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Abstract

Purpose of Review The clinical and research applications

of dual-energy computed tomography (DECT) are evolving

and exponentially growing. In this article, we focus on the

different applications of DECT for gastrointestinal (GI)

imaging. The basic principles of DECT are important to

understand its ability to differentiate tissues via application

of two energy spectra.

Recent Findings Different DECT techniques and scanners

currently used are discussed to highlight their advantages

and limitations for generating dual-energy datasets. The

advantage of generating virtual non-contrast, virtual

monoenergetic, and iodine overlay images will be descri-

bed for evaluation of bowel pathology, including inflam-

matory, vascular, and neoplastic conditions, as well as in

the setting of acute trauma.

Summary This review focuses on the applications of

DECT across wide range of GI pathologies throughout the

large and small bowel. With continuous research and fur-

ther development of this technology, the use of DECT in

imaging and evaluating the bowel holds a promising future.

Keywords Dual-energy CT � Bowel imaging � Bowel
ischemia � GI bleeding � Colon cancer � Bowel trauma

Introduction

Computed tomography (CT) plays an important role in the

evaluation of the abdomen and pelvis due to its universal

availability, high temporal and spatial resolution, and

scanning speed [1•]. CT conventionally utilizes a single,

polychromatic X-ray beam, which is defined by the highest

potential for photons in its spectrum, e.g., a 120 kVp (peak

kilovolt) beam would be one in which the X-ray beam

spectrum has the highest potential of 120 keV (kiloelec-

tronvolt). Dual-energy CT (DECT) is an evolving tech-

nology, which adds value to CT imaging, where the same

volume is imaged by two differing energy spectra [2]. The

purpose of this article is to review the basic principles,

technical approaches, and the applications of DECT in

small and large bowel pathology including inflammatory

conditions, primary and metastatic neoplasms, vascular

abnormalities, trauma, and appendicitis.

Technical Developments

Basic Principles of Dual-Energy CT

CT makes use of the fact that different tissues in the human

body interact in different ways with the photons in the

X-rays transmitted through the body. Interaction of bodily

tissues with photons results in Compton scatter and pho-

toelectric effect [1•, 2, 3]. Compton scattering occurs when

the incident X-ray photon ejects a weakly bound outer shell

electron [4]. Alternatively, photoelectric absorption occurs
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when the incident x-ray photon interacts with a tightly

bound inner (K-shell) electron. The photon is then com-

pletely absorbed, consequently ejecting the K-shell elec-

tron without resulting scattered radiation [4]. Photoelectric

interactions are dependent on the binding energy of the

K-shell electron, which is proportionate to the atomic

number (see Table 1) [4–6]. The likelihood of photoelec-

tric absorption increases as the energy of the incident

photon approaches the K-shell binding energy [5]. The ‘‘K-

edge’’ refers to the sharp rise in attenuation that is seen at

energy levels just above the K-shell binding energy

because photons with a greater energy than the K-shell

threshold are more likely to be absorbed [1•]. Conventional

CT uses a polychromatic X-ray beam, which is defined by

the highest potential for photons in its spectrum, e.g., a 120

kVp (peak kilovolt) beam would be one in which the X-ray

beam spectrum has the highest potential of 120 keV

(kiloelectronvolt). This single spectrum is used to charac-

terize the attenuation of body tissues to a certain degree.

Attenuation of any given tissue is different for different

X-ray spectra, however, for each tissue, there is a defined

relationship of attenuation behavior between the spectra.

DECT uses two X-ray spectra to generate its datasets

instead of the one X-ray spectrum of conventional CT.

Given the tissue-dependent relationship of attenuation in

the two X-ray spectra, DECT allows the differentiation of

materials such as calcium and iodine from soft tissues due

to their differences in K-edges and attenuation at different

energy levels [1•, 7].

Different Techniques of DECT

Consecutive Acquisition DECT

Two consecutive scans are performed, each with a specific

X-ray spectrum. This approach acquires two scans at fixed

energy spectra, for example, 140 and 80 kVp at the same

anatomic level [1•]. The advantage of this technique is the

full field of view and application of dose modulation in

both acquisitions. The main limitations with this technique

include the delay between the two separate acquisitions, for

example, at 80 and at 140-kVp, and asynchronous nature of

data acquisition [1•]. A more recently developed approach

to consecutive acquisition—also known as Slow kV

Switching—DECT uses two consecutive helical scans

taken at 80 and 140-kVp using a single-source CT system

[7]. The use of a non-rigid three-dimensional image reg-

istration process that registers each respective energy

dataset can correct for motion between the two acquisitions

[8].

