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Abstract

Over the past two decades, multidetector com-
puted tomography (CT) has become a power-
ful diagnostic tool in emergency medicine 
relied upon for a variety of conditions. More 
recently, the development of dual-energy CT 
technology has enhanced the ability of radiol-
ogists to diagnose and distinguish between a 
variety of conditions, improving accuracy and 
patient care. The ability to separate material 
density pairs allows for highly specific obser-
vations, and helps to avoid diagnostic pitfalls. 
Dual-energy CT has benefits in diagnosing 
conditions of the liver, gallbladder, kidneys, 
adrenals, pancreas, large and small bowel, as 
well as vascular structures. It also has benefits 
in diagnostic evaluation of patients in the set-
ting of trauma. When its benefits are har-
nessed, dual-energy CT has the potential to 
significantly improve patient care in the emer-
gency department.

3.1	 �Introduction

Use of computed tomography in the evaluation of 
patients in the emergency department (ED) has 
grown markedly in recent years [1]. The percent-
age of patients being seen in the ED who undergo 
CT as part of their ED visit increased from 2.8% in 
1995 to 13.9% by 2007 [2]. The increase in imag-
ing volume has been possible because of several 
technological advances, namely the widespread 
use of multi-detector CT (MDCT) scanners, and 
computer hardware and software which enables 
rapid multi-planar reformatting. The rapid acqui-
sition and processing have led to the use of CT as 
a primary modality for the evaluation of a number 
of acute conditions, both traumatic and nontrau-
matic. In body imaging, CT is used extensively to 
evaluate a wide variety of conditions affecting the 
vasculature, genitourinary, biliary, digestive, and 
musculoskeletal systems.

Dual-energy CT (DECT) has emerged as a 
very useful tool in emergency radiology, and 
has many potential applications in body imag-
ing. Conventional single-energy CT creates 
images based on the X-ray attenuation proper-
ties of anatomic structures from a single energy 
source. DECT is able to provide the same infor-
mation as single-energy CT, but has the added 
benefit of being able to separate materials based 
on their material density, as different materials 
demonstrate different attenuation properties when 
there is a change in the kilovoltage peak (kVp).
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In this chapter, the technical aspects of DECT 
are discussed, along with a variety of conditions 
for which DECT may be useful to the emergency 
radiologist. The potential benefits of DECT in the 
ED are very substantial, both for assisting in the 
diagnosis of acute conditions, and for problem 
solving when encountering incidental findings 
which require characterization (Fig. 3.1).

3.2	 �Technique

Conventional single-energy computed tomogra-
phy utilizes a single polychromatic X-ray beam, 
with peak energy levels ranging from 80 to 140 
kVp, emitted from a single X-ray tube to a single 
detector. In contrast, dual-energy CT (DECT) 
acquires images utilizing two energy spectra. 
Typically, low-energy images are acquired using 
80  kVp, while high-energy images acquired 
using 140  kVp [3–6]. Some scanners (e.g., 
Somatom Force, Siemens Healthcare) allow 
variations (e.g., low energy 100  kVp, and high 
energy 150 kVp).

There are three DECT platforms which are cur-
rently commercially available: dual-source DECT, 
single-source (rapid kV switching) DECT, and 
detector-based spectral CT.  Dual-source DECT 
(Siemens Healthcare) utilizes two perpendicular 
X-ray tubes and two corresponding sets of detectors 

for image acquisition. Rapid kV switching DECT, 
available from several CT vendors, utilizes a sin-
gle X-ray tube which rapidly alternates (0.5 msc) 
between low and high energies, along with a single 
detector. The third mechanism (referred to as “spec-
tral” CT; Philips Healthcare) involves utilization of 
a single X-ray tube, with a detector with a top layer 
which absorbs low energy, and a deep layer which 
absorbs high-energy X-rays [4, 7].

Image contrast is dependent on attenuation 
of X-ray photons by varying materials, which is 
in turn influenced by the photon energy level in 
relation to the k-edge of the material. The k-edge 
refers to the K-shell electron-binding energy. 
As photon energy level approaches the k-edge 
of a given material, there is a sharp increase in 
the attenuation coefficient [8, 9]. By obtaining 
information of a tissue at two different energies, 
dual-energy CT technology can generate image 
datasets with attenuation information at several 
virtual monochromatic (VMC) X-ray energy 
levels, ranging from 40 to 140 kiloelectron volts 
(keV). Selection of VMC energy level can be 
used to optimize image contrast. For example, 
40–70 keV VMC images can be reconstructed for 
the purpose of accentuating iodine enhancement 
[7, 10]. Significant gain in iodine attenuation on 
40–60 keV images has been used to reduce iodine 
dose on DECT exams. Previous investigations 
have reported 50–70% reduction in iodine doses 

a b

Fig. 3.1  64-year-old woman with a history of cholangio-
carcinoma with liver metastases presents with progressive 
abdominal pain. (a) Axial IV contrast-enhanced CT image 
performed with dual-energy technique demonstrates het-
erogeneous hypoattenuation in the inferior vena cava 
(arrow), which may be interpreted as contrast mixing, 

