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Abstract
AIM: To evaluate abdominal and pelvic image char-
acteristics and artifacts on virtual nonenhanced (VNE) 
images generated from contrast-enhanced dual-energy 
multidetector computed tomography (MDCT) studies. 

METHODS: Hadassah-Hebrew University Medical In-
stitutional Review Board approval was obtained; 22 pa-
tients underwent clinically-indicated abdominal and pel-
vic single-source dual-energy MDCT (Philips Healthcare, 
Cleveland, OH, USA), pre- and post-IV administration 
of Omnipaque 300 contrast (100 cc). Various solid and 
vascular structures were evaluated. VNE images were 
generated from the portal contrast-enhanced phase 
using probabilistic separation. Contrast-enhanced-, 
regular nonenhanced (RNE)-, and VNE images were 
evaluated with a total of 1494 density measurements. 
The ratio of iodine contrast deletion was calculated. 
Visualization of calcifications, urinary tract stones, and 
image artifacts in VNE images were assessed. 

RESULTS: VNE images were successfully generated 
in all patients. Significant portal-phase iodine contrast 
deletion was seen in the kidney (61.7%), adrenal 
gland (55.3%), iliac artery (55.0%), aorta (51.6%), 
and spleen (34.5%). Contrast deletion was also signifi-
cant in the right atrium (RA) (51.5%) and portal vein 
(39.3%), but insignificant in the iliac vein and inferior 
vena cava (IVC). Average post contrast-to-VNE HU dif-
ferences were significant (P  < 0.05) in the: RA -135.3 
(SD 121.8), aorta -114.1 (SD 48.5), iliac artery -104.6 
(SD 53.7), kidney -30.3 (SD 34.9), spleen -9.2 (SD 
8.8), and portal vein -7.7 (SD 13.2). Average VNE-to-
RNE HU differences were significant in all organs but 
the prostate and subcutaneous fat: aorta 38.0 (SD 
9.3), RA 37.8 (SD 16.1), portal vein 21.8 (SD 12.0), 
IVC 12.2 (SD 11.6), muscle 3.3 (SD 4.9), liver 5.7 (SD 
6.4), spleen 22.3 (SD 9.8), kidney 40.5 (SD 6.8), and 
adrenal 20.7 (SD 13.5). On VNE images, 196/213 calci-
fications (92%) and 5/6 renal stones (84%) were visu-
alized. Lytic-like artifacts in the vertebral bodies were 
seen in all studies. 

CONCLUSION: Iodine deletion in VNE images is most 
significant in arteries, and less significant in solid or-
gans and veins. Most vascular and intra-abdominal or-
gan calcifications are preserved.
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INTRODUCTION
The past years have been characterized by tremendous 
progress in computed tomography (CT) technology. With 
the introduction of  multidetector (MD) scanners that 
produce very high quality images, CT use has increased 
markedly. Recently, MDCT and dual-energy imaging 
capabilities were combined. Dual-energy techniques are 
designed to capture information from varying responses 
of  materials with a range of  Compton and photoelectric 

effects to X-rays at different energies[1]. 
Dual-energy acquisition enables reconstruction of  

virtual nonenhanced (VNE) images, wherein the iodine 
content of  contrast-enhanced CT images is subtracted 
using image post-processing techniques[2]. VNE images 
have been shown to be useful in various clinical set-
tings, ranging from the detection of  masses and stones 
to evaluation of  vascular disease[3]. The virtual deletion 
of  iodine is appealing, as it may obviate the need for the 
nonenhanced imaging phase in multiphase studies; thus, 
VNE has the potential to significantly reduce X-ray ex-
posure for patients and shorten CT study times[3]. 

To the best of  our knowledge, a comparative evalua-
tion of  VNE at the various abdominal and pelvic organs 
has never been carried out. We aimed to systematically 
evaluate VNE images generated from a dual-energy 
multi-detector CT using probabilistic separation and a 
VNE algorithm, and to assess iodine contrast deletion, 
depiction of  calcifications, and extent of  image artifacts 
in abdominal and pelvic scans. 

