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Dual energy computed tomography (DECT) has been introduced into clinical practice 
in 2006 and is being increasingly used in various applications since then. Dual ener-
gy technology provides discrimination of materials within a given tissue by taking 

advantage of the variations of photon absorption at different photon energy levels. To be 
able to discriminate different materials, which is also named as material decomposition, 
these materials ideally need to have large atomic number differences such as the iodinated 
contrast material with high atomic number and soft tissues of the body with low atomic 
number. Therefore the ability to discriminate and quantify iodine in a given tissue is the 
major advantage of DECT. Moreover, iodine can be subtracted from the images and virtual 
unenhanced images can be generated. Virtual monoenergetic images is another applica-
tion of DECT that can improve lesion conspicuity in lower kV levels (1). The technology of 
the DECT imaging systems varies based on the X-ray tube and detector designs and each 
system has their own algorithms to provide material decomposition with their own specific 
advantages and disadvantages (2–4). 

Standard unenhanced images form an essential component of multiphasic CT examina-
tions, particularly in genitourinary conditions such as indeterminate renal mass, hematuria 
evaluation and adrenal nodule characterization. However, the more phases of imaging are 
present, the more radiation dose will be given to the patient and if this precontrast phase 
could be omitted without compromising the diagnostic information, it would be of benefit 
to the patients in terms of both reducing the radiation dose and eliminating the need for 
additional imaging work-up in case of incidental lesions. That is why the capability to gen-

PURPOSE 
We aimed to evaluate whether virtual unenhanced images generated from nephrographic 
phase on rapid kV-switching dual energy computed tomography (rsDECT) can replace true un-
enhanced images by comparing attenuation values of various intraabdominal structures.

METHODS
In this retrospective study, 142 patients had unenhanced and nephrographic phase DECT imag-
es. Attenuation values of the aorta, liver, spleen, pancreas, bilateral renal parenchyma, inferior 
vena cava, gallbladder and paraspinal muscle on true and virtual unenhanced images were re-
corded. Frequency of organs that had more than 10 and 20 HU of attenuation difference were 
also calculated. 

RESULTS
A total of 1224 regions of interest were sampled. No statistically significant differences were 
found between true and virtual unenhanced attenuation of the aorta, spleen and pancreas. The 
other structures had significant differences (P < 0.001). Correlation between measurements were 
weak to moderate (r, 0.17–0.72). Of the organs, 20% had more than 10 HU difference and 5% had 
more than 20 HU difference between true and virtual unenhanced images.

CONCLUSION
rsDECT-based virtual unenhanced images do not seem to be an ideal surrogate for true unen-
hanced images.
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erate virtual unenhanced images has been 
one of the most intriguing features of DECT. 

The potential of virtual unenhanced imag-
es to replace true unenhanced images in dif-
ferent phases of abdominal CT examinations 
has been extensively studied to date, espe-
cially on dual source scanners due to their 
wider availability (5–11). Although majority 
of these studies suggested a good reliabili-
ty of virtual unenhanced attenuation (VUA) 
measurements (6, 8, 9, 11), discrepant results 
were also present (5, 10). To our knowledge, 
only two studies performed with dual layer 
spectral detector CT in arterial and portal 
venous phase showed good approxima-
tion of true unenhanced attenuation (TUA) 
and VUA (12, 13). Despite being the second 
most available DECT platform, the number 
of studies performed with single source 
rapid kV-switching DECT (rsDECT) is very 
limited. Mendonça et. al (14) showed good 
consistency of attenuation values between 
true and virtual unenhanced images in 50 
cases in different acquisition phases. Kaza et 
al. (15) found good TUA-VUA correlation in 
both corticomedullary and nephrographic 
phase but in a limited number of 19 cases 
(15). However, the final study performed by 
Borhani et al. (16) in arterial and portal ve-
nous phase in 94 cases yielded significant 
differences in TUA-VUA values. Because of 
the discrepancy of results and relatively low 
number of cases in these studies, we aimed 
to evaluate TUA-VUA consistency of various 
abdominal organs on rsDECT in a larger 
number of patients. As many of the clinical 
indications requiring an unenhanced exam-
ination were related to genitourinary condi-
tions, we chose to investigate the nephro-
graphic phase as an essential component of 
these CT examinations.

