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Introduction

Dual-energy computed tomography (DECT) is an innovative
imaging technique based on data acquisition at two different
energy settings. The attenuation of X-ray photons differs at
different energy settings. Based on the attenuation differ-
ences at different energies, it is possible to differentiate
materials of different effective atomic numbers.1,2 The capa-

bility of obtaining different material-specific data sets, that
is, virtual noncontrast (VNC) image, iodine map, and mono-
chromatic images, in a single acquisition improves detection
and characterization of different pathologies.3 Furthermore,
fast and superior processing of angiographic images by
utilizingmaterial-specific subtraction inDECT enables better
depiction of vascular anatomy and pathologies.4 DECT also
offers superior metallic artifact reduction and thus improves
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Abstract Dual-energy computed tomography (DECT) is an emerging CT technique based on data
acquisition at two different settings. Various postprocessing techniques generate
different sets of images, each with unique advantages. With DECT, it is possible to
obtain virtual unenhanced images from monochromatic reconstructions and attenua-
tion maps of different elements, thereby improving the detection and characterization
of a variety of lesions. Presently, DECT is widely used to evaluate pulmonary embolism,
characterize abdominal masses, determine the composition of urinary calculi, and
detect tophi in gout. CT angiography is an essential prerequisite for endovascular
intervention. DECT allows a better quality of angiographic images with a lesser dose of
contrast. Various postprocessing techniques in DECT also help in a better evaluation of
response to locoregional therapy. Virtual noncontrast images and iodine map differ-
entiate residual or recurrent tumors from intrinsically hyperdense materials. Superior
metallic artifact reduction allows better evaluation of vascular injuries adjacent to bony
fractured fragments or previously deployed embolization coils. In addition to metal
artifacts reduction, virtual monochromatic spectral imaging could further mitigate
metal artifacts during CT-guided biopsy, providing an improved depiction of lesions
and safe and versatile access for long puncture pathways. This article reviews and
illustrates the different applications of DECT in various abdominal interventions.
Familiarity with the capabilities of DECT may help interventional radiologists to
improve their practice and ameliorate patient care.
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in image quality of soft tissue adjacent to metallic implants
or devices (e.g., pelvic structure adjacent to metallic hip
prosthesis).5 In clinical practice, DECT is widely used in
cardiovascular imaging, especially in evaluating pulmonary
thromboembolism and myocardial ischaemia.6 Other com-
mon uses of DECT include the identification of tophi in gouty
arthritis and determining renal calculi composition.5 Studies
have demonstrated improvement in detecting and charac-
terization of various renal, adrenal, hepatic, and pancreatic
abnormalities.3 In addition, current dual-energy scanners
offer an improved temporal resolution, which is very helpful
for CT angiography (CTA), and increased photon flux that
improves image quality in large or obese patients. Presently,
the use of DECT has also been extended to various interven-
tional procedures. Different postacquisition image process-
ing techniques guide an interventional radiologist for
decision making and aid in evaluating treatment response.
This article reviews and illustrates the different applications
of DECT in various abdominal interventions.

General Principle of DECT

The attenuation of X-rays depends on the composition of the
matter and energy of the incident X-ray photons.7 DECT is
primarily based on the concept of photoelectric effect.
Photoelectric effect increases with increasing atomic num-
ber. Due to increased photoelectric absorption, X-ray pho-
tons exhibit a spike in attenuation at K-edge, that is, at energy
levels just greater than the k-shell binding energy of the
interacting matter. Iodine has K-edge value closer to the
mean energy of the X-ray spectrum, thus causes maximum
attenuation. This property makes it not only an effective CT
contrast agent but also a prime target for DECT applications.
DECT is based on the simultaneous acquisition at low (80
kVp) and high (140 kVp) energy levels.7 DECT is capable of
differentiating materials based on their different energy-
dependent X-ray absorption. Several different techniques are
utilized to achieve simultaneous data acquisition at both
energies, including dual-source DECT (DS-DECT), single-
source DECT (SS-DECT), and single-source dual-energy scan-
ner with dual detector layers.8

DECT Postprocessing Techniques
Most commonly, “conventional” images are generated
through an appropriate combination of low- and high-ener-
gy data set. These images closely simulate that of single-
energy CT (SECT). In addition, postacquisition data process-
ing yields several types of images, each with unique
advantages.

