voxels of 
the data set were included (differing only in keV level),

The mean and standard deviation (SD) of CT values 
(HU) were derived from all ROIs as approximations for 
intravascular signal (SignalROI) and noise (NoiseROI). For 
each ROI, signal-to-noise ratio (SNR) and contrast-to-noise 
ratio (CNR) were calculated as follows [15]:

 SNR
MeanCTvalues

SDCTvaluesROI
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�
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For each patient, the means across all ROIs for HU val-
ues (Signalglobal), SDs (Noiseglobal), SNR (SNRglobal), and 
CNR (CNRglobal) were calculated as global descriptors of 
image quality on a per-patient level.

Subgroup Analysis

A subgroup analysis was performed in the study group, with 
the focus on patients with signs of a decreased cardiac output 
with a consecutively decreased velocity of blood flow in the 
body than in the rest of the study cohort. This was defined as 

a decrease of attenuation between the ascending aorta and 
the femoral artery of at least 50%, which can also signify an 
increase of nondiagnostic scans as the femoral arteries show 
a decreased attenuation and may not be assessable. The aim 
of this subgroup analysis was to evaluate whether low-keV 
reconstructions raise the number of diagnostic scans in case 
of suboptimal attenuation at the level of the femoral arteries. 
Subjective image quality parameters were assessed for VMI 
at 40 and 70 keV in axial image reconstructions. All data sets 
were independently evaluated by 2 readers with 8 and 15 
years’ experience, respectively. To ensure that both readers 
were blinded to the reconstruction and postprocessing set-
tings, all data sets were pseudonymized and all information 
about the reconstruction parameters was removed. Data sets 
were presented in random order. Readers used a simple 
DICOM viewer with multi-planar reconstruction (MPR) 
functionality, using a window center of 40 and a width of 
400, but raters were free to modify these settings as required.

Both readers independently rated vessel attenuation of 
the abdominal aorta, the common and external iliac artery, 
and the common femoral artery on a 5-point Likert scale (1 
= undiagnostic, 2 = poor with restricted diagnostic confi-
dence, 3 = moderate diagnostic confidence, 4 = good diag-
nostic confidence, and 5 = excellent diagnostic confidence). 
The definition for a diagnostic usable examination was a 
rating of 3 or above.

Statistical Analysis

Analyses were performed using R version 4.1.0 (R Foundation 
for Statistical Computing, Vienna, Austria). Data are pre-
sented as mean±SD or as median with interquartile range 
(IQR), as indicated. The normal distribution of data was 
assessed using the Shapiro-Wilk test. Comparisons of 2 
groups of continuous variables were performed using the 
Student t test for normally distributed data and the Wilcoxon-
Mann-Whitney test for nonparametric data. Categorial data 
were compared using the χ2 test. The Kruskal-Wallis test 
with post hoc Bonferroni adjustment was used to compare 
multiple groups. Inter-reader agreement was assessed using 
Krippendorff’s alpha and interpreted as follows: 0.0–0.20 = 
slight; 0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 
= substantial; and 0.81–1.0 = excellent. Statistically signifi-
cant differences were assumed at p values <0.05.

Results

Patient Population

Of the initially enrolled 53 patients, 3 were excluded due to 
missing spectral data (n=2) or an incomplete scan (n=1). 
Finally, 50 consecutive patients (mean age 77.0±14.5; 31 
women) were included in the PCD-CT group for subsequent 
analyses. The EID-CT group consisted of 50 patients who 
were selected, as described previously, from a group of 379 
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patients who had been examined on a third-generation, dual-
source EID-CT. There were no significant differences between 
both patient groups concerning gender, age, BMI, weight, and 
height. Using automatic tube potential selection, 5 patients in 
the EID-CT cohort were scanned at 100 kVp (c100), 24 
patients at 120 kVp (c120), and 21 patients at 140 kVp (c140). 
The computed tomography dose index (CTDI) and dose 
length product (DLP) were both 62% higher in the EID-CT 
cohort than in the PCD-CT cohort (p<0.001). Table 1 shows 
the baseline patient characteristics for both patient groups.

Objective Image Analysis

Table 2 shows the mean global image quality parameters across 
all patients for the PCD-CT and EID-CT cohorts. Table 3 shows 
the distribution of HU at the measured localizations.