MATERIALS AND METHODS
Authors who are not employees of  Philips Healthcare (JS, 
SM, GA, AB) had continuous control of  all information 
and research data in this study, with JS acting as the guar-
antor of  integrity for the entire study. 

The dual-energy CT system 
The study was performed on a prototype single-source 
dual-energy MDCT available for research purposes (Phil-
ips Healthcare, Cleveland, OH, USA). The scanner tube 
was conventional, without modulation capabilities. Dual-
energy was based on dual detector capability, with the 
upper layer primarily absorbing the lower X-ray energy 
spectrum, and the lower detector layer absorbing the 
remainder of  the spectrum, mainly in the higher energy 
range[4]. Each layer has 32 detector rows and a 50 cm 
full field-of-view. Data from each layer, corresponding 
to lower- and higher energies, are independently recon-
structed. In addition, a combined standard CT image is 
reconstructed from weighted raw signals of  the two layers. 
As the evaluated scanner is based on a single-source dual-
energy layer, a single kVp is provided, with separation of  
the low- and high-energy images at the detector level.

Study population
Hadassah-Hebrew University Medical Institutional Re-

view Board approval was obtained. All participants had 
clinical indications for abdominal and pelvic CT, and 
signed an informed consent. The consent form included 
information on the research scanner and a statement that 
radiological interpretation would be based solely on the 
conventional averaged CT image. Twenty-two consecu-
tive patients referred for clinically indicated CT studies 
were included in the study, including eight women and 14 
men ranging in age from 38-71 years (mean 60 years, SD 
10 years). CT studies were performed using collimation 
of  32 �� ����������  ����������������������������������      ×�����������   ����������������������������������       0.625 mm, FOV of  50 cm, slice thickness and 
increment of  1-3 mm, 140 kVp, 250-300 mAs, and kernel 
B. Air calibration was performed before each scan. 

All patients were scanned before and after intrave-
nous administration of  100 cc of  iohexol (Omnipaque 
300, Amersham Health, Princeton NJ, USA), injected at 
a rate of  3-4 cc/s using a mechanical injector (Medrad, 
Warrendale, PA, USA). Scans were performed within 60 s 
from initiation of  injection. 

Solid organs evaluated were subcutaneous fat, erecter 
spinae muscle, spleen, liver, adrenal gland, kidney, and 
prostate. Vascular structures evaluated were the right 
atrium (RA), aorta, inferior vena cava (IVC), portal vein, 
common iliac artery and vein, external iliac artery and 
vein, and common femoral artery and vein.

VNE generation technique
The analysis consisted of  two steps[2]: (1) estimation of  
material response vectors; and (2) iodine-calcium separa-
tion. The first step was accomplished using an automatic 
algorithm that estimated the material response vectors of  
iodine, calcium, and soft tissue on the dual-energy map. 
This algorithm was applied for each slice in the study to 
eliminate beam-hardening effects that may impact on the 
orientation of  material response vectors. The algorithm 
presented the distribution of  voxel distance from mate-
rial response vectors in the energy map as a probability 
model to estimate combinations of  iodine, calcium, and 
soft tissue voxels. 

The second step was implemented using a separation 
algorithm to estimate the probability for each voxel to be 
either iodine or calcium. The algorithm incorporated the 
estimated response vectors to approximate prior prob-
abilities that iodine or calcium were depicted in each re-
gion of  the volume.

Systematic image analysis
CT scans were loaded on a Kodak PACS viewing station 
(Carestream Health, Rochester NY, USA). Contrast en-
hanced-, regular nonenhanced (RNE)-, and VNE images 
were evaluated separately using the combined weighted 
CT for the RNE and contrast enhanced studies. Multiple 
attenuation measurements were performed on various 
organs. Measurements were performed by a research fel-
low with 12 mo experience in dual-energy CT (SM) using 
regions-of-interest (ROI) that were identical in size and 
location on all VNE and RNE images. ROI measure-
ments of  organs were obtained with care to avoid calcifi-
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cations and vessels within the organs, as well as obvious 
masses. ROI size varied from 0.7 to 2.5 cm2. Standard 
deviations were calculated for each measurement. A total 
of  1494 density measurements were performed, includ-
ing 22 measurements in each female patient, and 23 for 
each male patient, including the prostate. 

