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Abstract

Computed tomography angiography (CTA) is the
modality of choice to evaluate abdominal vascular
emergencies (AVE). CTA protocols are often complex
and require acquisition of multiple phases to enable a
variety of diagnosis such as acute bleeding, pseudoa-
neurysms, bowel ischemia, and dissection. With single
energy CT (SECT), differentiating between calcium,
coagulated blood, and contrast agents can be challenging
based on their attenuation, especially when in small
quantity or present as a mixture. With dual-energy CT
(DECT), virtual monoenergetic (VM) and material
decomposition (MD) image reconstructions enable more
robust tissue characterization, improve contrast-en-
hancement, and reduce beam hardening artifacts. This
article will demonstrate how radiologists can utilize
DECT for various clinical scenarios in assessment of
non-traumatic AVE.
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Abdominal vascular emergencies (AVE) can be life-
threatening with significant morbidity and high mortality
[1]. Causes of non-traumatic AVE are either due to
vascular compromise or organ-related injuries. Medical
conditions that fit the criteria for an emergency include
acute bleeding, pseudoaneurysms, bowel ischemia, dis-
section, and arterio-venous malformations among oth-
ers. Due to the risk of potential hemodynamic instability
and end organ damage, rapid evaluation is vital for
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better outcome [1]. This requires a multidisciplinary ap-
proach and imaging plays an integral role in diagnosis.

Conventional computed tomography angiography
(CTA) has become the standard of care in the radiologic
evaluation of AVE because of its availability, rapid
acquisition time, and superior image quality [2]. How-
ever, CTA protocols are complex due to multiphasic
acquisitions and ensuring correct bolus timing of intra-
venous contrast for adequate contrast-enhancement [3,
4]. Furthermore, challenges with SECT such as limited
tissue characterization and presence of image artifacts
can lower diagnostic confidence and lead to repeat exams
with additional used of contrast media [5, 6]. Such
workflow constraints increase image interpretation time
in the emergency department (ED) where rapid assess-
ment is critical to ensure the best patient outcomes [7].
Moreover, identifying the various imaging presentations
of AVE can be challenging for the ED radiologist who
are not highly subspecialized [8].

Utilizing benefits of newer technologies such as dual-
energy CT (DECT) can facilitate image interpretation for
detecting abdominal pathologies [9]. With DECT, uti-
lizing material optimized images and post-processing
techniques can salvage suboptimal exams while simpli-
fying complex protocols [10]. Image reconstructions such
as virtual monoenergetic (VM) and material density
(MD) applications enhance contrast attenuation, im-
prove lesion conspicuity and reduce image artifacts for
enhanced interpretation [11, 12]. Additionally, the
potential to decrease contrast load with DECT is
advantageous in vascular imaging where patients have
comorbidities that put them at high risk for developing
adverse effects from contrast agents (13). The ability to
maintain diagnostic contrast-enhancement, despite low
contrast doses, allows for compensation in suboptimal
contrast-enhanced exams due to errors in bolus timing or
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Table 1. DECT examination protocols at our institution

rsDECT

dsDECT

Discovery CT750 HD (GE healthcare, Milwaukee, WI)

Somatom Definition Force (Siemens Medical, Erlangen, Germany)

Protocol Aorta Mesenteric ischemia Aorta Mesenteric ischemia
Tube voltage 80/140 kVp 100/Sn150 kVp

Tube current (mA) 640 600 QRM 170/85 QRM 220/110
Detector 64 x 0.625 128 x 0.6

Pitch 1.5 0.98 0.6 1

Tube rotation 0.6 s 0.8s 0.5s

Slice thickness 2.5 mm 2 mm 5 mm

Iterative reconstruction ASIR 50% Admire level 3

For patients < 250 lbs

Table shows examination protocols at our institution for arterial phase

rsDECT, as rapid switching dual energy CT; dsDECT, as dual source dual energy CT; QRM, as quality reference mA; GSI, as gemstone spectral
imaging; ASIR, as adaptive statistical iterative reconstruction; ADMIRE, as advanced modeled iterative reconstruction

in instances of extravasation and other patient related
factors [13].Several studies have been published sup-
porting the use of DECT throughout the body for
improving diagnostic confidence [14-16]. However,
knowledge of DECT applications for the assessment of
emergent intra-abdominal vascular processes is limited.
In this article, we will demonstrate how DECT applica-
tions aid in the detection and characterization of various
clinical scenarios in non-traumatic AVE.

