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Dual-energy CT (DECT) is an exciting innovation in CT technol-
ogy with profound capabilities to improve diagnosis and add value
to patient care. Significant advances in this technology over the

past decade have improved our ability to successfully adopt DECT
into the clinical routine. To enable effective use of DECT, one

must be aware of the pitfalls and artifacts related to this technology.
Understanding the underlying technical basis of artifacts and the
strategies to mitigate them requires optimization of scan protocols
and parameters. The ability of radiologists and technologists to an-
ticipate their occurrence and provide recommendations for proper
selection of patients, intravenous and oral contrast media, and scan
acquisition parameters is key to obtaining good-quality DECT im-
ages. In addition, choosing appropriate reconstruction algorithms
such as image kernel, postprocessing parameters, and appropriate
display settings is critical for preventing quantitative and qualita-
tive interpretive errors. Therefore, knowledge of the appearances of
these artifacts is essential to prevent errors and allows maximization
of the potential of DECT. In this review article, the authors aim to
provide a comprehensive and practical overview of possible artifacts
that may be encountered at DECT across all currently available
commercial clinical platforms. They also provide a pictorial overview
of the diagnostic pitfalls and outline strategies for mitigating or pre-
venting the occurrence of artifacts, when possible. The broadening
scope of DECT applications necessitates up-to-date familiarity with
these technologies to realize their full diagnostic potential.

An mvited commentary by Szczykutowicz is available online.

©RSNA, 2021 - radiographics.rsna.org

SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME activity, participants will be able to:

m Describe the technical principles, strengths, and limitations of different types of
DECT scanners.

m Understand when to anticipate artifacts and how to implement protocols for pre-
venting their occurrence.

B Discuss strategies for postprocessing good-diagnostic-quality DECT images by opti-
mizing thresholding and kernel parameters.

See rsna.org/learning-center-rg.

Introduction
Dual-energy CT (DECT)—also known as multienergy CT or spec-
tral CT—has utility in a wide range of routine and advanced clinical
applications in diagnostic radiology. By enabling separate acquisi-
tion of two energy spectra, DECT allows reconstruction of valuable
images that provide information beyond what is possible with con-
ventional single-energy CT (SECT). The benefits of DECT-derived
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TEACHING POINTS

B Certain DECT approaches and techniques make them prone
to artifacts unique to the DECT platform that cannot be over-
come by optimizing scan parameters. The goal is to choose a
DECT scan protocol that provides an optimal balance among
radiation dose, image quality, and spectral separation.

B DECT techniques with image domain reconstruction are asso-
ciated with more beam-hardening artifacts than DECT tech-
niques with projection domain reconstruction.

B Temporal misregistration is the reason why material decom-
position is performed in the image domain and not the pro-
jection domain in dual-source DECT.

B Choosing the right parameters (eg, kernel, decomposition ra-
tio) is essential during postprocessing to avoid qualitative and
quantitative interpretive errors.

B Window widths (WWs) and window levels (WLs) for the same
keV level and MD-iodine image reconstruction may vary
among the different platforms.

images include the ability to (a) characterize
materials, thereby enabling improved lesion detec-
tion and characterization; (b) permit more robust
quantitation; (¢) reduce the volume of iodinated
contrast medium; (d) limit radiation dose; and
(e) reduce artifacts. These advantages enable
DECT to improve diagnostic confidence and
allow superior assessment of incidental lesions,
thereby reducing follow-up and additional imag-
ing or procedures and decreasing institutional
costs (1,2).

Artifacts at imaging are false perceptions and
representations of structures that are not present
in reality but are seen on the images. At CT,
they are a manifestation of variance in attenu-
ation between the true attenuation coefficient
of an object in projection space versus on a
reconstructed CT image (3). They can degrade
images and render them nondiagnostic or spuri-
ously mask or simulate anatomic and pathologic
structures, leading to erroneous interpretation.

Although artifacts are generally less preva-
lent and less severe in CT than in other cross-
sectional imaging modalities, a multitude of
artifacts are encountered on SECT images and
appear as streaks, blurs, rings, or stripes. A few
of these include beam-hardening, photon starva-
tion, and motion-related artifacts (3). While
DECT has been explored for mitigating metal-
related beam-hardening artifacts (4), some of
these CT artifacts also affect DECT and impact
material decomposition. Moreover, DECT-
derived images are susceptible to some artifacts
that are inherent to this technology owing to the
scanner design, acquisition parameters, postpro-
cessing technique, and image display.

As DECT is being increasingly incorporated
into clinical practice and guidelines (5), it is
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essential for radiologists to be familiar with
artifacts that may cause diagnostic uncertainties
during image interpretation. In this article, we
provide a comprehensive overview of artifacts
and pitfalls that may be encountered in DECT
across currently available commercial clinical
DECT platforms and discuss ways to recog-
nize them and mitigate or prevent them, when
possible.