Densities were measured in the RA and in a number 
of  vessels, including the aorta, IVC, main portal vein, 
right common iliac and right external iliac artery and 
vein, and right common femoral artery and vein. Multiple 
intra-abdominal organ densities were measured, includ-
ing the right hepatic lobe (at the level of  the right portal 
vein), left hepatic lobe (at the level of  the left portal vein), 
spleen (at the level of  the splenic hilum), prostate, left ad-
renal, right kidney (cortex, at a subcapsular location), left 
erector spinae muscle, and right posterior subcutaneous 
fat. 

Evaluation of  virtual contrast deletion: To determine 
the difference in attenuation between VNE- and post con-
trast images, we subtracted attenuation values measured 
on VNE images from values on images showing contrast 
enhancement. To determine the difference in attenuation 
between VNE- and RNE images, we subtracted attenu-
ation values measured on VNE images from values on 
the RNE images. We calculated the average difference for 
each measured area. The ratio of  these two subtractions 
was then calculated to generate the percentage of  contrast 
deletion, defined as (contrast-VNE)/(contrast-NE). 

Calcifications and urinary stones: The presence of  
organ calcifications and urinary stones was evaluated in 
consensus by two experienced abdominal radiologists (AB 
and JS) with 14 and 12 years of  experience, respectively. 
Each organ calcification identified in an RNE image was 
evaluated on the VNE images as still visible or complete-
ly deleted in comparison to the RNE study. Since there 
is no accurate system enabling precise evaluation of  the 
change in aortic calcifications on VNC images, we evalu-
ated these calcifications subjectively. The most heavily 
calcified 5 cm section of  each vessel was chosen. Calcifi-
cations seen on RNE and VNE images were measured, 
including calcifications in arterial walls, as well as intralu-
minal densities of  arteries and veins. Urinary stones were 
assessed separately. 

Artifacts: The presence and nature of  artifacts on VNE 
images were evaluated to identify focal changes in VNE 
image quality that were not seen on the RNE image and 
that were not anatomical or pathological. 

Statistical analysis
Descriptive statistics were used where appropriate. The 
sign test was used to compare the differences in attenu-
ation between contrast enhanced-, RNE-, and VNE im-
ages to test the hypothesis that there is no difference be-
tween RNE and VNE in a situation when paired samples 
could be drawn. All analyses were performed with SAS 

statistical analysis software (version 9.1, SAS Institute, 
Cary NC, USA). P < 0.05 was considered significant.

RESULTS 
Contrast deletion
VNE images were generated successfully in all 22 pa-
tients, using probabilistic separation. Evaluation of  the 
RA and multiple intra-abdominal organ and vascular 
densities showed that contrast deletion was indeed sub-
stantial (Table 1). Contrast material deletion was signifi-
cant at 51.6% and 55.0% in the aorta and iliac artery, re-
spectively. Among the veins, only the portal vein showed 
statistically significant deletion, at 39.3%; deletions at 
the IVC and iliac vein were both insignificant at around 
25%, however, the RA showed significant deletion at 
51.5%. Intra-abdominal organs demonstrating significant 
contrast deletion were spleen (34.5%), adrenal (55.3%) 
and the kidney at the portal phase (61.7%) (Figure 1). 
Deletion in the prostate was about 13% and insignificant. 
Deletion was heterogeneous and insignificant in the liver, 
averaging about 10% overall. Subcutaneous tissues and 
muscles showed the least contrast enhancement, as well 
as the lowest degree of  contrast deletion. 

