1 Virtual noncontrast renal imaging using
§ dual-energy CT: evaluation of CT numbers

of renal parenchyma and renal masses

Aims: To evaluate the subjective image quality and accuracy of CT numbers of renal parenchyma and
masses on virtual noncontrast (VNC)-CT created from contrast-enhanced dual-energy CT datasets using
a first or second generation dual source scanner. Material & Methods: A total of 62 patients referred for
dedicated urinary tract CT were evaluated. 30 patients were scanned on a first generation scanner
(80/140 kVp tube voltage set), and 32 patients on a second generation scanner (100/140 kVp with tin [Sn]
filtration). After administration of intravenous contrast material, arterial phase CT was acquired in the
dual-energy mode, and VNC-CT images were created using commercial software at the vendor’s default
setting. Subjective image quality, and the CT numbers of renal parenchyma and renal masses (including
cysts and solid masses) on VNC-CT were compared to standard noncontrast (SNC)-CT. Results: Subjective
image quality of VNC-CT was better at 100/140 kVp with Sn filtration than at 80/140 kVp. The CT numbers
of renal parenchyma were lower on VNC-CT than on SNC-CT, both at 80/140 kVp (20.4 + 9.8 Hounsfield
units [HU] vs 29.2 + 3.4 HU, p < 0.0001) and 100/140 kVp with Sn filtration (25.7 £ 5.5 HU vs 28.7 + 3.2 HU,
p < 0.0001). The CT numbers of renal masses were lower on VNC-CT than on SNC-CT at 80/140 kVp
(-0.2+15.4HU vs 10.9 + 13.2 HU, p <0.0001), but not significantly different at 100/140 kVp with Sn filtration
(10.6 + 14.8 HU vs 11.2 + 12.5 HU, p = 0.5080). Conclusion: VNC-CT is useful for evaluation of renal masses.
The second generation scanner was more accurate, with small differences in the CT numbers between

VNC-CT and SNC-CT in renal parenchyma and renal masses.
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noncontrast CT

Dual-energy (DE) CT implies aquiring of datas-
ets simultaneously at two different photon spectra
in a single CT acquisition [1]. Three primary dif-
ferent hardware approaches to DE CT scanning
have been developed [2]. These include a dual-
source scanner using two tubes and detectors [3],
dual-layer detectors [4], and rapid switching of
tube kilovoltage in a single x-ray tube [s].

The recently introduced dual-source CT sys-
tem is composed of two x-ray tubes and two
detector arrays acquiring data simultaneously. In
addition to improved temporal resolution when
using the two tubes at identical kVp levels, dual-
source CT scanners have the ability to simultane-
ously operate two x-ray sources at different energy
levels, and can acquire two spiral datasets in a
single scan, without motion artifact or misreg-
istration. By obtaining CT datasets at different
photon energies, DE CT has the ability to dif-
ferentiate material composition based on differ-
ences in photon absorption. Using the DE datas-
ets obtained with iodinated contrast material, an
unenhanced CT image, or ‘virtual noncontrast’
(VNC)-CT image of the abdomen can be gener-
ated using DE post-processing algorithms based
on three-material decomposition principles [1].
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The second generation dual-source CT scan-
ner utilizes a filter for a high kVp x-ray tube,
that reduces unnecessary dose by removing low
energy photons from the spectrum of the high
energy x-ray tube and increases energy separa-
tion, and it allows the use of 100 and 140 kVp
DE imaging for VNC application. The recon-
struction field of view (FOV) of the second gen-
eration dual-source CT scanner is 25% larger
than that of the first generation scanner.

Noncontrast CT is routinely performed as
part of the dedicated CT exam for suspected
urinary tract abnormality. The purpose of non-
contrast CT is to determine baseline CT num-
bers (Hounsfield unit [HU]) of renal masses to
compare to contrast-enhanced CT to assess the
degree of contrast enhancement and to evaluate
urinary stones. Noncontrast CT is also used
to identify intralesional fat and calcification.
If VNC-CT can replace and obviate the rou-
tine need for standard noncontrast (SNC) CT,
radiation exposure to patients can be reduced.
According to the prior phantom study [6] and
clinical study [7], for a triple-phase renal mass
protocol, the effective doses were 7.49—-34 mSv.
The dose reduction achieved by omitting the
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Fat (HU)
First generation scanner
80 kVp -110
140 kVp -96
Second generation scanner
100 kVp -102
140 kVp with tin filtration -91

Soft tissue (HU)

60
54

56
52

Beam hardening correction, organ contour enhancement and resolution enhancement were applied.

