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Exponential growth in medical cross-sectional imaging 
has led to an increase in the number of renal lesions in-

cidentally detected at imaging. Many of these lesions are 
detected at examinations that are not tailored for optimal 
evaluation of a renal mass, thus leading to incomplete le-
sion characterization. As a consequence, current manage-
ment guidelines recommend additional imaging for many 
of these lesions, typically in the form of a dedicated multi-
phasic renal mass CT protocol, which includes a noncon-
trast agent–enhanced CT examination (1).

Dual-energy (DE) CT allows for reconstruction of 
virtual noncontrast (VNC) images from a single-phase 
contrast-enhanced examination, which may eliminate 
the need for a multiphase CT protocol for the charac-
terization of indeterminate renal lesions or a repeated 
dedicated imaging protocol in patients with incidentally 

detected renal lesions (2). The two main benefits from 
the use of VNC images versus a separate unenhanced 
series are a reduction of the patient radiation burden 
by 30%–50% (depending on the number of imaging 
phases) and the elimination of any potential inaccura-
cies related to spatial misregistration (3,4). Although 
numerous phantom and human studies have advocated 
the routine adoption of VNC in place of unenhanced 
images, many institutions still perform an unenhanced 
examination as an integral part of CT protocols for the 
characterization of known or suspected renal lesions. 
The reasons for this reluctance to eliminate the unen-
hanced examination are likely multifactorial, including 
differences in noise texture and overall image appear-
ance, susceptibility to artifacts, and reduced sensitiv-
ity for small calcifications on VNC images (4). More 
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Background:  Dual-energy (DE) CT allows reconstruction of virtual noncontrast (VNC) images from a single-phase contrast agent–
enhanced examination, potentially reducing the need for multiphasic CT to characterize renal lesions. However, data regarding 
diagnostic performance of VNC images for the characterization of renal lesions are limited.

Purpose:  To determine whether renal mass CT performed by using VNC images allows for reliable identification of renal lesions 
and differentiation of contrast-enhanced from unenhanced lesions, compared with unenhanced images.

Materials and Methods:  This is a retrospective study of 293 patients (105 women [mean age, 65 years; age range, 18–91 years] and 
188 men [mean age, 66 years; age range, 23–90 years] with 379 renal lesions [craniocaudal diameter, 1.0–4.0 cm]) who underwent 
a single-energy unenhanced CT examination followed by a nephrographic-phase DE CT between June 2013 and October 2017 
by using one of four different DE CT platforms from two vendors. VNC images were calculated by using vendor-specific algo-
rithms. Each lesion was classified in a blinded and independent fashion by using the VNC or unenhanced image in combination 
with the nephrographic images. Attenuation measurements were obtained on the VNC, unenhanced, and nephrographic images. 
Unenhanced images and pathologic or imaging follow-up for more than 24 months served as reference standard.

Results:  There was strong overall agreement between VNC and unenhanced images for renal lesion characterization (Cramer  
V = 0.85). VNC images yielded a high diagnostic performance (area under the receiver operating characteristic curve, 0.91; 95% 
confidence interval: 0.86, 0.95) for facilitation of differentiation of contrast-enhanced from unenhanced renal lesions. However, 
there was a reduction in diagnostic performance for depicting contrast-enhanced renal lesions by using VNC compared with un-
enhanced images (area under the receiver operating characteristic curve, 0.91 [95% confidence interval: 0.86, 0.95] vs 0.96 [95% 
confidence interval: 0.93, 0.99]; P , .001). Mean absolute difference between the VNC and unenhanced attenuation was 9.2 HU 
6 8.7.

Conclusion:  Virtual noncontrast images enabled accurate renal lesion characterization, albeit with a reduction in diagnostic perfor-
mance for contrast-enhanced lesion characterization.
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up imaging for at least 24 months. The 1.0-cm lower threshold 
was selected to avoid potential confounding from partial volume 
averaging in smaller renal lesions. Patients were considered in-
eligible for our study if the reference standard was inadequate; if 
the patient’s total body weight was greater than 118 kg, which is 
our departmental cut-off for performing a DE CT examination; 
if metal artifacts from the spine or abdominal clips affected the 
kidney parenchyma; and/or if the patient had a known history of 
congenital or acquired multifocal cystic renal disease, or heredi-
tary renal cancer syndromes.

