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Z US A M M E N FA SS U N G

Ziel Vergleich von Dual-Source-Dual-Energy-CT (DS-DECT)
und Split-Filter-Dual-Energy-CT (SF-DECT) hinsichtlich objektiver und subjektiver Bildqualitätsparameter und Dosisexposition bei Patienten mit Verdacht auf eine Lungenarterienembolie (LAE).
Material und Methoden Es wurden 135 Patienten, welche
bei Verdacht auf eine LAE eine pulmonale Dual-Energy-CTAngiografie (CTPA) erhielten, in die retrospektive Studie eingeschlossen. Die Scan-Parameter waren 90/Sn150 kV beim
DS-DECT- (n = 68 Patienten) und Au/Sn120 kV beim SF-DECTSystem (n = 67 Patienten). Die Jod-Injektionsrate betrug
1400 mg/s in der DS-DECT-Gruppe vs. 1750 mg/s in der
SF-DECT. Farbkodierte Jod-Distributionskarten wurden für

beide Protokolle berechnet. Es wurden die objektive (CTAbschwächung im Truncus pulmonalis (HU), Signal-RauschVerhältnis (SNR), Kontrast-Rausch-Verhältnis (CNR)) und subjektive Bildqualität (2 Auswerter (R), 5-Punkte-Likert-Skala)
sowie Dosisparameter (effektive Dosis, größenspezifische
Dosiseinschätzungen (SSDE)) erhoben und verglichen.
Ergebnisse In beiden Gruppen waren alle CTPAs von diagnostischer Qualität. Die subjektive Bildqualität der CTPA wurde in
80,9/82,4 % (R1 / R2) der DS-DECT und in 77,6 %/76,1 % der
SF-DECT als gut oder exzellent bewertet. Die Qualität der
Jod-Distributionskarten der DS-DECT wurde in 83,8/88,2 % als
gut oder exzellent bewertet. Beide Auswerter bewerteten die
Qualität der Jod-Distributionskarten der SF-DECT signifikant
niedriger (p < 0,05), wobei nur in 43,3/46,3 % (R1 / R2) eine
gute oder exzellente Qualität vorlag. Die HU-Werte im Truncus
pulmonalis waren zwischen beiden Gruppen ähnlich (p = n. s.),
während SNR und CNR in der Split-Filter-Gruppe signifikant höher waren (p < 0,001; p = 0,003). Sowohl die effektive Dosis
(2,70 ± 1,32 mSv vs. 2,89 ± 0,94 mSv) als auch die SSDE (4,71 ±
1,63 mGy vs. 5,84 ± 1,11 mGy) waren in der Split-Filter-Gruppe
signifikant höher (p < 0,05).
Schlussfolgerung Bei Verdacht auf eine Lungenembolie
ermöglicht der Split-Filter eine Dual-Energy-Untersuchung an
Single-Source-CT-Scannern, ist aber mit einer schlechteren
Qualität der Jod-Distributionskarten und einer höheren Dosisexposition vergesellschaftet.

Kernaussagen:
▪ Der Split-Filter ermöglicht eine Dual-Energy-Datenakquisition an Single-Source-Single-Layer-CT-Scannern.
▪ Verglichen mit dem untersuchten Dual-Source-Dual-Energy-System ist die pulmonale Split-Filter-Dual-Energy-CT
mit einer schlechteren Qualität der Jod-Distributionskarten und einer höheren Dosisexposition vergesellschaftet.
▪ Sowohl der Split-Filter als auch der Dual-Source-Scanner
ermöglichen eine CTPA in diagnostischer Bildqualität.
ABSTR AC T

Purpose Comparison of dual-source dual-energy CT
(DS-DECT) and split-filter dual-energy CT (SF-DECT) regarding
image quality and radiation dose in patients with suspected
pulmonary embolism.
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nary dual-energy CT angiography (CTPA) scans performed on
two different CT scanners in 135 patients with suspected pulmonary embolism (PE). Scan parameters for DS-DECT were
90/Sn150 kV (n = 68 patients), and Au/Sn120 kV for SF-DECT
(n = 67 patients). The iodine delivery rate was 1400 mg/s in
the DS-DECT group vs. 1750 mg/s in the SF-DECT group.
Color-coded iodine distribution maps were generated for
both protocols. Objective (CT attenuation of pulmonary trunk
[HU], signal-to-noise ratio [SNR], contrast-to-noise ratio
[CNR]) and subjective image quality parameters (two readers
[R], five-point Likert scale), as well as radiation dose parameters (effective radiation dose, size-specific dose estimations
[SSDE]) were compared.
Results All CTPA scans in both groups were of diagnostic image quality. Subjective CTPA image quality was rated as good
or excellent in 80.9 %/82.4 % (R1 / R2) of DS-DECT scans, and
in 77.6 %/76.1 % of SF-DECT scans. For both readers, the image quality of split-filter iodine distribution maps was significantly lower (p < 0.05) with good or excellent ratings in only
43.3 %/46.3 % (R1 / R2) vs. 83.8 %/88.2 % for maps from
DS-DECT. The HU values of the pulmonary trunk did not differ
between the two techniques (p = n. s.), while both the SNR