HU: Hounsfield units.

noncontrast acquisition was 24-35%. The aim
of this study is to evaluate subjective image
quality, and accuracy of VNC-CT by com-
paring the CT numbers of renal parenchyma
in different locations within the kidneys, and
renal masses to SNC-CT using first or second
generation dual-source scanner.

Material & methods

The study was approved by our institutional
review board. The study protocol was explained
to the patients, and was performed if patient

1.59cm x 1.21 cm
Area = 1.50 cm?
Avg = 19.3190 HU
StdDev = 9.8570 HU
Min = -3 HU
Max = 52 HU

~1.59 cm x 1.20 cm
Area = 1.50 cm?
Avg = 16.0888 HU
StdDev = 9.5574 HU
Min =-9 HU
Max = 49 HU

~ 1.56 cm x 1.23 cm

Area = 1.50 cm?

Avg = 25.2153 HU
StdDev = 10.8945 HU
Min = -8 HU

Max = 54 HU

1.55cm x 1.23 cm
Area = 1.50 cm?

Avg = 26.5365 HU
StdDev = 9.4950 HU
Min =1 HU

Max =51 HU

Figure 1. Measurement of the CT numbers of renal parenchyma on virtual
noncontrast CT image acquired with the first generation scanner at
80/140 kVp dual-energy CT with a 64 x 0.6 mm detector collimation. Four
regions of interest (each 1.5 cm?) were placed in the renal parenchyma (anterior,
medial, posterior and lateral portions) as shown in this figure over the same area in
both virtual noncontrast CT and standard noncontrast CT. Each kidney was
measured at two reconstructed slices separated by greater than 1 cm in the
craniocaudal direction, giving measurements at eight locations of each kidney.
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consent to participate was granted. Written
informed consent was not required by our insti-
tutional review board.

A total of 62 patients referred for dedicated
urinary tract CT examination were included
in this study. Patients with serum creatinine
levels up to 1.6 mg/dl were included. The first
30 patients consisted of 18 men and 12 women,
with an age range from 28 to 97 years (aver-
age: 65.6 years). They were scanned on a first
generation dual-source CT scanner (Definition,
Siemens Medical Solutions, Malvern, PA, USA)
operated in the DE mode with tube voltage set at
80 kVp and 140 kVp (80/140 kVp). One patient
had prior unilateral nephrectomy, and a total
of 59 kidneys were evaluated. An additional
32 patients consisted of 20 men and 12 women,
with an age range from 42 to 91 years (average:
64.4 years). They were scanned on a second
generation dual-source CT scanner (Definition
Flash, Siemens Medical Solutions) at 100 kVp
and 140 kVp with a tin (Sn) filtration for
140 kVp tube (100/140 kVp with Sn filtration).
Five patients had prior unilateral nephrectomy.
In addition, one patient had a unilateral atrophic
kidney, and one patient had bilateral atrophic
kidneys (with renal transplant). In this group,
59 native kidneys were evaluated for masses,
and 56 native kidneys were evaluated for renal
parenchymal CT numbers.

Patients’ body weight was recorded. Morbidly
obese patients (~10-15% of people who were the
largest size in our outpatient clinical population
referred to dedicated urinary tract CT exami-
nation) were empirically excluded, although
the BMI was not determined before the exami-
nation. When the DE data were loaded on
Liver Virtual Noncontrast (Siemens Medical
Solutions) application, it indicated that “patient
diameter is large” for some patients based on the
size (diameter) of each patient. If the patient was
indicated as ‘large’, they were classified as large
patients. If a patient was not indicated as ‘large’,
they were classified as ‘normal size’ in this study.
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Dual-energy CT: evaluation of the kidneys

The SNC-CT scan was acquired at 120 kVp
and 64 x 0.6 mm collimation (with the first
generation scanner) or 128 x 0.6 mm (with the
second generation scanner).

After the SNC-CT scan, the patient was
administered with 100—-120 ml of nonionic
contrast material (Iohexol [Omnipaque 350,
GE Healthcare, Princeton, NJ, USA; n = 24],
or Jodixanol [Visipaque™ 320, GE Healthcare,
Princeton, NJ, USA; n = 38]) intravenously
through a peripheral venous line at 3—4 ml/s.
Patients with prior unilateral nephrectomy
received a reduced amount of contrast material
(80-100 ml).

An arterial phase (early corticomedullary
phase) CT was acquired in DE mode with a
delay of 25-30 s after the start of an intravenous
contrast material injection. Corticomedullary
phase was analyzed in this study because we
assessed CT numbers of normal renal paren-
chyma in addition to renal masses, and the
highest contrast enhancement of the renal cor-
tex is achieved at this phase [8,9]. For the initial
30 patients scanned with the first generation
scanner at 80/140 kVp, detector collimation of
64 x 0.6 mm was used. The quality reference
mAs for an online dose modulation system
(CARE Dose 4D; Siemens Medical Solutions,
PA, USA) were 425 mAsand 100 mAs for tube A
(80 kVp) and tube B (140 kVp) respectively.