The differences in density between RNE and VNE 
are shown in Table 2. These differences were statistically 
significant for all organs but the iliac vein, prostate, erec-
tor spinae muscle, and subcutaneous fat. Among solid 
intra-abdominal organs, the mean differences ranged 
between 20-40 HU for the kidney, adrenal and spleen (P 
< 0.001) and did not exceed 6 HU for the liver (P < 0.01). 
For vessels, deletion ranged from 8.3 HU for the iliac 
vein (P = 0.02) to about 38 HU for the RA, aorta and 
iliac artery (P < 0.0001).

Organ and vascular calcifications
Evaluation of  the arteries on RNE studies revealed 213 
calcifications, of  which 196 (92%) were visualized on the 
VNE images (Figure 2). There were six renal stones rang-
ing in size from 1-8 mm. Only one renal stone, 2 mm in 
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Table 1  Subtraction of the average HU measurements of 
organs evaluated: Enhanced computed tomography minus 
virtual nonenhanced images

Organ mean ± SD P value Percent 
deletion

Adrenal gland     1.8 ± 6.9 < 0.0001 55.3
Kidney   30.279 ± 34.91 < 0.0001 61.7
Spleen   9.202 ± 8.79 < 0.0001 34.5
Liver   3.619 ± 9.21   0.490 10.2
Subcutaneous fat   0.330 ± 2.52    0.8318   2.3
Prostate  -0.183 ± 1.63    1.0000 13.3
Erector spinae muscle  -0.403 ± 2.64    0.5235   7.7
Right atrium   135.4 ± 16.0 < 0.0001 51.5
Portal vein     7.6 ± 2.3    0.0015 39.3
Inferior vena cava     1.7 ± 2.0    0.5235 26.6
Aorta 114.1 ± 1.2 < 0.0001 51.6
Iliac vein   3.616 ± 3.04    0.0625 25.3
Iliac artery   104.64 ± 53.66 < 0.0001 55.0
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diameter, was deleted on VNE images; other stones were 
visible and only partially deleted (Figure 3). 

Artifacts
Artifacts were seen in all VNE studies. In the vertebral 
bodies, they were seen as lytic-like lesions. These were 
easily identified as artifacts and were not expected to 
cause the VNE studies to be non-diagnostic (Figure 4).

DISCUSSION
Before the use of  VNE imaging becomes widespread, a 
systematic comparative evaluation of  the characteristics 
of  iodine deletion and artifacts at various abdominal or-
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Table 2  Average HU differences in densities of organs 
evaluated on virtual nonenhanced minus regular nonenhanced 
images

Organ mean ± SD P value

Adrenal gland   20.7 ± 13.5 < 0.0001
Kidney 40.5 ± 6.8 < 0.0001
Spleen 22.3 ± 9.8 < 0.0001
Liver   5.8 ± 6.9    0.0072
Subcutaneous fat    -0.3 ± 4.54    1.0000
Prostate   4.3 ± 6.6    0.5000
Erector spinae muscle   3.3 ± 4.9    0.0169
Right atrium   37.8 ± 16.1 < 0.0001
Portal vein   21.8 ± 12.0    0.0002
Inferior vena cava   12.2 ± 11.6 < 0.0001
Aorta 38.0 ± 9.3 < 0.0001
Iliac vein   8.3 ± 7.9    0.0225
Iliac artery   38.4 ± 15.0 < 0.0001

C

B

A

Figure 1  �� ������������ ������� ����� ���� �������� ����������� ��������A ������������ ������� ����� ���� �������� ����������� ��������52-year-old female with the kidney  contrast deletion. A, B: 
The regular nonenhanced (A) and contrast-enhanced (B) images demonstrate 
kidneys with normal appearance; C: Virtual nonenhanced shows substantial 
deletion of contrast from the kidney parenchyma.

