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Abstract

OBJECTIVE—Recent advances in CT technology provide improved diagnostic characterization
of materials using dual-energy CT methods. Application of these methods improves lesion
conspicuity and detection. In addition, improved material characterization and creation of virtual
unenhanced techniques potentially result in decreased radiation dose. We will review the role of
dual-energy CT as applied to the genitourinary system.

CONCLUSION—Dual-energy CT is beginning to play an important role in patients with
genitourinary diseases by providing unique characterization tools for calculi and masses.
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During the past several years, advances in CT technology have allowed expansion of the
armamentarium of diagnostic tools to identify, characterize, and differentiate materials. One
of the most promising techniques is the development of dual-energy CT acquisitions. One of
the dual-energy CT techniques is characterized by acquisition of CT data from two different
energy spectra, which is referred to as “dual-source, dual-energy CT.” This article focuses
on the advantages and application of dual-energy CT to the genitourinary system.

Background

CT is based on the measurement of the linear attenuation coefficient of each structure at a
particular tube potential (or kV). Traditionally, CT acquisitions have been accomplished by
acquiring CT data using single tube potentials. Because CT numbers (converted from the
linear attenuation coefficient and expressed in Hounsfield units) reflect a combination of the
mass attenuation coefficient and the mass density of the material at a given x-ray tube
potential, two different materials, such as calcium and iodine, can have the same CT number
at a given tube potential. By using two different x-ray spectra, the separation of these
materials will be accomplished because each has a unique energy-dependent attenuation for
each of the two kVs obtained during one CT acquisition. From a practical perspective, dual-
energy CT must also provide routine anatomic images similar to single-energy CT for
diagnostic interpretation. Thus, most dual-energy CT applications will generate both
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material-specific images, which highlight the presence or absence of a specific material, and
non-material-specific images, which resemble the images of traditional 120- or 140-kV
single-energy CT images.

Hardware Platforms

Dual-energy CT data can be obtained from several hardware platforms including dual-
source CT scanning, rapid kV switching, and multilayer “sandwich” detectors [1] (Table 1).
Dual-source CT scanning is acquired with two x-ray tubes and two detectors, with each tube
operating at a different tube potential [2]. Non-material-specific images are routinely
produced [3], and several dual-source, dual-energy CT material-specific applications for
abdominal imaging have already been validated [4—7]. This approach has the advantage of
permitting the insertion of different filters for each x-ray tube to widen the spectral
separation and large dynamic ranges for tube current for the low-energy spectra, which
reduce image noise and should improve material classification. The degree of successful
material discrimination generally improves with the degree of spectral separation [8].

Rapid kV switching is performed using a single x-ray tube system. This approach examines
spectral data in projection space and has the advantage of creating monochromatic images
and suppressing image artifacts.

The multilayer sandwich x-ray detector is created by the surface layers of the detector
measuring low-energy photons and the deeper layers measuring high-energy photons [1, 9].

Benefits of Dual-Energy CT

The clinical use of dual-energy CT applications depends on the unique additional benefits
that dual-energy CT provide in comparison with single-energy CT [1, 10]. Dual-energy CT
can benefit patients in several specific areas including improved lesion conspicuity and
characterization combined with reduced additional imaging requirements [7]. For example,
improved lesion conspicuity is a result of the contribution of the lower tube energy toward
highlighting attenuation differences associated with some neoplasms due to differential
iodine presence [11], because the iodine signal is substantially increased at 80 kV compared
with 120 kV [12]. In general, the images from low-kV scans have not only higher contrast
resolution but also higher noise level, whereas images from high-kV scans have lower
contrast resolution and lower noise level. Although low-kV data offer dramatically increased
contrast-to-noise ratio for small patients, the contribution of the higher-energy data becomes
progressively important as patient size increases to maintain image quality. Therefore, dual-
energy CT technology is unlikely to be of equal benefit in the abdominal imaging of obese
patients when compared with average-sized or small patients because artifacts created by
large body habitus at low-energy spectra degrade image quality and therefore prohibit
accurate material separation.