For the 32 patients scanned on the second
generation scanner at 100/140 kVp with Sn fil-
tration, the initial nine patients were scanned
with detector collimation of 64 x 0.6 mm.
The other 23 patients were scanned with
32 x 0.6 mm collimation. The quality refer-
ence mAs for CARE Dose 4D were 250 mAs
and 193 mAs for tube A (100 kVp) and tube B
(140 kVp with Sn filtration) respectively.

Venous phase and excretory phase CT were
then acquired at 120 kVp at I min and 5-7 min
from the start of the intravenous contrast mate-
rial injection, and used for clinical purpose and
classification of renal masses.

The image data were reconstructed with the
body soft tissue convolution kernel (D30f) with
a 512 x 512 matrix for the both scanners. The
DE data of arterial phase acquired with the first
generation scanner, two sets of reconstruction
thickness were made and used for assessment;
0.75 and 3.0 mm, and compared to SNC-CT
of the same reconstruction thickness. The DE
data of arterial phase acquired with the second
generation scanner, one set of reconstruction
was used for assessment (reconstruction thick-
ness was 0.75 mm in the initial 11 patients,

and 1.5 mm in 21 patients). The reconstruc-
tion FOV for the DE data was 25 x 25 cm for
the first generation scanner, and 33 x 33 c¢m for
the second generation scanner.

The reconstructed DE images were loaded to
a Multi-Modality Workplace (Siemens Medical
Solutions) and analyzed using the Liver Virtual
Noncontrast application. The VNC-CT image

Figure 2. Image quality of virtual
noncontrast CT images acquired with the
first generation scanner at 80/140 kVp
dual-energy CT with a 64 x 0.6 mm
detector collimation. (A) Example of grade 1
(good quality without notable heterogeneity).
(B) Example of grade 2 (minimal heterogeneity
over the kidneys and the head of the pancreas).
(C) Example of grade 3 (moderate
heterogeneity with ring-like artifacts).
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and colored iodine overlay image, over the VNC
image showing iodine content in each voxel,
were obtained. The manufacturer’s default set-
tings were used in all the data analysis (Tase 1).
The created VNC-CT images in DICOM for-
mat were sent through a PACS system to an
Emageon Workstation (Advanced Visualization,
Version 5.30.7.26: Emageon Inc, Birmingham,
AL, USA) for further data analysis and image
display. The fused images in the arterial phase
from both tubes were used for clinical purpose
and classification of renal masses.

The overall VNC-CT image quality was sub-
jectively scored into three grades based on the
evaluation of image homogeneity and artifacts
in large areas of the soft tissue by one radiologist
with 12 years of experience of abdominal CT
imaging: grade 1, good without notable hetero-
geneity; grade 2, minimal heterogeneity; grade 3
with moderate heterogeneity or artifacts includ-
ing ring-like artifacts, beam hardening artifacts,
and subtraction artifacts. The maximum ante-
rior—posterior and transverse diameters mea-
sured on axial CT images were recorded at the
level of the kidneys (at the level of the left renal
vein) to determine the patient’s size.

The VNC- and SNC-CT datasets were
compared by measuring the CT numbers of
the renal parenchyma by placing a region-of-
interest (ROI; 1.5 cm?) over the same area in
both SNC- and VNC-CT by one experienced
radiologist, who performed the subjective assess-
ment of image quality. Four ROIs were placed in

the renal parenchyma (anterior, medial, poste-
rior and lateral portions) in each kidney (Ficure 1)
at two reconstructed slices separated by greater
than 1 cm in the craniocaudal direction, giving
measurements at eight locations of each kidney.
Each ROI was measured once at each dataset.
For data obtained with the first generation scan-
ner at 80/120 kVp, the same ROI was measured
on both 0.75 and 3 mm reconstruction datasets.

Renal lesions that measured greater than 1 cm
in the largest diameter on axial postcontrast CT
images were evaluated. When the CT num-
bers of a renal lesion increased less than 10 HU
from SNC-CT to postcontrast CT (including
weighted arterial phase, venous and excretory
phase CT), it was classified as a cyst. A lesion
exhibited an increase of at least 20 HU was clas-
sified as a solid, enhancing mass [10-12]. When a
lesion exhibited an increase of the CT number
greater than 10 HU and less then 20 HU, it was
classified as an indeterminate [11,12]. Cystic renal
lesions were classified according to the Bosniak
criteria into simple cysts (class I), minimally
complicated cysts (class II/IIF), moderately
complicated cysts (class III), and clearly malig-
nant cystic masses (class IV) using the SNC and
postcontrast CT images [11,13]. The CT num-
bers of renal masses were measured using a ROI
placed over the same area within the mass on
axial images of the SNC-CT and VNC-CT. The
ROI was placed in approximately two thirds of
each lesion. When the lesion contained calci-
fication or fat, these areas were excluded. The

Table 2. Body weight and abdominal anterior—posterior and transverse diameters in ‘large’ patients (indicated

as ‘large’ by virtual noncontrast application) and ‘normal size’ patients (not indicated as ‘large’ by virtual
noncontrast application).