Methods
This retrospective study was approved 

by institutional review board (IRB protocol 

number: 2019/537) and the requirement 
for informed consent from patients was 
waived. 

Patient selection
Patients who underwent triphasic ab-

dominal multidetector CT (MDCT) consist-
ing of unenhanced, dual energy nephro-
graphic phase and excretory phase imaging 
between December 2015 and May 2019 for 
hematuria evaluation or renal lesion char-
acterization were eligible for the study 
(n=144). Patients with low image quality 
due to artifacts (n=2) were excluded from 
the study.

Image acquisition
CT examinations were performed on a 

rapid kV-switching dual-energy 64-detec-
tor MDCT scanner (Discovery CT750 HD 
scanner, GE Healthcare). Unenhanced im-
ages were obtained first using a conven-
tional 120 kVp single energy multidetector 
CT technique (scan type, helical; detector 
coverage, 40 mm; slice thickness, 5 mm; 
interval, 1.25 mm; pitch, 1.375:1; speed, 55; 
and gantry rotation time, 0.7 s). Nephro-
graphic phase DECT images were acquired 
at 90 s after the contrast injection (scan 
type, helical; detector coverage, 40 mm; 
slice thickness, 2.5 mm; interval, 1.25 mm; 
pitch, 0.984:1; speed, 39.37; and gantry 
rotation time, 0.7 s; automatic mA modu-
lation range ,260–600 mA; targeted noise 
index, 17.25). Images were reconstructed 
with a standard algorithm and application 
of 30% adaptive statistical iterative recon-
struction (ASIR).

Intravenous contrast material was ad-
ministered (Iohexol: Omnipaque 350, GE 
Healthcare) using a standardized weight-
based dose injected at 2.5–4.0 cc/s rate for a 
fixed 30-s injection interval, followed by a 25 
cc saline flush. Excretory phase images were 
part of our institutions’ routine imaging pro-
tocol and acquired with similar parameters 
to that of unenhanced images; however, 
they were not used for this analysis.

Image analysis
Image analyses were made on the ded-

icated workstation by Gemstone Spectral 
Image (GSI) software (ADW 2.0, GE Health-
care). For evaluating TUA and VUA, the stan-
dard and GSI reformat viewer modes were 
opened separately and iodine suppressed 
virtual unenhanced images were generated 
from 70 keV nephrographic phase images. 
First, abdominal aorta TUA was measured 

at the infrahiatal level where the posterior 
segment of the right liver lobe and medial 
part of the spleen was in the field of view. 
The region of interest (ROI) was placed to 
encompass the aorta lumen as much as 
possible and atherosclerotic calcifications 
were avoided when present. The same ROI 
was placed within the posterior segment of 
the right liver lobe and then within medial 
part of the spleen centrally by just moving 
it without changing the size. The ROI for 
the pancreas was placed within the distal 
part of the corpus where the parenchyma 
was the most compacted. The slice where 
the kidney parenchyma was thickest was 
chosen for kidney parenchyma attenuation 
measurement and the ROIs for both kidneys 
were placed to encompass the parenchyma 
as much as possible. When there was a re-
nal tumor, normal parenchyma distant from 
the tumor was sampled for measurement. 
For inferior vena cava (IVC) measurement, 
infrarenal IVC was sampled at its most dis-
tended section and the ROI was placed to 
fit the IVC lumen as much as possible. Gall-
bladder was sampled from the most su-
perior part of the fundus to obtain a more 
accurate and homogeneous measurement 
as the debris inside would layer in the de-
pendent portion of the bladder. Paraspinal 
muscle was sampled at the first lumbar 
vertebral level where it was most compact. 
VUA measurements for each structure were 
performed on the same slices where TUA 
measurements were made (Fig. 1). As ROI 
propagation option was not available be-
tween these images, the size and location 
of the ROI were tried to be kept constant 
manually. All image analyses were per-
formed by an abdominal radiologist with 
5 years of experience. To assess intrareader 
reliability, a subset of 70 patients were cho-
sen randomly and the measurements were 
repeated on this subset 8 weeks later. In 
addition, another reader who was a fourth 
year radiology resident also performed the 
same measurements independently and in 
a blinded manner to evaluate inter-reader 
reliability.