DECT Technologies
Currently available DECT technologies can be
broadly classified as source based or detector
based (6). An overview of these DECT ap-
proaches is presented in Table 1.

The following four DECT technologies are
source based: Dual-source DECT has two x-ray
tubes with corresponding detectors that are
perpendicular to each other, and the x-ray tubes
operate at two different voltages (6). In rapid
tube voltage (kilovolt peak [kVp]) switching
DECT, the peak voltage of the x-ray tube rap-
idly alternates between high and low energies for
each x-ray projection (6). In split-filter DECT,

a filter composed of gold (low energy) and tin
(high energy) in the z direction splits the x-ray
beam into two "effective" beams with differ-
ent mean energies (6). In dual-spin DECT, the
patient undergoes two consecutive acquisitions
at different tube voltages in either a sequential
or helical mode (6).

Dual-layer DECT is the only commercially
available detector-based technology to date. It
has a single x-ray tube and two layers of detec-
tors, wherein the top layer (yttrium-based garnet)
absorbs low-energy photons and the bottom layer
(gadolinium oxysulfide) absorbs high-energy
photons (6). Photon-counting DECT, a detector-
based technique still in the research phase, has
a semiconductor detector that directly converts
x-ray photons into electrical signals, which are as-
signed to specific energy bins, thus providing true
multienergy capability (6).

Images
Unlike SECT, DECT allows generation of a
wide range of image datasets with varied in-
formation and material-specific properties.
Besides differences in acquisition, the different
DECT technologies also vary in their image
reconstruction approach, that is, either in the
image domain (dual-source DECT, split-filter
DECT, helical mode of dual-spin DECT) or
in the projection domain (rapid kVp switching
DECT, dual-layer DECT). In the projection
domain, reconstruction algorithms are applied
to projection data that are directly obtained
from the scan acquisition and can therefore be
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Table 1: Technical Information Pertinent to Current Commercially Available DECT Platforms

Detector-
based Tech-
Source-based Techniques nique

Split-Filter Rapid kVp Switching Sequential Scan Dual-Layer

Parameter Dual-Source DECT DECT DECT DECT DECT
Vendor Siemens Healthineers Siemens GE Healthcare Canon Philips
Healthineers Healthcare*  Healthcare
Generation First Second Third First First Second First First
Scanner name  Somatom Somatom  Somatom Somatom Discovery Revolution Aquilon One IQon Spec-
Definition Flash Force Edge 750HD tral

Number of x-ray Two Two Two One One One One One
sources

Number of de- Two Two Two One One One One One, layered
tector arrays

Peak tube volt- 80/140 80, 100/140 70, 80, 90, 120 Au Sn 80/140 80/140 80/135 120, 140
aget (kVp) Sn 100/150 Sn

Maximum tube 500/571 650, 1300, 1300, 800 630 570% 580 1000, 750
current (mA) 650/714 1300,

1200/800

Tube current Yes Yes Yes Yes No No Yes Yes

modulation

Focal spot size 0.8 X 0.9 0.9 X 1.1 0.8 X 1.1 09Xx1.1 1.0X0.7 1.0X0.7 0.4 X 0.5 0.6 X 0.7
(mm)

Field of view 26 33 35.5 50 50 50 50 50
(cm)

Z-axis coverage 19.2 38.4 57.6 38.4 40 40-80 40-16 4.0
(mm)

Pitch 0.2-1.2 0.2-1.2 0.3-1.2 0.25-0.45 0.5-1.375 0.5-1.5¢ Uptol.5 0.1-1.8

Fastest rotation 0.33 0.28 0.25 0.28 0.5 0.5 0.27 0.27
time (sec)

Temporal offset 83 75 66 310-560 0.25 0.25 More than one None
(msec) scan time

tin filter at the x-ray output.
*Vendor formerly Toshiba Medical Systems.

#This limit is 900 mA on the Revolution Apex scanner.

Note.—All listed parameters reflect the options available for DECT acquisition only. Au = gold filter at the x-ray output, Sn =

tFor dual-source DECT, the slash (/) separates the peak tube voltage for low-kVp and high-kVp tubes.

$The maximum value is dependent on the collimation (ie, the z-axis coverage).

applied only when the low- and high-energy
data are aligned temporally and spatially. In the
image-based domain, reconstruction algorithms
are applied to images after they have been
reconstructed.

