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Abstract

Objective To compare dose and image quality of 64-slice,
first and second generation dual-energy CT (DECT) for CT
pulmonary angiography (CTPA).

Methods Totally 120 patients, 30 in each group, underwent
CTPA on a first generation (group 1: single-energy,
120 kV/145 mAs; group 2: DE, 140/80 kV, 70/350 mAs)
or second generation dual-source DECT device (group 3:
DE, 100/Sn140 kV, 120/102 mAs; group 4: DE, 80/Sn140
kV, 202/86 mAs). CTDIvol, DLP, background noise (BN),
thorax diameter and attenuation in the pulmonary trunk
were compared.

Results Thorax diameter and attenuation in the pulmonary
trunk did not differ significantly (p>0.4 and >0.19)
between the groups. Mean CTDIvol and DLP were
significantly lower (p<0.003) in group 4 (6.2+1.6 mGy/
170+41 mGycm) compared to group 1 (8.5+2.6 mGy/235
+117 mGycm), group 2 (9.2+3.3 mGy/224+122 mGycm)
and group 3 (8.7+2.8 mGy/246+86 mGycm). BN was
significantly lower (»<0.0001) in group 4 (12+3 HU) and
group 1 (13+£6 HU) compared to group 3 and 2 (166 HU
and 23+9).

Conclusion The use of second generation DECT in 80/
Sn140 kV configuration allows for significant dose reduc-
tion with image quality similar to 120 kV CTPA.
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Introduction

Pulmonary embolism (PE) represents a frequent and
relevant condition in daily clinical routine associated
with high mortality [1, 2]. Morbidity and mortality
resulting from PE can be reduced significantly by early
initiation of appropriate treatment [3—5]. Therefore, accu-
rate and timely diagnosis is imperative and heavily relies
on thin-section multi-detector row computed tomography
(MDCT) pulmonary CT angiography (CTPA) rather than
invasive pulmonary angiography and ventilation/perfusion
scintigraphy [6—8]. With the introduction of dual-source
CT systems and their capability of dual-energy imaging
evaluation of PE has entered a new age: This new CT
generation combines thin-section collimation with the
opportunity of spectral imaging [9]. Beyond emboli
visualization, dual-energy CTPA contributes functional
aspects: Making use of the unique x-ray absorption
characteristics of iodinated contrast material at high and
low photon energies (given by tube potential settings) [10,
11], DECT allows to create iodine distribution maps of the
lung parenchyma and to display perfusion defects caused
by obstructive PE or other lung abnormalities [12-20].
However, there is only little data available regarding
dose and image quality at CTPA with this new technique.
Although CT examinations account only for a minority of
radiological procedures, they are jointly accountable for the
predominant percentage of iatrogenic diagnostic radiation
exposure of the population [21-23]. In recent years, many
approaches to reduce patient dose at CTPA have been
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investigated including routine use of automatic exposure
control software, reduction of tube current and tube potential.
Since the introduction of DECT with the dual-source approach
there have been concerns about exposing the patient to
excessive dose as the same volume is simultaneously
irradiated by two x-ray tubes. First data from a phantom study
could rebut this concern [24]. However, transferring results
from a phantom to patients is generally difficult, as dose and
image quality is largely dependent on patient parameters that
cannot be simulated by a static phantom. The present study
reflects our experience with dual-energy CTPA in clinical
routine with two generations of dual-source dual-energy CT
in unselected consecutive patients who were referred to our
department to rule out pulmonary embolism. The purpose of
this study was to investigate dose levels and image quality
parameters for both generations of dual-source dual-energy
CT and compare them to a standard single-source single-
energy CTPA protocol of a 64-slice device.