C

B

A

Figure 2  �� ������������ ����� ����� ��� ���������� ������� ���������A ������������ ����� ����� ��� ���������� ������� ���������60-year-old male with ��� ���������� ������� ���������an ���������� ������� ���������abdominal aortic aneurysm. A: Regu-
lar nonenhanced image demonstrates a curved calcification in the posterior 
border of the aneurysm with some smaller calcifications in the anterior border; B: 
The contrast enhanced image shows opacification of the lumen; C: Virtual non-
enhanced shows preserved posterior calcifications with deletion of the smaller 
anterior calcifications.
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gans is important to assess the clinical potential of  these 
studies for specific applications. Our study demonstrates 
the technical feasibility and imaging characteristics of  
VNE images. In this series, iodine deletion reached as 
high as 50%-60% in arterial vessels, RA, adrenal and kid-
ney. It was less pronounced in veins and in the remaining 
abdominal organs. The majority of  vascular calcifications 
and renal stones were preserved. Specific, easily recog-
nized artifacts could be attributed to this technique. 

The importance of  noncontrast imaging as a part 
of  CT protocols has been shown previously[5]. At CT 
angiography, a noncontrast study is usually obtained first 
to identify high attenuation in the aortic wall, which is 
consistent with intramural hematoma and may indicate 
early or impending rupture. Noncontrast images are also 
useful in evaluating and defining high attenuating struc-
tures such as calcium or metal that may be confused with 
enhancement on post-contrast images, for example in pa-
tients evaluated after abdominal aortic aneurysm repair. 

Noncontrast images of  the liver are used to demon-
strate calcifications and fibrosis, and to provide important 
information in the characterization of  hepatic masses[6]. 
In the kidneys, noncontrast images are used to detect the 
presence of  calcifications and their degree of  enhance-

ment[7]. Imaging and characterization of  adrenal masses 
also currently relies on noncontrast image acquisition[8]. 
Multiphasic imaging of  the liver, pancreas, kidney and 
thorax has therefore become standard practice[9]. 

Recently, it has been shown that dual-energy dual-
source CT scans performed during the delayed phase, 
with reconstruction of  VNE images, enables detection of  
endoleaks after endovascular abdominal aortic aneurysm 
repair with high accuracy and a considerably lower patient 
radiation dose[10-12]. Chow et al[11] have shown that 94% 
of  VNE images are diagnostic; similarly, in our study, 
all images were diagnostic. The Sommer group reported 
at least minimal subtraction of  calcifications in 70% of  
their VNE images[11], whereas we found only 8% subtrac-
tion. This difference might be attributed to differences in 
the dual-energy algorithms used for iodine deletion from 
the CT images.

VNE imaging has already been used in the charac-
terization of  pulmonary nodules. Chae et al[13] reported 
detection of  85.0% of  calcifications (17 of  20) in soli-
tary pulmonary nodules and 97.8% of  calcifications (44 
of  45) in the lymph nodes on VNE images, although 
apparent size was smaller on VNE- compared with non-
enhanced weighted average images. These results are in 
accordance with our findings in relation to the preserva-
tion of  calcifications.

Dual-energy contrast-enhanced CT acquisition with 
VNE reformation has shown sensitivity, specificity, and 
positive- and negative predictive values of  83%, 100%, 
100%, and 88%, respectively, for the detection of  urinary 
stone disease[14]. In our study, most urinary stones were 
also preserved. This may be beneficial in CT urography 
studies, since it may enable stone detection with omission 
of  the nonenhanced phase.

Graser et al[15] have shown the reliability of  VNE im-
aging for assessment of  renal masses with similar density 
on VNE and RNE images. In our study, however, there 
were differences in density on VNE and RNE images 
of  the kidney. This may be attributable to differences 
in timing of  contrast injection, and the use of  different 
dual-energy scanning techniques; Graser et al[15] used a 
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Figure 3  Regular nonenhanced image (A) demonstrates two stones in the right kidney of a 64-year-old male. B: In the contrast-enhanced image, contrast 
excretion into the collecting system is inhibited by the stones, which are obscured; C: In the virtual nonenhanced image, the posterior stone is maintained while the 
anterior stone is deleted.