Improved lesion characterization is possible using dual-energy CT and material
decomposition algorithms where the amount of iodine signal contained in each pixel of the
CT image can be quantified. This signal can be displayed using color over gray-scale images
(iodine overlay) or can be subtracted from the gray-scale images (virtual noncontrast).
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Lesion characterization has recently been applied most vigorously to the classification of
renal stone types using color-coded visual display [6] and may also be useful in the
characterization of renal and adrenal masses [1, 13]. A reduction in the need for additional
imaging is possible by applying lesion characterization algorithms to current CT protocols.
For example, by inclusion of virtual noncontrast images in CT urography or renal mass
protocols, the need for unenhanced CT studies may become redundant because virtual
noncontrast image data sets can be created from the iodine-enhanced images by applying
dual-energy CT algorithms. Virtual noncontrast images can also detect urinary stone and
renal artery calcification after removing iodinated contrast material from contrast-enhanced
scans.

Dual-Energy CT Display

The display of both non-material-specific and material-specific dual-energy CT images
continues to evolve, but there are several alternatives with which abdominal radiologists
should be familiar. Non-material-specific images are generally created to display routine
anatomic information and can be created to highlight contrast differences and minimize
noise or to reflect the CT numbers of single-energy 120-kV data.

Linear blending of high- and low-kV images weights all of the pixels in an image by a fixed
factor relative to the tube energy from which they are derived; for example, a 0.3 linear
blend derives 30% of the CT number from the low-energy spectra and 70% from the high-
energy spectra [3]. This mixing is implemented automatically after reconstruction of the
images corresponding to each tube energy.

The other method of blending two image sets is nonlinear sigmoidal blending, which
maximizes contrast and minimizes noise. This method weights the CT intensity assigned to
individual pixels by their CT number. Pixels with higher HU values have a higher mixing
ratio of low-kV data, whereas pixels with lower HU values have a lower mixing ratio of
low-kV data. This allows greater enhancement of iodine signal than the linear blending
method while maintaining low noise level in the low-HU-value regions [3] (Fig. 1). lodine
signal enhancement is particularly useful when only a small amount of iodinated contrast
material can be used because of renal insufficiency or only a slow rate of IV injection of
iodinated contrast medium is allowed. In addition, decreased urinary excretion of contrast
material from an obstruction or diminished renal function may be a good indication for
iodine signal enhancement.

Monochromatic images are another flexible way to control image contrast and noise and
simulate the CT image of a specific energy. These images can be used to optimize contrast-
to-noise ratio and obtain quantitative information to characterize materials (by looking at
attenuation over a range of kVs) [14].

Material-specific images are created to highlight the presence or absence of a material (e.qg.,
virtual noncontrast images are created to display what an image would look like without
iodine) [15]. Material classification can be implemented using basic material decomposition
in image or projection space. lodine classification is one of the most useful applications in
genitourinary CT and produces both iodine-specific images, which will highlight the
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appearance of subtly enhancing masses, and iodine-subtraction images, which subtract
iodine and potentially reveal calcifications or stones that are obscured by the surrounding
iodine solution. lodine-specific images can be displayed by overlaying anatomic images
with a color overlay that displays iodine.

Recent improvements in iodine classification permit the measurement of iodinated
concentration, but these techniques have not been rigorously tested under a wide variety of
clinical conditions. The ability to measure iodine concentration in renal masses may have
substantial advantages over traditional CT number measurements, which vary by scanner,
reconstruction technique, patient size, and x-ray tube potential [16-18]. Virtual noncontrast
images resemble unenhanced images, but generally use noise-reduction methods resulting in
some smoothing of the image. Classification of noniodine material but clinically meaningful
material is generally performed using color overlay such as in renal stone classification.