The mean attenuation levels decreased with the increase 
of keV. In comparison with the c100 control group, the keV 
levels from 40 to 55 showed a significantly higher mean 
attenuation (p<0.01). When looking at the control group 
examined with 120 kVp, the keV levels from 40 to 70 
showed a significantly higher attenuation (p<0.01), the 
keV levels at 75 and 80 showed no significant difference, 
and the levels above showed a significantly lower signal 
(p<0.001). Similar results were shown for the control group 
c140, with the tipping point being keV level 90. Furthermore, 
there was a significant difference between the 3 control 
groups in favor of the lower kVp examinations (p<0.001).

Image noise decreased with increasing keV levels and 
was significantly lower for all control groups (p<0.05) up 
to keV level 65 for c100, 75 for c120, and 90 for c140, after 
which the differences were no longer significant. The 

Table 1. Baseline Patient Characteristics for Both Patient Groups.

PCD-CT cohort
(n=50)

EID-CT cohort
(n=50) p value

Age, years 77.0±14.5 81.5±6.3 0.0603
Sex, female (%) 31 (62) 31 (62) 1
Weight, kg 74.6±16.4 73.8±15.7 0.8190
Height, m 1.7±0.1 1.7±0.1 0.9059
BMI,a kg/m2 25.6 (23.8–29.6) 25.4 (23.9–28.6) 0.7933
Tube ct product, mAsa 57.0 (44.0–75.0) 349.0 (310.0–368.0) <0.001
CTDIvol,a mGy 4.0 (3.1–4.9) 6.5 (5.5–9.7) <0.001
DLP,a mGyacm 288.0 (207.0–402.0) 466.0 (365.0–681.0) <0.001

Data are n (%) or mean±SD or median (interquartile range).
Abbreviations: BMI, body mass index; CTDIvol, computed tomography dose index–volume; DLP, dose length product; EID, energy-integrating 
detector; PCD, photon-counting detector; Tube ct product, Tube current-time product.
aNon-normally distributed.

Table 2. Mean Global Image Quality Parameters Across All Patients for the PCD-CT and EID-CT Cohorts.

keV/kVp SignalGlobal/HU NoiseGlobal/HU CNRGlobal SNRGlobal

40 1056.7±325.9 36.3±11.6 27.4±11.8 30.1±13.0
45 857.3±261.7 32.2±10.0 24.8±10.7 27.1±11.6
50 688.7±218.9 28.5±9.0 22.1±9.7 24.1±10.4
55 569.3±178.7 25.8±8.0 20.0±8.8 21.7±9.3
60 476.1±147.3 23.5±7.3 18.1±7.9 19.6±8.2
65 403.0±122.6 20.6±6.3 17.2±7.6 18.4±7.5
70 343.7±103.9 19.0±5.8 15.7±7.0 16.6±6.5
75 296.2±88.9 18.2±5.4 13.9±6.3 14.7±5.6
80 256.7±77.6 17.8±5.2 12.2±5.7 13.1±5.0
90 201.5±58.2 17.3±5.0 9.4±4.5 10.6±4.0
100 163.3±45.2 17.1±5.0 7.4±3.5 8.7±3.2
110 136.0±36.4 17.1±4.9 5.9±2.9 7.3±2.7
120 116.1±30.2 17.0±4.9 4.7±2.4 6.3±2.3
c100 369.8±133.6 21.3±11.6 19.3±12.9 21.9±12.9
c120 249.9±108.3 18.5±6.3 12.0±6.5 12.7±5.9
c140 183.7±98.8 16.9±6.4 8.4±5.4 9.3±5.3

Data are mean±SD.
Abbreviations: CNR, contrast-to-noise ratio; EID-CT, energy-integrating detector–computed tomography; HU, Hounsfield unit; PCD-CT, photon-
counting detector–computed tomography; SNR, signal-to-noise ratio.
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difference of image noise between the different keV levels 
was highly significant (p<0.001) until p increased to 0.206 
between keV level 80 and 90. There was no significant dif-
ference in image noise between the control groups c100 and 
c120. However, there was a significant difference when 
comparing the 2 lower kVp control groups with the c140 
control group (p<0.05).

The SNR increased with decreasing keV levels (Figure 1 
and Table S1). In comparison with the c100 control group, 
the keV levels from 40 to 50 showed no significant differ-
ence, whereas the keV levels above showed a significantly 
lower SNR (p<0.05). When looking at the control groups 
c120 and c140, the keV levels from 40 to 65 and 40 to 80, 
respectively, showed a significantly higher SNR (p<0.01). 