Figure 4  Virtual nonenhanced image of this 58-year-old female shows a 
lytic-like artifact in the vertebral body. The “lesion” was easily identified as 
an artifact. 
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dual-source, while we used a dual-detector scanner in 
our study. On the other hand, differences in liver density 
on VNE and RNE images were minimal in our study; 
thus VNE may be performed in the future to avoid the 
need for a nonenhanced phase in multi-phasic liver stud-
ies. Zhang et al[16] showed that arterial- and portovenous-
phase-derived VNE images can detect 91% and 81% of  
focal liver lesions, respectively.

The ability of  DECT-derived VNE images to depict 
urinary stones in an iodine solution was tested in a phan-
tom model[17]. Stone visibility rates varied with changes 
in iodine concentration and kVp. The study showed that 
VNE is capable of  depicting urinary stones in iodine 
solutions of  a diverse range of  concentrations in a phan-
tom study. With regard to urinary stones, our in vivo study 
supports the findings obtained in a phantom model from 
this earlier study.

Since contrast deletion occurred mainly from arteries 
in our study, it would seem more logical to perform VNE 
algorithms at the arterial phase rather than the venous 
phase, when there is also less iodine in the parenchyma. 
Compared to the portal venous phase, the hepatic arterial 
phase of  dual-energy VNE was shown to provide bet-
ter image quality and may be more diagnostic[16,18]. The 
reason for the improved contrast deletion from arteries 
is probably related to the higher iodine concentration 
within vessels with higher HU values, and more specifi-
cally within the pixels with iodine content. Further phan-
tom and clinical studies are needed to assess differences 
in VNE images derived from the arterial and venous 
phases, as well as variation due to differences in deletion 
algorithms.

VNE has the potential to significantly decrease pa-
tient exposure to ionizing radiation, an issue of  increas-
ing concern. The National Council on Radiation Protec-
tion and Measurements estimates that the annual medical 
radiation dose in the general population has increased by 
a factor of  nearly six since the early 1980s[19,20]. The num-
ber of  CT scans performed in the US increased from 
18.3 million in 1993 to 67 million in 2006[20]. It is esti-
mated that CT scans constituted only 17% of  all medical 
radiation procedures, but contributed about 49% of  the 
collective dose in 2006[20]. 

In the past decade, both the clinical utility and the 
availability of  CT have increased significantly, resulting in 
a dramatic increase in CT utilization[21]. It is thus impor-
tant that patient radiation exposure is carefully consid-
ered, particularly in the case of  multiphasic, repeated, or 
multiple examinations[22-25]. Further study of  the clinical 
role for VNE reformation would thus appear to be a 
high priority. Depending on the setting in which it is im-
plicated, VNE has the potential to reduce radiation dose 
by as much as 60% in a single study[3]. 

There are some limitations to our study. The popula-
tion was relatively small. We have also evaluated only one 
type of  dual-energy scanner. Other techniques for dual-
energy CT imaging may yield different levels of  iodine 
contrast deletion; acquisition techniques and reformation 

algorithms are unique for each commercially available 
system. It should also be noted that our RNE images 
were weighted averages of  dual-energy datasets, derived 
from DECT technology with the unique capability for 
simultaneous dual- and single-energy image construc-
tion following a single scan. In theory, our RNE images 
should represent true single-scan data, however, it is 
possible that comparison of  our VNE images to RNE 
images acquired at conventional MDCT might yield dif-
ferent results than those described here. 

In conclusion, VNE images can be obtained with dual 
energy CT, with iodine mainly deleted from arteries and 
solid organs rich in blood supply such as the kidneys, ad-
renal gland, and spleen. A lesser degree of  iodine deletion 
is seen in other abdominal solid organs such as the liver, 
as well as in the veins. Most vascular and intra-abdominal 
organ calcifications are preserved. VNE technology may 
potentially obviate the need for RNE image acquisition 
when multi-phase studies are needed, thereby reducing 
the overall radiation burden, but this must be investigated 
further in abdominal organs. 

ACKNOWLEDGMENTS
Jacob Sosna, Professor is the principle investigator under 
a research agreement with Philips HealthCare. Dr. Liran 
Goshen and Dr. Galit Kafri are employees of  Philips 
HealthCare. The other authors have no conflicts of  inter-
est to disclose. 

