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dual energy MdCt in Renal Lesions: 
towards a paradigm shift in imaging

Multidetector-row computed 
tomography (MDCT) is the modal-
ity of choice for characterizing and 
staging renal lesions, with with 
well-established, time-tested, image-
based criteria [1]. 

State-of-art clinically adopted 
MDCT scanning protocols for renal 
lesion consist of a noncontrast scan 
followed by multiple acquisitions 
acquired after contrast medium 
administration, including cortico-
medullary (40 seconds), nephro-
graphic (90 seconds), and excretory 
(8 minutes) phases of enhancement 
[1]. Notably, the measured change 
in attenuation between noncontrast 
and postcontrast nephrographic 
images (HUnephrographic phase - 
HUunenhanced phase) is used to 
ascertain whether a lesion enhances 
or does not [1,2]. This represents the 
pivotal criterion for distinguishing 
benign from malignant renal lesions 
[1,2].

With the growing utilization of 
MDCT, an expanding number of 
renal lesions have been discovered 
serendipitously. Under these circum-
stances, differentiating incidental 
benign renal lesions from those that 
are potentially malignant is vital 
[1,2].  

This task is, however, com-
pounded in everyday practice by an 
inadequate acquisition technique, 
most commonly the absence of unen-
hanced images. There are also possi-
ble potential technical issues, such as 
image misregistration or drawbacks 

involving enhancement evaluation 
[1,2].

Dual energy MDCT has sparked 
keen interest in the uroradiologists’ 
community, by offering a wealth 
of solutions to those questions that 
remain unanswered with conven-
tional MDCT imaging. The technol-
ogy thus has the potential to dramat-
ically change the clinical approach to 
imaging renal lesions [3-7]. 

BAsiC pRinCiplEs oF duAl 
EnERGY MdCt
Dual energy MDCT relies on the 
nearly simultaneous image acquisi-
tion at two different energy spectra 
during a single acquisition.  The 
photoelectric effect, which occurs 
when incident photons cause elec-
trons to be emitted from atomic 
shells, in particular from the inner-
most shell (so-called “k-shell’’), is 
the mainstay of dual energy MDCT 
imaging [4-8].  It should be noted 
that, if materials having sufficiently 
different k-edges — defined as a 
sudden increase in attenuation 
observed at photon energy lev-
els just above the k-shell binding 
energy — are examined at two dif-
ferent energies, they can be charac-
terised on the basis of variations in 
photon absorption at different pho-
ton energies.For example, calcium 
or iodine can be distinguished from 
soft tissues based on their differ-
ences in k-edges [8].

Depending on the manufac-
turer, dual energy CT imaging can 
be achieved either: (1) by a setup 
of dual x-ray tubes and opposing 
detectors operated at two distinct 
energies (“dual source dual energy 
CT’’), (2) by using a setup of a sin-
gle x-ray tube and a correspond-
ing detector while rapidly switch-
ing between two different energies 
(“fast kilovolt [kV] switching dual 
energy CT’’), or (3) by a setup of 
one or more layers of detectors 
placed directly on top of each other 
(“dual-layer detector dual energy 
CT’’), with the deeper detector 
layer capturing high-energy pho-
tons and detector layers that are 
closer to the source absorbing low-
energy photons [8] [Figure 1].

BEnEFits oF duAl EnERGY MdCt 
in REnAl lEsions iMAGinG
The approaches for displaying dual 
energy CT data can primarily be 
divided into methods, including 
“nonmaterial-specific’’, “material-
specific’’ and “energy-specific’’ ana-
tomic data display [8].

nonMAtERiAl-spECiFiC 
AppliCAtions
Low- (80 or 100 kVp) and high-
energy images derived from the 
dual-energy scan can be separately 
displayed or blended in a single 
image stack.  While high-energy 
images allow for minimizing quan-
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tum noise, they suffer from low image 
contrast resolution and low iodine 
conspicuity [4-8].  Conversely, owing 
to increased photoelectric absorption, 
the attenuation of contrast material 
is greater at either 80- or 100-kVp 
than at 120 or 140 kVp [24, 34-38].  
Accordingly, images obtained with 
low kVp show greater conspicuity of 
low-attenuation renal lesions adjacent 
to normal renal parenchyma during 
the nephrographic phase compared 
with images at higher kVp settings [8].  

MAtERiAl-spECiFiC AppliCAtions
Dual energy-based datasets can also 
be exploited to obtain material-spe-
cific images either after the recon-
struction of high- and low-energy 
images (“image-domain decompo-
sition’’) or before images are recon-
structed from high- and low-energy 
sinograms (“data-domain’’ or “projec-
tion-space decomposition’’) [8].  The 
decomposition in the image-domain 
is adopted with dual-source or dual-
layers detector dual energy CT sys-
tems, whereas data-domain decompo-
sition is used for material analysis of 
dual energy CT images obtained with 

the single-source fast kV switching 
CT system [9,10].