Statistical analysis
Statistical analysis was performed on 

SPSS 22.0 software package. Data were 
presented as mean±standard deviation 
(SD). Mean attenuation values on true and 
virtual unenhanced images were com-
pared with paired t test. Pearson correla-
tion analysis was performed to evaluate 
the correlation between TUA and VUA.  

Main points

•	 There are significant differences between 
TUA and VUA values of some intraabdomi-
nal structures, and attenuation values show 
weak to moderate correlation.

•	 Attenuation discrepancies of more than 10 
HU are present and can be associated with 
erroneous interpretation.

•	 Virtual unenhanced images generated from 
rsDECT are not an ideal surrogate for true un-
enhanced images.



Bland-Altman analysis was performed to 
evaluate the magnitude of variation. The 
frequencies of structures showing 10 and 
20 Hounsfield units (HU) of discrepancy 
between TUA and VUA were calculated. 
To evaluate intra and inter-reader agree-
ment, intraclass correlation coefficients 
(ICC) and their 95% confidence intervals 
were calculated based on single measure-

ment, absolute agreement, 2-way mixed 
model. Values less than 0.4 were indicative 
of poor reliability, values between 0.4 and 
0.6 indicated moderate reliability, values 
between 0.6 and 0.75 indicated good re-
liability and values greater than 0.75 indi-
cated excellent reliability.

The level of statistical significance was set 
as P < 0.05.

Results 
A total of 142 patients (92 male, 50 female) 

were included in this study. In 4 patients 
with previous right nephrectomy, 2 patients 
with left nephrectomy and 21 patients with 
cholecystectomy, measurements were not 
performed and a total of 1224 ROIs were 
sampled in all patients. Mean patient age 
was 61 years (range, 20–86). Mean TUA and 
VUA for each structure, and the frequen-
cies of structures that show more than 10 
and 20 HU of attenuation difference can be 
found in Table 1. There were no statistical-
ly significant differences between TUA and 
VUA of the aorta, spleen and pancreas. Al-
though mean attenuation difference was 
less than 8 HU for gallbladder and paraspi-
nal muscle and less than 5 HU for liver, both 
kidneys and IVC, these differences were 
significant statistically (P < 0.001). Pearson 
correlation analysis showed that there was 
significant correlation between TUA and 
VUA of investigated structures except for 
the right kidney (r=0.05). However, these 
correlations were mainly weak to moder-
ate (r, 0.17–0.72). With regard to the atten-
uation difference between true and virtual 
unenhanced images, gallbladder was the 
structure that showed the highest percent-
age of cases with more than 10 HU differ-
ence (39%) followed by right kidney, aorta, 
IVC, and other structures. The percentage 
was less than 10% for all structures except 
gallbladder (16%) when an attenuation 
difference of more than 20 HU was investi-
gated. Box-whisker plots of the attenuation 
differences and Bland-Altman plots can be 
seen in Figs. 2 and 3. ICC values for intra and 
interrater reliability mainly showed good to 
excellent agreement in the majority of the 
measurements (P < 0.001) (Table 2).