Patients’ size 80/140 kVp 80/140 kVp 100/140 kVp with tin
(0.75 mm RT) (3 mm RT) filtration
Weight (kg) Large 79.3 +10.7 (n=15) 78.2 +11.9(n = 25)
Normal 59.2 +7.2(n=15) 60.0+4.3(n=7)
Abdominal anterior—posterior Large 26.7 £2.6cm 26.3+2.3cm
diameter Normal 215+ 1.7 cm 227 +13cm
Abdominal transverse Large 341 +£2.7cm 33.6+2.7cm
diameter Normal 28.4+2.1cm 30117 cm
Deviation of CT numbers of  Large 121 £ 79 HU 121 £ 8.4 HU 54 +41HU
renal parenchyma Normal 103+ 7.2 HU 9.9 7.1 HU 53+4.0HU
p-value p=0.011" p =0.002" p =0.7621
Deviation in CT numbers of  Large 12.5+9.6 HU 13.0 £ 10.3 HU 5.4 +3.8HU
Bosniak class I cysts Normal 11.3+54HU 15.1 + 4.7 HU 6.3+55HU
p-value p = 0.7456 p = 0.5807 p =0.5186
The deviation of CT numbers between virtual noncontrast-CT and standard noncontrast-CT of the renal parenchyma and Bosniak class | cysts were compared
between ‘large’ and ‘normal size’ patients.
"Instances when the deviation of CT numbers of renal parenchyma between virtual noncontrast-CT and standard noncontrast-CT were significantly larger in ‘large’
patients than ‘normal size’ patients when scanned at 80/140 kVp dual-energy CT.
HU: Hounsfield units; RT: Reconstruction thickness.
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Figure 3. CT numbers of renal parenchyma. (A) Average CT numbers of renal parenchyma on SNC-CT and VNC-CT acquired with first
generation CT scanner (80/140 kVp at 3 mm reconstruction thickness), and second generation scanner (100/140 kVp with a tin filtration)
in total (including all locations) and at each location. (B) Relationship between CT numbers of SNC-CT and VNC-CT of each region of
interest within renal parenchyma with the first generation scanner (80/140 kVp at 3 mm reconstruction thickness), and (C) second
generation scanner (100/140 kVp with a tin filtration). There is no linear relationship between VNC-CT and SNC-CT. CT numbers of renal
parenchyma on SNC-CT distribute across a wider range on VNC-CT than SNC-CT, particularly with the first generation scanner.

*p < 0.0001; **p =0.0003.

1st gen.: First generation scanner, 2nd gen.: Second generation scanner; A: Anterior; HU: Hounsfield units; L: Lateral; M: Medial;

P: Posterior; SNC-CT: Standard noncontrast CT; T: Total; VNC-CT: Virtual noncontrast CT.

estimated contrast enhancement of each renal
mass was measured three-times using a ROl in
the same area in the renal mass on the iodine
overlay image.

Statistical analysis was performed using the
Statview 5.0 (SAS Institute) software. The CT
numbers from the SNC- and VNC-CT images
were compared using the Student’s t-test. A con-
tingency table was used to indicate overall subjec-
tive image quality and a comparative result with
p < 0.05 was considered significant.

Results

B Overall subjective image quality
Overall image quality of VNC-CT from the ini-
tial 30 patients scanned at 80/140 kVp DE CT
was scored as grade 1 (Fioure 24) in 17 cases, grade 2

future science group

(Fieure 2B) in seven cases and grade 3 (Fioure 2€) in
six cases at 0.75 mm reconstruction thickness.
Specifically, in cases of grade 3, concentric, ring-
like heterogeneity was seen. In 32 patients scanned
at 100/140 kVp with Sn fileration DE CT, overall
image quality of VNC-CT was scored as grade 1
in 22 cases, grade 2 in ten cases, and grade 3
in no cases. Overall subjective image quality of
VNC-CT was better at 100/140 kVp with Sn
fileration than 80/140 kVp (p = 0.0285). 15 of
30 patients scanned at 80/140 kVp DE CT, and
25 of 32 patients scanned at 100/140 kVp with
Sn fileration DE CT were indicated as ‘large’ by
VNC application. Body weight and abdominal
anterior—posterior and transverse diameters in
‘large’ and ‘normal size’ patients were shown in

TABLE 2.
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CT numbers of renal parenchyma

The average CT numbers of renal parenchyma
was lower on VNC-CT than SNC-CT at both
scanners (Ficure 3). When the average CT num-
bers of renal parenchyma was compared among
four locations on VNC-CT, the anterior and
medial portions of the kidney were lower than
the posterior and lateral portions (Ficure 2).