bland thrombus, or tumor thrombus. (b) On the corre-
sponding axial iodine image, the finding is more apparent. 
The iodine image offers additional information as the 
absence of iodine within the thrombus (arrow) is more 
consistent with bland thrombus, rather than tumor 
thrombus
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for CT angiography by using 40–50  kev VMC 
images from DECT [10–13]. Despite a current 
controversy over post-contrast acute kidney injury 
(AKI), there is still concern about its existence. 
Therefore, using minimal iodine dose is desirable, 
especially in the emergency setting, particularly 
when a patient’s renal function may be unknown. 
This is particularly relevant in the setting of vas-
cular injury, where a subsequent angiogram may 
be necessary. Contrast-media dose reduction must 
be accompanied with adjustments in injection rate 
in order to yield homogeneous vascular enhance-
ment. Total iodine dose reduction can be achieved 
with both high- and low-concentration contrast 
media (CM). Low-concentration CM enable 
higher volumes on low-contrast computed tomog-
raphy angiography (CTA) examinations. However, 
high-concentration CM needs to be mixed with 
saline to preserve volume [11].

On the other end of the spectrum, 80–140 keV 
images can also be generated to help reduce beam 
hardening and photon starvation artifacts related 
to metallic prostheses or foreign bodies [14, 15]. 
These artifacts are typically seen on conventional 
CT as a result of attenuation of low-energy pho-
tons in a polychromatic X-ray. Similarly, these 
images can be used to decrease the pseudo-
enhancement which is relatively commonly seen 
in smaller cysts and soft-tissue nodules [4, 16].

Besides virtual monochromatic images, knowl-
edge of the attenuation characteristics of a tissue 
at different X-ray energies also allows the creation 
of material-specific images. Given that different 
materials have different absorb X-ray photons 
in a unique way, several material density (MD) 
images can be created to analyze the composition 
of various tissues. Currently, the most commonly 
used MD images are MD-I images (iodine maps) 
and water-density (virtual non-enhanced) images. 
MD-I images exclusively show iodine contribu-
tion within the image, and do not take into account 
the inherent attenuation of the tissue. Therefore, 
iodine maps are helpful for detection of iodine 
content or enhancement within a nodule or mass 
[4, 5]. In the emergency setting, this is useful for 
the appropriate “triaging” of incidental nodules or 
masses. This will be discussed in further detail.

Virtual non-enhanced (VNE) images can be 
helpful for detecting the presence of calcium in a 
nodule or mass. A common misconception is that 
DECT imparts higher radiation doses than conven-
tional CT. While this may have been true early in 
the development of DECT, this is not the case with 
current DECT technology [12]. On the contrary, 
current DECT technology may allow for radiation 
dose savings as VNE images can be constructed, 
which may in turn forgo the need for a conven-
tional non-enhanced acquisition [16] (Table 3.1).

Table 3.1  Summary of emergency applications of dual-energy computed tomography in abdominal imaging

Gallbladder

 �   Gallstone disease Lower energy scans may reveal cholesterol stones, which may be inapparent on 
conventional CT images

 �   Acute cholecystitis Increased sensitivity for detection of gangrenous cholecystitis; improved 
characterization of gallbladder wall enhancement and intraluminal membranes

Pancreas

 �   Acute pancreatitis Increased sensitivity to diagnose gallstone pancreatitis

Detection of necrotizing or hemorrhagic pancreatitis

Potential reduced radiation exposure

Kidney

 �   Nephrolithiasis Increased detection of renal calculi on IV contrast-enhanced CT, when contrast 
may opacify collecting system/ureters

Characterize calculus composition

 �   Incidental focal renal mass Distinguished incidental enhancing renal masses from hyperdense cysts and 
pseudo-enhancement

 � �  Obstructing urothelial 
mass

Increased conspicuity of enhancing urothelial mass causing obstruction

(continued)

3  Dual-Energy CT in Patients with an Acute Abdomen
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3.3	 �Gallbladder

3.3.1	 �Gallstone Disease

Gallstone disease is a common cause for right upper 
quadrant pain leading to an emergency depart-
ment visit. Of patients that have gallstone disease, 
10–15% will pass calculi into the central bile ducts 
leading to biliary obstruction, and frequently to sub-
sequent acute cholecystitis or cholangitis [17, 18].

While CT is helpful for detection of hyperat-
tenuating and hypoattenuating calculi, many cal-
culi are essentially isoattenuating to bile within the 
gallbladder, and are therefore difficult to identify 
on conventional CT. This can be particularly true 
when calculi isoattenuating to bile are lodged in 
the common duct. Dual-energy CT can be helpful 
in these patients, for calculus detection and char-
acterization (Fig. 3.2). With regard to detection, 
studies have shown that acquiring imaging with 
a lower energy (i.e., 40 keV) increases sensitivity 
for detection of gallstones [18, 19] (Fig. 3.2).

