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Dual-energy CT refers to the ac-
quisition of computed tomogra-
phy (CT) datasets at 2 different 

energy spectra. The recent development 
of dual-source scanning has increased 
the diagnostic value and clinical appli-
cations of CT and made dual-energy CT 
feasible for routine clinical use.1 

The dual-source system is equipped 
with 2 x-ray tubes and 2 detector ar-
rays in one gantry, which can be op-
erated at identical tube potentials to 
produce an increase in temporal reso-
lution in cardiac imaging, photon flux 
in obese patients or a higher pitch. Ad-
ditionally, the 2 tubes can be operated 
independently at different kilovoltage 
peak (kVp) and milliamperage (mAs) 
settings. The tube voltages are usually 
set at 140 kVp for the high-energy tube 
and at 80 kVp for the low-energy tube. 
In very obese patients, the low-energy 
tube can be operated at 100 kVp rather 
than 80 kVp, which improves the 

penetration of low-kVp photons and 
decreases image noise, making dual-
energy CT feasible in larger patients.1 
On the current second-generation 
scanners, the fields-of-view are 50 cm 
and 33 cm for the low- and high-en-
ergy tubes, respectively. The increased 
size of the second detector (first gen-
eration, 26 cm; second generation, 33 
cm) enables coverage of larger ana-
tomical areas. 

Second-generation, dual-source, 
dual-energy CT systems have a selec-
tive photon shield made of a tin filter 
that produces substantial beam harden-
ing, which allows better separation of 
low- and high-energy spectra (Figure 
1). By filtering out low-energy quanta 

in the140-kVp tube, the tin filtering sys-
tem increases dose efficiency and im-
proves tissue differentiation.2 

Image postprocessing
Each dual-energy acquisition from a 

dual-source CT system automatically 
generates 3 separate sets of images: 
140-kV images, 80-kV images, and 
a mixed or blended dataset3,4 (Figure 
2). The blended dataset has an over-
all appearance similar to a traditional 
120-kVp single-energy CT image. All 
3 images or only one or 2 datasets can 
be sent to a workstation for review, de-
pending on the radiologist’s preference.

Image blending can be linear or non-
linear. The linear blending algorithm 
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uses a specific percentage of the low- 
and high-energy scans.4 In general, 
80-kVp images have more contrast and 
more image noise, whereas 140-kVp 
images have less noise and less inherent 
contrast. The usual default-weighting 
ratio is 0.5 (50% contribution from each 
of the high and low energies). How-
ever, depending on the desired amount 
of contrast or noise, blending ratios can 

range from 0.3 to 0.7. For instance, with 
a ratio of 0.7, 70% of the contribution 
is from 80-kVp images and 30% from 
140-kVp images. 

Nonlinear blending is based on modi-
fied sigmoid blending and operates in 
a voxel-by-voxel fashion.3 Blending 
can increase the contrast-to-noise ratio 
by accentuating the brightest voxels 
(containing iodine) from the low-kVp 

images and by using the lower noise 
characteristics of voxels in the high-en-
ergy kVp image (Figure 3). In addition, 
virtual unenhanced CT images, iodine 
maps, color-coded images superimpos-
ing iodine distribution on the virtual 
nonenhanced data, bone-subtraction 
images for CT angiographic studies, 
and renal stone content analytic images 
can be generated using dual-energy 

FIGURE 1. Dual-source CT system. (A) This scanner has 2 x-ray tubes separated by approximately 90 degrees with corresponding detector 
arrays. The second-generation system includes a selective photon shield, made of a flat tin filter, which is added to the high-kilovoltage (140 
kVp) tube. (B) Comparison of x-ray energy spectra in dual-energy CT. The addition of the selective photon shield (SPS) increases spectra sepa-
ration relative to 80-kVp spectrum. The increased spectra separation improves dual-energy postprocessing and enables radiation-dose neutral-
ity, relative to conventional single-energy CT.