The deviation of the CT numbers (absolute
values) between VNC-CT and SNC-CT at the
same locations was compared between ‘large’
and ‘normal size’ patients. At 80/140 kVp DE
CT, the deviation of the CT numbers was larger
in ‘large’ patients than ‘normal size’ patients
(Tante 2). However, at 100/140 kVp with Sn fil-
tration DE CT, it was not significantly different
(TABLE 2).

Renal masses

In the initial 30 patients scanned at 80/140 kVp,
there were 48 renal lesions greater than 1 cm.
Five lesions were out of FOV on VNC-CT, and

Figure 4. Bosniak class I cyst. (A) Standard noncontrast-CT acquired at 120 kVp.
Left renal cyst (arrow) measures 6.6 + 7.3 HU. (B) Virtual noncontrast-CT acquired
with the first generation scanner at 80/140 kVp dual-energy CT. The cyst (arrow)
measures -13.0 + 6.7 HU. (C) Arterial phase contrast enhanced CT (weighted
average image at 80/140 kVp dual-energy CT). The cyst (arrow) measures

12 + 10.0 HU. (D) Estimated contrast enhancement on iodine overlay image
measures 21.3 HU.

HU: Hounsfield units.

43 renal lesions were evaluated. They included
26 Bosniak class I cysts (three cysts were par-
tially out of FOV), five Bosniak class II or IIF
(II/IIF) cysts (peripheral calcifications [n = 3],
thin septation [n = 1], minimally thick sep-
tation [n = 1]), three indeterminate lesions,
two enhancing renal masses, three urothelial
masses, and four postablation zones.

In an additional 32 patients scanned at
100/140 kVp with Sn filtration, there were
49 renal lesions greater than 1 cm. All lesions
were included within FOV on VNC-CT.
They included 30 Bosniak class I cysts, six
Bosniak class II/IIF cysts (hyperdense cysts
[n = 3], thin septations with calcifications
[n = 1], thick wall or septation without or
with calcification [n = 2]), two indeterminate
lesions, five enhancing renal masses, and six
postablation zones.

At 80/140 kVp, the average CT numbers
of all 43 renal lesions, Bosniak class I cysts
(Fieure 4), class II/IIF cysts, and renal/urothe-
lial masses (Ficure 5) were lower on VNC-CT
than SNC-CT (TABLE 3). At 100/140 with Sn
filtration, the CT numbers of Bosniak class I
cysts (Ficure 6) was slightly lower on VNC-CT
than SNC-CT (p = 0.0401). At 100/140 with
Sn filtration, the CT numbers of all 49 renal
lesions, Bosniak class II/IIF cysts, renal masses
(Ficure 7) and postablation zones were not sig-
nificantly different between VNC-CT and
SNC-CT (TABLE 3).

A total of 16 of 26 Bosniak class I cysts at
80/140 kVp, and ten of 30 Bosniak class I
cysts at 100/140 kVp with Sn filtration
showed greater than 10 HU estimated con-
trast enhancement (average: 18.5 + 7.1 HU at
80/140 kVp, 14.9+ 4.0 HU at 100/140 kVp
with Sn filtration) (Ficure 4). For Bosniak class I
cysts, there was no correlation between the
patients’ size and deviation of the CT num-
bers (absolute values) between VNC-CT and
SNC-CT, as well as presence of greater than
10 HU estimated contrast enhancement on the
iodine overlay images.

A total of four Bosniak class II/IIF cysts at
80/140 kVp and no Bosniak class II/IIF cysts at
100/140 kVp with Sn filtration showed greater
than 10 HU estimated contrast enhancement
(average: 17.5 + 5.2 HU at 80/140 kVp). All
renal/urothelial masses showed greater than
10 HU estimated contrast enhancement
(average: 54.6 + 14.6 HU at 80/140 kVp,
74.4 £29.9 HU at 100/140 kVp with Sn filtra-
tion) (Ficures 5 & 7). Two postablation zones at

80/140 kVp (average: 16.9 + 5.4 HU), and two

506 Imaging Med. (2011) 3(5)
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Dual-energy CT: evaluation of the kidneys

postablation zones at 100/140 kVp with Sn fil-
tration (average: 17.2 + 2.1 HU) showed greater
than 10 HU estimated contrast enhancement.