Methods and materials
Patient population

The data analysed retrospectively in this study was acquired in
a time frame of 34 months (August 2007 until June 2010).
During that time, our installed CT devices as well as CT
protocols underwent some changes. Until December 2009,
every patient referred to CTPA for suspected PE was
examined on a dual-source CT device of the first generation
(Somatom Definition, Siemens Healthcare, Forchheim,
Germany). Between August and December 2007, patients
were examined with the single-source protocol introduced
below (group 1). Between January 2008 and December 2009,
patients were examined in dual-energy mode (140 kV/80 kV).

Table 1 CT protocols. A collimation of 14x1.2 is used to
compensate for higher incidence of cross-scattered radiation in dual
energy mode with the dual source CT device of the first generation. In

Patients of group 2, however, were selected from the time span
between July 2009 and December 2009, when we had
implemented our dedicated dual-energy contrast injection
protocol introduced below. In mid December 2009, the CT
machine was replaced by a dual-source CT device of the
second generation (Somatom Definition Flash, Siemens
Healthcare). From December 2009 to March 2010 patients
underwent dual-energy CTPA with a 100 kV/140 kV + tin
filter protocol (group 3). From there on patients (group 4)
were examined with an 80 kV/140 kV + tin filter protocol.
From every group, 30 randomly selected patients were
included for this analysis. There were no exclusion criteria.
The ethics committee of our hospital did not see any ethical
problems and waived the need for informed patient consent.

CT protocols

Details on CT protocols are given in Table 1. While in the
first generation of DECT, collimation for CTPA was
restricted to 1.2 mm for optimized cross-scattered radiation
correction, the second CT generation features improved
software-base cross-scattered radiation correction and there-
fore allows to use a 0.6 mm collimation also in dual-energy
mode. Further, the spectrum of the 140 kV tube is
additionally hardened by a tin filter (Sn) for better
separation of the mean spectra emitted by the low and high
kV tube and for better tissue penetration. CT protocol
settings followed the manufacturer’s recommendations.
Due to the restricted detector collimation of 14 1.2 mm in
group 2, images were reconstructed at a slice thickness of
1.5 mm with a position increment of 1.0 mm with a medium-
soft convolution kernel (B30f). In group 1, 3 and 4, images
were reconstructed at 1.0 mm slice thickness with 0.5 mm
increment using the same kernel (B30f). By default, three
images series are reconstructed for dual-energy examinations:

the second generation, algorithm-based cross-scatter correction was
improved and now a thin collimation can be used. The spectrum of the
140 kV tube is additionally hardened by a tin filter (Sn)

Parameter Group 1 Group 2 Group 3 Group 4

CT mode Single-source Dual-source Dual-source Dual-source
Single-energy Dual-energy Dual-energy Dual-energy

Collimation 2x32x0.6 mm 14x1.2 mm on 64x0.6 mm on 64x0.6 mm on

Rotation time
Pitch

Automatic exposure control
(CAREdose4D)
Tube potential

Tube current time product

(z-flying focal spot)
05s
1.2
On

120 kV

145 mAs

both detectors
033 s
0.7
On

140/80 kV on tube A/B

70/350 mAs on tube A/B

both detectors
028 s
0.55
On

100/Sn140 kV on tube A/B

120/102 mAs on tube A/B

both detectors
0.28 s
0.55
On

80/Sn140 kV on
tube A/B

202/86 mAs on
tube A/B
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One series each for the high and low kV, and one mixed series
merging information of both the high and low kV data set to
create an image impression of a virtual 120 kV examination.
For that purpose, 70% of the 140 kV and 30% of the 80 kV
data were blended (so called M_03 series) in group 2. In group
3, 60% of the 100 kV data and 40% of the hardened 140 kV
spectrum data were blended (M_0.6 series). In group 4, a
mixing ratio of 40% of the 80 kV data and 60% of the
hardened 140 kV spectrum was used (M_0.4 series). Blending
ratios followed the manufacturer’s recommendations.