In addition to detection of cholelithiasis, a 
possible application of DECT is to determine 
the gallstone composition, as calculi of higher 
cholesterol content have been shown to have 
relatively lower attenuation [20, 21]. Given that 
these calculi may be treated conservatively, pro-
spective characterization may lead clinicians to a 
more conservative approach [18].

3.3.2	 �Acute Cholecystitis

Acute cholecystitis is readily diagnosed using 
conventional CT, with reported sensitivity and 
specificity greater than 90% [22]. Gangrenous 
cholecystitis, however, presents a diagnostic 
challenge. The sensitivity for diagnosing gan-
grenous cholecystitis on CT is significantly 
lower at 29% [22]. The implications for miss-
ing this diagnosis are potentially serious, as it 
carries a higher morbidity and mortality. On 
conventional CT, the main findings suggestive 
of gangrenous cholecystitis include gas in the 
wall, intraluminal membranes, and discontinu-
ous or irregular wall and mural striation [22]. 
While intramural gas in the gallbladder wall is 
easily detected on conventional CT, the other 
findings are often more difficult to detect [22]. 
Dual-energy CT can be helpful in these patients, 
particularly with iodine maps as areas of 
enhancement and relative hypoenhancement are 
easily detected. This may help accentuate areas 
of wall discontinuity. Intraluminal membranes 
may also be accentuated by evaluating intra-
luminal contents with low-keV images, which 
increases the contrast between the sloughed 
membranes and the surrounding infected bili-
ary fluid. It may also be easier to see intramural 
hematoma in the gallbladder wall using VNE 
images with DECT.

Table 3.1  (continued)

Adrenal

 �   Incidental adrenal nodule Characterize incidental adrenal nodule/mass using VNE images

Bowel

 � �  Acute gastrointestinal 
hemorrhage

Increased sensitivity to detect and localized acute GI bleeding

 �   Bowel ischemia Lower kVp increases conspicuity of early bowel ischemia

Aorta

 �   Traumatic aortic injury Detection of intramural aortic hematoma using VNC images

Increased detection of leaks from repaired aortic aneurysms

 � �  Traumatic solid visceral 
injury

Increased conspicuity of solid visceral lacerations

Improved visualization of contrast extravasation

 � �  Traumatic musculoskeletal 
injury

Increased detection of subtle non-displaced fractures

Characterize spinal compression fractures as acute or chronic based on the 
presence of bone marrow edema and/or hemorrhage

VNE virtual non-enhanced

H. Yu et al.
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Fig. 3.2  68-year-old man with noncalcified gallstones 
which are isodense to bile on axial 70 keV (a) and mixed 
images (b) on dual-energy CT. The presence of calculi is 
confirmed on an axial T2-weighted single-shot fast spin-
echo MR image (c). The calculi decrease in attenuation 
using virtual monochromatic images at 40 keV (d), and 

increase in attenuation at 190 keV (e), with corresponding 
increase in conspicuity relative to surrounding bile. The 
dependent gallstones have the lowest HU values at 40 keV 
(d), are isoattenuating at 70 keV (a), and are hyperattenu-
ating at 190 keV (e)

3  Dual-Energy CT in Patients with an Acute Abdomen
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3.4	 �Pancreas

3.4.1	 �Acute Pancreatitis

Acute pancreatitis is one of the most commonly 
encountered conditions in the emergency setting. 
Most commonly, the etiology is alcohol induced 
or gallstone related. In the latter scenario, DECT 
may be helpful in identifying choledocholithiasis. 
Because low-keV images can be used to increase 
conspicuity of certain types of calculi (i.e., cho-
lesterol stones), DECT may increase sensitivity 
for gallstone detection [23], enabling a faster 
diagnosis of gallstone pancreatitis without having 
to then perform MR cholangiopancreatography.

Dual-energy CT may also be helpful in the set-
ting of acute pancreatitis, because it can be used 
to identify complications, including pancreatic 
necrosis and hemorrhage. Pancreatic necrosis can 
be difficult to detect on conventional CT, as areas 
of hypoenhancement may be subtle. When identi-
fied, it is often unclear whether these areas represent 
areas of necrosis or ischemia. Using DECT, iodine 
maps can be constructed to help detect areas of 
subtle enhancement, which suggest ischemia rather 
than necrosis [4, 14]. Necrotic regions appear as 
areas without any iodine uptake (Fig. 3.3). Patients 
with necrotizing pancreatitis are generally managed 
more aggressively, so the distinction is pertinent [4].

Hemorrhagic pancreatitis can also be accu-
rately diagnosed with the aid of DECT. On con-
ventional contrast-enhanced CT, hyperattenuating 
regions may represent hemorrhage or enhancing 
pancreatic parenchyma. In such patients, review 
of non-enhanced images would be required to 
distinguish the two. However, this would require 
an additional acquisition, which is not routinely 
performed and would increase radiation dose. 
Review of VNE images on DECT scans can help 
to characterize these regions, as hyperattenuating 
foci on these images would stand out relative to 
non-enhancing parenchyma, which is consistent 
with hemorrhage rather than enhancement [4].