Introduction
Due to its wide availability, relatively low cost, and very short scan
time, computed tomography pulmonary angiography (CTPA) is a
crucial imaging method for the diagnosis of pulmonary embolism
(PE), which is a common and potentially life threatening disease
[1–3]. CT enables timely and accurate diagnosis, which is of high
importance to allow treatment for optimizing clinical outcomes
[4–6].
Different technical approaches have been developed to increase
image quality, gain additional functional information and, ideally,
simultaneously reduce the radiation dose. In this context the dualenergy CT (DECT) technique provides images with image impression comparable to standard single-energy scans and additionally
allows for various post-processing applications. These are based
on the fact that different energy levels allow for visualization of absorption characteristics of different materials with high atomic
numbers, such as iodine (53I) [7, 8]. Post-processing options include
image reconstruction at virtual monoenergetic levels (keV), referred to as virtual monoenergetic images (VMI), and the computation
of iodine distribution maps reflecting the pulmonary iodine distribution at the time point of imaging. The dedicated advantages of
DECT and possibilities of dual-energy imaging in the context of pulmonary embolism have been extensively discussed in the literature
[9–13]. In this context especially the value of monoenergetic
low-kV images for improved image quality in low contrast settings,
as well as the incremental benefit of iodine distribution maps in the
detection of occlusive segmental and sub-segmental pulmonary
emboli must be mentioned [5, 14].

and CNR were significantly higher in the split-filter group
(p < 0.001; p = 0.003). Both effective radiation dose (2.70 ±
1.32 mSv vs. 2.89 ± 0.94 mSv) and SSDE (4.71 ± 1.63 mGy vs.
5.84 ± 1.11 mGy) were significantly higher in the split-filter
group (p < 0.05).
Conclusion The split-filter allows for dual-energy imaging of
suspected pulmonary embolism but is associated with lower
iodine distribution map quality and higher radiation dose.

Key points:
▪ The split-filter allows for dual-energy data acquisition from
single-source single-layer CT scanners.
▪ Compared to the assessed dual-source dual-energy system, split-filter dual-energy imaging of a suspected pulmonary embolism is associated with lower iodine distribution map quality and higher radiation dose.
▪ Both the split-filter and the dual-source scanner provide
diagnostic image quality in CTPA.

Citation Format
▪ Petritsch B, Pannenbecker P, Weng AM et al. Comparison
of Dual- and Single-Source Dual-Energy CT for Diagnosis of
Acute Pulmonary Artery Embolism. Fortschr Röntgenstr
2020; DOI 10.1055/a-1245-0035

Most of the published studies covering dual-energy in the field
of acute pulmonary embolism used dual-source (DS) CT scanners,
where two X-ray tubes operate simultaneously at different energy
levels. However, different CT system vendors provide various technical approaches to derive dual-energy data from single-source
scanners (e. g. rapid kVp switching; dual-layer detector; split-filter
(SF); sequential acquisition) [15].
Recently, a split-filter (SF) was introduced, which offers the advantage of dual-energy data acquisition from single-source CT
systems. Although the principle of the split-filter method was
already described in 1980 by Rutt et al., the first clinical scanner
became available much later in 2014 [16]. The split-filter consists
of a combined gold (79Au; 50 µm) and tin (50Sn; 600 µm) filter with
partial coverage in the z-axis direction (▶ Fig. 1). The filter is positioned directly in front of the X-ray beam (120 kVp) and results in
a low energy spectrum (Au filtration; mean photon energy 68 keV)
and a high energy spectrum (Sn filtration; mean photon energy
86 keV) [17, 18]. To date, it is unclear how the split-filter technique performs compared to well-established dual-source scans
in patients with acute pulmonary embolism.
Thus, the purpose of this study was to investigate the image
quality and radiation dose of DS-DECT in patients with suspected
pulmonary embolism compared to SF-DECT examinations.