Nevertheless, all platforms yield images that
show similar characteristics, albeit with vary-
ing nomenclature. The most common DECT
images include the following: (a) images similar
to conventional SECT images (ie, 120 kVp-like
images); (b) virtual monochromatic (VMC) or
monoenergetic images at a range of kilo—elec-
tron volt (keV) levels; (¢) material density (MD)
images, which selectively display the material
in question (most commonly iodine, urate, or
calcium) in gray scale or with color overlay;
and (d) virtual noncontrast (VNC) and virtual
noncalcium (VNCa) images, on which selected
materials like iodine and calcium are selectively
suppressed (6).

Pitfalls Related to DECT Acquisition,
Postprocessing, and Display

DECT Acquisition

Generation of high-quality diagnostic DECT
images with maximum spectral information
depends on several factors, such as patient
characteristics, acquisition protocol, and postpro-
cessing parameters. Additionally, certain DECT
approaches and techniques make them prone to
artifacts unique to the DECT platform that can-
not be overcome by optimizing scan parameters.
The goal is to choose a DECT scan protocol that
provides an optimal balance among radiation
dose, image quality, and spectral separation.

Patient Selection.—Optimization of protocols
based on patient factors such as body weight
and transverse diameter is crucial for acquir-
ing diagnostic-quality images at DECT (7). In
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Figure 1. Photon starvation in a large patient. Axial portovenous phase abdominopelvic CT was performed
in a 242-b (110-kg) patient using rapid kilovolt peak (kVp) switching DECT. (a) Material density (MD)-iodine
image shows dark bands of artifact (arrows) across the liver and spleen. (b) On an MD-water image, the streaks
appear as bright bands (arrows). (c) On a 65 kilo—electron volt (keV) image, the artifacts are much less apparent
(arrows). (d) On a 140 kVp-equivalent image, the artifacts are not visualized.

patients with large body habitus, DECT may yield
higher image noise and reduced image quality
due to photon starvation (Fig 1) (8,9).This oc-
curs because an insufficient number of photons
reach the detectors and affects the quality of all
DECT images. A particular concern in patients
with large body habitus is the impact on material
decomposition and tissue characterization. For
example, a commonly reported pitfall is reduced
specificity for determining stone composition in
calculi smaller than 3 mm in these patients (10).
However, separate phantom and clinical investiga-
tions have demonstrated that patient size does not
affect material separation for lesions of clinically
significant size such as calculi larger than 3 mm
(11-14). A consensus panel has recommended
weight (260-280 lb [118-127 kg]) and transverse
diameter (38—46 cm) cutoff values for selecting
patients who are suitable for undergoing DECT
of the abdomen (7). Several strategies including
modification of acquisition parameters can also be
implemented to improve image quality and maxi-
mize the potential of DECT in this population.
Photon starvation and quantum mottle are
more likely at low kVp, as fewer photons reach
the detector, causing increased image noise.
Therefore, this more apparently affects DECT

platforms where the low-kVp option is limited to
80 kVp (eg, rapid kVp switching DECT or dual-
source DECT when the low-energy tube operates
at 70 or 80 kVp) (Table 1). This can be mitigated
at rapid kVp switching DECT by choosing an
optimal vendor-specific parameter called the
Gemstone Spectral Imaging (GSI) preset.

The variables included in this preset include
focal spot size, collimation, rotation time, pitch,
and tube current; it also provides an estimated
volumetric CT dose index. Choosing a preset
with higher tube current, slower rotation time,
and lower pitch can increase the photon flux
(15,16) and thus improve image quality. How-
ever, higher tube current comes at the expense of
higher radiation dose; it is important to note that,
by virtue of this platform’s hardware design, tube
current modulation is not possible to curtail the
radiation dose.

A recent technical development in this regard
is that the latest rapid kVp switching DECT
scanner models are equipped with a new x-ray
tube that enables synchronous switching of tube
current according to tube voltage state, so that
higher tube current is applied at a low-kVp state
(80 kVp) and lower tube current is applied at
a high-kVp state (140 kVp). However, the tube
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Figure 2. Importance of protocol selection. Sagittal single-energy—equivalent CT images of the thorax in a 280-
Ib (127-kg) patient, obtained with dual-source DECT at the same window display setting at two time points. The
images were acquired at tube voltages of 80/140 kVp tin filter (Sn) (volumetric CT dose index = 10 mGy) (a)
and 100/150 kVp Sn (volumetric CT dose index = 25 mGy) (b). Image quality is superior in b compared with in
a owing to improved photon flux and penetration, at the expense of higher radiation dose.

current does not modulate along the cranio-
caudal axis. This approach has the potential to
reduce photon starvation at low-kVp projections
while being radiation-dose efficient and be use-
ful in imaging large patients. However, clinical
studies have yet to be done to investigate its
performance.