A total of 458 patients fulfilled our inclusion criteria. The 
clinical indications for DE CT examination included the follow-
ing: hematuria workup (n = 229), characterization of a known 
or suspected renal mass (n = 215), or active surveillance of a 
small renal mass in elderly or high-surgical-risk patients (n = 14). 
Of the 458 patients who were deemed initially eligible for our 
study, 165 were excluded from our target population because of 
missing DE data sets. Our final single-center retrospective study 
population was composed of 293 patients. The study patients 
are part of a large retrospective DE CT database, of which 85 
patients have been reported in previously published studies (12–
14) from our institution. In patients with multiple renal lesions 
(n = 86), up to five of the smallest lesions (1.0 cm) in each 
patient were included because small lesions represent the biggest 
challenge for characterization in clinical practice.

CT Examination Technique and Data Reconstruction
Patients underwent a CT examination for renal mass assess-
ment performed on one of four DE CT scanners, including 
a single-energy noncontrast 120-kVp examination from the 
top of both kidneys through the pubic symphysis, followed 
by a DE contrast-enhanced examination during the nephro-
graphic phase from the top of both kidneys to the iliac crest 
(Table E1 [online]).

Single-energy unenhanced images were reconstructed with a 
section thickness and interval of 2.5 mm by using a dedicated 
soft-tissue kernel. Contrast-enhanced DE CT images were gen-
erated from each manufacturer’s software by using default set-
tings with a section thickness and interval of 2.5 mm.

For each patient, the volume CT dose index, dose-length 
product, effective diameter, and size-specific dose estimate were 
recorded. The CT examination parameters and data reconstruc-
tion algorithms are in Appendix E1 (online).

Quantitative Image Analysis
Lesion attenuation values (in Hounsfield units) for the unen-
hanced, VNC, and contrast-enhanced 75-keV images were re-
corded by manually placing circular or ovoid regions of interest 
(Appendix E1 [online]). Lesion size, location within the kidney 
(ie, intraparenchymal vs partially or completely exophytic), re-
nal lesion surrounding renal parenchyma attenuation, or dis-
tance to the proximity of the outer edge of the DE field of view 
were also recorded.

Lesion enhancement was measured by calculating the differ-
ence in attenuation (in Hounsfield units) between the contrast-
enhanced and unenhanced images by using both unenhanced 
and VNC images. A change in Hounsfield units of greater than 

Abbreviations
DE = dual energy, VNC = virtual noncontrast

Summary
Virtual noncontrast images enabled high diagnostic performance for 
renal lesion characterization. However, when compared with unen-
hanced images, there was a reduction in diagnostic performance for 
characterization of contrast agent–enhanced lesions.

Key Points
nn Virtual noncontrast images yield high diagnostic performance 

(area under the curve, 0.91; 95% confidence interval: 0.86, 0.95; 
average error rate, 12%) for helping to differentiate contrast 
agent–enhanced from unenhanced renal lesions.

nn Diagnostic performance is higher for unenhanced compared with 
virtual unenhanced images for differentiating contrast-enhanced 
from unenhanced renal lesions (P , .001).

nn Whereas a higher error rate may be acceptable in the setting of 
incidentally discovered renal lesions, this decrease may not be ac-
ceptable for dedicated imaging of indeterminate renal lesions.

importantly, data regarding diagnostic performance of VNC 
images for the characterization of renal lesions are still lim-
ited to small case series that used early generation DE CT 
platforms (5–11).

We hypothesize that advances in DE CT technology (eg, bet-
ter spectral separation, higher radiation tube output, advanced 
beam hardening correction, and improved material decomposi-
tion algorithms) led to substantial improvements in image qual-
ity and reliability of VNC images, which may allow for replace-
ment of unenhanced with VNC images.