Materials and Methods
Study design and patient population
The institutional review board approved this retrospective study
and waived the need for individual informed consent. We inclu-
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Materials and Methods We retrospectively analyzed pulmo-

▶ Abb. 1 Schematische Darstellung der verschiedenen technischen Dual-Energy-Ansätze (rot = Niedrig-kV; türkis = Hoch-kV). Der Dual-Source-CTScanner (a, frontale Ansicht) generiert die Dual-Energy-Daten aus 2 um 95° versetzte Röntgenröhren. Im Single-Source-CT-Scanner (b, seitliche
Ansicht) kommt ein Sn/Au-Split-Filter zum Einsatz.

ded and anonymized a total of 140 patients who underwent CT for
the workup of suspected acute pulmonary embolism. Of these
140 patients, 70 consecutive patients were imaged with DSDECT (between March and July 2018) and the other 70 consecutive patients were scanned with SF-DECT (between January and
November 2019). Due to severe artifacts, fail of automated lung
segmentation software, and previous surgeries, a total of 5 patients (n = 2 in the dual-source group; n = 3 in the split-filter
group) were excluded from our study. 135 patients (mean age:
65.3 years ± 15.3 [standard deviation]; range: 18.0–88.0 years)
were available for study analysis (▶ Fig. 2). The mean age, gender
distribution, lateral, anteroposterior, and effective chest diameter
as well as the scan length of the patients are shown in ▶ Table 1.

CT scan protocols
Dual-source DECT scans were acquired on a 3rd generation 192-slice
CT scanner (SOMATOM Force, Siemens Healthcare GmbH, Forchheim, Germany). Split-filter scans were acquired on a 128-slice
single-source CT scanner (SOMATOM Definition Edge, Siemens

Healthcare GmbH, Forchheim, Germany). The dual-source scanner
provides tube energies of 90 kV/Sn150 kV and offers an additional
tin (50Sn; 600 µm) filter for the high energy tube, whereas the single-source scanner offers the above-described split-filter (TwinBeam Siemens Healthcare GmbH, Forchheim, Germany) for dualenergy acquisitions. Both scanners are equipped with identical
single-layer energy-integrating detectors (Stellar, Siemens Healthcare GmbH). A real-time automatic milliampere- second modulation software was used in both scan protocols (CARE Dose 4 D,
Siemens Healthcare GmbH). To allow accurate data acquisition
from each voxel at both energy levels, the pitch factor was set to
0.55 in dual-source scans and 0.25 in split-filter scans (default settings of the vendor). This resulted in a longer mean scan time in
split-filter examinations (2.5 s v s. 9.0 s; p < 0.05). The detailed scan
parameters for both CT protocols are summarized in ▶ Table 2. An
iodinated contrast medium (Imeron ® 350, Bracco, Konstanz,
Germany) was administered by an automated injector (50 ml, flow
rate of 4 ml/sec., iodine delivery rate 1400 mg/sec. [dual-source];
80 ml, flow rate of 5 ml/s, iodine delivery rate 1750 mg/s [split-
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▶ Fig. 1 Illustration of different technical dual-energy approaches (red = low kV; turquoise = high kV). In the dual-source CT scanner (a, frontal view)
the dual-energy data is derived from two X-ray tubes (offset by 95°) operating at different energy levels. In the single-source CT scanner (b, lateral
view) the dual-energy data is derived by an Sn/Au split-filter.

▶ Fig. 2 Flowchart demonstrating the selection of the study population. 140 patients with suspected pulmonary embolism (PE) were included.
Five patients were excluded due to failed automated lung segmentation, severe artifacts (pacemaker, left ventricular assist device [LVAD]), or previous history of pneumonectomy/fibrothorax. A total of 135 patients were available for final evaluation.
▶ Abb. 2 Flowchart zeigt die Auswahl der Studienpopulation. Einhundertvierzig Patienten mit Verdacht auf Lungenembolie wurden inkludiert.
Fünf Scans wurden aufgrund von fehlerhafter automatischer Lungensegmentierung, Artefakten durch Schrittmacher bzw. linksventrikuläre AssistDevices (LVAD) oder Vorliegen eines Fibrothorax nach Pneumonektomie ausgeschlossen. Einhundertfünfunddreißig Patienten standen zur Auswertung zur Verfügung.