At dual-source DECT, the low-energy tube
can be operated at 100 kVp to ensure improved
penetration of the low-energy beam (Fig 2) (17).
However, a higher low-kVp beam improves image
quality at the cost of a larger degree of spec-
tral overlap and higher radiation dose. Use of a
tin filter (Sn) at the output of the high-energy
tube hardens the beam by removing low-energy
photons, which contribute more to image noise
and little to diagnostic information, diminish-
ing the degree of spectral overlap. Furthermore,
the ability to modulate tube current prevents a
significant increase in radiation dose. The limita-
tion for large patients that cannot be altered by
changing scan protocol on this platform is related
to spectral field of view (FOV) restriction, which
is discussed in the "Patient Positioning" section.

Body habitus does not impact image quality
and material decomposition at dual-layer DECT,
where 70-keV virtual monochromatic images
were in fact preferred to 120-kVp images by ra-
diologists and the majority of the MD-iodine im-
ages were deemed diagnostically acceptable (18)
as long as radiation dose was not compromised
(19,20). Nevertheless, the x-ray tube can be oper-
ated at 140 kVp in dual-layer DECT to improve
image quality, with the advantage of improved
spectral separation (21). Iterative reconstruction
techniques employed by the different DECT
platforms may further improve image quality in
large patients across all platforms by reducing
image noise.

Contrast Medium (Intravenous or Oral) Selec-
tion.—Iodine density is higher on low-keV virtual
monochromatic images owing to the k-edge of
iodine (33.2 keV). Therefore, significant amplifica-
tion of iodinated contrast medium (intravenous

or oral) can occur on low-keV and MD-iodine
images at the concentration and volumes used in
routine SECT. This "blooming" of iodine, espe-
cially in oral contrast medium—filled bowel loops,
can cause streaks across the image and hinder
visualization of adjacent disease or obscure evalua-
tion of bowel folds.

While changing the window width (WW) and
window level (WL) settings can mitigate these
artifacts to a certain degree, reduction of iodine
concentration is often necessary. Reducing intra-
venous and oral contrast medium concentration
is a potential solution for diminishing contrast
medium-related streak artifacts without affecting
diagnostic performance for vascular and non-
vascular applications in different body regions
(22-24). Reducing the iodinated concentration of
contrast medium may also help improve the qual-
ity of VNC images, as venous phase—derived VNC
images have lower residual iodine than arterial
phase—derived VNC images (24).

One of the benefits of DECT is the ability to
identify contrast medium extravasation in patients
with suspected gastrointestinal bleeding, without
the need for true noncontrast (TINC) acquisition.
Iodine within the bowel lumen is due to either
extravasation of intravenously injected contrast
medium or retained oral contrast medium. Both
of these are visualized on MD-iodine images and
removed on VNC images; hence, it may be difficult
to distinguish between the two. Moreover, both
barium and iodine have similar attenuation profiles
and cannot be separated with DECT. As of now,
when clinical suspicion of a gastrointestinal bleed
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is high, positive oral contrast medium should be
avoided and TINC acquisition may still be neces-
sary for diagnosis. Delayed phase images also
demonstrate an increase in the volume of bleed to
assist in making this diagnosis (25).

DECT also provides avenues for using multi—
contrast media imaging with novel CT contrast
agents like gadolinium, tantalum, bismuth, and
tungsten as adjuncts to iodine. MD images from
DECT can selectively remove or depict differ-
ent contrast media and provide material-specific
maps. DECT can thus provide multiphase in-
formation from a single acquisition (26,27). The
aforementioned agents, other than gadolinium
and iodine, are not yet approved by the U.S.
Food and Drug Administration and are still being
explored in small and large animal studies.

Patient Positioning.—The term spectral FOV
refers to the area for which multienergy informa-
tion can be processed. In dual-source DECT, the
detector array associated with the high-kVp x-ray
tube covers a smaller FOV (26-35.5 cm, depend-
ing on the scanner generation [Table 1]) than the
detector array associated with the low-kVp tube
(50 cm). This constrains the spectral FOV but
not the conventional FOV, as DECT informa-
tion—with data from both tubes—is available
only for the overlapping area.

The anatomic area that lies outside the spectral
FOV can have degraded image quality on single-
energy—equivalent DECT images (Fig 3), since
these are projections from the low-kVp tube. Qual-
itative and quantitative material decomposition
analysis is also not possible for these areas, and
on VNC images, these regions can have spurious
higher attenuation. The limits of the spectral FOV
are depicted on axial images as an interrupted
circle, so that radiologists can identify the area for
which spectral postprocessing is possible.

When a patient with body mass index in the
normal range is perfectly positioned at the iso-
center for an abdominopelvic CT acquisition, the
edges of the liver and spleen can lie outside of the
spectral FOV. Patients may need to be purposely
off centered (28) to ensure that the organ of
interest lies completely within the spectral FOV
(Fig 4). Although this is intuitively relevant in
large patients with a transverse diameter greater
than 40 cm undergoing scanning of large ana-
tomic regions like abdominopelvic CT (17), it
is equally important for technologists to remain
careful when scanning small parts (Fig 5). All
other currently available commercial DECT ap-
proaches have a full 50-cm spectral FOV.