Thus, the purpose of this study was to determine whether 
VNC images allow for reliable differentiation of contrast-en-
hanced from unenhanced renal lesions and subsequent renal le-
sion characterization compared with unenhanced images.

Materials and Methods
This retrospective, single-center, Health Insurance Portability 
and Accountability Act–compliant study was approved by the 
institutional review board of Duke University (Durham, NC), 
and a waiver of written informed consent was obtained. One 
author of the study (R.N.) is a consultant for GE Healthcare 
(Waukesha, Wis). The other authors are not employees of or 
consultants for the industry and they had control of any data or 
information that might present a conflict of interest.

Patient Cohort
Figure 1 shows the patient accrual flowchart. A manual search 
was performed within the radiology picture archiving and com-
munication system (Centricity 4.2; GE Healthcare) for patients 
who underwent a clinically indicated DE CT examination of 
the genitourinary system at our tertiary referral academic medi-
cal center between June 2013 and October 2017. Patients were 
eligible for inclusion if they underwent single-energy noncon-
trast CT followed by a contrast-enhanced DE CT of the kidney 
during the nephrographic phase, if at least one renal lesion with 
a craniocaudal diameter between 1.0 and 4.0 cm was manifest at 
imaging, and if they underwent previous or subsequent follow-
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The four readers were also asked to rank the quality of un-
enhanced and VNC images by using a five-point Likert scale 
on the basis of their overall perception of image quality, image 
noise, conspicuity of calcifications, and lesion visibility (Table 
E2 [online]).

Clinical Reference Standard
Our clinical reference standard was established by a 4th-year 
radiology resident (M.M.) who had access to patient records, 
including pathologic reports and all images obtained before 
and after the index CT examination. Lesions were classified as 
benign or malignant on the basis of the reference standard as 
further detailed in Appendix E1 (online). For all renal lesions 
that could not be verified by using histologic examination, le-
sion stability was confirmed at follow-up with CT and MRI for 
a minimum of 24 months.

Statistical Analysis
Statistical analyses were performed by using software (R 
version 3.3.3, R Foundation for Statistical Computing, 
Vienna, Austria; and SAS version 9.4, SAS Institute, Cary, 
NC). The threshold for assessing statistical significance was 
an a level of .05.

Continuous variables were summarized as mean 6 standard 
deviation, whereas categorical variables were reported as fre-
quency counts with percentages from the total. Wilcoxon rank 
sum test and Fisher exact test were used to compare continuous 
demographic and CT radiation dose variables and categorical 
renal lesion variables among DE CT systems, respectively.

The quantitative analysis was performed to assess the 
agreement between the unenhanced and VNC attenuation 
values. The analysis included the sample Pearson moment 

20 HU was used to determinate lesion enhancement of cystic 
or solid renal lesions (1). Renal lesions were also characterized 
on the basis of their attenuation properties on unenhanced im-
ages as fat-containing (10 HU), unenhanced low-attenuation 
(between 210 and 20 HU), and unenhanced high-attenuation 
(20 HU) lesions.

Qualitative Image Analysis
Four abdominal radiologists with different experience levels in 
genitourinary imaging (D.M., F.G., M.M., and F.V., with 8, 
5, 4, and 1 years of experience, respectively) performed a renal 
lesion characterization. The Bosniak classification was used for 
cystic renal lesions, and grading regarding contrast-enhanced 
fat-containing and contrast-enhanced nonfat-containing solid 
renal lesions was used for noncystic renal lesions. Each reader 
independently interpreted each renal lesion in two reading ses-
sions by using either the VNC images or the unenhanced im-
ages. The two reading sessions were separated by 4 weeks for 
each reader. During each reading session, readers were asked 
to classify renal lesions by using the unenhanced (either VNC 
or unenhanced) and contrast-enhanced images of each lesion 
in a side-by-side fashion. Appendix E1 (online) contains more 
details on the qualitative image reads.