filter]) with an applied trigger attenuation of 120 HU. Both the contrast media delivery rate and dose were tailored to the protocol/
scanner used. The 50 ml volume at the 3rd generation dual-source
scanner is our well proven routine protocol for dual-energy CTPA.
For use of the split-filter protocol, we initially (at time of implementation of the scanner) did a comparison between a volume of 60 ml
and 80 ml and found that 80 ml was necessary to compensate for
the longer acquisition time in split-filter examinations. Thus, we
can ensure an appropriate iodine dose in the pulmonary capillary
bed and periphery of the lung to obtain homogeneous iodine distribution maps, while simultaneously maintaining high iodine contrast within the central pulmonary arteries.
For all patients three axial image stacks were reconstructed
using iterative image reconstructions (ADMIRE, Siemens Healthcare GmbH) at a strength level of 3 and a medium soft kernel
(BR40 / Q40F): Low-energy series (90 kV or Au 120 kVp) and
high-energy series (Sn150 kV or Sn 120 kVp) with a slice thickness
of 2 mm each; blended series mimicking the image impression of
a standard 120 kV examination with a slice thickness of 3 mm. In
addition, axial and coronal color-coded iodine distribution maps
were reconstructed with a slice thickness of 3 mm using post-processing software (syngo.via VB30A, Siemens Healthcare GmbH)
dedicated for dual-energy CTPA evaluation which crops all iodine
information except for lung tissue. The smoothing factor was cho-

sen according to the vendor’s recommendations (level 4 [dualsource]; level 5 [split-filter]).

Subjective image quality analysis
Two board certified radiologists with 11 years (reader 1 [R1]) and
6 years (reader 2 [R2]) of experience in cardiovascular imaging independently assessed the overall image quality of all CTPA data
sets (blended series only) and all color-coded iodine distribution
maps according to a five-point Likert scale: 1: no diagnostic image
quality, severe artifacts, unsatisfactory CTPA contrast, impossible
to assess iodine distribution; 2: poor overall image quality, major
artifacts, little CTPA contrast, doubtful applicability of iodine map;
3: fair image quality, minor artifacts, sufficient CTPA contrast, satisfactory iodine map; 4: good overall image quality, minimal artifacts, high CTPA contrast, almost ideal iodine map; 5: excellent
overall image quality, no artifacts, excellent CTPA contrast, excellent and homogeneous iodine distribution map. Both readers
were blinded to the acquisition technique.

Objective image quality analysis
The mean CT attenuation (Hounsfield units [HU]) in the venous inflow tract (superior vena cava), the pulmonary vasculature (main
pulmonary trunk, right lower lobe artery, left upper lobe artery),
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▶ Table 1 Demographic data of patients with suspected pulmonary
embolism.

▶ Table 2 Applied dual-energy scan protocols.
▶ Tab. 2

Parameter der verwendeten Dual-Energy-Scan-Protokolle.

▶ Tab. 1 Demografische Daten der Patienten mit Verdacht auf eine
Lungenembolie.

patients (n)

68

Split-FilterDECT

67

Split-Filter-DECT

p-Value
scan mode

n/a

dual-source

single-source

dual-energy

dual-energy

collimation

2 × 96 × 0.6 mm
(z-flying focal
spot)
both detectors

64 × 0.6 mm
(z-flying focal
spot)

age (± SD) [years]

64.1 (± 16.0)

66.5 (± 14.6)

n. s.

male (n)/female (n)

40/28

37/30

n/a

scan length (± SD) [mm]

315 (± 33)

308 (± 39)

< 0.001

dual-energy FOV

35.3 cm

50.0 cm

scan time (± SD) [sec.]

2.49 (± 0.26)

8.99 (± 1.13)

< 0.001

rotation time [s]

0.25 s

0.28 s

lateral chest diameter
(± SD) [cm]

36.4 (± 5.4)

34.7 (± 4.7)

0.042

pitch

0.55

0.25

on

on

ap chest diameter (± SD)
[cm]

26.7 (± 4.1)

25.2 (± 3.6)

0.021

automatic tube current
modulation
(CARE Dose 4 D, Siemens)

effective chest diameter
(± SD) [cm]

31.1 (± 4.2)

29.5 (± 3.8)

0.015

off

off

pulmonary embolism (n)

14

8

n/a

automatic tube potential
control
(CARE kV, Siemens)
tube potential (ref.) [kV]

90/Sn 150 kV
on tube A/B

120 kV with
Au/Sn filter

tube current time product
(ref.) [mAs]

60/46 mAs
on tube A/B

211 mAs

DECT = dual-energy computed tomography; ap = anteroposterior;
sec. = seconds; n. s. = not significant.

and the descending aorta was assessed by another reader (1 year
of CT imaging experience) using a circular region of interest (ROI)
in the 3-mm blended image series. In addition, muscle density
was measured within the erector spinae muscles. All ROIs were
formed as large as anatomically possible. Subsequently, the signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) were
calculated as follows:
ROI vessel (HU)
SNR =
Image noise vessel (SD of HU)
ROI vessel (HU) – ROI muscle (HU)
CNR =
Image noise vessel (SD of HU)

Radiation exposure
The dose-length product (DLP) and the volume computed tomography dose index (CTDIvol) were recorded from the dose report generated by the CT scanner. A conversion factor of 0.018 mSv/mGycm
was applied for estimation of the effective radiation dose. In addition, to account for differences in patient habitus, size-specific dose
estimations (SSDEs) were calculated as described previously [19].