Figure 1. Results of signal-to-noise ratio comparing different keV levels of the photon-counting detector–computed tomography 
(PCD-CT) and both control groups of the energy-integrating detector–computed tomography (EID-CT; c80 and c100). SNR, signal-
to-noise ratio.
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The differences of SNR between the 3 control groups were 
highly significant (p<0.0001).

The CNR also increased with decreasing keV levels, as 
shown in Figure 2 (Supplemental Table S2). Similar to 
the SNR, the c100 control group showed no significant 
difference in the lower keV levels (40–60), whereas the 

CNR decreased significantly in the keV levels above, 
compared with c100 (p<0.05). When looking at the con-
trol groups c120 and c140, the keV levels from 40 to 65 
and 40 to 75, respectively, showed a significantly higher 
CNR (p<0.005). The differences of SNR between the  
3 control groups were highly significant (p<0.005). 

Figure 2. Results of contrast-to-noise ratio comparing different keV levels of the photon-counting detector–computed tomography 
(PCD-CT) and the control groups of the energy-integrating detector–computed tomography (EID-CT; c100, c120, and c140). CNR, 
contrast-to-noise ratio.
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Representative reconstructions of all keV levels are 
shown in Figure 3.

Subjective Image Analysis

Eight patients in the study group showed signs of a decreased 
cardiac output as defined previously. The vessel attenuation 
in the keV level 40 was rated significantly better than at 
level 70 (p<0.01); the rate of acceptable diagnostic imag-
ing improved from 50% to 75% according to the above-
mentioned definition (Table 4, Figure 4). An example for 
the improvement of attenuation is shown in Figure 5. The 

interrater agreement was excellent (Krippendorff`s α = 
.84).

Discussion

This study evaluated the image quality and radiation dose of 
high-pitch thoracoabdominal CTA of a dual-source PCD-CT 
in comparison with a conventional dual-source EID-CT, 
with special focus on the potential of VMI reconstructions 
to salvage studies with suboptimal contrast. The main find-
ings of this study are the superior objective image quality of 
PCD-CT scans in addition to lower radiation dose. Focusing 
on acquisitions with suboptimal contrast in the iliacofemo-
ral arteries, low-keV VMI reconstructions could signifi-
cantly increase the vascular contrast, making them usable 
and thus avoiding the need for repeat scans.

Using low-keV VMI, we found a significant increase of 
both contrast attenuation and noise, resulting in a signifi-
cantly higher CNR at 40 and 45 keV, compared with the 
control group at the EID-CT. This concurs with Euler et al16 
who also showed that the increase of noise did not influence 
the overall image quality in the subjective analysis signifi-
cantly. Other studies have shown the same effect in various 
different regions of investigation.17,18

Although examination protocols as similar as possible 
were used for both CT scanners, the ATPS at the EID-CT 
chose for 5 patients 100 kVp, for 24 patients 120 kVp, and 
for 21 patients 140 kVp. The novel PCD-CT, however, 
allowed spectral analysis only when conducting the exami-
nations with a peak voltage of 120 kVp. Nonetheless, the 
overall radiation dose was significantly lower in the 
PCD-CT group (p<0.001). Similar results were seen in the 

Figure 3. Example of image quality for photon-counting detector–computed tomography (PCD-CT) and energy-integrating 
detector–computed tomography (EID-CT). Comparison of different keV levels of a patient of the PCD-CT cohort and a patient of 
the EID-CT cohort.

Table 4. Results of the rating on a five-point Likert scale.

40 keV 70 keV p value

Aorta 4.88±0.33
5.0 (5.0–5.0)

4.29±1.00
4.5 (4.0–5.0)

0.01342

CIA ri. 4.68±1.10
5.0 (5.0–5.0)

3.76±1.11
4.0 (4.0–4.0)

<0.001

CIA le. 4.74±0.87
5.0 (5.0–5.0)

3.79±1.12
4.0 (4.0–4.5)

<0.001

EIA ri. 4.56±1.27
5.0 (5.0–5.0)

3.44±1.12
3.5 (3.0–4.0)

<0.001

EIA le. 4.62±1.22
5.0 (5.0–5.0)

3.53±1.08
4.0 (3.5–4.0)

<0.001

CFA ri. 3.94±1.60
5.0 (3.0–4.0)

2.85±1.55
3.5 (2.0–4.0)

0.01451

CFA le. 4.03±1.48
5.0 (3.5–5.0)

2.91±1.45
3.5 (2.0–4.0)