Dual-Source DECT

Dual-source CT scanners use two X-ray tube-detector pairs

mounted nearly perpendicularly [1•]. Operating the two

X-ray tubes at different X-ray spectra allows for acquisi-

tion with minimal time delay at any given anatomical

location, resulting in close spatial registration [9]. A better

separation of the applied spectra results in a more robust

characterization of the different materials, improving dual-

energy interrogation [10]. A tin filter may be used at the

high-energy spectrum in some dual-source CT systems to

filter out the lower-energy photons, further improving the

spectral separation of the DECT acquisition. A limitation

of this technique is that the near perpendicular setup of the

two X-ray sources and detectors predisposes to cross-

scatter radiation [1•, 9].

Fast Voltage Switching DECT

This technique utilizes high-frequency, low-capacitance

generators. The single X-ray tube that switches voltages

during gantry rotation allows for faster data sampling

[11, 12]. There is virtually no time delay between the

acquisitions of the two different X-ray spectra for any

given anatomy, which could limit motion effects during

scanning [11].

The fast switching time between low- and high-energy

acquisitions results in rise and fall effects during the inte-

gration period thus, decreasing the spectral separation for a

given dataset [13]. Pseudostratified bowel wall artifact has

been reported with the use of rapid kV switching technique.

It refers to pseudopneumatosis, pseudohyperenhancement,

or pseudohypoenhancement and is commonly seen in the

jejunal segments on iodine density imaging [14].

Layer Detector DECT

Layer detector DECT uses a double-layer detector tech-

nology where the top layer contains zinc selenide (ZeSn) or

Table 1 K-edges of common elements: the figure from Nogueira

et al. outlines the K-edges and atomic numbers of elements common

seen on CT scans

Substance K-Edge (keV) Atomic number (Z)

Hydrogen 0.01 1

Carbon 0.28 6

Nitrogen 0.40 7

Calcium 4.00 20

Iodine 33.20 53

Barium 37.45 56

The K-edges of Hydrogen, Carbon, and Nitrogen are too low and

similar to each other to be differentiated using DECT. Calcium,

Iodine, and Barium, however, have K-edges that are appreciably

different from each other and importantly, these substances can be

well differentiated from soft tissues during dual-energy imaging [7]
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cesium iodide (CsI) and the bottom contains gadolinium

oxysulfide (Gd2O2S). This setup allows the collection of

dual-energy data via a single X-ray source CT acquisition

[15, 16]. The superficial layer absorbs low-energy photons

while the deeper one absorbs high-energy photons [16].

Limitations of layer detector DECT include poor soft

tissue contrast due to predominance of high-energy and

low-contrast projections over low-energy and high-contrast

projections and high radiation exposure [1•, 15, 16].

Dual-Energy CT Imaging Reconstruction Methods

Non-material-Specific Display

Non-material-specific display combines the data from low-

and high-energy images into a single dataset [1•]. It has the

advantage of exploiting the entire radiation dose spectrum

delivered during a DECT acquisition, which effectively

reduces noise [17]. These images are obtained using a

‘‘linear blending ratio’’ where a user-selected ratio between

the high- and low-energy acquisitions can reproduce the

image quality of a single-energy acquisition and can be

adjusted depending on the low/high-energy spectrum

combinations used to acquire the scan [17–19]. To maxi-

mize the contribution from high-contrast/low-energy data-

sets, new functions including binary blending, slope

blending, Gaussian-modified sigmoid, and piecewise

functions have been developed [20]. A limitation of this

method is that this display may present inaccuracies in

absolute CT numbers for attenuation measurements [1•].

Material-Specific Display

In material-specific display, substances are differentiated

based on their unique absorption of X-rays at different

energy levels due to the differences in their atomic number.

This enables labeling of materials and decomposition of the

images. The most commonly differentiated materials are

iodine, calcium, fat, and soft tissue [1•]. If chosen, intra-

venously administered contrast containing iodine can be

differentiated from soft tissue and fat, generating iodine

distribution maps or virtual non-contrast-enhanced (VNC)

images by subtracting it from the images. Evidence sug-

gests that VNC image quality is comparable to that of a

conventional non-enhanced acquisition; therefore VNC

images may obviate the need for true non-contrast phase

[21].