Information from dual-energy data 
sets allows for the analysis of mate-
rial composition in each voxel on 
the basis of either a three-material 
decomposition principle for image 
domain decomposition, or of a two-
material decomposition principle for 
data-domain decomposition [8-10].  
With a three-decomposition analy-
sis, a spectral iodine extraction image 
series is obtained; the iodine contri-
bution to the image can be subtracted, 
thus generating virtual noncontrast 
images. Alternatively, they can be 
overlaid in different percentages on 
grey-scale information, thus creating 
a colour-coded iodine map [8-10].  
Based on the absorption characteris-
tics of two basis materials (e.g. iodine 
and calcium, or iodine and water) 
which have substantially different 
effective atomic number and mass-
attenuation coefficients, two sets of 
images (referred to as “material-den-
sity images’’) can be obtained using 
two-material decomposition analyses; 
specifically, if iodine and water are the 
selected base materials iodine- and 

water-density images are obtained 
[Figures 2 and 3]. Virtual unenhanced 
images (either virtual noncontrast 
or water-density images) have been 
demonstrated to be quantitatively and 
qualitatively comparable to conven-
tional unenhanced images [3-5,8]. 
Several studies showed that CT num-
bers of virtual unenhanced images 
are reproducible and comparable to 
actual non-contrast attenuation in 
various anatomic regions throughout 
the abdomen. Specifically, they allow 
for reliable assessment of pre-contrast 
renal lesion attenuation [3-5,8]. In 
this way, virtual unenhanced imag-
ing has opened up the possibility of 
omitting the unenhanced acquisition, 
which means that a dose saving of 
up to 50% can be achieved for renal 
CT protocols in daily clinical practice 
[3-5,8]. 

Iodine-specific dual-energy images 
(color-coded iodine overlay or iodine-
density images) allows for a color-
coded display of the iodine distribu-
tion within the explored volume [3-5, 
8,11,12].  With this method, direct 
visualization of iodine signal within 
the lesion permit the distinction of 

FigUre 2.(Left panel) Water density (virtual unenhanced), (Middle panel) iodine density and corresponding (Right Panel) color-coded image in a patients having a simple 
cyst of the left kidney (arrow). Note a signal devoid of iodine within the lesion (arrow), thus suggestive of lack of iodine-uptake

FigUre 3. (Left Panel) Water density (virtual unenhanced), (Middle Panel) iodine density and corresponding (cRight Panel) color-coded image in a patient having renal cell 
carcinoma in the left kidney (arrow). Note the presence of the iodine signal within the lesion (arrow), therefore suggestive of iodine-uptake. 
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a non-enhancing cyst from a solid 
enhancing lesion on a single-phase 
colour-coded iodine image.  As renal 
cysts are avascular, colour-coded 
iodine-specific images show a cyst as 
absence of iodine signal [Figure 2].  
This is the opposite to what is found in 
enhancing solid renal masses, which 
demonstrate iodine signal within the 
lesion (Figure 3) [3-5,8,11,12].  More 
recently, dual energy CT has been 
shown also to offer the possibility of 
obtaining a direct quantification of 
iodine concentration (in mg/mL) in 
a lesion with a single ROI on colour-
coded iodine images [8,13].  This 
represents an alternative approach to 
conventional attenuation measure-
ments for the determination of lesion 
enhancement.  The validity of this 
approach is based on the assumption 
that iodine does not naturally occur in 
measurable concentrations in healthy 
renal tissue; the only way it can be 

present is through exogenous admin-
istration [8,13]. Preliminary evidence 
suggests that iodine quantification 
may be superior to standard attenu-
ation measurements, especially in 
discriminating minimally enhancing 
tumours, such as papillary subtypes 
of renal cancer, from high-attenuation 
cysts [13].

EnERGY-spECiFiC AppliCAtions
Based on material decomposition and 
mass attenuation analysis, dual energy 
MDCT enables the creation of virtual 
monochromatic images [8].  It should 
be noted that dual energy MDCT data 
obtained using a single-source fast kV 
switching technique, the base material 
decomposition is performed in the 
data domain; whereas for dual energy 
CT data acquired with a dual-source 
CT system, the base material decom-
position is performed in the image 
domain. For a certain photon energy, 

virtual monochromatic images 
(whose energy is reported as keV 
instead of kV) mimic those images 
that would result from a true mono-
chromatic x-ray source [8,9,14]. The 
advantage of a monochromatic beam 
is that it is less susceptible to beam 
hardening artifacts and therefore has 
the potential to provide more accu-
rate and more reproducible attenua-
tion measurements over conventional 
CT numbers [8,9,14]. Our phantom 
and clinical data indicate that the vir-
tual monochromatic images, within 
an optimal energy range (80-140 
keV) allows for overcoming renal 
cyst pseudoenhancement [Figure 4], 
which represents a reconginze source 
of additional imaging test when the 
cyst attenuation exceeds +20 HU dur-
ing the nephrographic phase [15].  