0.01186

Abbreviations: CFA, common femoral artery; CIA, common iliac artery; 
EIA, external iliac artery; le, left; ri, right.
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study of Euler et al.16 As seen in low-keV studies on 
EID-CT, vascular imaging of the lower legs can be con-
ducted at low voltage tube settings and still offer great diag-
nostic value.19 Wei et al20 have shown a potential for not 
only a decrease of radiation dose but also a simultaneous 
reduction of contrast medium when examining thoracoab-
dominal aortas with an EID-CT. There are already in vitro 

studies showing the PCD-CT’s potential of dose reduction 
using a phantom.21

Furthermore, there is a high potential of reducing the 
iodine load in low-keV VMIs. Virtual monoenergetic 
images have been in use since the establishment of dual-
source CT scanners. As shown by Sudarski et al,22 low-
energy VMIs of EID-CT offer a better contrast attenuation, 

Figure 4. Results of the subjective rating at different locations for 40 and 70 keV. CFA, common femoral artery; CIA, common iliac 
artery; EIA, external iliac artery.

Figure 5. Examples of the improvement of contrast attenuation comparing 40 to 70 keV when looking at the commune femoral 
artery.
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but the diagnostic confidence also suffers from the higher 
noise levels. Furthermore, there were several other studies, 
comparing VMI of EID-CT with conventional polyener-
getic images, with the same results.22,23 Further studies 
compared optimized VMIs with standard VMI.24,25 This 
optimization was created by noise-reducing reconstruction 
algorithms. Both studies showed an improvement of diag-
nostic quality in lower keV levels, but still mentioned a rise 
in noise levels. As seen in several studies on EID-CT, recon-
structing low-keV VMIs offers the possibility of reducing 
the iodine load to about 50% while maintaining the radia-
tion dose.26–28 However, Yoshida et al29 showed a signifi-
cant advantage of low kV examinations in comparison with 
low-keV VMIs when using a reduced iodine load.

The newest studies have shown that this principle can 
also be applied to PCD-CT. The decrease of noise levels 
due to the use of PCD-CT in low-keV reconstructions offers 
new possibilities for diagnostic improvement. Emrich 
et al30 proposed a reduction of contrast media concentration 
of up to 50% for coronary CTA due to their results on a 
phantom study. However, a clinical validation has yet to be 
conducted. Nonetheless, in a prospective study, Higashigaito 
et al31 demonstrated a noninferior image quality of PCD-CT 
reconstructions at 50 keV with a contrast media volume 
reduction of 25% compared with EID-CT. How the aspects 
of dose reduction and spectral imaging in PCD-CT can and 
will further be combined remains to be seen.

Various studies investigated the possible benefit of 
PCD-CT when using VMI reconstructions due to its unique 
ability to lower background noise.15,32 The overall consent 
is that a VMI reconstruction of 45 to 50 keV exceedingly 
improves the contrast attenuation and leaves the image 
quality vastly unaffected. We concur with this assessment, 
but we do propose VMI reconstructions of 40 keV, espe-
cially when looking at low attenuation CTA. In the subjec-
tive rating of the subgroup analysis, we were able to show 
that, with the low-keV reconstructions, it is possible to 
increase the number of diagnostic acceptable scans in case 
of decreased contrast of approximately 50%. On one hand, 
this implies the possibility to decrease the overall use of 
contrast medium as described previously, but on the other 
hand it also entails the possibility to improve primary non-
diagnostic images to a diagnostic level without the need to 
repeat the examination. This entails not only a decrease of 
repeat examination but also consequently reduces the iodine 
application for the patients. How well this retrospect amend-
ment will work in a clinical setting has to be validated with 
further studies.

There are a few limitations in the setup of this study. 
First, this is a retrospective single-center study. Second, as 
mentioned previously, the lack of ability to examine patients 
with ATPS on PCD-CT and still obtain spectral information 
means that the possibility of radiation dose reduction can be 
further increased. Finally, subgroup analyses comprised 

only a small number of patients. To confirm the findings of 
this study and to further assess the potential of low-keV 
VMI, larger prospective analyses should be performed.

In conclusion, low-keV VMIs of the thoracoabdominal 
CTA of PCD-CT result in significantly higher CNR and 
SNR than EID-CT images. We propose 40 keV reconstruc-
tions to improve diagnostic confidence, especially in cases 
with low-contrast attenuation, to salvage studies with sub-
optimal contrast of the iliaco-femoral access route and thus 
reduce radiation dose by omitting repeat scans.
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