On the basis of the assigned renal lesions category, renal le-
sions were divided into two different management categories as 
follows: Bosniak categories I and II, and enhanced fat-contain-
ing solid renal lesions were regarded as no additional manage-
ment lesion because no additional management is recommended 
because of the low risk of malignancy; and Bosniak categories 
IIF, III, and IV, and contrast-enhanced nonfat-containing solid 
renal lesions were regarded as additional management lesions be-
cause additional follow-up or intervention is generally indicated.

Figure 1:  Flowchart of inclusion and exclusion criteria of the final patient cohort and the renal lesion characterization distribution. GU = genito-
urinary, DECT = dual-energy CT.
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= 0.21–0.40; moderate, k = 0.41–0.60; sub-
stantial, k = 0.61–0.80; and almost perfect, 
k = 0.81–1).

Results

Baseline Demographics and CT 
Radiation Dose
We included 293 patients (105 women 
[mean age, 65 years 6 14; age range, 18–
91 years] and 188 men [mean age, 66 years 
6 13; age range, 23–90 years]) with 379 
renal lesions. For the study population, the 
mean age was 65 years 6 13 (age range, 
18–91 years), mean body weight was 82 kg 
6 17 (range, 41–118 kg), and mean patient 
body mass index was 28 kg/m2 6 5 (range, 
17–41 kg/m2). The mean patient effective 
diameter, calculated as the square root of 
the anteroposterior diameter multiplied by 
the transverse diameter, was 29.9 cm 6 3.6 
(median, 29.8 cm; 25%–75% interquartile 

range, 27.7–32.5 cm). By omitting the unenhanced CT ex-
amination, on average a size-specific dose estimate reduction 
of 51% would have been achieved. This size-specific dose esti-
mate reduction was higher for the dual-source DE CT system 
compared with the rapid kilovoltage-switching DE CT (65% 
vs 44%, respectively; P , .01). Patient demographics and CT 
radiation dose are summarized in Table 1.

Quantitative Image Analysis
Our data showed strong positive correlation between the VNC 
and unenhanced attenuation (in Hounsfield units) (r = 0.82; 
95% confidence interval: 0.79, 0.85), with no difference be-
tween VNC and unenhanced images in mean attenuation for 
all renal lesions (20.3 HU 6 21.2 vs 19.2 HU 6 21.4, respec-
tively; P = .10; Table E3 [online]). However, the absolute dif-
ference in attenuation between the VNC and unenhanced im-
ages was as high as 48.1 HU (Fig E3 [online]), with an average 
difference of 9.2 HU 6 8.7 for all renal lesions. Of note, we 
found a higher absolute difference between VNC and unen-
hanced images for unenhanced, high-attenuation lesions, com-
pared with unenhanced low-attenuation lesions (11.6 HU 6 
10.2 vs 7.4 HU 6 7.2; P = .001; Fig 3). The average absolute 
difference in attenuation between the VNC and unenhanced 
images was higher for the dual-source DE CT compared with 
the rapid-kilovolt-switching DE CT (10.5 HU 6 9.0 vs 7.3 
HU 6 8.0, respectively; P , .01).

There was a reduction in area under the receiver operating 
characteristic curve for differentiating contrast-enhanced from 
unenhanced renal lesions by using VNC compared with unen-
hanced images (area under the receiver operating characteris-
tic curve, 0.91 [95% confidence interval: 0.86, 0.95] vs 0.96 
[95% confidence interval: 0.93, 0.99], respectively; P , .01). 
Similarly, specificity was lower by using the VNC compared 
with the unenhanced images (P = .002; Table 2). However, 
there was no change in sensitivity by using the VNC compared 

correlation, the Bland-Altman plot (Fig 2), and a formal 
comparison between the VNC and unenhanced attenuation 
values, and absolute difference between the VNC and unen-
hanced attenuation among different DE CT systems by using 
the Wilcoxon signed rank test.