Abdominal acquisitions performed with the
arms positioned along the side of the body result
in beam-hardening artifacts at SECT (3). Beam-
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hardening artifacts from adjacent dense bony
structures are seen as dark streaks or bands extend-
ing between or along the lines of two high-atten-
uating structures like bones owing to preferential
attenuation of low-energy photons. Artifacts from
the humerus placed along the side of the patient
result in beam-hardening artifacts. These are seen
on virtual monochromatic and MD reconstruc-
tions and can give an inaccurate representation of
iodine distribution on an image (Fig 6).

In theory, DECT techniques with image
domain reconstruction are associated with more
beam-hardening artifacts than DECT techniques
with projection domain reconstruction. How-
ever, in practice beam-hardening artifacts are not
completely eliminated on projection domain-re-
constructed images owing to imperfect calibration
(Fig 7) (29). Hence, it is imperative to raise the
arms of the patient above the shoulder level to ob-
tain good-quality images of the abdomen or lungs.

Temporal Misregistration.—At SECT, the term
temporal resolution refers to the ability to resolve
highly mobile structures and is particularly rel-
evant for cardiac imaging. It remains pertinent for
DECT and is defined by the time taken to obtain
spectral data from a given image voxel or section.
Besides affecting image quality, as in SECT, it
leads to a "spectral skew," since data for the two
energies are offset from each other in time. Dual-
spin and dual-source DECT are more susceptible
to temporal misregistration and—Dby extension—to
motion misregistration by virtue of the scanner de-
sign, and the misregistration cannot be mitigated
by tweaking scan protocols.

Maximum temporal misregistration is observed
in dual-spin DECT, especially when the entire
scan volume is first acquired at one energy level,
then the acquisition is repeated at another energy
level. It not only affects moving structures such as
the heart or if the patient moves between the two
acquisitions but is also limited by changes in the
degree of contrast medium opacification within
vessels or parenchyma between the two acquisi-
tions. The most obvious method of addressing
this limitation is to reduce the time delay between
acquisitions and alternate the energies at each
gantry position instead of at the end of each scan
volume. Another method of mitigating this is to
obtain projection data for only a part of the gantry
rotation (ie, a "partial acquisition").

The temporal skew in dual-source DECT is at-
tributable to the orthogonally situated x-ray tubes.
This tube design results in data—for any given
section—being obtained at different projection
angles for both energy levels. Therefore, it results
in a delay of approximately one-fourth of the rota-
tion time between the acquisitions at two energies
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Figure 3. Constrained spectral field of view (FOV). Axial abdominopelvic CT images obtained in a 233-lb
(106-kg) patient with a second-generation dual-source DECT scanner. (a, b) Image acquired at 100 kVp (a)
has a larger FOV (50 cm) than an image acquired at 140 kVp Sn (33 cm) (b) owing to a difference in associ-
ated detector size. (c) Single-energy—equivalent image shows that the high-kVp tube-detector constrains
the spectral FOV, which is limited to the area within the dotted circle, and also degrades the image quality
of structures that lie outside the spectral FOV (arrows). (d) On a color overlay MD-iodine image, the con-
strained spectral FOV limits the anatomic area (within the dotted circle) for which qualitative and quantita-
tive material-specific information (eg, iodine distribution) can be obtained. (e) On a virtual noncontrast
(VNC) image, the areas outside the spectral FOV (dotted circle) show spurious high attenuation (arrows).

for the same voxel. This offset differs between the
three generations of the currently available com-
mercial platform (Table 1). This temporal misreg-
istration is the reason why material decomposition

is performed in the image domain and not the
projection domain in dual-source DECT. On the
other hand, this same tube design is advantageous
for improving temporal resolution and is leveraged
for cardiac imaging when both tubes are operated
at the same peak tube voltage in SECT mode.

Since the gold and tin filters are split along the
z-axis in split-filter DECT, a spiral acquisition is
necessary to ensure that both beams irradiate the
same imaging volume for optimal spectral perfor-
mance. Thus, pitch values are limited to less than
0.5 for DECT acquisitions with this platform,
resulting in a temporal skew.