Discussion

The basic method to determine iodine concen-
tration in tissue, and therefore to calculate a
virtual noncontrast image, is known as “three
material decomposition” [1]. Iodine is known to
have stronger enhancement at low tube voltage
settings [14]. This effect is used to differentiate
iodine from other materials that do not show
this behavior [1]. In the abdomen, the three-
materials that are usually analyzed are soft tis-
sue, fat, and iodine [1].

In our study, we evaluated the CT num-
bers of renal parenchyma and renal masses
on VNC-CT compared to SNC-CT. When
the manufacturer’s default settings were used,
the CT numbers of the renal parenchyma and
renal masses tended to be lower on VNC-CT
than SNC-CT, which was more pronounced
at 80/140 kVp DE CT. These differences may
be in part related to relatively large patient’s
size in our study population and thin collima-
tion used for 80/140 kVp DE CT acquisition.
The difference of the CT numbers of the renal
parenchyma between VNC-CT and SNC-CT
was larger in ‘large’ patients than ‘normal size’
patients at 80/140 kVp DE CT, suggesting
that image noise may cause inaccurate estima-
tion of iodine concentration and thus the CT
numbers of VNC-CT. DE CT data may not
be accurate in obese patients due to increased
image noise, and DE CT is not recommended
for patients whose BMI is greater than 30 [1s].
Recently, Guimaraes et al. [16] reported that the
use of the 14 x 1.2 mm detector configuration
at abdominal DE CT resulted in significantly
better image quality than that obtained with the
64 x 0.6 mm configuration. They also reported
that appropriate cutoff of patient’s longest lin-
ear dimension (35.6 cm for the kidneys, and
35.8 cm for the liver) on axial CT images for
the 14 x 1.2 mm detector configuration yielded
acceptable image quality [16].

In addition, the average CT numbers of the
renal parenchyma were different depending
on the location within the organ in our study.
The average CT numbers of the anterior and
medial portions of the renal parenchyma were
lower than the posterior and lateral portions
on VNC-CT at both scanners. The differences
of the CT numbers may be related to different
noise levels at different locations within FOV,
but there may be other factors that caused these

Figure 5. Minimally enhancing renal mass. (A) Standard noncontrast-CT
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80 kV
69.3 [HU]

140kV
44.7 [HU]

Mean:
Contrast enhancement: 26.8 [HU]

acquired at 120 kVp. Left renal mass (arrow) measures 32.5 + 8.5 HU. (B) Virtual
noncontrast-CT images acquired with the first generation scanner at 80/140 kVp

dual-energy CT. The mass (arrow) measures 21.3 + 7.7 HU. (C) Arterial phase

contrast-enhanced CT (weighted average image at 80/140 kVp dual-energy CT).
The mass (arrow) measures 52.7 + 13.4 HU. (D) Estimated contrast enhancement

on iodine overlay image measures 26.8 HU.
HU: Hounsfield units.

differences. Using a 64 x 0.6 mm detector col-
limation for the first generation scanner does
not allow use of on-line cross-scatter correction
which may have affected image quality and CT
numbers [16]. Further investigation is necessary
to determine the cause of this observation.

In obese patients, large amount of attenua-
tion and scattering of the low energy photons
result in a decrease of signal and relative increase
in electronic noise from the low kVp detector.
When 100 kVp was utilized, instead of 80 kVp,
for the acquisition of low energy data, this limi-
tation can be reduced (17]. However, the x-ray
spectra of 100 and 140 kVp show a larger over-
lap than the spectra of 80 and 140 kVp, and
DE contrast and thus material decomposition
are expectedly reduced [17]. Additional spec-
tral fileration for high kVp x-ray tube removes
low energy photons from the spectrum of the
high energy x-ray tube, increase the separa-
tion between data from the two x-ray tubes,
and decreases noise in the low energy images
and increases contrast in the DE images [18].
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Table 3. Average size and CT numbers of renal lesions on virtual noncontrast CT and standard noncontrast CT.

Total

Bosniak |

Bosniak II/1IF

Renal/urothelial mass

Post-ablation zone

compared to SNC-CT.

Size
VNC
SNC
p-value
Size
VNC
SNC
p-value
Size
VNC
SNC
p-value
Size
VNC
SNC
p-value
Size
VNC
SNC
p-value

fInstances when tin filtration dual-energy CT was lower on VNC-CT when compared to SNC-CT.