An additional benefit of DECT is the reduced 
radiation dose associated with the examination. 
Younger patients with acute pancreatitis and its 
complications often require repeated follow-up 

imaging examinations [7]. As previously sug-
gested, these patients may undergo DECT, which 
would obviate the need for a non-contrast scan, 
as VNE images can be constructed.

3.5	 �Renal

3.5.1	 �Nephrolithiasis

Nephrolithiasis is a common condition in the 
United States, affecting approximately 1 out of 11 
adults [1]. There is a slightly higher risk in men than 
in women, and it is known that dietary factors play 
a role, namely dehydration and dietary salt intake 
[24]. When renal calculi become obstructive in the 
renal pelvis, ureter, or ureterovesical junction, the 
experience is notoriously painful, and often brings 
patients to the ED.  Additionally, approximately 
half of patients presenting with symptoms related 
to kidney calculi will have another episode in the 
next decade [24].

Over two decades, CT has been recognized as the 
modality of choice when evaluating patients with 
clinically suspected nephrolithiasis, or obstructing 
calculi in the urinary tract [25]. In direct comparison, 
CT has been shown to be more effective at revealing 
urolithiasis than ultrasound [26, 27]. Although non-
enhanced CT is highly effective in the diagnosis of 
acute conditions related to urinary tract calculi, there 
are two areas in which DECT may have additional 
benefits.

First, many CT examinations of the abdomen 
and pelvis are acquired with intravenous contrast 
in the ED. Depending on the protocol for a given 
scan, and whether or not the patient recently 
received intravenous contrast for another exami-
nation, material density separation may be used 
to isolate radiodense urinary calculi from iodin-
ated contrast in the collecting system or ureters. 
A high degree of accuracy is achieved by using 
material density separation to create VNE images 
to detect renal or ureteral calculi [28]. Thus, even 
in patients whose symptoms may not be typical 
for obstructing calculi and therefore undergo an 
IV contrast-enhanced examination, the correct 
diagnosis can still be made using DECT.

H. Yu et al.
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Second, dual-energy CT has reliably shown 
the ability to characterize urinary calculus 
composition in multiple publications [29–35]. 
Specifically, DECT enables the radiologist to 
determine whether calculi are predominantly 
made of calcium oxalate, uric acid, or cysteine 
(Fig.  3.4). The implications for patient therapy 
are substantial.

Per the 2014 guidelines from the American 
Urologic Association, hydration is essential regard-

less of the type of urinary calculus [24]. For calcium 
oxalate calculi, recommendations on the dietary 
intake of sodium, calcium, oxalate, fruits/vegetables, 
and protein depend on urinary levels of calcium, 
oxalate, and citrate. Additional pharmacologic ther-
apies may be indicated, such as thiazide diuretics for 
patients with calcium oxalate calculi or thiol drugs 
which bind cysteine when dietary modifications fail, 
or if there is a substantial stone burden. Lastly, differ-
entiating uric acid (UA) calculi from non-uric acid 

a b
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Fig. 3.3  54-year-old man with acute epigastric pain. (a) 
Axial IV contrast-enhanced CT image through the pan-
creas demonstrating acute pancreatitis with patchy areas 
of normal enhancement (solid arrow) and hypoenhancing 
parenchyma (open arrow). On these images, it is unclear 
whether the hypoenhancement represents ischemia or 
necrosis. (b) On the corresponding iodine image, there is 
an area of normal iodine uptake (solid arrow). The 
hypoenhancing area on CT (open arrow) does demon-

strate iodine uptake, suggesting ischemia rather than 
necrosis. (c) In the same patient, the IV contrast-enhanced 
image demonstrates a separate area of normal enhance-
ment (solid arrow) and hypoenhancement (open arrow). 
(d) On the corresponding iodine image, there is an area of 
normal iodine uptake (solid arrow). The hypoenhancing 
area on CT (open arrow) demonstrates no iodine uptake, 
suggesting necrosis rather than ischemia

3  Dual-Energy CT in Patients with an Acute Abdomen
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Fig. 3.4  Two different patients with renal calculi. (a) 
Axial VNE CT image through the level of the kidneys 
demonstrating a left renal calculus (solid arrow). (b) The 
corresponding iodine image again demonstrates the left 
renal calculus (solid arrow). Given the persistent finding 
on both images, these findings represent a calcified calcu-
lus. In contrast, a uric acid calculus will be present on the 
VNE image but not on the iodine image. (c) In a separate 

patient, axial non-contrast image through the kidneys 
demonstrating a left renal calculus (solid arrow). (d) 
Corresponding color overlay DECT image again demon-
strating a left renal calculus (solid arrow). (e) Graph dem-
onstrating dual-energy indexes for different calculus 
composition. Renal calculus composition can be deter-
mined by comparing the ratio of attenuation on low- ver-
sus high-kVp images

H. Yu et al.
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calculi is useful, as uric acid stones may be treated 
with alkalization of urine [36]. Because UA calculi 
have increased attenuation at higher peak kVp com-
pared to non-UA calculi which have higher attenu-
ation at lower peak kVp, this distinction is possible 
with DECT [36].