Energy-Specific Display

DECT allows the reconstruction of virtual monochromatic

images (VMIs) which are synthesized in either a projection

or image space domain. These images have relevant

clinical applications, including beam-hardening correction,

optimization of image quality, and metal artifact reduction

[1•].

VMI could also be used to improve contrast-to-noise

ratio (CNR). Early evidence has shown that optimum

iodine CNR is achieved within the 60–70 keV range and is

associated with the lowest amount of noise in VMI

reconstructions [19]; however, the bowel specifically has

been shown to be better assessed at the 40–50 keV range

despite the increase in background noise [22, 23]. Opti-

mized VMI may also improve image quality compared to

that of a conventional 120 kVp CT with a similar radiation

dose [19].

Dual-Energy ct in Imaging Gastrointestinal
Pathology

Special Contrasts Used in DECT

Positive enteric contrast material is of diagnostic value in

cases of suspected bowel leak and obstruction; however, it

suffers the disadvantage of obscuring the bowel wall

enhancement. On the other hand, neutral enteric contrast

facilitates the detection of abnormal bowel wall enhance-

ment but has a limited value in detection of bowel leak

[24]. A third type of contrast material has been investigated

in vivo as an enteric contrast that can be digitally sub-

tracted from intravenous iodinated contrast material

[25, 26].

At 80:140 kVP, the attenuation ratios of Bismuth,

Tantalum, and Tungsten are 1.3, 1.0, and 1.0, respectively,

compared to 1.7 for iodine. The significant difference in

attenuation ratios of both Tantalum and Tungsten (1.0)

relative to iodine (1.7) allows satisfactory digital subtrac-

tion of enteric tantalum and tungsten from iodinated bowel

wall in double-contrast DECT resulting in a significant

improvement of bowel wall assessment on iodine density

map of double-contrast DECT compared to double-contrast

conventional CT. In addition, these materials have a high

atomic number (Z) leading to an increase in attenuation on

70-keV VMIs that add to its value as a positive enteric

contrast [26].

Inflammatory Conditions

Inflammatory bowel disease (IBD) broadly defines acute or

chronic presentation affecting the GI tract; the two main

intestinal disorders being ulcerative colitis (UC) and

Crohn’s disease (CD). In UC, the inflammation is limited

to the large intestine and affects only the intestinal mucosa.

With CD however, inflammation may occur at any part

along the GI tract and is usually transmural in nature [27].
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CT imaging for inflammatory conditions can distinguish

the location and length of the inflamed segments, the extent of

bowel wall thickening, and the involvement of nearby soft

tissues [28•]. OnCTenterography, themost sensitive indicator

of active Crohn’s disease is mural hyperenhancement [29].

Studies evaluating the role of DECT in IBD have noted

unique advantages including its usefulness at highlighting

alterations in bowel wall enhancement patterns via iodine

imaging [28•]. Furthermore, iodine overlay images (IOIs)

serve as a marker of tissue contrast uptake and may be

more sensitive to subtle areas of bowel wall hyperen-

hancement compared to conventional CT images [30]. In

our experience, the active skip lesions of Crohn’s disease

can stand out against the spared bowel segments by using

low-keV VMIs that demonstrate the segments of mural

hyperenhancement with corresponding high iodine uptake

on IOIs. The degree of enhancement may be helpful to

differentiate between disease activity and focal stricture

with predominant fibrosis (Fig. 1).

In cases of acute appendicitis, CT has a diagnostic

accuracy rate of 93–98% [31]. Appendiceal diameter of

6–10 mm may be considered indeterminate as a single

parameter for diagnosis and should be interpreted along

with additional signs including appendiceal wall thicken-

ing, appendiceal wall hyperenhancement, appendicolith,

and periappendiceal fat stranding [32]. In cases of early

appendicitis, IOIs may be able to detect subtle wall

hyperenhancement even in the absence of periappendiceal

fat stranding [28•].