Contrary to conventional wisdom, dual-energy CT does not require an increased radiation
dose compared with single-energy CT with certain patient size thresholds. Yu et al. [19]
recently compared image quality between dose-matched dual-energy CT and single-energy
CT in phantoms simulating patients of a variety of sizes. They concluded that

...for adult CT practices, which primarily use 120kV scanning, the use of dual-
energy CT for the purpose of material-specific imaging can also produce a set of
non-material-specific images for routine diagnostic interpretation that are of similar
or improved image quality compared to single-energy 120kV scans.

Applications

Stone Characterization

Over the past decade, unenhanced CT has become the method of choice for imaging
symptomatic urinary calculi because of its high diagnostic accuracy. In the mid-1990s,
studies reported 97% accuracy for diagnosing ureteral stones [20, 21] and subsequent studies
reported sensitivities and specificities approaching 100% [22-25]. However, a shortcoming
of CT has been that virtually all urinary calculi (> 99%) appear as opaque densities on
unenhanced CT regardless of composition. Early in vitro studies using single-energy CT
attempted to characterize stones using ranges of HUs [26-30]; however, because of overlap
in these ranges, it was not possible to apply single-energy spectra data to accurately
characterize stones. More recent research including in vitro studies [4, 6, 31-34] and in vivo
studies [5, 31, 35] has used the advantages of dual-energy CT and the differences in the x-
ray attenuation properties at high and low kVs to allow accurate renal stone differentiation
between uric acid (UA)—containing and calcium-containing urinary calculi. The in vitro
studies showed a sensitivity of 88-100% depending on the size of the stone and the size of
the anthropomorphic phantom and accuracy of 93-100%. The in vivo data reported
sensitivities of 74—100% and accuracies of 89-100% including dual-energy CT acquisitions
using a low-dose protocol [5, 31, 35].

These initial studies were directed at differentiation between UA stones versus non-UA
stones, with some studies providing visual cues about the stone material using color overlay
(Figs. 2 and 3). This binary model provided foundational data to direct clinical care toward
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medical management based on stone type. More recent studies have expanded the
characterization tools into a “rainbow” of four or five groups of renal stones including the
following: group 1, stones composed of UA, UA dihydrate, and ammonium acid urate;
group 2, cystine and struvite; group 3, calcium oxalate monohydrate, dihydrate, and
brushite; and group 4, hydroxyapatite, carbonate apatite. Further refinement divides group 2
into two distinct categories for a total of five groups. Stone characterization provides an
opportunity to immediately communicate the stone subtype and help direct care for patients
with stone disease after dual-energy CT (Qu M, et al., presented at the 2009 annual meeting
of the Radiological Society of North America [RSNA]).

Renal mass evaluation is a main element of genitourinary CT. The differentiation of a
benign cyst from a solid mass is an integral part of any renal CT protocol. Current practice
relies heavily on the detection of enhancement within a renal lesion after contrast
administration to diagnose a solid renal mass. For this reason, standard renal mass CT
protocols require an unenhanced CT acquisition to establish the baseline attenuation of a
renal lesion. A second contrast-enhanced CT acquisition is then performed, and the
attenuation of the mass is compared with the baseline unenhanced acquisition. In general, an
increase in attenuation of more than 20 HU on contrast-enhanced CT is used as the threshold
to identify a solid enhancing mass [36, 37].

The ability of dual-energy CT to identify the presence of iodine in body tissues has opened
the possibility of single-acquisition characterization of renal masses [2]. If this can be
realized, radiation doses can be reduced significantly by eliminating the unenhanced CT
acquisition [15]. The use of dual-energy CT iodine identification allows virtual noncontrast
images in which the attenuation from iodine is subtracted from the contrast-enhanced image
in an attempt to reproduce the baseline unenhanced attenuation. It is also possible to produce
an “iodine overlay,” in which the presence of iodine in the tissues is indicated by a
superimposed color map [13, 38]. Both of these image sets have been investigated to
determine their usefulness in allowing single CT acquisition for renal mass evaluation.