3.5.2	 �Focal Renal Mass

Focal renal masses are a commonly encountered 
entity in abdominal imaging. It is estimated that over 
half of the adults over 50 years old will be shown 
to have at least one renal mass on cross-sectional 
imaging [37]. Fortunately, the vast majority of inci-
dentally encountered renal masses are simple cysts, 
and can be characterize as such by the absence of 
enhancement on IV contrast-enhanced examina-
tions. However, a clinical dilemma arises when a 
focal renal mass is encountered which is not clearly 
a simple cyst, namely masses with attenuation 
greater than 20 HU. In this scenario, the most com-
mon explanations for a hyperattenuating focal renal 
mass include a hemorrhagic or proteinaceous cyst, 
so-called pseudo-enhancement of a renal cyst under 
2  cm in diameter, or a solid renal mass. Because 
the management for these diagnoses is considerably 
different, it is important to correctly characterize 
these incidentally encountered renal masses.

Although the majority of abdominopelvic CT 
scans in the ED are acquired with intravenous 
contrast in a single phase (portal venous), separa-
tion of material density pairs with post-processing 
enables characterization of incidentally encoun-
tered renal masses with VNE [38]. Furthermore, 
after many investigators have struggled to elimi-
nate pseudo-enhancement of small renal masses 
[37], DECT has been shown to reliably overcome 
pseudo-enhancement on virtual monochromatic 
images [37]. By making the distinction between 
solid enhancing renal masses and other differen-
tial diagnoses, unnecessary follow-up examina-
tions may be avoided, reducing cost, radiation 
exposure, and patient anxiety.

3.5.3	 �Detection of Urothelial 
Masses

Detection of urothelial masses can be difficult, 
particularly when they grow in a plaque-like 
manner along the course of the urinary tract. In 
patients presenting with new hydronephrosis 
without an obstructing renal calculus, radiologists 
in the ED may be charged with locating a urothe-
lial mass. DECT urography has been described, 
and shows promise as a way to evaluate patients 
with hematuria while possibly reducing radiation 
exposure [39, 40]. With dual-energy CT, it is pos-
sible to use separation of material density pairs 
to better appreciate the enhancement of urothe-
lial masses which may have caused signs and/or 
symptoms which have brought the patient to the 
ED.  Although the enhancing masses will com-
monly be primary transitional cell carcinoma, 
metastases from other malignancies, including 
prostate, pancreas, and breast, are also possible.

3.6	 �Adrenal

3.6.1	 �Incidental Adrenal Nodules

As the use of cross-sectional imaging has 
increased markedly over the past 20 years, radi-
ologists working in the emergency department 
often encounter incidental nodules and masses 
which are of indeterminate significance. The 
frequency of incidentally discovered adrenal 
nodules larger than 1 cm in size, in particular, 
is estimated to be between 3 and 7% in adults 
[41]. Adrenal nodules discovered incidentally 
therefore present one of the common chal-
lenges facing radiologists in this setting. In 
those adult patients without a history of malig-
nancy, the vast majority of adrenal nodules will 
ultimately prove benign. In one study of 973 
patients, with a total of 1049 adrenal nodules, 
none proved malignant [42]. While the clini-
cal context is important in ascertaining whether 
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further workup is required, such as a history of 
malignancy or comparison with a prior imaging 
examination, a certain number of patients will 
remain indeterminate on the initial evaluation. 
In this group there is a role for new technology, 
which can help triage patients with incidental 
adrenal nodules, possibly avoiding unnecessary 
further workup.

Because of the inherent ability of dual-energy 
CT to separate different material densities, VNE 
images can be created by separating iodine and 
water components from IV contrast-enhanced 
images. In recent years, a number of studies have 
attempted to characterize indeterminate renal 
mass using DECT [43–47].

Slebocki et al. assessed a group of 63 patients 
undergoing CT angiography after endovascular 
repair of an abdominal aortic aneurysm who were 
evaluated with both pre-contrast CT and single-
phase CTA.  Of those patients, six had adrenal 
abnormalities detected, and an excellent corre-
lation was found between the true non-contrast 
(TNC) and VNE mean attenuation values (12.8 
vs. 12.4 HU) [46]. Glazer et al. also found that 
VNE images can help triage adrenal nodules, 
and reported excellent interobserver agreement 
(kappa = 0.92) among multiple radiologists [43]. 
Gnannt et  al. showed that there was no differ-
ence in the mean attenuation of adrenal nodules 
between VNE and TNC images acquired in the 
portal venous phase of IV contrast-enhanced CT 
[44]. Botsikas et  al. reported a slightly higher 
mean HU for VNE images made from por-
tal venous-phase images (4.02  HU higher for 
VNE), but no significant difference from VNE 
made from 15-min images [45]. Mileto et  al. 
showed that VNE images may be better than 
TNC images for characterizing lipid-poor adre-
nal adenomas [47].

In summary, by using material density pairs, 
a radiologist in the ED can reliably character-
ize many incidental adrenal nodules on IV 
contrast-enhanced CT scans. This is true at a 
variety of kVp settings, and works in both the 

portal venous and arterial phases of acquisition 
(Fig. 3.5).