To evaluate the factors that are associated with existing dis-
crepancies between the attenuation values measured on the 
VNC and unenhanced images, a multivariable analysis was per-
formed. Appendix E1 (online) contains more details regarding 
how the multivariate analysis was performed. The receiver op-
erating characteristic curves and the associated area under the 
receiver operating characteristic curve with 95% confidence in-
terval were calculated for the enhancement calculation by using 
the VNC and unenhanced images by using the clinical reference 
standard as ground truth. The difference between the curves was 
evaluated by using the DeLong test for correlated curves.

Sensitivity and specificity for renal lesion enhancement for 
change in Hounsfield units of greater than 20 HU were esti-
mated by using generalized linear mixed-effects models with 
threshold value as fixed effect and patients as random effects. 
The standard errors of the estimates were calculated by ap-
plying the D method and the corresponding 95% confidence 
intervals were obtained by inversely linking the confidence 
intervals on the linear scale.

In the qualitative analysis, several approaches were used to 
assess the agreement between unenhanced and VNC images and 
lesion characterization. For the qualitative image comparison 
of traits, the Wilcoxon rank sum test was used. To evaluate the 
agreement between unenhanced and VNC images on the basis 
of renal lesion characterization, the Cramer V statistic and Co-
chran-Mantel-Haenszel test were used. The Fleiss k statistic was 
chosen to evaluate the interrater agreement for renal lesion char-
acterization among the four readers in our study. For the Fleiss 
k statistic interpretation, the recommendations by Landis and 
Koch (15) were chosen (poor, k , 0; slight, k = 0–0.20; fair, k 

Figure 2:  Bland-Altman plot for assessing the agreement between the measurements us-
ing the virtual noncontrast (VNC) attenuation values and unenhanced attenuation values. 
The horizontal dashed lines represent the mean (1.1 HU) and the limits of the 95% confi-
dence interval (25.8 HU, 223.6 HU) for the difference. 
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influenced by multiple factors, including the unenhanced at-
tenuation of the lesion (P , .01), the lesion’s distance to the 
proximity of the outer edge of the DE field of view (P = .004), 
the patient’s body size (P = .006), and the type of DE CT system 
(P = .01). Of note, the location of the lesion within the kidney 
had no effect (P = .35).

Qualitative Image Analysis
Our data showed strong overall agreement between VNC and 
unenhanced images for renal lesion characterization (Cramer V 
= 0.85). The general association between the metrics was strong 
after controlling for readers (Cochran-Mantel-Haenszel, P , 
.01). The average renal lesion characterization error rate of the 
VNC was 20.8% (79 of 379) per reader (range, 31–105 errors; 
Fig E4 [online]).

Interrater agreement was moderate to substantial for re-
nal lesion characterization by using VNC and unenhanced 

with the unenhanced images for depicting contrast-enhanced 
lesions (P = .43; Table 2).

The average error rate of VNC images for depiction of en-
hancement was 12.1% (46 of 379), including 8.7% (33 of 379) 
false-positive and 3.4% (13 of 379) false-negative results. The 
average absolute difference in attenuation between VNC and 
unenhanced images was 17 HU for the false-positive results and 
10 HU for false-negative results. A DE CT system comparison 
showed that the average error rate of VNC images for depiction 
of enhancement was similar between the dual-source DE CT 
and the rapid-kilovolt-switching DE CT (12.3% [28 of 228] 
vs 11.9% [18 of 151], respectively; P . .99), with again similar 
false-positive (8.3% [19 of 228] vs 9.3% [14 of 151], respec-
tively; P = .52) and false-negative results (3.9% [nine of 228] vs 
2.6% [four of 151]; P = .52).