1. VNC images: It obviates the need for an additional non-
contrast CT (NCCT) image acquisition, thereby reducing
radiation exposure.9

2. Iodine map: It shows the iodine-containing area as bright,
whereas unenhanced areas remain dark, thus differenti-
ating true enhancement from pseudoenhancement.10

3. Virtual monochromatic imaging: Monochromatic images
represent reconstructed images obtained at different

fixed voltages, ranging from 40 to 140 keV. Virtual mono-
chromatic images at lower kVp show higher image con-
trast, making small enhancing lesions more conspicuous
but with more image noise.11

4. Metal artifacts reduction: DECT reduces the metallic arti-
facts (due to beam hardening) and provides satisfactory
visualization of metallic implants and surrounding bony
structures on higher kVp monochromatic images. This is
achieved by usingmetal artifact reduction software.12 SS-
DECT with fast kilovoltage switching enables superior
beam hardening correction than that of the DECT system.

5. Attenuation maps of different elements: Dual-energy ac-
quisitionmakes it possible to distinguish elements such as
iodine, calcium, water, and uric acid based on their atomic
number.13

Radiation Dose Considerations

In reality, overall radiation dose in DECT is equivalent to or
often lower than that of conventional imaging. This is
achieved by splitting the overall radiation dose into the
high- and low-energy components in such a way that result
in reduction of total radiation dose. Furthermore, DECT can
be used to eliminate additional scan phases in traditionally
multiphase examinations. It can also eliminate the radiation
exposure of additional scans thatmight otherwise be needed
to characterize lesions. A study that included patients with
suspected hepatocellular carcinoma showed a highly signifi-
cant reduction in dose-length product and 37% reduction in
effective dose (p<0.001) for an adapted dual-energy acqui-
sition protocol compared with single-energy acquisition.14

Virtual unenhanced image acquisition reduces the radiation
dose up to 47%, depending on the protocol, while obtaining
images of equivalent quality.9

Applications of DECT in Abdominal Interventions
Various postacquisition processing of dual-energy data sets
improves lesion detection and characterization as well as
helps in the posttreatment response evaluation. High-quali-
ty angiographic images with simultaneous reduction of
metallic artifacts provide a more accurate diagnosis of vari-
ous vascular pathologies and guide the interventional radi-
ologist in treatment planning. DECT also aids in follow-up
after interventional procedures.

Preintervention Vascular Roadmap and Delineation of
Vascular Pathologies
Dual-energy applications of aortic imaging can also be
applied to CTA of visceral arteries, such as the hepatic,
splenic, and renal arteries. Iodine-selective or bone-masked
angiographic visualization of the vasculature, supplemented
by low kVp imaging, provides adequate anatomical delinea-
tion in instances of poor vascular opacification and smaller
arteries (►Fig. 1). Furthermore, an iodine map can differen-
tiate a vascular pseudoaneurysm from an adjacent hyper-
dense hematoma. Pseudoaneurysm/aneurysm shows uptake
of color on the iodine map, where the adjacent hematoma
does not15 (►Fig. 2D and G).
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Beam hardening and blooming artifacts from the athero-
sclerotic calcification often limits the accurate assessment
of degree of arterial stenosis on conventional single-energy
CTA. Severe vascular calcification usually overestimates the
arterial stenosis.16 DECT offers a precise assessment of
luminal and ostial stenosis in atherosclerotic celiac artery,
superior mesenteric artery (SMA), and renal artery. This is
important before planning for angioplasty and/or stenting.
Owing to the material-specific subtraction capability of the

DECT, calcification can be subtracted on iodine/calcium or
iodine/hydroxyapatite material density images to improve
luminal delineation on angiographic images.17 Additionally,
dual-source DECT can provide automated, faster, and more
accurate bone subtraction compared with threshold-based
bone subtraction. This further improves the assessment of
the vascular lumen.18

Hepatic Intervention
VNC images are of acceptable image quality and show a good
correlation with that of conventional CT images. Additional
NCCT is thus not required during multiphasic CT for hepatic
lesion characterization and avoids additional radiation ex-
posure.19 At times, smaller hepatic focal lesions may not be
identified on conventional CECT. Low kVp monoenergetic
images increase the lesion conspicuity due to high contrast
and seem very useful in detecting these smaller lesions11

(►Fig. 3). Using DECT, a small hepatocellular carcinoma can
be differentiated from a small hemangioma with a
high degree of sensitivity and specificity by quantifying
the iodine density of lesions, first during the arterial and
then during the portal venous phase.20,21 Proper lesion
characterization is essential before targeting it for biopsy
and locoregional therapy, such as microwave ablation
(MWA) and transarterial chemoembolization (TACE).