CT Technology and examination
protocol

SECT utilizes one X-ray source that creates a polyener-
getic beam with a single predetermined peak voltage [17].
Tissues are differentiated based on a precise and well-
defined formula to create a scale of Hounsfield units
(HU) [17]. However, SECT only provides information
for X-ray linear attenuation coefficients at a single given
energy and tissues with similar HU cannot be differen-
tiated [17]. Newer generation scanners with dual-energy
capability, also referred to as spectral CT or multi-en-
ergetic CT, provide additional tissue characterization
capabilities. With DECT, there is enhanced discrimina-
tion of tissues as the photoelectric effect causes different
tissues to have varying X-ray attenuation at different
energies [12].

There are different ways of obtaining dual-energy or
spectral information in CT. Dual-source DECT
(dsDECT, Siemens healthcare) acquires images using
two X-ray tubes which operate at different tube voltages,
with additional tube filtration for larger spectral sepa-
ration [12]. Single-source twin beam DECT (tbDECT,
Siemens healthcare) acquires images using a single
120-kVp X-ray beam split into high-and low-energy
spectra by gold and tin filters [18]. Single-source rapid
kilovoltage switching DECT (rsDECT, GE healthcare)
acquires images using a single X-ray tube alternating
between 80 and 140 kVp [12]. Detector-based spectral

computed tomography (dIDECT, Phillips healthcare)
simultaneously collects low- and high-energy data with a
layered detector system [12].

CT protocol with arterial and portal venous phases is
the standard of practice when evaluating for AVE. At
our institution, CTA protocols are biphasic with arterial
phase acquired using dual-energy. For abdominal CTA
studies, we administer between 60 and 90 mL (based on
body weight) of iodinated contrast material (370 mgl/
mL). DECT angiography protocols for both rsDECT
and dsDECT at our institution are demonstrated in
Table 1.

DECT image post-processing

Advanced processing with DECT occurs after image
acquisition to generate VM and MD images [11]. Any
desired single-photon energy (monoenergetic) level be-
tween 40 and 200 keV can be generated depending on the
platform. A two- or three-material decomposition (io-
dine, fat, soft tissue) algorithm is applied to generate
virtual unenhanced (VUE) and MD images [11]. VM and
MD images enhance contrast attenuation, improve lesion
conspicuity, and reduce image artifacts to overcome
image quality limitations of SECT [11]. Low-energy VM
images (40-55 keV) display increased contrast attenua-
tion, intermediate-energy (60-75 keV) have optimal peak
contrast-to-noise ratio equivalent to SECT images
(120 kVp), and high-energy (95-200 keV) images are
used for suppressing metal related artifacts [11]. VM
images also provide more consistent measurements be-
tween CT attenuation numbers and iodine concentra-
tions under beam hardening conditions improving lesion
detection [19, 20].

DECT is capable of acquiring the electron density
and effective atomic number for different materials in a
quantitative manner [21]. Materials such as iodine and
calcium can be separated based on their attenuation
profiles at different energies to create novel image
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Fig. 1.

Reduction of artifacts. 59 year old female with
interscapular pain (rsDECT 80/140 kVp). 50 keV VM image
in abdominal (A) and bone (B) windows are of limited
diagnostic quality for the caudal extent of dissection flap

reconstructions [22]. MD iodine (MD-I) images, which
are based on iodine and water attenuations, are rou-
tinely used for diagnostic workup and can be recon-
structed on all commercially available DECT vendors
with generally good agreement in iodine quantification
[23]. MD-I images help discriminate contrast from other
materials and allow for effective reduction of artifacts
from metals with high atomic number (e.g., emboliza-
tion coils with platinum) (Fig. 1) [22]. MD-I images are
independent of inherent tissue attenuation allowing for
a more accurate and objective measurement of
enhancement compared to HU that is derived from
SECT [22]. VUE images can be generated from con-
trast-enhanced DECT scans replacing the need for TUE
phase significantly reducing radiation dose [24, 25]. MD
calcium images can be reconstructed to isolate or re-
move calcium within the vessel lumen for better stenosis
assessment [22].

due to presence of surgical clips artifacts. MD-l image
(C) suppresses the artifacts revealing a dissection flap
(arrow). Sagittal reconstruction (D) confirms the caudal
extent.