The temporal offset across all techniques is on
the order of milliseconds and is most pertinent
when imaging a noncompliant patient who moves
between acquisitions or when structures are small
(<3 mm) or excessively pulsatile (eg, cardia or an-
eurysmal sac) (Fig 8). Even so, misregistration with
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Figure 4. Constrained spectral FOV for the abdomen. Axial portovenous phase dual-source
DECT images in a 20-year-old man with tuberous sclerosis. (a) Color overlay MD-fat image
shows an 8-mm liver lesion (arrow) just within the limits of the spectral FOV. The limits of
the FOV are sharply demarcated, and patient anatomy outside the field (arrowheads) is not
color coded (ie, has no spectral information). (b) MD-iodine image shows no iodine uptake
qualitatively or quantitatively (0.2 mg/mL) within the lesion (arrow), and quantitation confirms
the presence of fat (75%), suggestive of angiomyolipoma. Material analysis of the lesion was
possible because it lay within the spectral FOV.

differences of up to 4.3 mm in the axial plane has
been shown for relatively stationary structures like
urinary stones and peripheral joints (30,31). These
may be diminished by applying flexible registration
techniques or increasing the speed of gantry rota-
tion (32,33). Both rapid kVp switching DECT and
dual-layer DECT have negligible temporal misreg-
istration due to their inherent scanner design.

Special Considerations.—Split-filter DECT and
photon-counting DECT have unique limitations
that are not observed with SECT or other DECT
platforms. Since a commercial scanner using the
photon-counting technique is not yet available,
this remains beyond the scope of this article.

Distinct to split-filter DECT, the central
2-3-mm portion of the filtered beam contains a
mixture of gold and tin spectra due to constraints
in focal spot size. Similarly, a mixed spectrum is
seen at the edges of the detector owing to penum-
bra effects. Therefore, approximately 3-cm fringes
on both ends of the acquisition cannot be opti-
mally interrogated for spectral information. Both
the edges and central portions can thus be used to
reconstruct SECT-equivalent images reliably, but
not for DECT evaluations.

DECT Image Postprocessing

After acquisition, choosing the right parameters
(eg, kernel, decomposition ratio) is essential
during postprocessing to avoid qualitative and
quantitative interpretive errors.

Kernel Selection.—Poisson image noise occurs
owing to statistical errors of low photon counts.
On MD images, it can be seen as submillimeter

Figure 5. Constrained spectral FOV for small parts.
Axial single-energy—equivalent image of the elbow
obtained with a dual-source DECT scanner. Soft-tis-
sue mineralization (arrow) associated with soft-tissue
swelling (olecranon bursitis) (arrowhead) along the
posterior aspect of the elbow lies outside the spectral
FOV (dotted curved line). Therefore, material analy-
sis for characterizing the mineralization as gouty de-
posits is not possible.

foci of colored pixels and erroneously interpreted
as enhancement or gouty deposition (green pixels
by default in dual-source DECT) on MD-iodine
and MD-urate images, respectively. On dual-
source DECT-derived gout image reconstruc-
tions, appropriate kernel selection that smooth-
ens images (D kernel; filtered back projection)

or reduces beam hardening (Q kernel; iterative
reconstruction) has been suggested to mitigate
such artifacts (Fig 9) (33). Also, images should
be postprocessed only with source data.

Appropriate Decomposition Ratio Selection.—
The ability to discriminate materials relies on
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Figure 6. Beam hardening due to arm positioning. (a) Topographic
image obtained for abdominopelvic CT with a dual-source scanner,
which processes DECT images in the image domain, shows that the
patient was scanned in the "right arm down" position. (b) Axial sin-
gle-energy—equivalent image shows dark streaks (arrows) emanating
from the humerus that extend across the liver and spleen. Dotted
circle = spectral FOV. (c) On an axial color overlay MD-iodine image,
the streaks (arrows) also affect depiction of iodine distribution. Even
though the posterior hepatic segment (*) and spleen (arrowhead) lie
within the spectral FOV (dotted circle), they artifactually show lack of
iodine uptake, which can mimic a parenchymal infarct.

a.

Figure 7. Beam hardening due to arm positioning. (a) Topographic image obtained for abdominopelvic CT with a dual-layer
DECT scanner, which processes DECT images in the projection domain, shows that the patient was scanned in the "right arm down"
position. (b, c) Axial conventional single-energy (b) and gray-scale MD-iodine (c) images show dark streaks (arrows) and bands (ar-
rowhead) extending from the humerus, which degrade image quality and cause spurious lower attenuation and iodine distribution

in the posterior hepatic segment (* in ).

the differences in their effective atomic number
and attenuation profile with at least two differ-
ent energies. At dual-source DECT, the latter,

a decomposition ratio (DER) (ratio of attenu-
ation at low and high kVp), is clinically used in
postprocessing DECT images. It is influenced
by spectral separation and thus varies not only
on the basis of the kVp pair used for acquisition
(80/140 kVp Sn vs 100/140 kVp Sn) but also
between the three generations of dual-source
DECT owing to different available x-ray spectra

of the high-kVp tube (140 kVp vs 140 kVp Sn vs
150 kVp Sn).