Our multivariable analysis showed that absolute differences 
in attenuation between the VNC and unenhanced images were 

Table 1: Patient Demographics, CT Radiation Dose, and Renal Lesions According to Dual-Energy CT System

Variable Total Dual-Source DE CT Rapid-kilovolt-switching DE CT P Value
Patients 293 174 119
  Patient age (y)* 65 6 13 68 6 11 65 6 13 .20
    Men (y)* 66 6 13 66 6 12 67 6 13 .27
    Women (y)* 65 6 14 64 6 15 68 6 11 .38
  No. of men (%) 188 (64.2) 101 (58.0) 79 (66.4) .18
  BMI (kg/m2)* 28.1 6 4.9 28.4 6 4.8 27.5 6 5.0 .11
  Anterior-posterior diameter (cm)* 25.8 6 4.1 26.0 6 4.1 25.5 6 4.0 .11
  Transverse diameter (cm)* 34.7 6 4.3 34.6 6 4.1 34.7 6 4.5 .74
  Effective diameter (cm)* 29.9 6 3.6 30.0 6 3.8 29.7 6 3.5 .48
  CTDIvol unenhanced CT scan (mGy)* 11.8 6 3.5 11.4 6 2.7 12.7 6 4.8 .15
  CTDIvol enhanced DE CT scan (mGy)* 11.5 6 3.9 9.7 6 2.7 15.8 6 3.0 ,.001†

  DLP unenhanced CT scan (mGy ∙ cm)* 517.5 6 183.3 485.2 6 137.3 591.1 6 247.7 .002†

  DLP enhanced DE CT scan (mGy ∙ cm)* 356.2 6 143.5 294.2 6 109.1 499.4 6 108.9 ,.001†

  SSDE unenhanced CT scan (mGy)* 14.6 6 3.5 14.2 6 2.9 15.5 6 4.7 .03†

  SSDE enhanced DE CT scan (mGy)* 14.4 6 5.1 12.0 6 3.0 19.9 6 4.5 ,.001†

  No. of patients with multiple lesions 86 (29.3) 54 (31.0) 32 (26.9) .51
    Two renal lesions 60 (20.5) 34 (19.5) 26 (21.8)
    Three renal lesions 19 (6.5) 15 (8.6) 4 (3.4)
    Four renal lesions 5 (1.7) 4 (2.3) 1 (0.8)
    Five renal lesions 2 (0.6) 1 (0.6) 1 (0.8)
    Total
Renal lesions 379 228 151 .17
  No. of contrast-enhanced solid lesions
    Fat containing 9 (2.4) 4 (1.8) 5 (3.3)
    Nonfat containing 15 (4.0) 11 (4.8) 4 (2.6)
  No. of cystic lesions
    Bosniak I 165 (43.5) 109 (47.8) 56 (37.1)
    Bosniak II 132 (34.8) 70 (30.7) 62 (41.1)
    Bosniak IIF 13 (3.4) 10 (4.4) 3 (2.0)
    Bosniak III 12 (3.2) 7 (3.1) 5 (3.3)
    Bosniak IV 33 (8.7) 17 (7.5) 16 (10.6)

Note.—Unless otherwise indicated, data are frequency counts; data in parentheses are percentages. BMI = body mass index, CTDIvol = 
volume CT dose index, DE = dual energy, DLP = dose-length product, SSDE = size-specific dose estimation.
* Data are mean 6 standard deviation.
† Statistically significant difference between dual-source, dual-energy CT and rapid-kilovolt-switching dual-energy CT.
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33]; Fig 5). We found higher lesion visibility scores for VNC 
compared with unenhanced images (P , .01; Fig 4).

Discussion
Our study showed a strong agreement between VNC and un-
enhanced images for renal lesion characterization (Cramer V = 
0.85). VNC images yielded high diagnostic performance (area 
under the receiver operating characteristic curve, 0.91; 95% 
confidence interval: 0.86, 0.95) in differentiating contrast-
enhanced from unenhanced renal lesions, however, with a re-
duction compared with unenhanced images (area under the 
receiver operating characteristic curve, 0.96; 95% confidence 
interval: 0.93, 0.99; P , .001). The average error rate of VNC 
images for depiction of enhancement was 12.1% (46 of 379), 
which included an additional management recommendation 
error rate of 4.8% (18 of 379). Whereas these error rates may 
be acceptable in the setting of incidentally found renal lesions 
(such as a patient population in the emergency department), 
where additional costs and/or radiation burden from repeat 
imaging can be an issue, this decrease may not be acceptable 
for dedicated imaging of indeterminate renal lesions.

