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Comparing Arterial- and Venous-Phase Acquisition for
Optimization of Virtual Noncontrast Images From
Dual-Energy Computed Tomography Angiography

Leena Lehti, MD, PhD,*7 Marcus Soderberg, PhD, }$ Peter Hoglund, MD, PhD,* and Johan Wassélius, MD, PhD*//

Background: Follow-up with computed tomographic angiography is
recommended after endovascular aneurysm repair, exposing patients to signif-
icant levels of radiation and iodine contrast medium. Dual-energy computed
tomography allows virtual noncontrast (VNC) images to be reconstructed
from contrast-enhanced images using a software algorithm. If the VNC im-
ages are a good-enough approximation of true noncontrast (TNC) images,
a reduction in radiation dose can be ensured through omitting a TNC scan.
Purpose: To compare image quality of VNC images reconstructed from
arterial phase and venous phase dual-energy computed tomographic angi-
ography to TNC images and to assess which one is more suitable to replace
TNC images.

Methods: Sixty-three consecutive patients were examined using a dual-
energy computed tomography as elective follow-up after endovascular
aneurysm repair. The examination protocol included 1 unenhanced and
2 contrast-enhanced scans (80 kV/Sn140 kV) of the aorta. Virtual
noncontrast data sets were reconstructed from the arterial (A-VNC) and ve-
nous (V-VNC) phase scans, respectively. Mean attenuation and image
noise were measured for TNC, A-VNC, and V-VNC images within regions
of interest at 2 levels in the aorta, the liver, retroperitoneal fat, and psoas
muscle. Subjective image quality was assessed on a 4-point scale by 2
blinded readers.

Results: The differences between A-VNC and TNC, and between A-VNC
and V-VNC, were substantial aorta at the level of diaphragm and aorta at the
level of renal arteries. The difference between V-VNC and TNC was, on the
other hand, very small and not statistically significant for the renal artery
aorta. For liver, fat, and muscle tissue, there were significant differences be-
tween both A-VNC and V-VNC compared with TNC, but findings were
similar between A-VNC and V-VNC.

Conclusions: Virtual noncontrast images based on venous-phase scans
appear to be a more accurate representation of TNC scans than VNC im-
ages based on arterial-phase scans.
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omputed tomographic angiography (CTA) is most com-

monly used for imaging of acute and chronic aortic disease.
Endovascular aneurysm repair (EVAR) has become an important
alternative to open aneurysm surgery, but typically requires lifelong
follow-up by CTA to diagnose complications such as endoleaks or
stent graft migrations.' A variety of CTA examination protocols,
including 2-phase (unenhanced and split-bolus mixed arterial and
venous phase) and 3-phase (unenhanced, early arterial and venous
phase), have been employed by different institutions.* Regardless
of which imaging protocol is used, patients are exposed to signif-
icant levels of radiation.

Dual-energy computed tomography (DECT) utilizes differ-
ent attenuation properties to discriminate between different mate-
rials or tissues. The dual-energy (DE) principle was invented in
the 1970s,>® but its clinical applications were not technically
achievable at that time. The recent development of dual-source
computed tomography (CT) machines allows the acquisition of 2
nearly simultaneous data sets at different tube potentials within a
single breath-hold.”® By using postprocessing algorithms, an “iodine
map” can be generated, and this in turn can be subtracted from the
contrast-enhanced images, thereby producing virtual noncontrast
(VNC) images. The DE technique allows a reduction in both the
iodine contrast medium dose and the radiation dose.” !

Several studies have shown that VNC images are a comparable
and acceptable alternative for true noncontrast (TNC) images.'*
However, a previous study comparing TNC and VNC images
constructed from arterial-phase CTA data demonstrated signifi-
cantly higher attenuation values in the VNC images, raising ques-
tions as to how appropriate VNC images are as a replacement for
TNC images.'® To the authors' knowledge, there have not yet been
any published reports on the attenuation values in VNC images
constructed from venous-phase CTA data.

The main purpose of this study is to investigate whether
VNC images derived from venous-phase CTA data may be a bet-
ter approximation of TNC images than VNC images derived from
arterial-phase CTA data. The secondary purpose is to evaluate the
attenuation values of different tissues using VNC images com-
pared with TNC images.