Virtual noncontrast images—Graser et al. [10] described the possible use of virtual
noncontrast images to replace true unenhanced CT images by comparing the measured
attenuation values on the true unenhanced images versus on the virtual noncontrast images.
More recently the virtual noncontrast images were used as the baseline attenuation against
which the enhanced images were compared to identify the presence of enhancement; this
comparison showed good correlation with results comparing the true unenhanced images
with the enhanced images [15]. One area of concern is in regard to the accuracy of the
attenuation measurements of structures on the virtual noncontrast images versus those
obtained from true unenhanced images. Recent quantitative comparative analysis of mean
density measurements found no significant difference: The authors noted that “dual-energy
CT-based virtual noncontrast images are a reasonable approximation of true unenhanced
single-energy CT images” [39].
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lodine-overlay images—The use of iodine-overlay images for the detection of actual
iodine signal within the mass has also been studied. In this case, one would not rely on
relative changes in attenuation to determine enhancement, but would determine
enhancement by directly visualizing the presence of iodine within the center of a mass.
Because renal cysts do not contain central blood flow, an iodine-overlay image should show
a cyst as devoid of iodine signal (Fig. 4). In contrast, the vessels and tissues of a solid renal
mass will accumulate iodine after contrast injection and the signal will be identified on the
overlay image (Fig. 5). Brown et al. [13] first described this concept for use in renal mass
evaluation based on dual-energy CT phantom studies. The clinical utility of iodine-overlay
images alone for the diagnosis of a renal mass versus a renal cyst has since been reported
(Hartman RP, et al., presented at the 2009 annual meeting of the RSNA).

This method may prove beneficial beyond the current practice of determining enhancement
in a renal mass because it has potential to reduce the effect of renal cyst
pseudoenhancement. Pseudoenhancement is an artifactual increase in the attenuation of a
true renal cyst after contrast administration. Although the exact mechanism for
pseudoenhancement is not completely understood, it can result in an erroneous increase in
the attenuation of a renal cyst up to 20 HU above the baseline attenuation on unenhanced
CT. The degree of pseudoenhancement can vary relative to cyst size, renal parenchymal
enhancement, detector configuration, and scanning protocol [16, 17, 40, 41].

In contrast, an iodine-overlay image either shows signal in the mass or not. If signal is
present, the mass is a solid lesion and further management, including excision, should be
considered. If no iodine signal is present, the lesion is a cyst. In the future, monochromatic
imaging, either synthesized from dual-energy CT or generated from photon-counting
detector-based CT, could considerably minimize beam-hardening artifacts and provide
abundant energy-dependent attenuation information that can be used to characterize renal
masses.

As the virtual noncontrast images and iodine-overlay images are refined and studied, it is
conceivable that one or both may be able to differentiate renal cysts from solid masses as
well as or better than the current standard of practice. As mentioned, these images could be
produced from a single contrast-enhanced CT acquisition and could eliminate dedicated
unenhanced CT acquisition, thereby reducing examination time and radiation.

Adrenal Adenoma

Adrenal masses are identified in approximately 5% of patients who undergo CT [42], with
adrenal adenomas being the most common adrenal mass. Adrenal adenomas are
characterized by a large amount of intracytoplasmic fat and typically appear hypoattenuated
on unenhanced CT, measuring 10 HU or less, and are referred to as lipid-rich adenomas.
The CT thresholds have been based on CT scans obtained at 120 kV. Boland et al.
(presented at the 2008 annual meeting of the RSNA) reported that mean adenoma
attenuation measurements at 80 and 120 kV were 8.9 HU (range, 18-33 HU) and 11.8 HU
(range, 18-38 HU) (p > 0.05), respectively. Therefore, one should be cautious in evaluating
adrenal masses using dual-energy CT until new thresholds are defined to reliably
differentiate adenomas from nonadenomas [12].
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Many adrenal masses are incidentally found on contrast-enhanced CT and often require
delayed CT to calculate relative washout characteristics or additional imaging (MRI or CT)
for further characterization. Virtual noncontrast images generated from contrast-enhanced
dual-energy CT is a promising technique to provide information similar to true unenhanced
CT [15] (Fig. 6). However, validation of the clinical utility of virtual noncontrast images in
differentiating adenomas from nonadenomas remains necessary.