FIGURE 2. These are kVp images generated from a dual-energy scan in the late arterial phase. (A) 80-kVp transverse CT image at the level of 
the pancreas. A small hypervascular-neuroendocrine tumor (2) is noted in the pancreatic head with a mean density of 248 HU, while the renal 
parenchyma (1) shows a density of 321 HU. Note also the high density of the abdominal aorta. 80-kVp images optimize the attenuation of iodine 
compared to lower kVp images (see part B below). (B) Weighted average transverse CT image from the same scan using 70% of data from 
the high and 30% from the low-kVp scan. The hypervascular tumor (2) now measures 160 HU, and the renal parenchyma (1) shows a density 
of 203 HU. The dotted circle represents the field-of-view in which dual-energy processing is applied. In larger patients, the lateral aspect of the 
abdomen may not be included in the dual-energy field-of-view.
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postprocessing software (Figures 4  
and 5). 

Limitations
One potential limitation of dual-

energy CT is that the second detector 
has a small field-of-view. This means 
that in large patients, the periphery of 
the patient may not be included in the 
field-of-view, which limits the abil-
ity to use color-coded or virtual unen-
hanced images in the peripheral regions 
of the scanned volume. This field-of-
view limitation is not a problem for 
evaluation of the aorta, adrenal glands, 
pancreas, or small bowel, but it may 
limit evaluation of some renal masses.  
Secondly, datasets acquired at 80 kVp 
or 100 kVp inherently have more noise 
than images acquired at 120 kVp or  
140 kVp, and image noise will substan-
tially increase in large patients. 

Applications in the abdomen 
Kidney

Renal tumors—Dual-energy CT can 
improve the characterization of small 
indeterminate renal lesions found inci-
dentally on contrast-enhanced images. 
In this setting, the common differential 
diagnostic considerations are hyper-
attenuating cysts and a renal mass. The 
CT differentiation of benign and malig-
nant masses is based on demonstrating 
the presence of lesion enhancement and 
the attenuation value of the lesion. Be-
cause the K-edge of iodine (33.2 keV) is 
closer to lower energies (80 kVp) than 
it is at higher energies (140 kVp), the 
attenuation of iodine is higher at lower 
energies. Thus, renal cancers will have 
higher attenuation than hyperdense 
cysts at 80-kVp datasets, related to the 
differences in the amount of iodine 
within these different lesions. Color-
coded images that show the distribu-
tion of iodine within the scanned tissue 
volume are also helpful to show intratu-
moral enhancement (Figure 6).

Using a virtual unenhanced dual-
energy image, baseline attenuation 
measurements can be made, thereby 
obviating true unenhanced imaging 
and reducing the radiation exposure.1,5,6 

FIGURE 3. Linear vs. nonlinear blending. (A) Mixed image using linear blending of 30% of the 
low-kVp image and 70% high-kVp image. Note relatively low-contrast signal in the left kidney 
(arrow). (B) Mixed image using nonlinear blending algorithm. Nonlinear blending increases 
the contrast-to-noise ratio by accentuating the iodine-containing voxels from the low-kVp 
images. Note the higher attenuation of the renal parenchyma (arrow).

FIGURE 4. Postprocessed images generated from a dual-energy portal-venous phase CT 
examination of the abdomen. (A) Weighted-average image that simulates a standard 120-kVp 
CT image. (B) Virtual nonenhanced image. (C) Iodine map, which accentuates flow in vascu-
lar structures. (D) Superimposition of the iodine map onto virtual nonenhanced image, which 
improves anatomic definition.
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Preliminary data support good cor-
relation between Hounsfield units 
(HU) in the renal parenchyma on vir-
tual unenhanced and true unenhanced 
images. Graser et al reported mean 
density values of 30.8±4.0 HU (true 
unenhanced CT) and 31.6±7.1 HU 
(virtual unenhanced CT) (p=0.26).9,10 
Using virtual unenhanced datasets, 
these authors also reported that tu-
mors have a higher density (mean 
105.7 HU ± 73.6) than complicated 
renal cysts (mean, 55.0 HU ± 15.8), 
allowing them to be reliably identified 
and characterized. By comparison, 
simple renal cysts have attenuation 
similar to water (2.1 HU ± 1.3).6

FIGURE 5. Bone subtraction from dual-
energy CT angiography. Coronal multi-
planar reformation after bone subtraction 
shows occlusion of the left distal external 
iliac artery (arrow). 