Clinical application of DECT in non-
traumatic AVE

Vascular compromise
Stenosis assessment and plaque characterization

Assessing degree of vascular stenosis is important to
determine risk of end organ injury. Additionally, distin-
guishing calcified from non-calcified plaques is helpful to
identify unstable soft plaques that may lead to an em-
bolic event.

On CT, vascular stenosis is observed as narrowing of
the vessel lumen [26]. However, blooming artifacts
caused by beam hardening from heavily calcified plaques
make it challenging to assess luminal stenosis and dif-
ferentiate the plaque from iodine on SECT [27]. With
DECT, subtraction of calcium on MD images makes it
feasible to determine true lumen versus pseudo-filling
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Fig. 2. Differentiating iodine versus calcium. 72 year-old
female with postprandial abdominal pain (dsDECT
80/Sn140 kVp). SECT-equivalent axial (A) image shows a
peripheral crescentic hyperattenuation in the proximal
superior mesenteric artery (SMA) (arrow). VUE (B) and

selective calcium-subtraction (C) images suggests the
hyperattenuation as a calcified plaque with no iodine within
the vessel lumen, confirming the diagnosis of SMA
thrombosis. Also note improved delineation of the bilateral
renal plagues versus the contrast opacified patent lumen.

Fig. 3.

Improving thrombus conspicuity. 55 year old male
with a history of chronic portal vein thrombosis presents with
worsening abdominal pain (dsDECT 100/Sn150 kVp). SECT-
equivalent (A) image shows interval development of a filling
defect within the expanded superior mesenteric vein. VUE

defects as a result of contrast media mixing with non-
opacified blood (Fig. 2).

Venous thrombosis and characterization

Abdominal venous occlusion includes thrombosis of
the mesenteric, portal, and hepatic veins among others.
Mesenteric venous thrombosis (MVT) accounts for 1
in 1000 emergency surgical laparotomies for acute
abdomen [28]. Acute MVT is typically caused by new-
onset thrombosis of the superior mesenteric vein (95%
of cases) [29]. Malignancy is present in up to 16% of
acute MVT cases [29]. On SECT, bland thrombus
typically appears hypodense in the affected vein. With
DECT, MD-I images minimize soft tissue signal
enhancing the contrast between opacified vessels and
thrombi thereby improving conspicuity of thrombi

(B) image reveals hyperdense clot in the SMV suggesting
acute extension of a bland thrombus. MD-I color overlay
(C) images confirm no uptake or enhancement of the superior
mesenteric vein.

(Fig. 3). Moreover, MD-I images can be used to dis-
tinguish bland thrombus from tumor thrombus
regardless of the extent of arterial enhancement or size
of affected vessels (Fig. 4) [29]. Ascenti et al. reported
significantly higher diagnostic accuracy using iodine
quantification (97%) compared to conventional
enhancement measurements (88.2%) in characteriza-
tion of portal vein thrombus in the setting of hepato-
cellular carcinoma (HCC) [29].

Dissection

Dissections are caused by tears on the inner linings of
vessels and can progress through the entire wall leading
to rupture. The aorta is the most common site of dis-
section with an incidence of 2000 cases per year in the
United States [30]. Rapid diagnosis of aortic dissection is
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Fig. 4. Tumor characterization. Portal vein thrombus in two
different patients (rsDECT 80/140 kVp). 65 keV VM (A), MD-I
(B) and color overlay (C) images show tumor thrombus
(arrows) in a patient with HCC. 65 keV VM (C), MD-I (D) and

color overlay (E) images show bland thrombus (arrowhead) in
a patient with ovarian cancer. MD-I images help detect subtle
enhancement in the tumor thrombus.

Fig. 5.

Increased conspicuity of focal dissection. 82-year-
old female presents with abdominal pain (rsDECT 80/140
kVp). 50 keV VM (A) image shows focal partially thrombosed
dissection involving the distal aorta. VUE (B) shows the

critical due to high mortality rates [30]. With DECT, low
keV VM and MD-I images provide higher contrast-en-
hancement and superior image quality for aorto-illiac
evaluation compared to SECT [31]. Additionally, VM
and MD-I images can expose areas of aortic pathology
obscured by image artifacts on SECT. Infrequently,
dissection of the mesenteric arteries may also occur in
conjunction with aortic dissection or in isolation due to
iatrogenic causes or spontaneously [32]. MD-I and lower
energy VM images can illustrate such isolated dissections
with more conspicuity (Fig. 5).

presence of calcifications along the wall, while the axial
(C) image demonstrates the focal dissection more
conspicuously.