In our experience, these signs can be better illustrated on

DECT. Low-keV VMI facilitates detection of subtle mural

hyperenhancement of the appendix, and periappendiceal fat

stranding can be identified on IOIs. In some cases, it may

be difficult to differentiate oral contrast from a calcified

appendicolith at the base of the appendix, however; by

assessing VNC images, oral contrast can be subtracted

while an appendicolith would remain. The same principle

can be applied for differentiation of a subtle mural soft

tissue nodule from appendicolith by confirming iodine

uptake on iodine overlay images. In addition, VMIs may

also detect areas of early gangrene in the appendiceal wall,

which may help identify patients that may be at higher risk

for perforation.

Primary epiploic appendagitis results from torsion of

epiploic appendages, leading to ischemic infarction and

commonly appears as oval fat-density lesion abutting the

colonic wall surrounded by inflammatory changes [33].

From our observations, there is little to no iodine uptake by

the hyperattenuating rim or the inner fat density, repre-

senting an infarcted appendage, on IOIs, compared to mild

increase in iodine uptake in the surrounding inflamed fat

(Fig. 2).

Fig. 1 A 28-year-old male with

Crohn’s disease complaining of

worsening abdominal pain.

a Coronal VMI, b coronal IOI:

demonstrate the increased mural

enhancement with

corresponding increased iodine

density in active inflammatory

stricture with enterocolic fistula.

c Coronal VMI, d coronal IOI:

demonstrate less contrast

enhancement and decreased

iodine density in chronic fibrotic

stricture of the transverse colon/

splenic flexure and

pseudosacculation
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Evaluation of Bowel Neoplasms

Small Bowel

Primary cancer of the small intestine is quite uncommon.

For small bowel adenocarcinoma, the duodenum is the

most frequently involved segment while the ileum is the

commonest site for small bowel neuroendocrine tumor, and

lymphoma [34].

In cases of neuroendocrine tumor of the small bowel, it

is often difficult to identify the primary tumor on CT due to

its small size. It appears as a hypervascular polypoid or

plaque-like mural lesion which is generally\2 cm in size

[35]. In our experience, low-energy VMI especially at

(40 keV) and IOI improve detection of hypervascular

mural nodules such as neuroendocrine tumors, which

contributes to detection and localization of these tumors

(Fig. 3).

In a study by Shinya et al., Gastrointestinal stromal

tumor (GIST) and neuroendocrine tumors (NET) have

mean attenuation values significantly higher than those of

adenocarcinoma and lymphoma in the arterial and enteric

phases. Mean attenuation of GIST was 121.79 HU and for

NET was 123.95 HU at 120 kVp polychromatic conven-

tional CT [36•]. Future investigation may be directed to

assess the validity of considering iodine density as a dif-

ferentiating point between the different types of small

bowel tumors.

A recent study by Martin et al. demonstrates that the sig-

nal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) at

40-keV VMI reconstructions of DECT are significantly

higher than linearly blended images which simulate routine

single-energy 120-kV acquisition, contributing to better

diagnostic evaluation of tumors [37] (Fig. 4).

Large Bowel

Colorectal cancer is a common malignant tumor and

one of the leading causes of cancer related deaths in

North America, the most common type being adeno-

carcinoma [38]. Imaging with CT Colonography

(CTC) is considered a minimally invasive tool to

Fig. 2 A 59-year-old female

with left lower quadrant pain

(a) contrast-enhanced Axial CT

images demonstrate the classic

appearance of epiploic

appendagitis as a fat-density

lesion with a thin rim and

surrounding fat stranding,

(b) axial IOI demonstrates

higher iodine uptake of the

surrounding fat secondary to

inflammation and lack of iodine

uptake within the infarcted

epiploic appendage

Fig. 3 An 83-year-old man, with known case of carcinoid tumor of

the small bowel (a) mixed images (b) VMI & (c) IOI: with multifocal

hyperenhancing mucosal lesion of the small bowel (arrows) and

mesenteric calcified metastasis (dotted arrow): the multifocal mural

nodules of the primary tumor are more conspicuous on VMI and IOI

compared to the mixed images
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colonic evaluation [39]. Preoperative staging of col-

orectal cancer can be achieved by contrast-enhanced

CTC as an alternative to Optical Colonoscopy, due to

the accurate detection and localization of the tumor

with CTC [40, 41].