The authors wish to thank Shifra Fraifeld, MBA, a 
Research Associate in the Department of  Radiology at 
Hadassah Medical Center, for her contribution to data-
base development and management, and her editorial as-
sistance in the preparation of  this manuscript.

COMMENTS
Background
Dual-energy acquisition enables reconstruction of virtual nonenhanced (VNE) 
images, wherein the iodine content of contrast-enhanced computed tomogra-
phy (CT) images is subtracted using image post-processing techniques. VNE 
images have been shown to be useful in various clinical settings, ranging from 
detection of masses and stones to evaluation of vascular disease. The virtual 
deletion of iodine is appealing, as it may obviate the need for the nonenhanced 
imaging phase in multiphase studies; thus, VNE has the potential to significantly 
reduce X-ray exposure for patients and shorten CT study times.
Research frontiers
The paper �������������������������������������������������������������        aimed to systematically evaluate VNE images generated from a 
dual-energy multidetector CT (MDCT) using probabilistic separation and a VNE 
algorithm, and to assess iodine contrast deletion, depiction of calcifications, and 
extent of image artifacts in abdominal and pelvic scans. 
Innovations and breakthroughs
The ����������������������������������������������������������������������������        study demonstrates the technical feasibility and imaging characteristics of 
VNE images. In this series, iodine deletion reached as high as 50%-60% in ar-
terial vessels, right atrium, adrenal and kidney. It was less pronounced in veins 
and in the remaining abdominal organs. The majority of vascular calcifications 
and renal stones were preserved. Specific artifacts could be attributed to this 
technique, and these were easily recognized as such. All images were diagnos-
tic, with only 8% of calcifications being subtracted. In previous series, findings 
in renal parenchyma showed similar density on VNE and regular nonenhanced 
(RNE) images. In the study, however, there were differences in density on VNE 
and RNE images of the kidney. This may be attributable to differences in timing 
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of contrast injection, and the use of different dual-energy scanning techniques. 
On the other hand, differences in liver density on VNE and RNE images were 
minimal in the study; thus VNE may be performed in the future to avoid the 
need for a nonenhanced phase in multi-phasic liver studies. Since contrast 
deletion occurred mainly from arteries in our study, it would seem more logical 
to perform VNE algorithms at the arterial phase rather than the venous phase, 
when there is also less iodine in the parenchyma. Compared to the portal ve-
nous phase, the hepatic arterial phase of dual-energy VNE has been previously 
shown to provide better image quality and may be more diagnostic. 
Applications
VNE images can be obtained with dual-energy CT, with iodine mainly deleted 
from arteries and solid organs rich in blood supply such as the kidney, adrenal 
gland, and spleen. A lesser degree of iodine deletion is seen in other abdominal 
solid organs such as the liver, as well as in the veins. Most vascular and intra-
abdominal organ calcifications are preserved. VNE technology may potentially 
obviate the need for RNE image acquisition in abdominal imaging when multi-
phase studies are needed, thereby reducing the overall radiation burden. 
Terminology
Dual-energy CT: An emerging CT imaging technique in which two datasets are 
obtained at a single scan, corresponding to two distinct energy spectra; these 
distinct datasets are then analyzed to reveal material-specific information. VNE 
image: An image derived from postprocessing of data acquired at dual-energy 
CT, in which iodinated contrast material is digitally deleted from the original 
contrast-enhanced image.
Peer review
This study represents an important step in the advancement of dual-energy 
CT in general and VNE imaging in particular. While other VNE studies have 
focused on specific organs or disease entities, this study provides the first 
comprehensive demonstration of the clinical feasibility and utility of VNE imag-
ing within the abdomen as a whole. The results presented here support the 
advancement of this unique imaging technique in abdominal imaging, whereby 
radiation exposure to patients can be dramatically reduced. Further studies 
should compare the performances of the various dual-energy data acquisition 
systems and VNE algorithms in the abdomen.
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