3.7	 �Bowel

3.7.1	 �Acute Gastrointestinal 
Hemorrhage

Detection and localization of acute gastrointesti-
nal hemorrhage present a diagnostic challenge for 
the practicing radiologist. The presence of high-
density material within the bowel lumen (i.e., 
positive oral contrast or other ingested material) 
may confound CT findings which indicate the 
presence of acute blood products. Upper endos-
copy and optical colonoscopy are essential diag-
nostic tools in the setting of acute gastrointestinal 
hemorrhage, and have the additional benefit of 
providing an opportunity for therapeutic interven-
tion, either through clipping of a bleeding ves-
sel or injection of a sclerosing agent. However, 
a number of factors, including the presence of a 
large amount of blood within the bowel lumen, 
may limit the ability of the gastroenterologist to 
detect and localize the source of acute bleeding.

As the technology of multi-detector com-
puted tomography (MDCT) has advanced over 
the past two decades, MDCT has emerged as a 
valid diagnostic tool in the evaluation of patients 
with acute gastrointestinal hemorrhage [48–53]. 
Some challenges are inherent to the interpreta-
tion of MDCT examinations for the assessment 
of known or suspected acute gastrointestinal 
hemorrhage, namely the presence of intrinsically 
high-density material within the bowel lumen, 
which may confound the interpretation of a scan. 
Because of the ability of dual-energy computed 
tomography (DECT) to separate elements of dif-
ferent attenuation, and therefore to determine 
the iodine contribution to an image, there is an 
emerging role for the use of DECT in the evalu-
ation of acute gastrointestinal hemorrhage in the 
ED setting [48–53].

H. Yu et al.
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Fig. 3.5  79-year-old man with abdominal pain. (a) Axial 
non-contrast CT image demonstrating a hyperattenuating 
subhepatic collection (solid arrow). Given that enteric 
contrast was previously administered, it was unclear 
whether this collection represented leakage of contrast. 
(b) Corresponding axial VNE image shows the same sub-
hepatic collection (solid arrow). (c) Corresponding axial 
iodine image also demonstrates the same subhepatic col-

lection (solid arrow). (d) Axial calcium image also dem-
onstrates the hyperattenuating subhepatic collection (solid 
arrow). (e) On the corresponding non-calcium image, the 
same collection is hypoattenuating (solid arrow). The 
interpreting radiologist was unable to elicit a history to 
explain the findings, but the calcification within the col-
lection indicates that it is chronic

a b

c

e

d
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3.7.2	 �Bowel Inflammation

Patients with inflammatory bowel disease (IBD) 
may present to the ED with acute or worsen-
ing abdominal pain. Some of the CT findings 
associated with bowel inflammation include 
hyperenhancement, bowel dilation, and bowel 
wall thickening, as well as secondary signs of 
mesenteric fat stranding. By separating mate-
rial density pairs to create iodine maps, areas 
of bowel wall hyperenhancement may become 
more conspicuous and thus may be more read-
ily detected (Fig.  3.6). Iodine maps may be 
beneficial in common conditions of bowel 
inflammation including inflammatory bowel 
disease, acute appendicitis, and diverticulitis 
[54]. There is ample opportunity for further 
research in this area.

3.7.3	 �Bowel Ischemia

Acute bowel ischemia often presents a diagnos-
tic challenge in the ED.  Patients presenting with 
bowel ischemia usually have abdominal pain, signs 
of a systemic illness such as tachycardia, and/or 
hematochezia. These symptoms may appropriately 
prompt an IV contrast-enhanced CT of the abdo-
men and pelvis. However, “conventional” MDCT 
may lend to missing as many as 34% of acute 
mesenteric ischemia [55]. DECT may be useful in 
acute mesenteric ischemia. In animal models, it has 
been shown that DECT using a low kVp increases 
attenuation differences between normally perfused 
bowel and early ischemic bowel. The authors 
found this difference to be statistically significant 
for a lower kVp (51 keV) when compared to con-
ventional 120 kVp images, but also saw improved 

Fig. 3.6  37-year-old man with a history of Crohn disease 
presents with abdominal and rectal pain. (a) Axial IV con-
trast-enhanced CT image demonstrating wall thickening 
and enhancement involving the hepatic flexure of the colon 
(arrows). (b) Iodine image at a similar level demonstrating 

increased conspicuity of the finding (arrows). (c) IV con-
trast-enhanced CT image demonstrating a right perianal 
fistula extending towards the right gluteal cleft (arrow). (d) 
As before, an iodine image at a similar level also shows 
increased conspicuity of the same finding (arrow)

a b

c d
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conspicuity of early bowel ischemia when the kVp 
was 65 and 70 keV [56] (Fig. 3.7).