80/140 kVp 80/140 kVp 100/140 kVp with tin

(0.75 mm RT) (3 mm RT) filtration
25+1.7cm (n=43) 21 +1.6cm(n=49)

0.5+ 15.0HU -0.2 +15.4 HU 10.1 £ 14.1 HU

10.9 + 13.4 HU 10.9 £ 13.2 HU 1.2 +12.5HU

p < 0.0001" p <0.0001* p=0.2016
22+15cm(n=26) 21 +1.2cm(n=30)

-5.6 £9.0HU -7.4 £ 9.3 HU 1.8+ 75HU

4.8+ 55HU 4.8 +58HU 4.3+59HU

p < 0.00017 p < 0.00017 p = 0.04017
46+28cm(n=05) 19+0.7cm(n=06)

-59+ 4.3 HU -6.3+7.6 HU 35.3+10.1 HU

51+3.4HU 4.6 +3.0HU 28.8 + 8.8 HU

p = 0.0042° p=0.01297 p =0.1867
26+11cm(n=5) 3.0+2.8cm(n=5)

23.3+4.6HU 211+ 3.8 HU 28.0 £ 10.1 HU

30.1 + 79 HU 30.4+6.8 HU 249 + 89 HU

p =0.0482° p = 0.02557 p = 0.1453"
21+06cm(n=4) 25+05cm (n=6)

26.0 £ 15.2 HU 27.6 £ 15.1 HU 24.3 +16.6 HU

36.2 + 15.0 HU 36.3+ 11.6 HU 21.8+18.7 HU

N/A N/A p=0.2768

CT numbers of all renal lesions at 80/140 kVp dual-energy CT, and Bosniak class | cysts at 100/140kVp with Sn dual-energy CT were lower on VNC-CT when
HU: Hounsfield units; RT: Reconstruction thickness; SNC: Standard noncontrast; VNC: Virtual noncontrast.

Improved sensitivity and specificity for discrim-
inating renal cysts from enhancing masses in a
kidney phantom model has been reported with
DE CT with an Sn filter 19].

Recently, Karlo ez al. reported that DE CT at
80/140 kVp allowed discrimination between a
phantom renal lesion containing contrast agent
and lesions containing protein and blood [20].
They also reported that further discrimination
between protein and blood containing renal
proxies was possible when using a thin filter 20].

In a prior study by Brown ez a/. using phan-
tom renal lesions to characterize renal mass
as cyst or solid by DE CT, 35 of 36 enhanc-
ing masses and ten of 12 cysts were correctly
identified, with a sensitivity and specificity
of 97% and 83% [21]. In our study, 62% of
Bosniak class I cysts at 80/140 kVp, and 32%
at 100/140 kVp with Sn filtration DE CT
showed greater than 10 HU estimated con-
trast enhancement on iodine overlay images.
Our results suggest that there was variability
of measured HU values of renal masses on
VNC-CT using the manufacturer’s default
postprocessing settings, particularly with the
first generation scanner with 64 x 0.6 mm
collimation, and the use of DE CT may
potentially cause difficulty in differentiating

renal cysts from minimally enhancing solid
masses. Coursey et al. also described in their
recent review article that in their experience,
VNC-CT images created with available post-
processing technique are not always equivalent
to SNC-CT images, and they experienced a dif-
ference of 3—32 HU between the CT numbers
of the renal masses on VNC-CT and SNC-CT
images [22]. Graser ez al. reported that there
was little difference between VNC-CT and
SNC-CT in CT numbers of renal parenchyma
and renal cysts [7]. Exclusion of morbidly obese
patients (BMI >40 kg/m?) and the use of the
14 x 1.2 mm detector configuration in this
study may be the cause of the difference from
our results. More recently a study by Graser
et al. also reported accurate characterization
of renal masses as benign or malignant in 202
patients based on DE CT only, with an overall
accuracy of 94.6% using the first generation
scanner (n = 174) and the second generation
scanner (n = 28) [23]. Recently, Neville ez al.
studied 66 hypoattenuating renal cysts, 28
hyperattenuating renal cysts, 18 angiomyolipo-
mas, and 27 solid enhancing renal lesions with
DE CT at 80/140 kVp in a nonbody habitus-
restricted patient population [24]. CT numbers
and enhancement level between acquired and
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calculated nonenhanced images using indi-
vidualized spectoral-based iodine extraction
were not statistically different in any lesions
groups [24].

We noted several advantages of the sec-
ond generation dual-source CT scanner for
VNC-CT imaging over the first generation
scanner. Firstly, with a larger DE FOV, more
renal lesions can be included. Secondly, arti-
facts were less commonly seen with the second
generation scanner. In particular, ring-like arti-
facts were more commonly seen with the first
generation scanner due to the image acquisition
at 80 kV. Thirdly, deviation of the CT num-
bers of renal parenchyma and renal lesions on
VNC-CT from SNC-CT was smaller with the

second generation scanner.