CT examinations were contrast-enhanced using iodinated
contrast material (CM) with 400 mgl/ml (Imeron 400, Bracco,
Konstanz, Germany), injected into an antecubital vein with a
flow of 4 ml/s. In group 1, 75 ml of CM was followed by a
40 ml NaCl chaser bolus. As DECT iodine mapping is very
sensitive for dense contrast material in the subclavian vein and
superior vena cava, the use of a compact CM bolus with a
good wash out of the venous system is essential to avoid
artifacts. Therefore, we used a 50 ml bolus of pure CM,
followed by 30 ml of a mixed phase with 30% of CM and 70%
of NaCl, followed by a 50 ml chaser bolus of pure NaCl in
groups 2—4. This protocol has shown satisfying results with
vascular enhancement and low artefact burden on lung
perfusion analysis in our daily routine use. In all patients,
bolus tracking was used for automated start of the
examination with a start trigger of 140 HU within the
pulmonary trunk and a start delay of 7 s. Images were
acquired in caudocranial direction between the apices
and costophrenic recesses with the lungs held in normal
expiration (“Breathe in, breathe out, don’t breathe”).

Dose estimates and image quality analysis

For the estimation of radiation doses, we recorded the
volume CT dose index (CTDI,,, in mGy), and dose length
product (DLP in mGycm) from the patient protocol, which
is automatically generated after the end of an examination
and stored in the PACS of our department.

The biggest thoracic diameter from skin surface to skin
surface was measured in axial slices in each patient to
compare the groups in terms of body habitus. As measures
of image quality several region-of-interest (ROI) measure-
ments were performed on a RIS/PACS workstation (Centricity
4.1, General Electric Healthcare, Dornstadt, Germany) using a
circle tool. Mean attenuation values and standard deviation
were recorded and displayed in Hounsfield Units (HU).
Background noise (BN) was determined as the standard
deviation of air measured presternally in front of the patient.
The attenuation in the pulmonary trunk (Aprt), the apical
segmental artery (Ag;) and posterior basal segmental artery
(Ag1o) was measured. ROI were drawn as large as possible
to include as much of the contrast filled lumen of the
pulmonary arteries. On segmental level, ROI were placed as

distally as possible but in a vessel part with a diameter of at
least 4 mm. If an embolus was present in the respective
segmental pulmonary artery, the contralateral vessel was
measured. All measurements were performed by a radiolo-
gist with 6 month of experience in chest CT. Based on these
measurements, signal-to-noise ratio (SNR) was determined
according to the following equation:

(a) SNR = APulmonary artery / BN.

A frequency distribution analysis was performed for
density values in the pulmonary arteries in both groups using
a cut-off value of 200 HU, a value that has been previously
described as attenuation margin for diagnostic CT angiogra-
phy [25-27]. Image quality was further rated subjectively
and independently by two blinded radiologists with more
than 5 years of experience in chest CT according to a five-
point scale (1 = excellent to the very peripheral branches, 2 =
good, exclusion of PE to the subsegmental level surely
possible, 3 = moderate, exclusion of PE sure to segmental
level, uncertainties beyond, 4 = still diagnostic to lobar level
but with significantly reduced confidence beyond, 5 = non-
diagnostic, needed to be repeated). In groups 2-4, all
measurements and ratings were performed on the mixed,
virtual 120 kV series (i.e. M_03, M 0.6, M_0.4).

Statistical analysis

Analyses were performed computer-based with dedicated
software (BiAS 9.02, Epsilon Verlag, Frankfurt, Germany).
Patient age, thorax diameters, attenuation values, SNR,
subjective image quality score, DLP and CTDI,,, are
expressed as mean values + standard deviations. We tested
continuous variables for normal distribution using the
Kolmogoroff-Smirnoff-Lilliefors test, corrected according
to Dallal-Wilkinson as appropriate. Since data was distrib-
uted non-normally, we applied the U test according to
Wilcoxon-Mann-Whitney. We considered a p-value of less
than 5% to be statistically significant and used two-sided
tests. We applied Fisher’s exact test to compare the
incidence of PE and the frequency distribution of patients
with respect to gender and an attenuation margin of 200 HU
in their pulmonary arteries. Inter-observer agreement of
subjective image quality ratings was assessed with Cohan’s
weighted kappa analysis.