3.8	 �Trauma

Abdominopelvic trauma is common, and is a 
leading cause of morbidity and mortality among 
younger patients in the emergency setting. CT 
plays a crucial role in the workup of all hemo-
dynamically stable trauma patients [57]. Portal 
venous-phase imaging is standard on abdomi-
nopelvic CT imaging. However, depending on 
the severity and mechanism of trauma, protocols 
can be tailored to the clinical history to include 
additional phases, i.e., arterial phase or delayed 
images [57]. In all patients with trauma, it is 
important to emphasize the need to be highly 
accurate while minimizing radiation dose to the 
patient. In this regard, DECT is an ideal technol-
ogy that can be used to accomplish both of these 
goals without compromises.

3.8.1	 �Aortic Injury and Endoleak

In the setting of trauma, the aorta is best evaluated 
with multiphase imaging, typically including arte-
rial and delayed phases. Non-enhanced images 

are not routinely acquired at most institutions, but 
can be helpful for the identification of intramural 
hematoma. Dual-energy CT can be helpful in these 
patients as VNE images can be created instead of 
the conventional non-enhanced acquisition, thus 
reducing radiation dose. While these images are 
noisier than the conventional non-enhanced images, 
they are of diagnostic quality in 95% of patients [6]. 
Additionally, with further development of DECT 
technology, image quality has been significantly 
improved such that the images currently closely 
resemble acquired non-enhanced images.

Another scenario where DECT has been 
shown to be helpful is for detection of endoleaks. 
Endovascular aneurysm repair is a commonly 
performed procedure for abdominal aortic aneu-
rysms. A common complication of the procedure 
is subacute to chronic endoleak, which allows for 
filling of the aneurysm sac, and which is associ-
ated with an increased risk of rupture [58]. As pre-
viously suggested, CT with arterial and delayed 
phases is highly sensitive and specific for detection 
of endoleaks. Unlike in acute aortic injury, non-
enhanced images are usually routinely acquired, 
particularly on the initial post-procedure CT scans. 
However, sensitivity, specificity, and accuracy may 
be further increased by using dual-energy tech-
nique. This is possible by using lower kVp images, 
which increases the attenuation of intravenously 

a b

Fig. 3.7  68-year-old man with cirrhosis, with increasing 
abdominal pain. (a) Axial IV contrast-enhanced CT image 
through the abdomen demonstrates right lower quadrant 
small bowel loops with wall thickening (solid arrow) and 
dilated small bowel loops in the left lower quadrant (open 

arrow). (b) Corresponding axial iodine image demon-
strates absence of iodine uptake in the right lower quad-
rant small bowel loops (solid arrow), strongly suggesting 
ischemic bowel. In contrast, the left lower quadrant small 
bowel loops have normal iodine uptake (open arrow)
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administered contrast (Fig.  3.8). In one study of 
22 patients, endoleaks were shown to be more 
conspicuous on 80 kVp images when compared to 
images using 120 kVp [59].

3.8.2	 �Solid Organ Injury

Solid organ injury is very common in the set-
ting of trauma. In order of frequency, the most 
commonly injured organs are spleen, liver, and 
kidney, with bowel and bladder less commonly 
injured [57]. The American Association for the 
Surgery of Trauma (AAST) has developed grad-
ing scales for injuries of the solid organs, tak-
ing into account size of hematomas and depth 

of lacerations. CT is an invaluable tool for early 
detection of these injuries. Typical CT trauma 
protocols include portal-venous-phase images 
through the abdomen and pelvis, with or without 
delayed images [57].

On CT images, lacerations appear as linear 
areas of hypoattenuation. While these findings 
may be detected on conventional CT, DECT is 
useful as it can accentuate the findings (Fig. 3.9). 
Iodine images can also be constructed to highlight 
areas of perfusion and areas of hypoenhancement 
[16, 60]. Other important findings on CT include 
subcapsular hematoma/hemoperitoneum, active 
extravasation of contrast, and pseudoaneurysm 
formation. All of these findings can be made 
more conspicuous on DECT images.

a b

c

Fig. 3.8  70-year-old man following remote endovascular 
abdominal aortic aneurysm repair, with clinical concern 
for a graft endoleak. (a) CT angiogram axial image dem-
onstrating endoleak along the left lateral aspect of the 
stent graft (arrow). (b) Low-keV image demonstrates 
increased conspicuity of the same finding despite the 

same window and level values (arrow). Also note the dif-
ferences in attenuation on the low-keV images, best seen 
in the aorta. Intravenous contrast appears brighter on low-
keV images. (c) The same finding on the iodine image is 
much more apparent (arrow)
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As previously suggested, trauma CT protocols 
typically do not include non-enhanced images. 
While this is sufficient in most patients, there 
are situations where non-enhanced images can 
provide valuable information. In the setting of 
trauma, non-enhanced images may demonstrate 
subcapsular hematomas of the spleen or liver as a 
layer of hyperattenuating material overlying and 
conforming to the contour of the injured organ 
[60]. Similarly, hemoperitoneum can be subtle, 
particularly when there are only small amounts 
adjacent to enhancing bowel loops or other 
hyperattenuating structures. On post-contrast 
images, the blood products may be isoattenuat-
ing relative to the adjacent organ. Given that non-
contrast images are not routinely acquired, these 
findings can potentially be missed on “routine” 
IV contrast-enhanced images. However, review 
of VNE images on DECT will demonstrate 
increased contrast differentiation between hema-
toma and adjacent injured organ [60] (Fig. 3.10).