100 kv

To minimize patient exposure to ionizing
radiation, abdominal DE CT protocols oper-
ate using an online dose modulation system
(CARE Dose 4D) that adapts the tube currents
to the patient’s anatomy [1]. Radiation dose to
the patient theoretically could be increased
using a DE acquisition. However, when the
reference mAs values are set to 400 mAs on the
B tube and 96 mAs on the A tube, the calcu-
lated effective patient dose for abdominal scans
ranges from 4.5 to 12.5 mSv, which is similar to
the effective dose of a standard abdominal CT
acquisition using 120 kVp with 250 mAs [1s5].
In our study, average CTDIVO1 of DE contrast
enhanced CT scans for the arterial phase was
13.3 mGy at 80/140 kVp, and 15.2 mGy at
100/140 kVp with Sn filtration.

Sn 140 kV

Mean: 11.0[HU] 8.1 [HU]
Contrast enhancement: unsuitable ROI

Figure 6. Bosniak class I cyst. (A) Standard noncontrast-CT acquired at 120 kVp. Right renal cyst
(arrow) measures 3.3 + 15.6 HU. (B) Virtual noncontrast-CT acquired with the second generation
scanner at 100/140 kVp with a tin filtration dual-energy CT. The cyst (arrow) measures

3.8 + 13.8 HU. (C) Estimated contrast enhancement on iodine overlay image measures less than

10 HU contrast enhancement.
HU: Hounsfield units.

future science group

www.futuremedicine.com

509



s e e Kawamoto, Zhou, Leidecker, Fung, Tsui & Fishman

100 kV
Mean: 193.9 [HU] 95.0 [HU]
Contrast enhancement: 169.6 [HU]

Sn 140 kV

Figure 7. Enhancing renal mass (clear cell renal cell carcinoma) in left
kidney. (A) Standard noncontrast-CT acquired at 120 kVp. Left renal mass (arrows)
is difficult to detect on noncontrast-CT, but measures 18.1 = 16.1 HU. (B) Virtual
noncontrast CT acquired with the second generation scanner at 100/140 kVp with
a tin filtration dual-energy CT. The mass (arrows) measures 13.7 + 19.7 HU.

(C) Arterial phase contrast-enhanced CT (weighted average image at 100 kVp and
140 kVp with a tin filtration dual-energy CT) shows a small hypervascular mass in
the left kidney (arrows). (D) lodine overlay image generated at 100/140 kVp with a
tin filtration dual-energy CT. Estimated contrast enhancement of the mass
measures 169.6 HU.

HU: Hounsfield units.

There are several limitations in our study.
Firstly, we empirically excluded obese patients,
but we did not determine BMI before the
exam. Significant numbers of the patients were
indicated as ‘large’ by Liver VNC application.
Secondly, 64 x 0.6 mm collimation was used with
80/140 kVp on the first generation scanner. It is
recommended to use 14 x 1.2 mm collimation on
both detectors for abdominal imaging because
64 x 0.6 mm collimation causes increased image
noise on the B detector images [25]. These factors
may have contributed to the difference of the

CT numbers between VNC-CT and SNC-CT
particularly at 80/140 kVp DE CT in our study.
Thirdly, we only evaluated DE CT data acquired
at arterial phase, and were unable to assess DE
CT data acquired at other phases. Finally, we do
not have histological diagnosis of renal lesions.
Classification of some of the renal lesions was
based on CT imaging findings, not histological

diagnosis.

Conclusion

In conclusion, VNC-CT acquired with DE CT
is useful in the characterization of renal masses.
Careful attention to patient’s selection and the
acquisition protocol are necessary. The second
generation scanner was more accurate, with
small differences in the CT numbers between
VNC-CT and SNC-CT in renal parenchyma
and renal masses. For many renal lesions, par-
ticularly those evaluated with the second genera-
tion scanner, VNC-CT was accurate, and it is
promising that SNC-CT will likely be elimi-
nated in the future. However, it requires larger
multicenter studies to confirm this observation.

Future perspective

With appropriate clinical setting and careful
patient selection and acquisition protocol, it is
likely that VNC-CT will replace SNC-CT and

reduce radiation dose to patients.
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Executive summary

= The second generation scanner was more accurate, with small differences in the CT numbers between virtual noncontrast-CT and
standard noncontrast-CT in renal parenchyma and renal masses compared to the first generation scanner.
= At 80/140 kVp DE CT, the deviation of the CT numbers was larger in ‘large’ patients than ‘normal size’ patients. However, at

100/140 kVp with tin filtration dual-energy CT, it was not significantly different.
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