Vascular leaks
Pseudoaneurysm

Abdominal visceral artery pseudoaneurysms typically
result from trauma, inflammatory processes, or iatro-
genic causes (e.g., post-biopsy) [33]. The most commonly
involved vessel is the splenic artery with rarer occurrence
in the celiac or mesenteric vessels [33]. Complications
include early rupture, mass effect on adjacent structures,
and infection [33]. On CT, visceral artery pseu-
doanuerysms appear as round or oval outpouchings
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Fig. 6. Splenic artery pseudoanuersym. 53-year-old male
with chronic pancreatitis and acute episode of abdominal pain
(rsDECT 80/140 kVp). 65 keV VM image (A) shows a
heterogeneous collection in the left upper quadrant with a
subtle hyperattenuating focus (arrow). VUE image (B) reveals
hyperdense areas (asterisks) confirming the presence of

’

blood products. Axial (C) and color overlay sagittal (D) MD-I
images show improved delineation of the saccular
pseudoaneurysm arising from the splenic artery. Angiogram
(E) confirmed diagnosis of splenic artery pseudoanuersym
(arrowhead) and patient was managed by embolization.
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Fig. 7. Endoleak detection. 65 year old female post EVAR
and endoleak embolization (rsDECT 80/140 kVp). 50 keV VM
(A) image shows an enhancing area in the posterior aspect of
the sac (persistent endoleak) which was obscured by artifacts

from onyx on conventional SECT images (B). MD-I image
(C) suppresses the artifacts while demonstrating a leak
without ambiguity.

malformation. 50-year-old
male with history of a pulsatile abdominal mass (rsDECT

Fig. 8. Colonic arterio-venous

80/140 kVp). 50 keV VM (A, B) image shows diffuse
circumferential thickening of the descending colon. Axial

(C) and color overlay coronal MD-I (D) images show
increased conspicuity of the tortuous vessels along the
serosal surface of the thickened bowel loop (arrows).
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Fig. 9. Pancreatic vascular pathologies. 54-year-old male
with necrotizing pancreatitis and worsening epigastric pain
(dsDECT 100/Sn140 kVp). 100 kVp (A) and 140 kVp
(B) images show diffuse heterogeneous enhancement of
the pancreas (interrupted arrows) with areas of necrosis and
a focal hyperenhancing area within the pancreatic body
(pseudoaneurysm; arrowhead). Though 100 kVp image
delineates the pathology better compared to 140 kVp image

arising from the vessel wall with non-thrombosed por-
tion demonstrating equal density to the intra-arterial
contrast material [33]. In our collective experience with
DECT, MD-I images can delineate the pseudoaneurysms
better and VUE images help detect complications such as
rupture. Low-energy VM images improve differentiation
of hematoma from active extravasation (Fig. 6).

Although data specifically for use of DECT in
assessment of pseudoaneurysms in the abdomen may be
limited, there is sufficient literature where the value of
using MD-I and VUE to evaluate vascular anatomy and
pathology for a variety of indications has been well
supported [34, 35].

Endoleak

Endoleak is a frequent complication after endovascular
aneurysm repair that is usually treated with embolization.
If an endoleak goes undetected, the patient can develop
persistent blood loss and hemodynamic instability which
can be life-threatening. With DECT, low-energy VM and
MD-I images increase visualization of iodine allowing for
improved conspicuity of contrast in the aneurysmal sac
beyond the graft (Fig. 7). Maturen et al. demonstrated

in this 104 kg patient, the image has high noise. No
hemorrhagic areas are noted on VUE (C). Coronal MD-I|
(D) image accentuates Vvisualization of necrotic and
pseudoaneurysm by suppressing the soft tissue signal. A
draining vein (arrow) was also conspicuous on MD-I that was
confirmed as an AVM on conventional angiogram (E) and
drained into the porto-splenic confluence. Patient was
managed with sclerotherapy.

that endoleak conspicuity ratings were higher at 55 keV
compared to 75 keV VM images [36]. Additionally, noise-
optimized VM images at 40 keV demonstrated improved
diagnostic accuracy for the detection of endoleaks com-
pared to non-optimized VM and standard blended images
[37]. MD-I can also be used to suppress image artifacts
caused by embolization coils to enable better evaluation of
residual endoleaks (Fig. 7). Furthermore, a single phase
examination with DECT by generating VUE has shown
comparable diagnostic performance for endoleak detec-
tion compared to bi- or tri-phasic SECT protocol with up
to 61% radiation dose reduction [38—41].