IV contrast extravasation is a critical find-
ing to identify on CT, as it strongly suggests 
the need for more invasive management, i.e., 
angiographic intervention or surgical manage-
ment. Active arterial (and occasionally venous) 
contrast extravasation appears as blush of con-
trast within or adjacent to solid organs or bowel, 
which should change its morphology and den-
sity on delayed images [57]. As these findings 

can be subtle, DECT can be used to increase 
conspicuity [60]. Subtle hyperattenuating foci 
can be more easily detected on iodine images or 
low-keV images.

A diagnostic dilemma occurs on a single-phase 
CT examination. In this setting, a single image 
demonstrating a hyperdense focus may represent 
contrast extravasation, vascular or gastrointesti-
nal, or other intrinsically hyperdense material. 
This is further complicated if the finding is seen 
in the vicinity of a comminuted fracture with 
osseous fragments or calcified atherosclerotic 
plaque potentially mimicking contrast extravasa-
tion. Dual-energy CT can be very helpful in this 
scenario, as review of VNE in conjunction with 
iodine images can help to differentiate between 
the two. Calcium will be present on both VNE 
and iodine images. However, extravasated con-
trast will only be seen on iodine images, and not 
on VNE images [60] (Fig. 3.11).

3.8.3	 �Musculoskeletal Injury

Fractures are commonly seen in the emergency 
setting. This is true even in the absence of 
trauma, given that elderly patients can present 
with insufficiency fractures. While displaced 
fractures are easily detected on conventional 
CT images, non-displaced and minimally dis-

a b

Fig. 3.9  40-year-old man brought to the emergency 
department after a motor vehicle collision. (a) Axial IV 
contrast-enhanced CT image through the abdomen at the 
level of the pancreas demonstrates heterogeneous enhance-

ment in the pancreatic head and neck (solid arrow), as well 
as hemoperitoneum and flattening of the inferior vena cava. 
(b) The iodine image confirms the presence of a laceration 
through the pancreatic neck (solid arrow)
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placed fractures can often be difficult to detect. 
In these patients, clinicians typically order MRI 
for detection of bone marrow edema [61]. While 
MRI is an excellent tool, it is relatively expen-
sive, time consuming, and sometimes techni-
cally difficult to perform in the inpatient setting. 
An alternative approach is to use DECT, which 
can be used to subtract calcium from the image. 
This process removes trabecular bone from the 
image, allowing bone marrow to be visualized. 
On the resulting virtual non-calcium images, 
hyperattenuation in the marrow represents 
marrow edema and/or hemorrhage [7, 10, 14]. 

Aside from detection, this technique can also 
be helpful for characterization of fractures. As 
previously suggested, elderly patients are often 
incidentally noted to have spinal compression 
fractures on CT examinations. In the absence 
of prior imaging examinations for comparison, 
these fractures are often interpreted as age inde-
terminate, leading clinicians to then order MRI 
or nuclear bone scan for further characteriza-
tion. As with fracture detection, DECT can be 
used in these patients to characterize the frac-
tures. In these patients, the presence of marrow 
edema or hemorrhage is consistent with acute 

a b

c

Fig. 3.10  46-year-old woman with known metastatic mela-
noma presents to the emergency department with abdominal 
pain. (a) Axial IV contrast-enhanced CT image demonstrat-
ing hypoattenuating material layering anterior to the liver 
(solid arrow). (b) On the corresponding VNE image, the col-

lection appears hyperattenuating (solid arrow), using the 
fluid seen in the stomach as an internal reference. (c) On the 
corresponding iodine image, there is no iodine uptake in the 
collection (solid arrow). This collection represents hemoperi-
toneum from hepatic melanoma metastases
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a b

c

Fig. 3.11  69-year-old man after endovascular abdominal 
aortic aneurysm repair with concern for endoleak. (a) 
Axial CT angiogram image clearly depicts two areas of 
hyperattenuation (arrows) within the aneurysm sac—a 
curvilinear structure on the right and an amorphous struc-
ture anteriorly. It is unclear whether these findings repre-
sent an endoleak or atherosclerotic calcification. (b) VNE 

image demonstrating the curvilinear structure in the right 
side of the aneurysm sac (arrow), but not the hyperattenu-
ating material anteriorly. (c) Iodine images demonstrate 
both areas of hyperattenuation. There is curvilinear calci-
fication along the right side of the aneurysm sac (arrow), 
and an endoleak anteriorly (open arrow)

to subacute fracture, while their absence sug-
gests chronicity.

�Conclusion

Dual-energy CT has a wide range of applica-
tions in diagnostic imaging in the emergency 
department. Familiarity with the role of DECT 
in the evaluation of the gallbladder, pancreas, 
kidneys, bowel, vasculature, and musculo-
skeletal system can enable timely and accu-
rate diagnoses while frequently eliminating 
the need for further diagnostic imaging 
workup.
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