The higher the spectral separation, the higher
the DER and the lower the image noise on VNC
and virtual noncalcium images (34,35). Although
manufacturer-recommended DERs have been
provided (Table 2), investigators typically make
empirical changes based on their experience
(36-38). Systematic investigations are necessary
for standardizing the ratios for different voltage
pairs and clinical tasks.
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Figure 8. Temporal misregistration on images obtained with dual-source DECT. (a) Axial pulmonary CT
angiogram from the 150-kVp Sn projection shows a subtle filling defect (arrowhead) in the right ventricle
(arrow). (b) Axial single-energy—equivalent pulmonary CT angiogram, which contains projections from both
voltages, shows no filling defect in the right ventricle (arrow). (c) Axial single-energy (120-kVp) abdominal
CT image obtained on the same day clearly shows a filling defect (arrowhead) in the right ventricle (arrow).
(d) Echocardiogram shows a thrombus (arrowhead) in the right ventricle (arrow). Nonvisualization of the
thrombus at DECT was due to temporal offset between the two x-ray tubes.

a. b.

Figure 9. Appropriate kernel selection. MD-urate images of the wrist for gout evaluation with dual-
source DECT. (a) Image processed with a bone kernel (Qr59d) shows artifactual green and blue pixels
in the soft tissue that would indicate urate and calcium deposits, respectively (colors by default from the
vendor). (b) On an image processed correctly with a soft-tissue kernel (Bf32d), these colored pixels have
been removed and shown to be artifactual.

Thresholding Parameter Selection.—\¥hen esti- suspected urate voxel and air or bone, respec-
mating tophus burden with dual-source DECT, tively) were kept constant, a modified attenuation
Strobl et al (39) found that when all other param- threshold of 120 HU correlated better with US
eters such as edge enhancement (range), DER, results compared with the vendor-recommended

and air and bone distances (distance between threshold of 150 HU (Fig 10). These findings are
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Table 2: Manufacturer-recommended Decomposition Ratios* for Advanced Postprocessing

Tube Potential Pair (kVp) by Generation of Dual-Source DECT

Second Generation

Third Generation

Image Type 80/140 Sn 100/140 Sn 80/150 Sn 100/150 Sn

Iodine overlay, lung PBV, 3.01 2.24 3.46 2.64
brain hemorrhage

Bone marrow 1.45 1.28 1.79 1.53

Note.—PBV = perfusion blood volume, Sn = tin filter at the x-ray output, which measures 0.4 mm
and 0.6 mm in thickness for the second and third generations, respectively.
*Decomposition ratio = ratio of attenuation at low and high tube potential.

unique to the tube potentials (80/140 kVp Sn)
used by the authors, and more work is needed

to ascertain appropriate thresholds for different
kVp pairs. Importantly, a lower threshold is more
susceptible to artifacts, which may lead to an in-
crease in the number of false positives and over-
estimation of gout volume on volume-rendered
images, requiring reader expertise and manual
removal from the volume-rendered images.

At dual-layer DECT, use of an appropriate
calcium suppression index (range of 25-100,
with a default setting of 76) is required for
processing virtual noncalcium images. Lower
indexes suppress tissues with low calcium com-
position weight, such as trabecular or spongy
bone. Higher indexes suppress tissues with high
calcium composition weight, such as cortical
bone. Increasing the calcium suppression index
increases the contrast-to-noise ratio for detecting
bone marrow edema (40).

DECT Image Display
If the window widths (WWs) and window levels
(WLs) that are used for conventional polychro-

Figure 10. Appropriate selection of postprocessing
attenuation threshold. Sagittal color overlay MD-urate
images obtained with dual-source DECT for gout evalu-
ation show monosodium urate deposition (green) in
the soft tissue associated with the lytic lesion involving
the patella (arrow). Image processed using 120 HU as
the minimum attenuation threshold (a) shows a larger
(6.77 cm?®) and more accurate representation of the to-
phus deposit compared with the image processed using
150 HU as the threshold (b) (3.39 cm?3).

matic 120-kVp SECT images are used to view
low-keV images, it would result in blooming of
structures that take up or are filled with iodine or
barium. Wider window settings are needed for opti-
mal display of low-keV images (Fig 11) (41).These
window values can be approximately twofold
higher for these images than for 120-kVp SECT
images across all DECT techniques (41-43).

Appropriate WWs and WLs are also important
for accurate interpretation of MD-iodine images.
If the window settings are incorrect, iodine is
seen in structures like air or subcutaneous fat that
definitely do not contain iodine. The window set-
tings for MD-iodine images should be adjusted
by using internal controls like fat, air, or unopaci-
fied bladder as a guide to avoid a false impression
of enhancement (Fig 12) (44).