Statistical analysis
All statistical analyses were performed using dedicated statistical
software (SPSS Statistics for windows, version 25, IBM); p-values
< 0.05 were considered statistically significant. The Mann-Whitney U test was used for comparison of continuous variables (presented as means ± standard deviations). Subjective image ratings
(Likert scale) are presented as absolute numbers and frequencies.

DECT = dual-energy computed tomography; Au = gold; Sn = tin.

To compare Likert scale ratings, the Mann-Whitney U test was
used as proposed earlier [20]. The inter-reader reliability for subjective ratings of image quality was evaluated using kappa statistics. Furthermore, the percentage of agreement (both readers
gave the same rating) was calculated for the different comparisons.

Results
Pulmonary embolism was diagnosed in 14 of 68 patients (20.6 %)
in the dual-source group and in 8 of 67 patients (11.9 %) in the
split-filter group.

Subjective image quality
The inter-reader reliability of CTPA and iodine distribution map
image quality was excellent in the dual-source group (linearweighted ĸ = 0.913 with p < 0.001, 95 % CI 0.819–1.000;
ĸ = 0.880 with p < 0.001, 95 % CI 0.780–0.979) and good in the
split-filter group (ĸ = 0.866 with p < 0.001, 95 % CI 0.762–0.969;
ĸ = 0.824 with p < 0.001, 95 % CI 0.716–0.931). Details are given
in ▶ Table 3.
All CTPAs in both groups were of diagnostic image quality. The
CTPA image quality was rated as good (= 4) or excellent (= 5) in
80.9 %/82.4 % (R1 / R2) of DS-DECT scans. For both readers, the subjective image quality of SF-DECT was significantly reduced compar-
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▶ Table 3 Data for subjective image quality of blended dual-energy
CTPA a and color-coded iodine distribution maps b.

both significantly higher in the split-filter group (p < 0.001;
p = 0.003). A detailed overview of the data from all ROI measurements and SNR/CNR calculations is provided in ▶ Table 4.

▶ Tab. 3 Subjektive Bildqualitätsparameter der gemischten pulmonalen Dual-Energy-CT-Angiografie a und der farbkodierten JodDistributionkarten b.

Radiation exposure

a
CTPA

Dual-Source-DECT

Split-Filter-DECT

Likert scale

reader 1

reader 2

reader 1

reader 2

5

45 (66.2 %)

46 (67.6 %)

31 (46.3 %)

28 (41.8 %)

4

10 (14.7 %)

10 (14.7 %)

21 (31.3 %)

23 (34.3 %)

3

10 (14.7 %)

10 (14.7 %)

10 (14.9 %)

11 (16.4 %)

2

3 (4.4 %)

2 (2.9 %)

5 (7.5 %)

5 (7.5 %)

1

−

−

−

−

agreement

95.6 %

89.7 %

reliability

ĸ = 0.913

ĸ = 0.866

iodine
map

Dual-Source-DECT

Split-Filter-DECT

score

reader 1

reader 2

reader 1

reader 2

Discussion

b

5

34 (50.0 %)

34 (50.0 %)

8 (11.9 %)

7 (10.4 %)

4

23 (33.8 %)

26 (38.2 %)

21 (31.3 %)

24 (35.8 %)

3

7 (10.3 %)

4 (5.9 %)

18 (26.9 %)

16 (23.9 %)

2

3 (4.4 %)

3 (4.4 %)

7 (10.4 %)

7 (10.4 %)

1

1 (1.5 %)

1 (1.5 %)

13 (19.4 %)

13 (19.4 %)

agreement

92.6 %

85.3 %

reliability

ĸ = 0.880

ĸ = 0.824

Image scores: 5 = excellent; 1 = not diagnostic. Values of image quality
are given as frequencies (n) and relative percentage (%) in parentheses.
Values of agreement are given as percentage (%). Reliability is given as
linear weighted kappa value. CTPA = computed tomography pulmonary
angiography; DECT = dual-energy computed tomography.

ed to DS-DECT with good or excellent ratings in 77.6 %/76.1 %
(R1 / R2) of the scans (p < 0.05 for both readers) (▶ Table 3a).
Iodine distribution map image quality was rated as good or excellent in 83.8 %/88.2 % (R1 / R2) of DS-DECT scans (▶ Fig. 3, 4).
For both readers, the subjective image quality of split-filter iodine
distribution maps was significantly lower with good or excellent
ratings in only 43.3 %/46.3 % (R1 / R2) of the scans (p < 0.05
for both readers) (▶ Table 3b). There was 1 non-diagnostic iodine
distribution map in the dual-source group, compared to 13 nondiagnostic iodine distribution maps in the split-filter group
(▶ Fig. 5).