FIGURE 6. Dual-energy CT in the characterization of renal masses. (A) The iodine map shows 
a well-defined mass in the left kidney. The lesion shows iodine uptake (orange color) (arrow), 
indicating a vascular mass. (B) On the virtual nonenhanced image, the mass (arrow) is iso-
attenuating to renal parenchyma, indicating a solid tumor, rather than a cystic mass. Histopa-
thology showed papillary renal-cell carcinoma.
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FIGURE 7. Dual-energy CT in renal stone characterization. (A) Calcium oxalate stone in the left renal pelvis (arrow) is coded blue. Note the den-
sity of the renal calculus is similar to that of bone. (B) Uric-acid stone in the mid-right ureter (arrow) is coded red.
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FIGURE 8. Right adrenal nodule incidentally found in a patient with cholangiocellular carci-
noma. (A) On the venous phase weighted average image, the adrenal nodule (arrow) has 
an attenuation value of 35 HU. (B) On the virtual nonenhanced image generated from the 
same dataset, the nodule (arrow) has an attenuation of 7 HU, a value that is diagnostic for an 
adenoma.
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Urinary calculi—In patients with 
flank pain and suspected urinary cal-
culi, unenhanced single-energy CT 
is the imaging test of choice for reli-
able detection and localization of cal-
culi. However, it cannot determine the 
chemical composition of renal calculi. 
The 3 frequent types of renal stones 
are calcified stones (calcium oxalate), 
uric-acid and struvite stones (ammo-
nium, magnesium, and phosphate). 
Characterization of stone composition 
is of clinical importance because it in-
fluences treatment options. Uric-acid 
stones usually are treated medically by 
urine alkalization, while calcium and 
struvite stones may need to be removed 
mechanically or crushed by extracorpo-
real shock-wave lithotripsy.

Both in vitro and clinical dual-energy 
CT studies have shown the feasibility 
of differentiating uric-acid stones from 
calcified renal calculi based on material 
decomposition methods.7,8 Dual-energy 
postprocessing software algorithms 
analyze the dual-energy behavior of the 
calculi and color code them in red when 
uric acid is detected, and in blue when 
calcified stones are detected (Figure 7). 
Voxels with other dual-energy behav-
iors remain grey. In addition, research 
studies have shown differentiation of 
struvite and cysteine stones is possible 
by adapting the slope of the three-mate-
rial decomposition algorithm.7 

Liver 
Incidental sub-centimeter, hypoat-

tenuating lesions, considered too small 
for characterization, are often seen in 
the liver at CT. Although such lesions 
generally are presumed to be benign in 
many patients, in oncologic patients, 
the concern for malignancy increases. 
Dual-energy CT of the liver can enable 
detection and differentiation of cysts 
and hemangiomas from solid tumors. 

Scanning at 80 kVp, which in-
creases the attenuation of iodine, and 
generation of iodine color-coded im-
ages that show the iodine distribution 
in the lesion, can help increase sensi-
tivity for detection of subtle intral-
esional contrast enhancement, thereby 

FIGURE 10. Dual-energy color-coded iodine overlay image in a patient with ulcerative coli-
tis shows increased enhancement of the wall of the sigmoid colon (arrows) indicating active 
inflammatory bowel disease.

FIGURE 9. Dual-energy CT in a patient with adenocarcinoma of the pancreatic body (arrow). 
(A) On the 120-kVp image, the pancreatic mass (arrow) is poorly defined. (B) On the 80-kVp 
image, the lesion (arrow) is more conspicuous due to a larger difference in attenuation 
between the tumor and the surrounding pancreatic parenchyma. Note also increased attenua-
tion/conspicuity of the hepatic vessels.
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improving differentiation of hypervas-
cular malignancies from cysts. 