MATERIALS AND METHODS

Patient Population

Between May 2014 and April 2015, 63 patients (53 men and
10 women; average age, 73 years) examined by DECT for follow-
up after EVAR were included in the study. The study was ap-
proved by the local ethics committee (#2014/811). Patients with
a body mass index greater than 35 kg/m® were excluded because
of the presumed insufficient transmission of 80 kVp quanta. Pa-
tients with impaired renal function (glomerular filtration rate
<45 mL/min) were examined with a reduced contrast medium
dose. Patient characteristics are shown in Table 1.
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TABLE 1. Patient Characteristics

Variables

Patients, n 63
Age,y 73 (63-84)
Weight, kg 78 (60-106)
Height, cm 175 (160-186)
Body mass index, kg/m® 25 (20-35)
Plasma creatinine, pmol/L 87 (50-136)

Median values (2.5 and 97.5 percentiles).

CT Parameters and Radiation Dose

The same triphasic acquisition protocol (TNC, arterial contrast
phase, and venous contrast phase) was used for all patients. All exam-
inations were performed on a dual-source CT scanner (Siemens
Somatom Definition Flash; Siemens Healthineers, Forchheim,
Germany). This scanner contained 2 x-ray tubes mounted in the
gantry at an angle of 95° and two 64-channel detectors. The diam-
eters of the fields of view were 50 and 33 cm, respectively.

The examination was performed with the patient in the su-
pine position and scanned in the craniocaudal direction from the
thoracic aperture to the groin during breath-hold. Individual con-
trast media volume and injection rates were calculated based on
contrast media dose per kg body weight (maximum dose weight,
80 kg) at a dose of 300 mg I’kg and median volume 65 mL
(46—69 mL). Scanning parameters are listed in Table 2.

The TNC scan was acquired first, with a tube potential of
120 kVp and the quality reference tube current of 104 mAs.

The arterial-phase scan was acquired after intravenous injec-
tion of contrast media (Omnipaque 350 mg I/mL; GE Healthcare,
Oslo, Norway) with fixed injection time of 12 seconds followed
by a 50 mL saline chaser at 4 mL/s. Bolus tracking with a threshold
of 120 Hounsfield units (HU) at the level of the hemidiaphragm
was used. The venous-phase scan was acquired 45 seconds after
the arterial-phase scan.

The arterial- and venous-phase scans were acquired with
tube A potential 80 kVp and tube B Sn140 kVp. The quality ref-
erence tube current values were 210 mAs for tube A and 81 mAs
for tube B (Table 2). Automatic exposure control (CareDose 4D;
Siemens Healthineers) was used to adapt the tube current to vari-
ations in patient attenuation.

For all acquisitions, the effective dose (ED) was calculated
from the dose-length product (DLP) registered by the CT scanner
and multiplied by the mean of the ED/DLP conversion factor for
abdomen/pelvis [0.14 mSv/(mGy * cm)] based on the IRCP 103
tissue weighting factors.'” The ED of the triphasic unenhanced

and enhanced protocol was compared with a dual-phase protocol,
that is, the arterial phase and venous phase only.

TNC and VNC Image Reconstruction

True noncontrast images were reconstructed using the SAFIRE
(Sinogram Affirmed Iterative Reconstruction) algorithm with a
slice thickness/increment of 3/3 mm. From the arterial and venous
phases acquisitions, the VNC images were reconstructed using
SAFIRE and generated using a patented postprocessing algorithm
(Syngo; Siemens Healthineers). A medium-smooth convolution
kernel (I30f) was used for all reconstructions.

Quantitative Image Quality Analysis

Comparisons of attenuation and noise between TNC, A-VNC,
and V-VNC images were made by drawing circular regions of inter-
est (ROIs) within the aortic lumen at the level of the hemidiaphragms,
at the level of renal arteries, within the right lobe of the liver, within
the retroperitoneal fat, and within the psoas muscle on a PACS
workstation (IDS7; Sectra Imtec AB, Linkoping, Sweden). The
ROIs were made as large as possible while avoiding calcifications,
plaques, and stent material. Mean attenuation and image noise
(1 SD) in HU were registered (Fig. 1).

Qualitative Image Analysis

Subjective image quality was scored independently in ran-
domized order by 2 senior consultant interventional radiologists
over 10 years of CTA experience blinded to patient information
and examination protocol on a PACS workstation. A 4-point scale
was used for overall image quality (4 = excellent, 3 = good,
2 = moderate but sufficient for diagnosis, and 1 = nondiagnostic).

Statistical Analysis

Statistical analysis was performed using the SPSS statistical
software (version 24.0; SPSS Inc, Chicago, I11). For nonparamet-
ric parameters, medians and percentiles were used to describe
the distribution, and a Wilcoxon signed ranks test was used to de-
termine differences in attenuation values and in subjective image
quality between the TNC and VNC data sets. Level of significance
was set to P < 0.05. Interobserver agreement regarding overall im-
age quality was assessed using intraclass correlation coefficient.