Results
Patient characteristics

Patient characteristics are summarized in Table 2. Patients
in group 2 were significantly (p<0.033) younger (50.7+
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Table 2 Patient characteristics. Data for age and horizontal thorax
diameters are displayed as mean =+ standard deviation, range is given
in parentheses. Patients in group 2 were significantly younger
compared to patients in group 3 and 4. Beyond that, no significant
differences were found regarding age, gender distribution, incidence
of pulmonary embolism (PE) and thorax diameter. A p-value of <0.05

indicated statistically significant differences. For better clarity, non-
significant (n/s) p-values are not displayed. Group 1 = 64-slice CT,
group 2 = dual-energy CT first generation, group 3 = dual-energy CT
second generation 100 kV/Sn140 kV, group 4 = dual-energy CT
second generation 80 kV/Sn140 kV

Parameter Group 1 Group 2

Age (years) 60.0+£15.9 (18-85) 50.7£19.0 (21-81)

12 :18

Horizontal thorax diameter (cm)

Men : women 16 : 14

- All 33.7+4.9 (26.5-51.7) 33.3+4.5 (26.0-49.5)
- Men 35.142.5 (31.8-39.4) 33.942.8 (30.4-39.8)
- Women 32.845.8 (26.5-51.7) 32.646.0 (26.0-49.5)
PE 7/30 (23.3%) 8/30 (26.7 %)

Group 3 Group 4 P

61.9 £15.7 (32-91) 61.9+18.1 (19-90) 2 vs. 3: 0.019
2 vs. 4: 0.033

rest: n/s

17 : 13 12 : 18 all: n/s

32.9+3.5 (25.8-41.3) 32.9+3.3 (25.4-40.6) all: n/s

33.3+£2.7 (29.2-38.5) 33.6+3.6 (25.4-40.6) all: n/s

32.4+4.3 (25.8-41.3) 32.4+3.0 (27.9-38.7) all: n/s

7/30 (23.2%) 9/30 (30%) all: n/s

19.0 years) compared to patients in group 3 and 4. Beyond
that, no significant differences were found regarding gender
distribution or incidence of pulmonary embolism (7/30 vs.
8/30 vs. 7/30 vs. 9/30 cases for group 1 vs. 2 vs. 3 vs. 4).
Mean thorax diameter did also not differ significantly
between the groups. Therefore, further analysis and
comparison of radiation exposure and image quality was
considered feasible and valid.

Radiation dose

Mean CTDI,; and DLP were significantly lower (p<0.013)
in group 4 (6.2+1.6 mGy/170+41 mGycm) compared to
group 1 (8.5£2.6 mGy/235+117 mGycm), group 2 (9.2+
3.3 mGy/224+122 mGycm) and group 3 (8.7+2.8 mGy/
246+86 mGycm). Differences between groups 1-3 were
insignificant. Similar results were observed when looking at
CTDI,,; separately for male and female patients in the four
different groups. While DLP of male patients showed the
same distribution, the mean DLP of female patients of
group 2 (186+71 mGycm) was the second lowest after
group 4 (175+43 mGycm) and therefore significantly lower
than in group 3 (252+102 mGycm). As a consequence, the
difference between group 2 and 4 did not reach statistical
significance. Data is summarized in Table 3.

Image quality

BN was significantly lower (p<0.0001) in group 4 (12+3
HU) and group 1 (13+£6 HU) compared to group 3 and 2
(16+6 HU and 23+9). Differences between group 1 and 4
were insignificant. The attenuation within the pulmonary
trunk was a little higher in group 4 (341+102 HU),
compared to group 2 (324+£104 HU), group 1 (317496
HU) and group 3 (302+116 HU), but without statistical
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significance between the groups. Regarding segmental
arteries, significantly higher attenuation was found for
segment 1 artery (389+120 HU) in group 1 compared to
all other groups. Corresponding SNR for the pulmonary
trunk and the segmental arteries S1 and S10 were
significantly higher for group 1 and 4 compared to group
2 and 3 (Fig. 1). Data is summarized in Table 4.