The dual-energy data can also be 
used to generate virtual unenhanced 
images, which can be used for density 
measurement, thereby obviating true 
unenhanced imaging and minimizing 
radiation exposure.9,10 In a study of 93 
patients, Zhang et al10 showed that focal 
hepatic lesions had similar CT-density 
measurements and contrast-to-noise ra-
tios on virtual unenhanced and true un-
enhanced images. 

Adrenal gland
An incidental adrenal mass is not 

an infrequent finding on contrast-en-
hanced abdominal CT examinations. 
The main differential diagnostic con-
siderations are adenoma, metastasis, 
and solid masses, such as adrenal car-
cinoma and pheochromocytoma. 

Dual-energy CT with generation 
of virtual unenhanced datasets can be 
used for the differentiation of lipid-
rich adenomas from solid adrenal 
masses.11,12 Adrenal adenomas will 
show low mean-attenuation values 
(< 10 HU on unenhanced images), 
compared with other masses, such as 
metastases or pheochromocytomas 
(Figure 8). 

Pancreas
The normal pancreas enhances sub-

stantially during the pancreatic phase 
and contains more iodine than a pan-
creatic adenocarcinoma. At 80-kVp 
imaging, the attenuation of iodine will 
be greater than that at 140-kVp images, 
improving differentiation of abnormal 
and normal tissues, thereby increasing 
the conspicuity of hypoattenuating pan-
creatic masses (Figure 9). In addition, 
color-coded images, by showing reduced 
iodine uptake, can increase sensitivity 
for detection of hypovascular pancre-
atic masses. 

Bowel
The diagnostic criteria of bowel 

disease include wall thickening and 
increased enhancement of the bowel 

wall. On conventional single-energy 
CT images acquired at 120 kVp, it can 
be difficult to differentiate between 
physiological and abnormal enhance-
ment of the small-bowel wall. Since 
the attenuation of an iodinated contrast 
agent increases at low-kVp images, 
dual-energy CT datasets viewed at 80 
kVp can help to increase conspicu-
ity of hypervascular bowel-wall re-
lated to inflammatory bowel disease. 
Color-coded images are also useful for 
showing subtle contrast enhancement 
(Figure 10). Similarly, in the setting 
of small-bowel ischemia, the differ-
ences in enhancement between poorly 
perfused ischemic small-bowel and 
adjacent well-perfused segments may 
be accentuated on 80-kVp and color-
coded images.

Radiation exposure 
Dual-source, dual-energy CT can 

provide excellent image quality with-
out an increase in radiation dose com-
pared with single-energy CT. Based on 
current literature, the effective doses in 
the abdomen are 3 to 12 mSv.1,5 Dual-
energy CT decreases radiation dose 
by 1) the addition of tin filtration and 
2) elimination of noncontrast images.   
The tin filtration system increases 
dose efficiency by eliminating spectral 
overlap. By generating virtual nonen-
hanced images, dual-energy scanning 
obviates true noncontrast scanning 
with consequent dose reduction. 

Conclusion
With the advances in CT technology 

capable of dual-energy CT, an increas-
ing number of clinical applications 
have been reported. Generation of 
virtual unenhanced images can elimi-
nate acquisition of true unenhanced 
acquisitions. Thus, a single contrast-
enhanced acquisition can yield both 
unenhanced and contrast-enhanced CT 
data, which may increase diagnostic 
accuracy in evaluating the abdominal 
organs and viscera and can be used to 
decrease radiation exposure. The atten-
uation of vessels is substantially higher 

at 80-kVp imaging than at 140-kVp 
imaging, which can improve tumor 
detection and evaluation of vessels 
and bowel disease. Radiation doses are 
comparable with conventional single-
energy CT studies.
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