Objective image quality
The CT attenuation values within relevant vascular structures,
particularly the pulmonary trunk (321.1 ± 126.5 vs. 337.0 ±
110.3), right lower (325.7 ± 120.0 vs. 322.2 ± 130.4) and the left
upper lobar artery (328.8 ± 128.7 vs. 297.9 ± 115.2) were similar
in both groups (all n. s.). The pulmonary trunk SNR and CNR were

A split-filter offers the possibility to gain dual-energy information
from scanners equipped with a single X-ray tube and a standard
energy-integrating detector. In this study, we compared this technique with well-established dual-source DECT to assess the impact of a split-filter on both CTPA image quality and dual-energyderived pulmonary iodine distribution at the time point of imaging by means of iodine distribution maps. To date, only data
regarding image quality and associated radiation exposure of
split-filter protocols in abdominal as well as in head and neck imaging is available [17, 21–23]. A prior study by May et al., comparing dual- vs. single-source DECT in head and neck imaging (using
the same scanner types as in our study), showed similar results to
our study in terms of superior image quality of 3rd generation
dual-source CT [22]. Other prior split-filter investigations often
use a study setting of “single-source split-filter vs. single-source
standard protocol” and therefore only offer limited comparability
to our study results [17, 21]. To the best of our knowledge, this is
the first study to compare the image quality of dual-energy CTPA
from a single-source single-layer split-filter scanner vs. a state-ofthe-art (3rd generation) dual-source CT-scanner.
Among the existing technologies for dual-energy acquisitions,
dual-source scanners offer the highest difference between emission spectra but have the disadvantage of relatively small DE-FOV
(limited to the coverage of the smaller detector). Both DS-DECT
and SF-DECT use the same single-layer energy-integrating detector, which requires a decision as to whether dual-energy data
should be acquired prior to the start of the examination. In comparison, dual-layer (“sandwich”) detectors offer the advantage of
readily available dual-energy information from every scan on
demand. Moreover, because both energy data sets are acquired
simultaneously, misregistration of different energy spectra is not
a concern and balanced noise between the two energy spectra
leads to a lesser decrease in the spectral SNR in the overall system
[24]. On the other hand, the time between low and high energy
spectrum acquisition in split-filter protocols (approx. 0.5 s) is
longer compared to dual-source/dual-layer/rapid kVp switching
systems, which typically offer higher temporal resolution in dualenergy co-registration [25].
In patients with suspected pulmonary embolism, CTPA is considered the diagnostic gold standard [1, 26]. The achieved objective CTPA image quality from the split-filter scanner was similar to
the image quality derived from the established dual-source approach. In this context attention should be paid to a higher iodine
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The mean effective radiation dose (2.70 ± 1.32 mSv [DS-DECT] vs.
2.89 ± 0.94 mSv [SF-DECT]) and SSDE (4.71 ± 1.63 mGy [DS-DECT]
vs. 5.84 ± 1.11 mGy [SF-DECT]) were both significantly higher in
the split-filter group (p < 0.05). Detailed results of all evaluated
radiation dose parameters are given in ▶ Table 5.

▶ Abb. 3 Dual-Source a–c und Split-Filter d–e -Dual-Energy-CT (DECT) bei Patienten mit ausgeschlossener Lungenembolie. Die virtuelle gemischte
120kV-Serie a, d zeigt eine regelhafte Kontrastierung der zentralen Lungenarterien. Die axiale b, e und koronare c, f farbkodierte Jod-Distributionskarte zeigt eine homogene Jodverteilung (von beiden Reviewern mit 5 = exzellent bewertet).

volume as well as delivery rate in the split-filter group, which was
chosen to compensate for the significantly longer acquisition time
(2.5 s vs. 9.0 s) to still ensure an appropriate iodine dose in the
pulmonary capillary bed and periphery of the lung to obtain
homogeneous iodine distribution maps, while simultaneously
maintaining high iodine contrast within the central pulmonary
arteries. However, this may account for the higher vessel opacification, which could have positively influenced objective image
quality parameters in terms of a higher CNR.
In this study we demonstrate that the use of a split-filter in
CTPA allows for computation of iodine distribution maps from single-source single-layer CT scanners. However, the achieved image
quality of iodine distribution maps was significantly lower in the
split-filter cohort, with good or excellent results in only < 50 % of
the scans. Moreover, there were a total of 13 non-diagnostic
iodine distribution maps in the split-filter group, whereas the
dual-source iodine distribution maps were of diagnostic quality
in all cases except for one single examination. Nearly all of the
non-diagnostic iodine distribution maps showed “zebra stripe”
artifacts (▶ Fig. 5), severely hampering their use for diagnostic
considerations. As iodine distribution maps were shown to offer
incremental benefits in the detection of occlusive peripheral emboli [5], this issue is especially disadvantageous. There are several
potential explanations for the moderate image quality of iodine
distribution maps generated by the split-filter scanner in general