Results from previous studies (7,10,11,16–26) have dem-
onstrated variable attenuation error rates of VNC images, 
with the majority of these studies demonstrating a good cor-
relation between the VNC and the unenhanced attenuation 
values of various anatomic regions with differences below 5 
HU. However, some studies (21,26,27) have shown differ-
ences between VNC and unenhanced attenuation values of 
up to 10 HU. Compared with our study, these studies were 
limited by smaller sample sizes, single-vendor analyses, re-
nal lesion selection bias with lack of high-attenuation unen-
hanced renal lesions, and no genitourinary-specific imaging 
protocols (eg, DE portal venous phase or DE excretory phase 
imaging), which may not represent routine clinical practice.

The results of our multivariable analysis showed that unen-
hanced high attenuation in renal lesions, a shorter distance from 

images independently (k = 0.62 [95% confidence interval: 
0.59, 0.65] and k = 0.60 [95% confidence interval: 0.57, 
0.64], respectively). Of note, interreader agreement was only 
fair in the small subset (n = 13) of Bosniak IIF lesions for 
both VNC and unenhanced images (k = 0.28 vs k = 0.34, 
respectively; Table E4 [online]).

When lesions were categorized on the basis of their clini-
cal management by using unenhanced images (the current 
standard of care), VNC images yielded unnecessary additional 
management recommendations for 12 Bosniak I and II lesions 
(range, three to 19 lesions for the four readers; Figs 4, 5, E5 
[online]). However, VNC images did not indicate the need for 
additional management considerations in six lesions that were 
Bosniak category IIF or higher (range, one to 22 lesions for the 
four readers; Fig 6).

VNC images yielded worse overall image quality and noise 
scores compared with unenhanced images (P , .01 for both 
comparisons; Table 3). There was also a substantial reduction in 
the perceived visibility of subtle lesion calcifications on VNC 
images (overall mean detection rate by radiologists, 39% [13 of 

Figure 3:  Beam plots and boxplots for the absolute value of the difference between virtual noncontrast (VNC)–unenhanced 
attenuation, indicating a statistical difference between unenhanced low-attenuation lesion and unenhanced high-attenuation le-
sions, and between contrast-enhanced fat-containing solid lesions and unenhanced high-attenuation lesions.

Table 2: Sensitivity and Specificity for Correct Lesion 
Characterization of Contrast-enhanced Lesions

Parameter Value (%) P Value
Sensitivity
  Virtual noncontrast images 79 (66, 88) .43
  Unenhanced images 85 (73, 93)
Specificity
  Virtual noncontrast images 90 (86, 93) .002
  Unenhanced images 97 (94, 98)

Note.—Data in parentheses are 95% confidence intervals. 
Clinical follow-up and/or intervention served as the reference 
standard. P value indicates difference between the unenhanced 
and virtual noncontrast images for attenuation changes greater 
than 20 HU.
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and VNC images when a second generation or newer DE CT 
system was used (10,16–26). The factors for this difference may 
be multifactorial, including different patient cohorts with dif-
ferent contrast media phases, patient size, and subjective image 
interpretations. However, in our study, this diminished image 
quality did not affect lesion characterization or enhancement 
measurements as lesion visibility improved.

We demonstrated a size-specific dose reduction on average 
of 51%, and this reduction was higher for the dual-source DE 
CT (65% vs 44%). This is in accordance with previous renal le-
sion imaging studies (6,11,12,17,30–32). However, approaches 
maintaining diagnostic performance should always precede dose 
reduction, as this may only lead to inconclusive examinations.