Comparing group 1, 2, 3 and 4, a vascular attenuation of
>200 HU was achieved for the pulmonary trunk in 28
(93.3%), 26 (86.7%), 25 (83.3%) and 30 (100%) patients,
for the S1 artery in 28 (93.3%), 27 (90%), 25 (83.3%) and
26 (86.7%) patients, and for the S10 artery in 30 (100%),
25 (83.3%), 28 (93.3%) and 28 (93.3%) patients, respec-
tively. Differences between the groups were insignificant (p
for all >0.05).

Mean subjective image quality was rated best for group
4 by both observers (1.53+£0.63 and 1.77+0.68; k=0.74
with p=0.0015) followed by group 1 (1.70+0.75 and 1.80+
0.81; k=0.80 with p=0.0078) with no significant difference
between both groups. Subjective image quality was rated
lower in group 2 (2.00£0.74 and 2.13+0.78; k=0.82 with
»=0.0001) and group 3 (1.96+1.00 and 2.00+1.05; k=0.95
with p<0.0001) by both observers compared to group 1 and
4. However, only between group 2 and 4, there was a
significant difference in image quality score with observer 1
in favour for group 4. No examination needed to be
repeated due to unsatisfying image quality (i.e. “5”). Data is
summarized in Table 4.

Discussion
In a first phantom study, Schenzle et al. [24] were able to

show that with the same dual-source CT systems as in the
underlying study there is no increase in dose with constant
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Table 3 Dose parameters. Group 4 showed the lowest dose parameters
with significant differences compared to all other groups. All values are
displayed as mean =+ standard deviation, range is given in parentheses. A
p-value of <0.05 indicated statistically significant differences. For better

clarity, non-significant (1/s) p-values are not displayed. Group 1 = 64-
slice CT, group 2 = dual-energy CT first generation, group 3 = dual-
energy CT second generation 100 kV/Sn140 kV, group 4 = dual-energy
CT second generation 80 kV/Sn140 kV

Parameter Group 1 Group 2 Group 3 Group 4 p

CTDlIvol

- All 8.5+£2.6 (4.2-15.6) 9.243.3 (5.7-22.6) 8.7+2.8 (4.8-14.5) 6.2+1.6 (3.9-9.2) 1 vs. 4: 0.0002
2 vs. 4: < 0.0001
3 vs. 4: 0.0002

- Men 8.5+3.0 (5.2-15.6) 10.0£3.7 (6.7-22.6) 8.3£2.6 (4.8-14.5) 6.0+1.4 (4.4-8.5) 1 vs. 4:0.013
2 vs. 4: <0.0001
3 vs. 4:0.010

- Women 8.4+2.4 (4.2-14.8) 8.3+2.8 (5.7-16.4) 9.3£3.1 (5.4-14.0) 6.3+£1.7 (3.9-9.2) 1 vs. 4: 0.005
2 vs. 4: 0.034
3 vs. 4: 0.003

DLP

- All 235+117 (100-657) 224+122 (136-794) 246+86 (137-438) 170+41 (92-252) 1 vs. 4: 0.0025
2 vs. 4: 0.013
3 vs. 4: 0.0003

- Men 242+118 (143-556) 257+148 (162-794) 241+75 (137-432) 163+37 (92-228) 1 vs. 4: 0.021
2 vs. 4: 0.002
3 vs. 4: 0.001