Arterio-venous malformations

Arterio-venous malformations (AVMs) consist of
abnormal connections between arteries and veins which
are an important vascular cause of lower GI bleeding
[42]. AVMs are relatively common in the cecum or right
colon, with a much lower incidence in other areas such as
the pancreas (0.9%) [43, 44]. DECT images have proven
effective for early detection of AVMs in other areas of
the body and the same techniques can be used to improve
diagnosis in the abdomen [45-47]. Low-energy VM and
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Fig. 10. Hemoperitoneum. 33-year-old male with a history
of duodenal ulcer presents with generalized abdominal pain
(rsDECT 80/140 kVp). 65 keV VM image (A) shows a large
intra-abdominal collection with fluid—fluid levels suggestive of
intraperitoneal hemorrhage (asterisks) confirmed on TUE

MD-I images can illustrate tortuous vessels with better
conspicuity and clearly depict relationship between the
AVM and surrounding structures for appropriate treat-
ment planning (Figs. 8, 9).

Organ injury
Peritoneum

Abdominal hemorrhage is a major medical emergency
with mortality rates as high as 40% [48]. On CT, active
hemorrhage is demonstrated on arterial phase as a focus
of high-attenuation that is not observed on TUE images
[49]. With SECT, measuring attenuation values is an
important method to differentiate between low-attenua-
tion fluid, contrast, and blood [49]. However, dilute
contrast agent and hemorrhage can have similar atten-
uation values which can delay diagnosis and subsequent
management. With DECT, MD-I and VM images in-
crease conspicuity of active bleeding, and VUE clearly
depict high-attenuation hematoma (Fig. 10).

Gastrointestinal

Acute gastrointestinal (GI) bleeding can present as an
emergency depending on the severity and is an important
cause of morbidity and mortality [50]. GI bleeding may

image (B). Hyperdense blood products are easily appreciated
on VUE (C). MD-I (D) image shows no active extravasation at
the time of the scan. Angiogram (E) revealed right colic
branch of SMA as the source of bleed and was subsequently
embolized.

occur anywhere from the esophagus to the rectum.
Prompt and appropriate treatment on the basis of CT
findings depends on the detection of extra-luminal con-
trast indicating active extravasation which remains on
delayed phase but not visualized on TUE scans [51].
However, hyperattenuating material in the bowel such as
previously ingested metal-containing medication can be
confused with vascular contrast material [52]. DECT
allows accurate characterization of active GI bleeding in
the bowel lumen using a dual phase protocol (arterial
and venous) with comparable diagnostic performance to
tri-phasic SECT (TUE, arterial, portal venous) [53]. VM
and MD-I images can demonstrate the bleed with better
conspicuity, and VUE can differentiate extravasation
from hemorrhage (Figs. 11, 12). Additionally, MD-I
images can distinguish iodine and barium (Z = 56,
Z = 53; respectively) from high-density medications
such as magnesium or bismuth-based drugs (Z = 12,
Z = 83; respectively) (Fig. 13) [54]. However, it should
be noted that there is difficulty differentiating iodine
from barium on DECT images due to similarity of
attenuation ratios for these agents (Fig. 14) [55].

Acute mesenteric ischemia

Acute mesenteric ischemia (AMI) is caused by sudden
interruption of blood supply to the small intestine most
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Fig. 11.

Active contrast extravasation. 76-year-old female
with diverticulosis and painless hematochezia (dsDECT

100/Sn150 kVp). SECT-equivalent (A) image shows
hyperattenuating material within the transverse colon. Color

commonly due to arterial occlusion (50%—70%) followed
by low-flow states (20%) and venous occlusion (5%—10%)
[56]. On CT, bowel ischemia appears as altered
enhancement of the bowel wall or thickening in reper-
fusion state [56]. However, detecting an ischemic segment
may be challenging as subtle differences in enhancement
of a poorly perfused bowel may be hard to appreciate.
With DECT, low keV VM images enhance visualization
of perfused and non-perfused tissue in greater detail
(Fig. 15). A study on swine models by Potretzke et al.
demonstrated that VM images at 51 keV provide two-
fold increase in attenuation difference between ischemic
and perfused segments when compared to conventional
imaging at 120 kVp [57]. Additionally, MD-I images
improve conspicuity of subtle enhancement differences
and enable quantitative measurements of bowel wall io-
dine content [58].

overlay MD-l (B) and 50 keV VM (C) images improve
conspicuity of the intraluminal contrast extravasation
(arrows). VUE (D) image shows lack of hyperdense area in
the corresponding location confirming extravasation.