The high attenuation of deposited lipiodol can mask
residual or recurrent tumor after TACE. An NCCT might be
helpful to assess the viability around the lipiodol uptake. VNC
could be a useful measure in such situation without addi-
tional radiation dose. Color-coded iodine CT (CICT) is seen to

Fig. 1 Dual-source dual-energy bone-subtracted volume-rendered
angiography (A) and maximum intensity projection image (B) of
abdominal aorta and its branches. Celiac axis and its branching
pattern with vascular roadmap may be used for pre-transarterial
chemoembolization (TACE) assessment. Bone subtraction imaging
and subsequent three-dimensional (3D) rendering enables rapid and
effective visual display of aorta and its branches without bone overlay
(arrow: celiac artery; arrow head: splenic artery; asterisk: right
hepatic artery; block arrow: branch of right hepatic artery supplying
hepatocellular carcinoma [HCC]).

Fig. 2 Postembolization dual-energy computed tomography (DECT) abdomen of a patient of liver cirrhosis, portal hypertension, and a large
hepatocellular carcinoma in segment IV. Patient underwent embolization of a large splenic artery aneurysm (> 2 cm) using coils and glue. (A)
Virtual unenhanced (VNC) image shows coil and glue cast (arrowhead) with mildly hyperdense aneurysmal sac. (B) Monochromatic arterial
phase image at 65 keV shows more conspicuous enhancement of residual aneurysm. (C) Monochromatic arterial phase image at 100 keV shows
reduction in coils and glue cast-related artifacts compared with 65 keV image. (D) Iodine map of corresponding axial section. (E) Virtual
unenhanced image coronal reconstruction showing eccentric hyperdense thrombus (arrow). (F, G) Coronal arterial phase and iodinemap. Virtual
unenhanced reconstruction images are similar to unenhanced images. The visualization of the aneurysm sac is good with reconstructions at a
low level of energy (on B) and iodine mapping (on D). At a high-energy setting the aneurysm sac is less conspicuous due to the sharp reduction of
contrast-to-noise ratio.
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be helpful in more accurate assessment of viable tumor
components in follow-up imaging after conventional TACE.
Lee et al described a CICT by limiting the window of iodine
map from the Hounsfield unit of liver parenchyma to that of
the aorta, thus excluding the strong attenuation of compact
lipiodol as a black area. At the same time, viable hyper-
vascular tumor components were color-coded, improving
viable tumor to lipiodol contrast22 (►Fig. 4).

Iso- or hyperdense necrotic or hemorrhagic content in the
treated lesion (radiofrequency ablation/MWA, drug-eluting
bead TACE) simulate viable residual tumor on follow-up CT.
In such a situation, VNC and iodine map is very helpful in
differentiating the viable tumor component from the nonvi-
able part. The viable tumor shows uptake in iodine map and
increases in attenuation on contrast-enhanced image com-
pared with VNC (►Fig. 5).

Gastrointestinal Bleed

In suspected gastrointestinal bleeding, differentiation of
high-attenuation hematoma or intraluminal bowel content
from actively extravasating iodine can be extremely helpful.
VNC rules out the presence of luminal hyperdense materials,
and simultaneously iodine map shows the active contrast
extravasation as a colored area. These postprocessing tech-
niques eliminate the need for additional NCCT and delayed
phase imaging to show progressive enhancement.23–25 The
source of rebleeding is often inaccurately depicted on con-
ventional CT due to metallic beam hardening artifacts from
the previously deployed embolizing materials or surgical
clips. DECT is found to be very useful in identifying the site of
bleeding and feeder arteries, utilizing the benefits ofmetallic

artifacts reduction algorithm and iodine map (►Fig. 2).
Subtraction of monochromatic images between two energy
levels can subtract coils composed of dense metallic materi-
als and highlights the pathology.