and the occurrence of typical zebra stripe artifacts in particular. To
enable accurate dual-energy data acquisition from each voxel
element at both energy levels, the pitch of split-filter protocols is
limited to < 0.5 by the vendor and was set to 0.25 (default setting)
in our cohort [17, 22]. This is associated with a prolonged scan
time which requires a comparatively long breath hold time, which
can be problematic in the typical patient with suspected pulmonary embolism, usually presenting with dyspnea. On closer examination, partly obvious, partly subtle respiratory artifacts were
visible in all patients presenting with zebra stripe artifacts in our
split-filter group. These artifacts usually do not compromise interpretation of conventional CTPA images. However, due to the
much greater susceptibility of dual-energy-based iodine distribution maps to even subtle alterations of lung density caused by
respiratory motion, the interpretation of iodine distribution maps
can be severely impaired by the resulting distinct artifacts [27].
Moreover, compared to dual-source scanners, the single-source
approach offers relatively limited spectral separation [18].
We observed a difference in incidence of PE between the two
groups in favor of the dual-source group. Possible explanations include the fact that reduced subjective image quality in SF-DECT
scans might have had some (most probably minor) impact on PE
diagnosis. Furthermore, more liberal patient preselection by the
referring colleagues during the time period of split-filter acquisition should also be considered.
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▶ Fig. 3 Dual-source a–c and split-filter d–e dual-energy CT (DECT) in patients with ruled out pulmonary embolism. Axial blended virtual 120 kV
images a, d show proper contrast in the central pulmonary artery vessels. Axial b, e and coronal c, f reconstructions visualize homogeneous iodine
distribution in the color-coded iodine distribution maps (rated as 5 = excellent by both reviewers).

▶ Fig. 4 Dual-Source a–c and split-filter d–e dual-energy CT (DECT) in patients with pulmonary embolism. Axial blended virtual 120 kV images
a, d demonstrate central PE. Axial b, e and coronal c, f reconstructions visualize the corresponding bilateral wedge-shaped perfusion defects in the
color-coded iodine distribution maps (rated as 5 = excellent by both reviewers).
▶ Abb. 4 Dual-Source a–c und Split-Filter d–e -Dual-Energy-CT (DECT) bei Patienten mit Lungenembolie. Die virtuelle gemischte 120 kV-Serie
a, d zeigt eine zentrale Lungenembolie. Die axiale b, e und koronare c, f farbkodierte Jod-Distributionskarte zeigt die korrespondierenden beidseitigen Perfusionsdefizite (von beiden Reviewern mit 5 = exzellent bewertet).

▶ Fig. 5 Coronal color-coded iodine distribution map a and VRT
b derived from split-filter dual-energy CT (DECT) show severe
“zebra stripe” artifacts (images rated as 1 = non-diagnostic by
both reviewers).
▶ Abb. 5 Koronare farbkodierte Jod-Karte a und VRT b von einer
Split-Filter-Dual-Energy-CT (DECT) weisen erhebliche „Zebrastreifen“-Artefakte auf (Bilder von beiden Reviewern mit 1 = nicht
diagnostisch bewertet).

With respect to radiation dose, there is an ongoing discussion
whether dual-energy imaging is associated with an increased
radiation dose or not. Concerning thoracic imaging, there is data
from different technical dual-energy approaches which suggests
at least dose neutrality [9, 28–32]. In our collective, the split-filter

protocol was associated with a modest, but significantly higher
radiation dose compared to the dual-source protocol (2.89 vs.
2.70 mSv), despite a significantly shorter scan length and smaller
effective chest diameter in the split-filter group. In any case, this is
lower than most clinical single-energy routine protocols on still
widespread 64-row CT scanners operating at 120 kV [9, 29]. However, taking the risk of gaining non-diagnostic iodine distribution
maps and a potential dose penalty into account, the use of a splitfilter for diagnostic imaging of a suspected pulmonary embolism
should be examined critically.
Our study has several limitations. First, we did not investigate
the diagnostic performance of the split-filter protocol vs. dualsource protocol for the detection of a pulmonary embolism. However, taking prior study results into account, we would assume
optimized detection of occlusive segmental/sub-segmental pulmonary emboli with the split-filter protocol, if acquired with diagnostic quality [5, 33]. Second, the pulmonary perfused blood
volume as a quantitative marker of iodine distribution [34, 35]
was not assessed. Third, the number of actual detected pulmonary embolisms was relatively low in our patient collective, which
can be primarily explained by liberal patient preselection by the
referring colleagues. Fourth, there were small but significant differences in patient habitus and also scan length between the
groups. In this context it should be mentioned that the SSDEs
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Chest

▶ Table 4 Data for objective image quality of dual-energy CTPA.