- Women 230+118 (100-657) 186+71 (136-402) 252+102 (140-438) 175+43 (122-252) 1 vs. 4: 0.045
2 vs. 3: 0.042
3 vs. 4: 0.024

noise levels in comparison to a 120 kV standard protocol.
However, transferring results from a phantom trial to
clinical routine use in patients is generally difficult, as dose
and image quality is largely dependent on patient param-
eters that cannot be simulated by a static phantom. Further,
the 80 kV/Sn140 kV configuration of the second generation
DECT was not investigated in that study. In terms of dose
exposure, our clinical results support Schenzle’s findings
for the 140 kV/80 kV and 100 kV/Sn140 kV configuration
in comparison to our standard clinical 120 kV single-energy
protocol. When looking at separate gender-based analysis
of our data, we even found lower DLP in female patients of
group 2 examined on first generation DECT. On the other
hand, CTDIvol did not show any statistically significant
differences compared to group 1 and 3, hence this finding is
most likely based on shorter z-axis coverage in female
patients of group 2. When it comes to image quality
parameters, contrary to Schenzle’s observations, the
140 kV/80 kV configuration of the first generation DECT
showed almost double the noise values than the 120 kV
single-energy protocol although images were reconstructed
at 1.5 mm compared to 1.0 mm and a 14x1.2 mm
collimation was used for optimized cross-scatter correction.
Taking this into account, image noise could be expected to
be even higher, if a 0.6 mm collimation with 1.0 mm

reconstructed images had been used. To what degree that
would have affected subjective image quality, however,
cannot be appreciated with the data of this work.

As a relevant finding we were able to show that with the
80 kV/Sn140 kV configuration of the second generation
DECT a noise level equal to that of 120 kV single-energy
CT examinations with a significant reduction of patient
dose is achievable in clinical routine. Although a “soft”
80 kV spectrum on tube A was used in group 4, no adverse
effects on image quality were observed, but a relevant
impact on dose parameters was achieved. A possible
explanation for this finding may be that the 140 kV
spectrum, which is additionally hardened by a tin filter,
contributes data for high spatial resolution with little noise,
while the 80 kV spectrum contributes excellent iodine
contrast. Hence, to create a virtual 120 kV image
impression, only 40% of the 80 kV data needs to be
blended with 60% of the Sn140 kV data. This allows to
keep the influence of higher image noise with the softer
spectrum low on the one hand, but to benefit from the
inherent lower dose profile of the 80 kV spectrum on the
other hand. A tube potential of 100 kV will show a more
disadvantageous dose profile with lower iodine contrast. To
achieve a similar contrast impression with the 100 kV/
Sn140 kV configuration, 60% of the 100 kV data needs to
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Fig. 1 Comparison of image
quality. a—d give an example
for image impression achieved
with 120 kV 64-slice CT (a),
first generation dual-energy CT
(b) and second generation dual-
energy CT with 100 kV/Sn140
kV configuration (c) and 80 kV/
Sn140 kV configuration (d).
Section thickness is 1.0 mm for
image a, ¢ and d and 1.5 mm for
image b. Image noise was mea-
sured with a region-of-interest
tool presternally as standard de-
viation of air. Typical noise
values are noted with 8.8 HU (a)
and 8.9 HU (d) for 120 kV 64-
slice and second generation
DECT with 80/Sn140 kV. Image
noise was slightly higher with
the 100/Sn140 kV configuration
(e.g. 15.8 HU in image ¢) and
clearly higher for first genera-
tion DECT (in this case 28.3 HU
in image b). The corresponding
signal-to-noise-ratio was 41.8
(a), 18.9 (b), 20.1 (c) and 58.8
(d), respectively