Discussion
Our study results showed that aorta, 

spleen and pancreas VUA values had good 
approximation of TUA values and the rest 
of the analyzed organs had significant at-
tenuation differences. The mean attenua-
tion difference was less than 5 HU even in 
the majority of the organs that seemed to 
have significant differences. However, it was 
noteworthy that there were considerable 
proportions of cases showing more than 10 
HU and 20 HU attenuation difference in all 
organs regardless of having good and bad 
approximation of attenuation values. 

Of initial studies performed with first 
generation dual source DECT, Graser et 
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Figure 1. Iodine-suppressed virtual unenhanced images generated from nephrographic phase images 
show placement of regions of interest on the aorta (1), liver (2), spleen (3), pancreas (4), right kidney 
(5), left kidney (6), inferior vena cava (7), gallbladder (8), paraspinal muscle (9) and measurement of 
attenuation values.

Figure 2. Box-and-whisker plots of the attenuation differences in HU between true and virtual 
unenhanced images generated from nephrographic phase images. Outliers are indicated by circles and 
the asterisks indicate the extremes. 
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Table 1. Mean true and virtual unenhanced attenuation values and frequency of cases showing more than 10 and 20 HU of differences

Structures of interest
TUA  

Mean±SD
VUA  

Mean±SD P r

95% CI for LoA
>10 HU  

difference n (%)
>20 HU  

difference n (%)Upper limit Lower limit

Aorta 39.7±9.1 40.2±6 0.48 0.3 17.85 -18.95 32 (22.5) 6 (4)

Liver 60.2±11 57.5±9 <0.001 0.72 18 -12.6 25 (18) 4 (3)

Spleen 48±7.3 48.6±6.4 0.52 0.24 16.24 -17.6 27 (19) 2 (1.5)

Pancreas 38±12 37±9.6 0.07 0.77 16.5 -15.3 21 (15) 3 (2)

Right kidney 40±5.3 35.9±5 <0.001 0.05* 17.9 -9.9 34 (24) 5 (3.5)

Left kidney 38.1±4.9 35.9±6 <0.001 0.17 16.4 -11.8 24 (17) 4 (3)

IVC 41±6.8 36.6±6.7 <0.001 0.41 18.5 -9.7 24 (17) 8 (6)

Gallbladder 16.2±9 9.1±7.4 <0.001 0.67 20.4 -6.2 55 (39) 23 (16)

Muscle 51.5±9.1 43.5±9.2 <0.001 0.69 22.1 -6.1 4 (3) 4 (3)

TUA, true unenhanced attenuation; VUA, virtual unenhanced attenuation; SD, standard deviation; CI, confidence interval; LoA, limits of agreement; HU, Hounsfield units; IVC, 
inferior vena cava.
* Represents the only correlation coefficient that was not statistically significant. 

Figure 3. Bland-Altman plots depict the magnitude of differences between TUA and VUA of various intraabdominal structures.



al. (6) found good concordance between 
TUA and VUA of aorta, liver, bilateral kid-
neys and psoas muscle in portal venous 
phase. However, Sahni et al. (10) found 
significant difference in TUA and VUA of 
the liver, aorta and renal parenchyma in 
both nephrographic phase and excreto-
ry phase. Of studies performed with sec-
ond generation dual source DECT, which 
has a larger second detector coverage 
and a tin filter technology, Toepker et al. 
(11) found significant TUA and VUA dif-
ferences between liver, spleen, aorta, 
pancreas and muscle, but kidneys, fluids, 
and muscle did not demonstrate signif-
icant differences in arterial and portal 
venous phases. Kaufmann et al. (8) had 
similar results to that of Toepker in por-
tal venous phase but muscle attenuation 
values were significantly different in their 
study. De Cecco et al. (5) found significant 
TUA-VUA differences in all organs except 
for muscle in the arterial phase and mus-
cle, right adrenal, and pancreas in portal 
venous phase. In studies performed with 
third generation dual source DECT, which 
provides a 150 kV tube voltage instead of 
140 kV and a thicker tin filter, Durieux et 
al. (17) had different results in different or-
gans based on the phase of the imaging 
and type of the dual energy algorithm for 
generation of virtual unenhanced images. 
In the study of De Cecco et al. (18), pancre-
as, renal medulla, adrenal gland, and aorta 
had significantly smaller VUA values in ar-
terial and portal venous phase. In the only 
studies performed with dual layer spectral 
CT systems (12, 13), there was very good 
compatibility between TUA and VUA val-

ues and although there were statistically 
significant differences in abdominal or-
gans (13), the differences were very small.