RESULTS

Virtual noncontrast images from arterial phase (A-VNC) and
venous phase (V-VNC) acquisitions were compared with images
from an actual unenhanced data set (TNC). All examinations were
successful without any adverse events. Although the 80-kVp data
set had a limited field of view of 33 c¢m, the entire aorta and the
iliac arteries were located within the field of view in all cases.

TABLE 2. CT Scanning and Reconstruction Parameters of TNC Acquisition and A-VNC and V-VNC Reconstructions

Variables TNC A-VNC V-VNC
Reference effective mAs 104 210/81 210/81
Tube voltage kV 120 80/Sn140 80/Sn140
Pitch 0.85 0.55 0.55
Rotation time, s 0.5 0.33 0.33
Detector configuration 128 x 0.6 128 x 0.6 128 x 0.6
Nominal beam width, mm 38.4 38.4 384
Convolution kernel 130f 130f 130f
Matrix 512 x 512 512 x 512 512 x 512
Reconstructed slice thickness, mm 3 3 3
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FIGURE 1. Typical images at the aorta at the level of diaphragm (top row) and aorta at the level of renal arteries (bottom row) for TNC images,
VNC images from arterial phase acquisition (A-VNC), and VNC images from venous phase acquisition (V-VNC) and images showing typical

examples of the ROI placement (right column).

Radiation Data

Radiation data are shown in Table 3. The mean scanning
length for the TNC acquisition was 48 cm, and the calculated
mean ED was 3.7 mSv. The median scanning length for the arte-
rial phase and venous phase DE acquisition was 48 cm, and the
calculated mean ED was 3.6 mSv for the arterial phase acquisition
and 3.6 mSv for the venous phase acquisition. No significant dif-
ference in computed tomographic dose index values or in DLP
values could be seen for TNC compared with contrast phase ac-
quisitions. Replacing a triphasic protocol (TNC, arterial, and ve-
nous phases) with a biphasic protocol where TNC acquisition is
replaced by VNC images would thus result in an average dose
of 7.2 mSv, which translates into an ED reduction of 34%.

Quantitative Image Quality

The TNC and VNC image noise and attenuation are listed in
Table 4 and shown in Figure 1. The A-VNC images had signifi-
cantly higher attenuation compared with the V-VNC and TNC im-
ages for both examined levels of the aorta. The difference between
V-VNC and TNC was small and significant only at the measured
levels of the diaphragmatic aorta.

Attenuation in the liver, retroperitoneal fat, and psoas muscle
was higher for both the A-VNC and V-VNC images compared
with the TNC images, but little difference was noted between
A-VNC and V-VNC. Image noise was at a similar level through-
out the material.

Qualitative Image Quality

The mean overall quality scores in the TNC, A-VNC, and
V-VNC were 3.7, 3.0 and 3.5, respectively, for reader 1, and 3.8,
3.0 and 3.7, respectively, for reader 2. The mean difference in sub-
jective quality between TNC and A-VNC was 0.8 (P <0.001), and
the difference between TNC and V-VNC was 0.2 (P = 0.01). For
overall image quality, the interobserver agreement was good with
an average intraclass correlation coefficient value of 0.823.

DISCUSSION

In this prospective study based on 63 consecutive aortic DECT
scans, we showed that in terms of attenuation values VNC images
reconstructed from venous-phase CTA are a better approximation
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of TNC images than VNC images reconstructed from arterial-
phase scans (Fig. 2).

Several authors have reported image quality of VNC as an ac-
ceptable replacement for TNC images of the abdominal aorta,'>'>18
but in a previous study of aortic CTA, aortic attenuation was reported
to be considerably higher in A-VNC images than TNC images.'®

The attenuation differences between A-VNC and TNC, and be-
tween A-VNC and V-VNC, were constant at 2 examined levels of
the aorta (diaphragmatic aorta and renal artery aorta). The difference
between V-VNC and TNC was very small and not statistically signif-
icant for the renal artery aorta. The subjective image quality assess-
ment shows that the TNC and V-VNC image quality is very similar.

While VNC imaging of the aorta was our main purpose of
study, we measured attenuation and noise in the liver, fat, and muscle
tissue for control purposes. For all these tissues, there were significant
differences between both A-VNC and V-VNC compared with TNC,
but very small differences between A-VNC and V-VNC. Therefore,
it seems reasonable to assume that when imaging the aorta the
VNC algorithm is insufficient to compensate for the very high iodine
concentration in arterial-phase scans, but sufficient to deduct the
lower iodine content typical for the venous-phase scan.