be blended with 40% of the Sn140 kV data, hence resulting
in a slightly but significantly increased image noise in
group 3 with dose parameters equal to group 1 and 2, but
significantly higher than in group 4 (i.e. 80 kV/Sn140 kV).
Beyond this, tube current settings for the Sn140 kV tube
were lower in group 4 than in group 3 due to technical
requirements given by the manufacturer, which represents
another factor for lower dose parameters in group 4.
Especially in front of the increasing debate about radiation
dose in CT this is an important observation as dual-energy CT
sees itself in a tough competition from so called low-dose CT
protocols for CTPA with single-energy devices. These low-
dose protocols mostly base on the fact that it has been
understood that lowering the tube potential from 140 kV or
120 kV to 100 kV or 80 kV with constant or slightly adjusted
tube current time product will result in a 40-50% decrease of
patient dose [28—32]. The second benefit is that lowering the
tube potential will move the mean energy of the produced x-
ray spectrum more towards the k-edge of iodine and thus
increase CT numbers and therefore vascular opacification
[11]. Lowering tube potential with constant tube current
settings will result in increased image noise. The increase of
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vascular attenuation on the other hand side is supposed to
compensate for this and hence all available studies report on
a constantly high SNR or CNR when comparing high and
low kV CTPA protocols [28, 30, 32]. However, using a tube
potential of 80 kV will emit an x-ray spectrum that is
considered to be “soft” and hence less penetrable in body
tissue. A standard use of 80 kV without tube current
correction in unselected patients may be discussed contro-
versially, as a clear dependency of image quality parameters
on patient size is regularly seen [31, 33, 34], even with
negative effect on diagnostic confidence [35]. Diagnostic
confidence is essential for maintaining the accuracy and
especially the high negative predictive value of CTPA and
giving the strength of this test [6, 8, 36, 37]. Due to tube
power and therefore maximum photon output restrictions,
the use of 100 kV instead of 80 kV protocols seems to be the
more practical way in clinical routine with the current
generation of widely installed 16- and 64-slice CT bases [28,
30, 32]. Dose parameters (CTDI: 5 mGy [32], 6.1 mGy
[30], 17.6 mGy [28]) and noise levels (14.8 HU [30], 16.9
HU [28], 34 HU [32]) reported for these 100 kV protocols
tended to be low, but were within a wide range, although
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protocol parameters were very similar or identical in the
utilized 16-slice CT devices. In front of this data, the results
achieved in the underlying study with the 80 kV/Sn140 kV
configuration with the second generation of DECT with a
mean CTDI,, of 6.2 mGy and a mean background noise of
12 HU appear competitive.

On the other hand side, our data suggest that at least, if
image noise is within a certain range as in the present study,
the impact on subjective image quality as perceivable by
the radiologist seems to be of minor importance. Although
image noise was 92% higher in group 2 compared to group
4, only observer 1 scored image quality significantly better
in the latter group, whereas both observers did not rate
subjective image quality significantly differently in all other
cases. Considering this important finding, a potential for
further dose reduction with second generation DECT with
the 80 kV/Sn140 kV configuration by lowering mAs values
seems to be given. The adoption of recently introduced
iterative raw data reconstruction algorithms may contribute
additional benefits in this context.

Some limitations of our study need to be addressed. First,
by its retrospective nature, some patient-based factors that
may confound our results may not have been recognized.
Second, since 15 ml more contrast material were injected in
group 1 compared to the other groups, this had an impact on
opacification of the segmental arteries of the upper lobe with
influence on SNR. However, a small compact contrast bolus
for DE CTPA with good washout of the upper venous system
is essential to avoid artefacts of the pulmonary iodine
distribution maps demanding sophisticated injection proto-
cols. Overall image quality on the other side was not
compromised in the dual-energy groups in our study.

In conclusion, CTPA is feasible without additional dose
exposure or loss of perceivable image quality with both first
(140 kV/80 kV) and second (100 kV/Sn140 kV) generation
dual-energy CT compared to a standard 120 kV 64-slice
protocol in a clinical routine setting. With the use of the
80 kV/Sn140 kV configuration of second generation DECT
dose exposure can even be significantly lowered without
loss of image quality and should therefore be preferably
applied. An actually better noise profile with this config-
uration may leave room for a further reduction in dose by
reducing tube current settings.
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