With the real-time interactive dis-
play of monochromatic images at a 
workstation, the radiologist can inter-

FigUre 4.Left Panel: noncontrast. Middle panel.  conventional polychromatic and corresponding (Right panel) virtual monochromatic imaging at 80 keV in a patients hav-
ing a simple cyst of in the right kidney (arrow). Note the presence of pseudoenhancement in ther Middle panel conventional polychromatic image. By comparison, virtual 
monochromatic imaging at 80 keV allows an unequivocal diagnosis of simple cyst [Right Panel]  

FigUre 5 .Left Panel. Virtual monochromatic contrast-enhanced nephrographic phase image and (Right panel) corresponding spectral attenuation curve (c) in the same 
patient shown in Figure 3. On the Left Panel,  virtual monochromatic image ROIs are placed in normal renal parenchyma (yellow), in the lesion and within the gallbladder 
fluid (violet). By plotting the attenuation values of a material at different monochromatic energies, ranging from 40 to 140 keV, the corresponding spectral attenuation curve 
can be generated for the different ROIs at various keV values (Right Panel). The normal enhancing renal parenchyma shows a steep, upwardly sloping curve at lower keV, 
whereas the gallbladder fluid shows a flat curve indicating the avascular nature of its content. By comparison, the renal lesion shows a steep, upwardly sloping curve at 
lower keV, which resembles that of enhancing ipsilateral renal parenchyma.
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rogate the change in attenuation of a lesion over a range 
of discrete energies, a process that is not feasible with 
conventional CT [8,9,14].  In particular, with the use of 
dedicated software applications, keV spectral attenuation 
curves can be generated by plotting the attenuation values 
(in HU) of a material at different monochromatic energies, 
ranging from 40 to 140 keV.  With this technique, specific 
tissue characterisation is achievable based on the known 
mean attenuation characteristics of different materials, 
especially those with higher atomic numbers [8,9,14].  
Enhancing solid renal lesions can be differentiated from 
non-enhancing cysts on a single-phase nephrographic 
image based on spectral attenuation curves, because iodine 
attenuation greatly increases at lower energies [Figure 5], 
whereas cyst attenuation levels remain relatively flat at all 
energies [Figure 6]. 

FutuRE pERspECtivEs oF duAl EnERGY MdCt in 
REnAl lEsions
New horizons for dual energy MDCT imaging of renal 
lesions may be opened up by the use of iodine-specific 
dual energy imaging to discriminate between different 
RCC subtypes, determining the tumour grade, and assess-
ing the response to targeted therapy in metastatic RCC 
[8].  The adoption of iodine quantification as an imaging 
biomarker of tumour viability may provide additional 
information over CT numbers in the depiction of tumour 
texture heterogeneity in RCC as well as in demonstrating 
early changes to new targeted therapies [8]. The calcula-
tion of effective atomic numbers and dual energy indexes 
from density maps may represent additional research 
fronts [8].

ConClusion
Dual energy MDCT provides uroradiologists with a promising 
technology that holds a considerable potential for enhancing 
detection and characterization of renal lesions, while substan-

tially cutting radiation dose exposure to patients.  Thus dual 
energy CT most likely represents a paradigm shift for renal 
lesions CT imaging, namely the shift from a merely attenuation-
based approach to one of material-specific spectral imaging.
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FigUre 9 .Left Panel.  Virtual monochromatic contrast-enhanced nephrographic phase image and corresponding spectral attenuation curve ( Right Panel)  in the same 
patient as in Figure 2. On the Left Panel, virtual monochromatic image ROIs are placed in normal renal parenchyma (yellow), in the lesion (red) and within the colonic lumen 
(violet). By plotting the attenuation values of a material at different monochromatic energies, ranging from 40 to 140 keV, the corresponding spectral attenuation curve is 
generated for the different ROIs at various keV values (Right Panel). The normal enhancing renal parenchyma shows a steep, upwardly sloping curve at lower keV, whereas 
the colonic fluid shows a flat curve indicating the avascular nature of its content. The renal lesion shows a flat sloping curve across different keV values, which resembles 
that of the colonic fluid. 