▶ Table 5 Radiation dose of dual-energy CTPA.

▶ Tab. 4 Objektive Bildqualitätsparameter der pulmonalen DualEnergy-CT-Angiografie.

▶ Tab. 5
grafie.

Split-FilterDECT

p-Value

pulmonary trunk

CTDIvol (± SD) [mGy]

CT attenuation (HU)
(± SD)

321.1 (± 126.5)

SNR (± SD)

22.3 (± 8.8)

CNR (± SD)

337.0 (± 110.3)

Dual-SourceDECT

Split-FilterDECT

p-Value

4.17 (± 1.96)

4.80 (± 1.54)

0.003

n. s.

DLP (± SD) [mGy*cm]

150.1 (± 73.2)

160.5 (± 52.4)

0.036

2.70 (± 1.32)

2.89 (± 0.94)

0.036

27.4 (± 7.9)

< 0.001

Effective dose (± SD)
[mSv]

18.7 (± 8.7)

22.4 (± 7.9)

0.003

SSDE (± SD) [mGy]

4.71 (± 1.63)

5.84 (± 1.11)

< 0.001

CT attenuation (HU)
(± SD)

325.7 (± 120.0)

322.2 (± 130.4)

n. s.

CTDIvol = volume computed tomography dose index; DLP = dose length
product; SSDE = size-specific dose estimates; SD = standard deviation.

SNR (± SD)

24.3 (± 9.9)

27.9 (± 15.4)

n. s.

CNR (± SD)

20.5 (± 9.6)

22.8 (± 14.0)

n. s.

CT attenuation (HU)
(± SD)

328.8 (± 128.7)

297.9 (± 115.2)

n. s.

SNR (± SD)

24.1 (± 10.5)

23.4 (± 12.6)

n. s.

CNR (± SD)

20.1 (± 9.7)

18.6 (± 11.8)

n. s.

CT attenuation (HU)
(± SD)

221.9 (± 62.4)

269.4 (± 68.1)

< 0.001

SNR (± SD)

16.9 (± 6.1)

24.1 (± 6.9)

< 0.001

CNR (± SD)

13.1 (± 5.9)

18.9 (± 6.6)

< 0.001

CT attenuation (HU)
(± SD)

373.3 (± 194.6)

564.0 (± 324.1)

0.001

SNR (± SD)

8.1 (± 5.5)

10.1 (± 8.4)

0.011

CNR (± SD)

6.5 (± 5.7)

8.5 (± 7.5)

0.004

54.8 (± 9.9)

58.0 (± 10.4)

n.s

right lower lobe

left upper lobe

Conclusion
The novel split-filter allows for dual-energy data acquisition from
single-source single-layer CT scanners. Diagnostic split-filter dualenergy imaging of a suspected pulmonary embolism is feasible
but is associated with lower iodine distribution map quality and a
higher radiation dose.

descending aorta

C L I N I C A L RE L E VAN C E
▪ The use of a split-filter in CTPA allows for computation of
iodine distribution maps from single-source single-layer CT
scanners.
▪ Dual-energy CTPA image quality is diagnostic with both
the split-filter and the dual-source technique.
▪ The diagnostic quality of iodine distribution maps generated by the split-filter scanner is lower compared to those
generated by the 3 rd hochgestellt generation dual-source
scanner.

superior vena cava

muscle
CT attenuation (HU)
(± SD)

CTPA = computed tomography pulmonary angiography; DECT = dualenergy computed tomography; HU = Hounsfield units; SD = standard
deviation of HU; SNR = signal-to-noise ratio; CNR = contrast-to-noise
ratio; n. s. = not significant.

were still significantly lower in the dual-source group although patient chest diameters were larger. Moreover, subtle differences in
image impression allowed identification of the acquisition technique which might have introduced a certain bias. Furthermore,
the lower pitch of the split-filter protocol entails a considerable
technical limitation of this dual-energy acquisition technology.
Last, to compensate for the longer acquisition time in the splitfilter study cohort, we used a contrast injection protocol with a
higher contrast volume and higher iodine delivery rate, which
might have influenced the subjective and objective image quality.
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