Up to 30% of adrenal adenomas do not contain a large amount of lipids. Therefore,
characterization with unenhanced CT followed by contrast-enhanced and delayed CT is
frequently required. Of note, CT scans obtained at the same parameters in each phase of
unenhanced, contrast-enhanced, and delayed dual-energy CT acquisition should be used to
measure CT attenuation values to define contrast washout characteristics.

Urinary Stone in lodinated Solution (Virtual Noncontrast Images)

As previously noted, unenhanced CT is considered the reference standard for the detection
of urinary stones [20, 21]. On contrast-enhanced CT, high-attenuation urinary stones can be
obscured by high-attenuation iodinated contrast material in the renal parenchyma or
collecting systems. Routine abdominal CT usually does not include unenhanced CT;
therefore, renal stones can be missed. On the other hand, unenhanced CT is routinely
performed as part of CT urography for hematuria workup because the prevalence of stone
disease is high in this patient population [43]. If virtual noncontrast scans reconstructed from
contrast-enhanced CT allow detection of urinary stones, there is potential for routine
abdominal CT to increase the detection rate of unsuspected stones or eliminate true
unenhanced CT from the CT urography protocol (Fig. 7).

In a phantom study, more than 95% of 2- to 4-mm stones immersed in solution with diluted
iodinated contrast material were detectable using the virtual noncontrast technique except in
extremely highly concentrated iodine solution. lodine subtraction failed when the
attenuation value of the iodine solution reached a maximal CT value (3,070 HU) on low-kV
images [44]. In a clinical study, virtual noncontrast images created from nephrographic
phase CT images allowed detection of urinary stones with a sensitivity of 74.3% (26/35) on
a per-stone basis [45]. However, the virtual noncontrast images did not improve the stone
detection rate compared with the original nephrographic phase CT. In another clinical study,
virtual noncontrast images created from urographic phase CT images of CT urography were
evaluated. Virtual noncontrast images allowed detection of only 53% of stones, although
specificity was 100%. The poor detection rate was mainly due to its inability to detect 1- to
2-mm stones (Takahashi N, et al., presented at the 2008 annual meeting of the Society of
Uroradiology, Abdominal Radiology Course).

Urothelial Tumor Detection

Detection of urothelial tumor relies on contrast between the tumor and surrounding urine.
During the parenchymal phase of contrast enhancement, urothelial tumor shows increased
enhancement while urine remains unenhanced [46]. During the urographic phase, tumor
becomes deenhanced, whereas urine shows increased enhancement. The iodine enhancement
technique may be useful to improve tumor conspicuity particularly when only a small
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amount of iodine contrast material can be used because of renal insufficiency or when only a
slow rate of IV injection of iodine contrast material is allowed. In a phantom study
simulating the urographic phase, the tumor-to-urine contrast-to-noise ratio increased 35%
and lesion conspicuity improved in 67% of lesions using a nonlinear sigmoidal blending
technique when the iodine concentration of urine phantom was 250 HU. Lesion conspicuity
did not improve when the iodine concentration of urine phantom was above 500 HU because
the tumor-to-urine contrast was already high (Takahashi N, et al., presented at the 2008
annual meeting of the RSNA).

Current Issues Related to Dual-Energy CT

There are several limitations regarding dual-energy CT scanning including equipment
expense, increased images generated per study, technical learning curves, and lack of
reimbursement. Regarding equipment expense, dual-energy CT scanners are more expensive
than conventional MDCT scanners. When a dual-energy CT scanner is purchased and
installed, resources are frequently directed to expansion and improvements for cardiac CT
and therefore access to dual-energy CT for noncardiac (e.g., genitourinary) applications
could be limited.