The differences in attenuation between TNC and VNC images
for liver and fat tissue were slightly larger in our study compared
with the study of Toepker et al,'* but quite similar for muscle
tissue. We used tube voltages of 80/Sn140 kVp compared with
100/Sn140 kVp used by Toepker et al. Also, we used only 65 mL

TABLE 3. Radiation Parameters of TNC Acquisition and A-VNC
and V-VNC Reconstructions

Variables TNC A-VNC V-VNC
Scan time, s 7(6-8) 7 (6-8) 7 (7-8)
Scan length, cm 48 (41-54) 48 (41-54) 48 (41-54)
CTDI,;, mGy 51(3.6-79) 49(34-84) 49 (3.4-84)
DLPmGy *cm 267 (166-403) 269 (171-429) 257 (162-420)

Effective dose, mSv 3.7 (23-5.6) 3.6 (2.3-59) 3.6 (2.3-5.9)

Median values (2.5 and 97.5 percentiles) are given unless otherwise stated.
CTDl,,, indicates volume computed tomographic dose index.

© 2019 The Author(s). Published by Wolters Kluwer Health, Inc.


http://www.jcat.org

J Comput Assist Tomogr e Volume 43, Number 5, September/October 2019

Optimization of Virtual Noncontrast Images

TABLE 4. Attenuation (HU) and Image Noise (1 SD, HU) at of the Aortic Lumen, at Liver Tissue, at Fat Tissue, and at Psoas Muscle of
TNC Acquisition and the VNC Images Acquired From A-VNC and V-VNC

TNC A-VNC AA-VNC - TNC V-VNC AV-VNC - TNC AA-VNC - V-VNC

Hemidiaphragms

Attenuation 38 (25-56) 82 (65-95) 44 (P <0.001) 46 (37-57) 8 (P <0.001) 36 (P <0.001)

Image noise 21 (14-26) 24 (17-34) 3(P<0.001) 23 (16-32) 2 (P=0.001) 1 (P=0.04)
Renal arteries

Attenuation 47 (36-63) 79 (59-103) 32 (P<0.001) 44 (35-61) 3(P=0.19) 35 (P <0.001)

Image noise 14 (10-24) 22 (12-36) 8 (P <0.001) 25 (18-32) 11 (P=0.007) 3(P=0.24)
Liver

Attenuation 53 (24-63) 68 (47-83) 15 (P <0.001) 69 (45-86) 16 (P <0.001) 1 (P=0.10)

Image noise 19 (15-24) 19 (14-24) 0(P=042) 19 (14-23) 0(P=042) 0(P=0.95)
Fat

Attenuation 101 (109-84) 67 (82-47) 34 (P<0.001) 67 (85-47) 34 (P<0.001) 0 (P=0.90)

Image noise 19 (14-25) 19 (13-25) 0(P=0.36) 18 (13-24) 1 (P=0.36) 1 (P=0.75)
Muscle

Attenuation 45 (36-51) 50 (37-57) 5 (P <0.001) 49 (38-56) 4 (P<0.001) 1 (P=0.63)

Image noise 19 (15-29) 21 (13-30) 3(P=0.24) 22 (15-29) 3(P=0.11) 1 (P=0.67)

Median values and 2.5 and 97.5 percentiles are given. Statistical significance (P) between differences in attenuation was calculated using Wilcoxon

signed ranks test.
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FIGURE 2. Scatter plots of the attenuation values at the liver, retroperitoneal fat, and psoas muscle in TNC images, VNC images from
arterial phase acquisition (A-VNC), and VNC images from venous phase acquisition (V-VNC). Error bars indicate the median with a 95%

confidence interval.

Omnipaque 350 mg I/mL contrast medium compared with
Toepker et al, in which a total of 110 mL Iomeron 400 mg I/mL
contrast medium was used, and Numburi et al,'® in which total
of 120 to 150 mL Ultravist 370 mg I/mL contrast medium was
used. Thus, it is possible that these differences contributed to the
difference in results between their work and ours.

The limitation of our study is primarily that we have not in-
cluded enough clinically relevant findings, such as stent migration
or endoleak, to know whether the differences between A-VNC
and V-VNC are relevant for diagnosing such findings. In future
work, we would like to investigate sensitivity and specificity for
clinically relevant findings using VNC as an alternative to TNC.

In conclusion, VNC images based on venous-phase scans ap-
pear to be a more accurate representation of TNC scans than VNC
images based on arterial-phase scans, with similar attenuation and
noise levels in the aorta compared with TNC scans.
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