For institutions with a multivendor setup, it
is important to note that WWs and WLs for the
same keV level and MD-iodine image reconstruc-
tion may vary among the different platforms (Fig
13). At our institution, we use WW/WL set-
tings of 150/50 HU, 250/127 HU, and 7/3 HU
for MD-iodine images acquired with rapid kVp
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Figure 11. Optimization of window settings for virtual
monochromatic (VMC) images. Axial portovenous phase
abdominopelvic CT images obtained with iodinated oral
contrast medium (*) show the bowel wall and folds (ar-
row). (a) A 120-kVp image at window width (WW) of
360 HU and window level (WL) of 60 HU. (b) A 40-keV
VMC image at the same window settings shows signifi-
cant "blooming" of contrast medium, hindering visual-
ization of the bowel wall and folds. (c) A 40-keV VMC
image at wider window settings (WW = 589 HU, WL =
88 HU) provides optimal display.

a.

Figure 12. Optimization of window settings for MD-iodine images. (a) Axial single-energy—equivalent image shows a simple fluid-
attenuation cyst in the right kidney (arrow). (b) Axial color overlay MD-iodine image shows spurious uptake of iodine (dark red) by
the cyst (arrow) due to improper window settings. Also note the false presence of iodine in the gallbladder (), subcutaneous fat (ar-
rowhead), and air. (c) Axial color overlay MD-iodine image with appropriate window display shows lack of iodine in the cyst (arrow).

switching DECT, dual-source DECT, and dual- routine clinical practice. Although substantial
layer DECT, respectively. Appropriate setting of advances in this technology have occurred in the
WW and WL at the time of relay from the scan- past decade, there have also been challenges in its
ner to the picture archiving and communication routine implementation due to the workflow con-
system (PACS) would lead to improved workflow siderations, large number of different image data
for radiologists. sets, and complex physical principles involved in
material decomposition. Inherent in this technol-
Conclusion ogy are certain artifacts that need to be recog-
DECT is an exciting innovation in CT technol- nized to realize the full value of DECT and avoid
ogy, with tremendous capabilities for improving diagnostic errors. An overview of the pitfalls and

diagnosis and adding value to patient care in strategies for mitigation is presented in Table 3.
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13. Window settings for MD-iodine images.

Images obtained with different DECT platforms require
different window width (WW) and window level (WL)
settings. At our institution, we view MD-iodine images
from dual-layer DECT at WW =7 HU and WL = 3 HU (a),
those from rapid kVp switching DECT at WW = 150 HU
and WL = 50 HU (b), and those from dual-source DECT
at WW = 250 HU and WL =127 HU (c).

Table 3: Pitfalls in DECT and Techniques for Overcoming Them

Type of Pitfall

Specific Pitfalls

Mitigation

Large patient size

Dense contrast
media

Limited spectral
FOV in dual-
source DECT

Patient's arms by
their sides

Temporal misregis-
tration

Inappropriate kernel
selection

Inappropriate thresh-
olding parameters

Inappropriate DER
selection

Inappropriate win-
dow settings

Noise

Poor material decomposition

Photon starvation

Blooming of iodine hinders visual-
ization of adjacent disease

Decreased removal of iodine on
VNC images

Absence of spectral information
outside the spectral FOV

Beam-hardening artifact on DECT
images

Motion; different phases of contrast
enhancement

Pseudoenhancement or false posi-
tives on MD-iodine or MD-urate
images

Increased false positives or false
negatives

Inaccurate material separation and
higher image noise

Blooming of structures on low-ener-
gy VMC images

Weight or transverse diameter limits for patient
selection for DECT

Choose higher option for low-kVp beam, if possible

Reduce concentration of contrast medium

Avoid oral contrast medium for gastrointestinal
bleeding

Use venous phase images for generation of VNC
images, if available

Multi—contrast medium imaging strategies

Place organ of interest within the spectral FOV

Raise arms above shoulders

Limited by scanner type:

In dual-spin DECT, axial mode is better

In split-beam DECT, spiral acquisition is necessary

Select appropriate filters to smooth image or reduce
beam hardening

Select appropriate thresholds depending on patho-
logic condition and tube voltages

Select appropriate DER for the indication and tube
voltage combination

WW and WL should be adjusted to energy level and
type of image

Note.—DER = decomposition ratio, FOV = field of view, kVp = kilovolt peak, MD = material density, VMC =
virtual monochromatic, VNC = virtual noncontrast, WL = window level, WW = window width.
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Continuing research efforts and vendor col-
laborations are critical to address some of these
challenges. It is important to remember that the
artifacts and technical limitations described in
this article are a snapshot in time, as this technol-
ogy continues to evolve.
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