Measurement of VUA in HU on rsDECT 
was not made possible until 2014 because 
unlike other dual energy platforms, virtual 
unenhanced images in rsDECT are created 
in the projection space rather than the im-
age space using material decomposition 
basis pairs, and virtual unenhanced images 
are actually water maps which provide the 
density of water in mg/mL (4). A recently 
developed multimaterial decomposition 
algorithm by Mendonca et al. (14) provided 
material suppressed iodine images which 
enabled measurement of HU on virtual 
unenhanced images. This was achieved by 
removing the iodine and replacing it by the 
same volume and attenuation of blood that 
would have been displaced by iodine in the 
image voxels. Since then only two studies 
to our knowledge have been performed re-
garding TUA-VUA compatibility on rsDECT 
(15, 16). Borhani et al. (16) found excellent 
correlation between TUA-VUA values but 
there were significant differences between 
TUA and VUA values of both kidneys, right 
adrenal, paraspinal muscle, and aorta in the 
arterial phase and left kidney and paraspi-
nal muscle in the portal venous phase. Al-
though mean attenuation differences were 
minimal, there were considerable number 
of cases who had more than 10 HU atten-
uation difference. Similarly, Kaza et al. (15) 
had excellent correlation of attenuation val-
ues but showed differences of more than 10 
HU in corticomedullary and nephrographic 
phase. Our study results showed weak to 
moderate correlation between attenuation 

values but yielded similar results in terms of 
differences between TUA and VUA. In total, 
up to 20% of organs (246/1224) had more 
than 10 HU difference and 5% (59/1224) 
had more than 20 HU difference. Striking-
ly, gallbladder as a cystic structure had the 
most discrepant attenuation values. This 
kind of discrepancy could be problematic 
as it could have caused mischaracterization 
of a cystic renal lesion as an enhancing tu-
mor or an enhancing renal tumor as a com-
plicated cyst.

The present study has several limitations. 
Slice thickness and pitch were not identical 
in unenhanced and nephrographic phase 
images. The ROI propagation option was 
not available between true and virtual un-
enhanced images, therefore the size and 
location of the ROIs were tried to be kept 
constant manually. Although most of our 
study subjects had renal tumors, we did not 
evaluate the TUA-VUA compatibility of the 
tumors because it had already been studied 
in another previously published study of 
ours regarding the characterization of renal 
tumors on rsDECT (19) and it was not the 
primary aim of this study. We did not eval-
uate adrenal TUA and VUA values although 
characterization of adrenal lesions are one 
of the most common indications of an un-
enhanced CT, because the analyses could 
have been affected by partial volume av-
eraging and because of the difficulty in ROI 
placement due to small size. Finally the re-
sults of rsDECT cannot be applied to other 
dual energy platforms.

In conclusion, TUA and VUA compatibil-
ity of intraabdominal organs on different 
dual energy platforms have variable results. 
Our rsDECT results, performed with the 
largest number of cases in the literature in 
nephrographic phase, generally provided 
significant attenuation differences between 
organs with discrepancies of more than 10 
HU and even 20 HU. Such discrepancies 
are a significant limitation to the utility of 
virtual unenhanced images, especially in 
cystic lesion characterization, and therefore 
virtual unenhanced images on rsDECT do 
not seem to be an ideal surrogate for true 
unenhanced images.   
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