In addition to the retrospective single-center nature, some 
limitations of our study merited consideration. First, our refer-
ence standard included only a small proportion of lesions that 
underwent definitive characterization at pathologic analysis. 
We tried to overcome this limitation by including only patients 
with imaging follow-up of at least 24 months or patients with 
proven histologic workup. However, the 24 months follow-up 
interval chosen in this study may be too short because some 
contrast-enhanced masses may grow slowly and some Bosniak 
IIF lesions may increase in complexity after follow-up of 24 
months. Thus, recent guidelines (1,33) recommend follow-up 
imaging for at least 36 months, and up to 60 months. Of note, 
Bosniak IIF lesions in our study cohort had at least 36 months 
follow-up and all contrast-enhanced lesions underwent a histo-
logic workup. Second, for the dual-source DE CT, we deviated 

the proximity of the outer edge of the DE field of view, larger 
patient size, and type of DE CT system were found to have an 
effect on the absolute difference between VNC and unenhanced 
attenuation values. The influence of high attenuation in renal 
lesions, in particular in unenhanced high-attenuation renal le-
sions, is most likely linked to iron content, colloid formation, in-
fection, or in a small portion of patients a retention of iodinated 
contrast material because of previous transient iodine accumula-
tion (28). Iron content and colloid formation may have a DE 
ratio similar to that of iodine, whereas infection and transient 
iodine accumulation represent temporary true iodine uptake. 
The false assumption of iodine content with incorrect attenu-
ation subtraction resulted in unenhanced high-attenuation le-
sions perceived as a solid low-enhanced renal lesion (eg, papillary 
renal cell carcinomas). Another influencing factor was proximity 
of the outer edge of the DE field of view. Lesions closer to the 
proximity of the outer edge of the DE field of view resulted in 
a greater difference in attenuation between the VNC and un-
enhanced images for the dual-source DE CT system. This em-
phasizes the importance of correct patient positioning for the 
dual-source DE CT systems. The negative effect of larger patient 
size on attenuation values is known (13,29) and is related to the 
beam-hardening and photon-starvation phenomena.

Although VNC images were rated as diagnostic, image quality 
and image noise were worse compared with the unenhanced im-
ages, which may further hamper the clinical acceptance of VNC 
images. These findings differ from previous studies, which dem-
onstrated no difference in image quality between unenhanced 

Figure 4:  Images in a 61-year-old female patient with hematuria who underwent biphasic genitourinary dual-energy CT. In the 
contrast-enhanced axial image (bottom), a hypoattenuating renal lesion is displayed that appears hypoattenuating on the virtual non-
contrast axial image (top left) and isoattenuating on the axial unenhanced image (top right). This mimics false-positive enhancement 
(contrast-enhanced nonfat-containing solid renal lesion) on the virtual noncontrast image in a true Bosniak II lesion (attenuation . 20 
HU on unenhanced and no contrast enhancement on clinical follow-up imaging).
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Figure 5:  Images in a 71-year-old male patient with recurring hematuria undergoing biphasic genitourinary DE CT. In the 
contrast-enhanced axial image (bottom), a hypoattenuating renal lesion with isoattenuating contents is displayed (in box), 
which appears weakly hypoattenuating on the axial virtual noncontrast axial image (top left) and hyperattenuating on the axial 
unenhanced image (top right). This mimics false-positive contrast enhancement (ie, contrast-enhanced nonfat-containing solid 
renal lesion) in a true Bosniak II lesion (attenuation . 20 HU on unenhanced and no contrast enhancement at clinical follow-up 
imaging). There is a misregistration error between the unenhanced and contrast-enhanced image. The small lesion with hemor-
rhage (white arrow) and a calcification (black arrow) are not visible on the virtual noncontrast image.

Figure 6:  Images in a 74-year-old male patient with a mass suspected of hematuria who underwent biphasic genitourinary DE CT. In the 
axial contrast-enhanced image (bottom), a heterogeneous isoattenuating renal lesion with contrast-enhanced components appears hyperat-
tenuating on the axial virtual noncontrast image (top left) and isoattenuating on the axial unenhanced image (top right). The iodine subtrac-
tion failed and mimics a false-negative unenhanced hemorraghic Bosniak II lesion in a true contrast-enhanced nonfat-containing solid renal 
lesion, which was confirmed at histologic analysis as an oncocytoma.
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