Abdominal and Pelvic Trauma

Active bleeding due to vascular injuries in trauma patients
requires urgent intervention, preferably through the endo-
vascular approach. Detection of vascular anatomy, site of
vascular injury, size, andmorphology of pseudoaneurysm on
CT are essential prerequisites before planning for endovas-
cular embolization. Active contrast extravasation typically
appears as a jet of contrast having attenuation similar to that
of adjacent vasculature with a change in the morphology in
delayed phase imaging. However, varying appearances may
be seen on imaging. It is difficult to differentiate whether
high attenuation material is due to active extravasation,
pseudoaneurysm, or other hyperdense materials, such as
bone fragments. A worth mentioning clinical situation is
active bleeding in the vicinity of a pelvic fracture, where
hyperdense bony fragments may obscure bleeding.26 Analy-
sis of VNC and iodine map helps distinguish active extrava-
sation from bony fragments. Bony fragments are seen in both
VNC and iodine map, but extravasation is only seen in the
iodine map.27 Low kVpmonochromatic images also increase
the conspicuity of vascular injury.

Evaluation of Abdominal Aortic Endoleaks

Endoleaks are a common complication after endovascular
aneurysm repair thatmay further enlarge the aneurysm, and

Fig. 3 Follow-up dual-energy computed tomography (DECT) in a 56-year-old man who was treated with drug-eluting bead transarterial
chemoembolization (TACE) for segment VII hepatocellular carcinoma (HCC) (E, e). Contrast-enhanced CT images obtained in the arterial phase
at lower energy levels, 65 keV (top row, A–E) shows several (at least 12) enhancing liver nodules. Corresponding iodine images (with a color
overlay; bottom row, a–e) show higher lesion-to-parenchyma contrast with improved lesion conspicuity (arrow, A, a), providing better depiction
of nodules with varying enhancement patterns in a cirrhotic liver. Thus, patient had progressive disease withmultifocal HCCs without local tumor
progression.
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Fig. 4 Triple phase contrast-enhanced dual-energy computed tomography (DECT) of the abdomen performed for a 59-year-old patient who has
been treated with conventional transarterial chemoembolization (TACE) for left lobe hepatocellular carcinoma (HCC). Lipiodol deposition seen
within the lesion. (A) Native polychromatic image (arterial phase). (B) Virtual unenhanced image. (C) Monochromatic reconstruction at 65 keV
(arterial phase). (D) Monochromatic reconstruction at 100 keV (arterial phase) (E) Iodine map of arterial phase. (F) Color overlay of iodine map.
Virtual unenhanced reconstruction images are similar to unenhanced images. The arterial enhancement was inconspicuous in the background of
lipiodol. The enhancement was convincingly seen in the arterial phase iodine maps suggestive of recurrence of HCC.

Fig. 5 Dual-energy computed tomography (DECT) of the abdomen performed for the follow-up of microwave ablation for hepatocellular
carcinoma (HCC) in segment VI in a 60-year-old man with progressive increase in serum alpha-fetoprotein (AFP) levels. (A) Noncontrast scan
showing subtle hyperdense areas in the periphery of ablated lesion. (B) Native polychromatic arterial phase image. (C) Monochromatic
reconstruction at 65 keV; showing subtle peripheral nodular enhancement (D) Iodine map with color overlay confirming iodine uptake in
periphery of the lesion. (E) Virtual noncontrast image at same level. (F) Venous phase: peripheral areas of the ablated lesion show hyperdensities
which may be hemorrhagic component or postablation changes. The visualization of the recurrence in lesion periphery is good with
reconstructions at a lower level of energy (on C) and iodine mapping (on D).
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thus, increase the risk of rupture. Early detection is impor-
tant to avoid fatal consequences. Although the optimal
protocol for aortic evaluation after endovascular stent repair
is not well-established, biphasic or triphasic protocols
(unenhanced, arterial, and delayed) are usually advocated
to detect and characterize endoleaks adequately.28–31 Inter-
estingly, few recent studies have shown the advantages of
VNC and low-energymonochromatic images in the detection
of endoleaks with low radiation exposure. Chandarana et al
reported the detection of all endoleaks on delayed venous
phase DECT imaging alone, utilizing the benefits of VNC and
80 kVp images.32 A mean dose reduction of 27.8 to 11.1 mSv
was achieved by eliminating the unenhanced and arterial
phases. Similarly, Stolzmann et al illustrated that a single
delayed DECT acquisition was sufficient, with very high
sensitivity, specificity, negative, and positive predictive val-
ues (96–100%).33,34