Liver

Spontaneous hepatic bleeding is an infrequent condition
mainly caused by the rupture of an underlying hyper-
vascular tumor [49]. In certain cases, the tumor bleed
may be very subtle and undetectable on conventional
SECT. With DECT, MD-I and low-energy VM images
can improve evaluation of hypervascular masses by
highlighting minimal enhancement in a lesion (Fig. 16).

DECT workflow and technological
considerations

Technologists play an important role in deciding if
DECT can be used for the patient. For dsDECT, dis-
tribution of the body weight must be taken into account
as the reconstruction field-of-view (FOV) of the high-
energy tube is limited to 33-35 cm [10]. Careful posi-
tioning is critical to ensure relevant anatomic structures
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Fig. 12. Duodenal varices. 65-year-old female with a history
of hepatitis C presenting with hematemesis (rsDECT 80/140
kVp). 65 keV VM (A) image shows hyperattenuating area
within the duodenal lumen (arrow). Coronal 50 keV (B) and

axial color overlay MD-I (C) images make the abnormality
more discernible. VUE (D) image confirms absence of
hyperdensity within the bowel loop. Endsocopy (E) confirms
the presence of duodenal varices.

Fig. 13. Distinguishing extravasation from high attenuating
medication.  31-year-old female with suspicion of
gastrointestinal bleeding (dsDECT 80sn/140). SECT-
equivalent (A) image shows hyperdense area within the
gastric lumen (arrow). Color overlay MD-I (B) image shows no

are placed within the dual-energy reconstruction FOV
(10). For rsDECT systems, a dual-energy FOV of 50 cm
is available [10]. The lower tube potential of 80 kVp
limits DE acquisition of patients who weigh more than
250 1b (113 kg) on rsDECT. Iterative reconstruction
algorithms available in both dsDECT and rsDECT
scanners improve image quality allowing for reduced mA
acquisition, thereby reducing radiation dose [59, 60].

iodine uptake in the corresponding location. VUE (C) image
shows intrinsic hyperdensity suggestive of no extravasation.
Patient provided history of consuming magnesium containing
medication.

Newly introduced detector-based spectral CT have no
limitations on gantry rotation time, field-of-view, or
cross-scatter [61].

Previously, wide-spread and routine use of DECT in
clinical practice was limited by high cost, increased
number of images, additional training requirements, and
greater operational complexity [62]. Due to increased
research data leading to more implications in care,
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Spectral HU Curve

Fig. 14. lodine and Barium on DECT. A Similar HU is seen for iodine (green) and barium (purple) on SECT (~ 252HU). VUE
(B) image shows removal of both materials and spectral curve (C) shows similar attenuation profile across all keV levels.

Fig. 15. Mesenteric Ischemia. 68-year-old man with liver (C) improve conspicuity of the lack of enhancement
cirrhosis presenting with postprandial abdominal pain suggestive of ischemic bowel injury. Upper abdominal color
(dsDECT 80/Sn140 kVp). SECT-equivalent (A) image overlay MD-I (D) image reveals bland portal vein thrombus
shows thickened hypoenhancing small bowel loop (arrow). (arrowhead).

50 keV VM (B) image and color overlay MD-lI images
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Fig. 16. Spontaneous hepatic hemorrhage.

81-year-old
male presents with right-sided shoulder and abdominal pain
(dsDECT 100/Sn140 kVp). 50 keV VM (A) image shows
hypodense subcapsular lesions in the liver. VUE (B) image

DECT applications have become part of standard care
guidelines for a few clinical pathologies [63]. Further-
more, workflow constraints have been addressed through
continued education of technologists and better post-
processing automation. Appropriate technologist train-
ing and engagement is essential to effectively incorporate
DECT into the clinical workflow on a regular basis [62].
Recent versions of DECT platforms and software up-
grades have the capability to automate post-processing
such that DECT image reconstructions do not hinder
workflow [61]. For dIDECT, Spectral data are available
for all patients without change in clinical workflow,
allowing for improved assessment of incidental findings,
artifact reduction, and dual-energy applications [61].