An additional challenge for dual-energy CT is the number of images generated per case with
dual-energy CT, which is considerably greater when compared with conventional MDCT.
For example, a single dual-energy CT examination might include sets of low, high, and
blended anatomic images as well as additional reconstructed images for dual-energy
postprocessing. Further research and progress will need to address optimal workflow for
managing and archiving the huge data sets from dual-energy CT.

Additional learning curves are required for CT technologists and radiologists because dual-
energy CT is more labor intense and time consuming than conventional MDCT. CT
technologists need to spend more time and effort to scan, reconstruct, and process dual-
energy CT image acquisitions. Radiologists also require additional training to accurately
interpret dual-energy CT scans. Working collaboratively, a team of CT technologists,
radiologists, and medical physicists is best capable of building optimal dual-energy CT
protocols. Although additional and new information is provided to the radiologist from
images generated by dual-energy CT, such as the virtual noncontrast images, charges can be
made for only contrast-enhanced CT. There are currently no reimbursement current
procedural terminology (CPT) codes for dual-energy CT postprocessing or interpretation.

Future Directions

Continued optimization of the techniques described in this article will provide more accurate
detection and characterization of genitourinary disease. CT urography using dual-energy CT
technology could become a compressive genitourinary imaging study with a potential
reduction of radiation exposure to the patient. With optimized spectra of the low- and high-
energy x-ray beams, stone characterization and iodine quantification will become more
accurate and precise. Optimization of the spectra usually involves a combined consideration
among spectra separation, noise, and radiation dose. Added filtration in the high-energy
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beam represents one of the recent advances in optimizing the spectra [8], but additional
research is required to further improve dual-energy CT performance.

Noise in virtual noncontrast images is a big concern because dual-energy CT processing
usually involves a magnification of image noise, the magnitude of which is highly
dependent on the spectra separation [47]. Currently, a significant amount of smoothing is
usually applied to reduce the noise in virtual noncontrast images, which may degrade the
image quality. By optimizing the spectra of the low- and high-energy x-ray beams, the
quality in virtual noncontrast images will also be improved.

Monochromatic imaging, which is enabled by projection-domain dual-energy processing,
would allow a significant reduction of beam-hardening artifacts [48]. It is expected that
monochromatic imaging will improve the CT number accuracy and provide more
quantitative information of the structure. In the future, patients may be scanned in the dual-
energy mode by default because it will add more diagnostic information to what can be
achieved by the single-energy mode especially if there is no penalty of additional radiation
dose by using the dual-energy mode when patient size is not too big [19, 49].

Finally, photon-counting detectors are under active investigation [50, 51]. These detectors
have several advantages over conventional energy-integrated detectors including optimal
energy weighting, more flexible selection of energy bins, and better spectra separation.
Photon-counting detector-based CT technology is expected to provide even more accurate
material-specific information and more dose-efficient clinical applications for dual-energy
CT.

Conclusions

Dual-energy CT will play an expanded role in the evaluation of patients with genitourinary
disease in the future by providing expanded diagnostic information from CT images.
Material characterization and diagnostic accuracy will be improved using dual-energy CT
without a penalty from increased radiation dose requirements. Additional research and
workflow enhancements will provide the necessary steps toward determination of the
optimal role of dual-energy CT in the future.
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Fig. 1. Bladder cancer (arrow) in 51-year-old man
A and B, Axial CT images were obtained using dual-energy CT (100 kVp, A; 140 kVp with

tin filter, B). Note high bladder tumor—to-urine contrast and high image noise on lower-kV
image (A) compared with higher-kV image (B).

C, Linear blended image (50% from lower-kV image and 50% from higher-kV image). Note
tumor-to-urine contrast is between A and B. Improvement of noise level is due to
summation of two images.