Evaluation of Stent Patency

Ultrasonography (US) is the most preferred modality to
evaluate the transjugular intrahepatic portosystemic shunt
(TIPS), hepatic vein (HV) stent, or SMA stent patency. How-
ever, US remains a suboptimal tool in several circumstances,
such as obesity and small cirrhotic liver that causes poor
beampenetration. Furthermore, artifacts from the air within
the fabrics of covered stent graft hinder the evaluation of TIPS
patency by US in the early postprocedure period. CT has
advantages of wider field of view, three-dimensional recon-
struction, and shunt evaluation along with any other addi-

tional pathology if there. However, conventional CECT is
limited by blooming and beam hardening artifacts from
stents that hamper the accurate assessment of in-stent
stenosis. Although data regarding the benefits of DECT over
SECT in the evaluation of TIPS is lacking, several studies have
shown the superiority of DECT over SECT in evaluating
peripheral and coronary arterial stent patency. Mangold
et al demonstrated reduced blooming artifacts with the
improved image quality of peripheral arterial stents at 70
or 80 keV.35Another study by Almutairi et al also showed the
superior angiographic image quality of DECT at 72 keV and
50% ASIR (adaptive statistical iterative reconstruction) in
peripheral arterial stenting compared with conventional
CTA.36 Superior stent lumen visibility for small stents was
also reported in a phantom study at high keV when the third
generation of DS-DECT and DECT were used.37 Owing to
superior metallic artifact reduction, DECT could provide
superior visibility of TIPS, HV, or SMA stent lumen. In
addition, an iodinemap could differentiate the patent lumen
from in-stent thrombosis (►Fig. 6).

CT-Guided Procedures

The visibility of lesions during CT-guided biopsy or percuta-
neous drainage of abdominal collections is significantly
reduced by metallic artifacts caused by biopsy/puncture
needle that results in inadequate visualization of smaller
lesions/vital structures adjoining collections. This increases
the chances of false-negative results or inadvertent injury to
vital structures. DECT reduces the metal artifacts adequately.

Fig. 6 Dual-energy computed tomography (DECT) scan of abdomen done in a 66-year-old man with transjugular intrahepatic portosystemic
shunt (TIPS) which was done for refractory ascites due to chronic liver disease. Contrast-enhanced CT images obtained in the venous phase
showing polychromatic images (top row) with corresponding iodine map of monochromatic scan at 65 keV (with a color overlay; bottom row).
The iodine maps show better depiction of luminal contrast opacification and reduction of artifacts. (A, a) Hepatic venous end of TIPS stent
showing wall-to-wall contrast opacification. (B, b and C, c) Mid stent showing poorly visualized lumen of TIPS stent due to overlapping covered
and uncovered stents; however, improved luminal conspicuity on iodine maps was seen. (D, d) Portal venous side of stent. An eccentric,
nonocclusive thrombus seen in splenomesenteric confluence. TIPS stent lumen was patent. No intraluminal stent thrombus seen.
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Virtual monochromatic spectral imaging (VMSI) could sig-
nificantly mitigate metal artifacts during CT-guided biopsy,
providing an improved depiction of lesions and safe and
versatile access for long puncture pathways. VMSI at 80 keV
is usually recommended. Iterative metal artifact reduction
can be deployed to mitigate metal artifacts independently of
acquisition and reconstruction algorithms38 (►Fig. 7).

Limitations of DECT

Motion and beam hardening artifacts may degrade image
quality in most dual-energy current CT systems available
currently and must be reduced.38 Suboptimal bone removal
requires improvement. The major workflow constraints,
such as increased reconstruction time, increased volume of
images, and increased interpretation time, significantly in-
crease the workload and hinder the use of DECT imaging in
routine intervention radiology practice.39 To increase the
clinical utility of DECT imaging, more versatile dual-energy
application algorithms need to be developed.

Conclusion

In recent years, DECT has been subjected to various advance-
ments, and these can be taken advantage of for better lesion
detection and characterization. Different postprocessing
techniques not only guide an interventional radiologist in
appropriate treatment planning and intraprocedural guid-
ance, but also play an important role in follow-up.
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