Contrast medium and radiation dose
considerations

Contrast-enhanced CT (CECT) is integral for vascular
imaging, however there are debatable concerns on the
safety of iodinated IV contrast particularly in patients
with vascular disease who have multiple comorbidities
(diabetes, hypertension) [64]. Alternative modalities such
as MR and ultrasound which may be safer for this pa-
tient population can be challenging to perform in the
emergency setting, and are typically preserved for a fo-
cused approach when the cause of patient disease is al-
ready known rather than screening. Thus, CECT is the
modality of choice and there remains a continued
incentive to keep iodinated contrast doses at lowest levels
[13]. Obtaining adequate image quality with lower iodine
doses is challenging on SECT both at 120 kVp due to
lower image contrast and at 100 kVp due to higher image
noise. However, DECT VM spectra allow for optimal
contrast visualization at low keV and artifact reduction
at high keV to enable contrast medium dose reduction
while maintaining diagnostic image quality (Fig. 17) [13,
65, 66]. Standard-iodine-dose for SECT typically ranges
between 30 and 37 g, but with DECT a mean iodine dose

reveals hyperdense areas (arrowhead) within the collection
suggesting hemorrhage. Color overlay MD-I (C) image shows
a small hyperattenuating linear area extending into one of the
lesions (arrow) suggesting active extravasation.

as low as 15 g has been shown to be diagnostic for CTA
protocols [13]. Agrawal et al. reported up to 185% higher
attenuation and 25% higher contrast-to-noise ratio with
low-energy VM images from reduced-iodine (24 g I) on
rsDECTA of the abdomen compared to standard-iodine-
dose (33.3 g I) on SECTA [66].

DECT provides several opportunities to minimize
radiation dose, equivalent to or even lower than SECT,
while maintaining diagnostic image quality [67, 68]. The
ability to omit additional acquisitions due to higher
informational content and post-processing flexibility of
DECT allows for substantial radiation dose savings. The
estimated radiation dose reduction by replacing TUE
acquisition for VUE images is reported to range from
19% to 50% depending on the protocol [69, 70]. While
omission of phases remains a way to curb radiation doses
with DECT, in general various studies indicate that with
newer iterative reconstruction techniques and DECT
platforms the radiation doses with DECT are with con-
ventional 120 and low (100) kVp scans [71]. Existing
literature has demonstrated radiation doses ranging be-
tween 12.7 and 21.8 mGy for DECT scans of the abdo-
men [72-77]. These doses are well below the 25-mGy
diagnostic reference levels for adult abdomen studies
recommended by the American College of Radiology
[78]. Moreover, DECT applications have been shown to
add value for incidental lesions avoiding the need for
follow-up CT exams that would otherwise increase
radiation dose exposure [79]. Another potential method
of radiation dose reduction with DECT is the feasibility
to reduce dose of iodinated contrast media [80].

Conclusion

DECT presents a unique opportunity over SECT, with
additional capabilities for problem-solving vascular
imaging findings. Each clinical scenario has different
diagnostic challenges and knowledge of dual-energy
applications can improve reader confidence to facilitate
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Fig. 17. Reduction of iodine dose. 54-year-old female with
shortness of breath (dsDECT 100/Sn140 kVp). Patient
received 36 mL intravenous iohexol (370mgl/mL) at 3 mL/
sec followed by 40 ml saline flush.40 keV axial (A) and

clinical interpretation. Lower energy VM images increase
conspicuity of iodine distribution rendering easy identi-
fication of extravasation. MD images help differentiate
materials with high-attenuation values, distinguish
thrombus types, permit subtraction of vessel calcification
improving vessel lumen delineation, and aid in artifact
suppression with preserved or increased vessel contrast.
These techniques pave the way towards a more func-
tional and quantitative assessment improving diagnostic

coronal (B) image reconstructions improve conspicuity of
pulmonary embolus in the posterior segmental branch of right
upper lobe due to increased attenuation of iodine at low keV
compared to SECT-equivalent images (C, D).

accuracy and decreasing interpretation time while low-
ering contrast medium dose and radiation exposure.
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