D, Sigmoidal blending with center of 50 HU and width of 20 HU. Note improvement of
tumor-to-urine contrast compared with C while noise level in bladder lumen is maintained.
This difference in contrast is because most signals of bladder tumor come from lower-kV
image and most signals of bladder lumen come from higher-kV image.
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Fig. 2. Calcium oxalate stones (arrowheads) in 46-year-old man with history of gastric bypass,
hyperoxaluria, and recurrent stones

A, Axial unenhanced image of mid kidneys show bilateral renal calculi.
B, Axial unenhanced image of mid kidneys show bilateral renal calculi (blue) color coded to
represent non-uric acid stones.
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Fig. 3. Uric acid stones (arrow) in 54-year-old man with history of myelofibrosis and
splenomegaly
A, Axial unenhanced image of mid right kidney shows right renal pelvic stone and adjacent

catheter tubing.

B, Axial unenhanced image of mid right kidney shows color-coded stone in mid right
kidney. Red color coding is most consistent with uric acid composition. Note adjacent color-
coded ureteral stent. Spleen (asterisk, A and B) is also enlarged.
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Fig. 4. Benign simplerenal cyst (arrow) in 79-year-old man

A, Axial unenhanced image through low-attenuation mass in right kidney. Attenuation of
lesion measures 7 HU.

B, Axial enhanced image through lesion shows no visual evidence of enhancement.
Attenuation of lesion measures 8 HU. Absence of enhancement is diagnostic of benign renal
cyst.

C, Axial virtual noncontrast image. Measured attenuation was nearly identical to true
unenhanced value (6.2 HU).

D, Axial iodine-overlay image through lesion shows absence of central iodine signal; this
finding is consistent with diagnosis of renal cyst.
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Fig. 5. Grade 3 clear cell renal cell carcinoma (RCC) (arrowhead) in 55-year-old woman
A, Axial unenhanced image through mass in lower left kidney. Attenuation of lesion

measures 26 HU.

B, Axial contrast-enhanced image through lesion shows heterogeneous enhancement.
Attenuation of lesion measures 102 HU. Increased attenuation (> 20 HU) is diagnostic of
solid renal mass. At surgery, mass was shown to be grade 3 clear cell RCC (highest possible
grade = grade 4).

C, Axial virtual noncontrast image generated from contrast-enhanced CT images.

D, Axial iodine-overlay image through lesion shows central iodine signal; this finding is
consistent with diagnosis of solid renal mass.
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Fig. 6. Adrenal nodule (arrow) in 57-year-old man
A, Axial contrast-enhanced image through nodule in left adrenal gland. Attenuation of

lesion measures 48 HU.

B, Virtual noncontrast CT image through left adrenal mass created from contrast-enhanced
images lesion shows —4 HU. Low attenuation changes of mass are consistent with benign
adenoma; however, further research and clinical validation are required.
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Fig. 7. Left ureteropelvic stone (arrowhead) in 65-year-old man visualized on virtual noncontrast
image created from pyelographic phase

A, Axial urographic phase image through mid kidneys with contrast material within both
ureters.

B, Axial virtual noncontrast image shows left ureteropelvic stone.

C, Coronal urographic phase image through urinary tract with opacification of segments of
collecting systems of both kidneys.

D, Coronal virtual noncontrast image shows calculus in proximal left ureter.
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TABLE 1

Features of Dual-Energy CT Hardware Platforms
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Hardwar e Platform

Advantages

Disadvantages

Dual-source CT

Rapid kV switching

Multilayer sandwich
detectors (prototype)

Different beam filtration for each tube results in

wider spectral separation and improved material

discrimination

Flexible adjustment of tube current for each tube
optimizes image quality

Allows dual-energy processing in projection space
Allows creation of monochromatic images, which
have the potential to reduce beam-hardening
artifacts

Same data-acquisition geometry as in
conventional single-energy CT; low-energy and
high-energy data are perfectly aligned

No projection-domain dual-energy processing for helical
scans

Second tube has limited scanning field of view, requiring
careful patient positioning for large patients

Same beam filtration for both low- and high-energy
scanning, limited spectra separation

Difficult to adjust tube current for low- and high-energy
scans separately, usually leading to inferior image quality in
the low-energy scan

Potential for significant spectra overlap, which may
compromise performance of material characterization
Difficult to achieve similar image quality in low-energy data
as in high-energy data
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