DECTC can be performed on the day of colonoscopy to

avoid repeated bowel cleansing. In patients with colon

cancer, a colonic polyp or mass can be differentiated from

other filling defects by the presence of contrast enhance-

ment. Therefore, an additional prone position in CTC may

not be required to differentiate between these two entities.

Furthermore, colonic adenomas and carcinomas can be

reliably discriminated from lipomas that have no signifi-

cant enhancement. However, carcinomas cannot be reliably

distinguished from adenomas due to similarity in

enhancement [42].

On IOIs, the colonic wall is outlined against the colonic

lumen and pericolic fat [43]. This allows detection of

tumor as a focal wall thickening with increased iodine

density and assesses tumor spread beyond the muscularis

propria [11, 44]. According to a recent study by Schaeffer

et al., evaluation of local tumor invasion (T1/T2 vs. T3/T4)

can be accurately performed with DECTC [42] (Fig. 5).

Quantitative iodine density measurement can discrimi-

nate between low- and high-grade colorectal carcinomas.

In a study by Gong et al. employing high-grade tumors

have Iodine density of 26.27 ± 3.10 mg/mL in venous

phase compared to iodine density of 21.90 ± 3.11 mg/mL

in low-grade tumors [39].

DECT is a promising tool in detection of metastatic

locoregional lymphadenopathy in patients with colorectal

cancer. In a recent study by Kato et al., the iodine con-

centrations of metastatic lymph nodes were significantly

lower than non-metastatic lymph nodes in both late arterial

and portovenous phases, with an iodine concentration of a

2.1 mg/ml serving as a discriminative cut-off value on the

portovenous phase [45].

Evaluation of GI bleeding

Gastrointestinal bleeding (GIB) is a common condition

associated with significant morbidity and mortality [46].

Fig. 4 A 68-year-old male with

history of resected sigmoid

cancer 4 years ago came into

ED with abdominal distension

(a–c) 40-keV VMI and IOI

clearly demonstrate a focal

stricture of the mid-ileum

(arrows) with upstream small

bowel dilatation, the appearance

is suggestive of malignant small

bowel obstruction secondary to

subserosal recurrent/metastatic

disease, d 18F-FDG PET/CT

scan demonstrates a

corresponding FDG avid uptake

of the soft tissue mass.

Histopathology revealed

submucosal mass with mucosal

ulceration consistent with

recurrent deposit of

adenocarcinoma of the colon
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Bleeding proximal to the ligament of Trietz is defined as

upper GIB, while bleeding from the small bowel distal to

the ligament of Trietz as well as from the colon and rectum

is referred to as lower GIB. Common causes of upper GIB

include mucosal erosions, peptic ulcers, tumors, inflam-

matory, or diverticular conditions, typically present with

hematemesis, melena, or coffee ground vomiting. On the

other hand, angiectasia/angiodysplasia, neoplasms,

inflammatory, or diverticular diseases are common causes

of lower GIB, frequently presenting with melena, hema-

tochezia, or rectal bleeding [47, 48]. Upper GI endoscopy,

capsule endoscopy, colonoscopy, radionuclide imaging,

and catheter angiography are commonly used methods of

investigation [46].

CT enterography is indicated in silent obscure lower

GIB allowing detection of small vascular lesions as a cause

of bleeding. The enhancing bowel wall lesions and active

bleeding are detected on a background of neutral enteric

contrast material. CT angiography is important for local-

ization of active bleeding in cases of massive bleeding as

endoscopic view is limited by excessive blood [47, 48].

The lower-energy spectrum of dual-energy CT provides

a contrast resolution within the vessels more than the

conventional CT technique, leading to reduction in the

required dose of the intravenous (IV) contrast media.

Calcium within the bone and calcified plaque can be dis-

tinguished from iodinated contrast material. This allows

automatic or semi-automatic subtraction of vascular cal-

cification from the enhancing vascular lumen [49, 50].

Similarly, iodine can be subtracted from the enhanced

dataset to generate VNC images obviating the need for

non-enhanced phase as a part of the traditional triphasic CT

protocol performed for cases of GIB. Therefore, the dual-

phase CT that includes arterial and a dual-energy portal

venous phase has a radiation dose less than that of tradi-

tional triphasic CT by 30% [1•, 51].

In cases of acute GIB, IOIs of DECT have been shown

to be more accurate than conventional CT due to its ability

to demonstrate subtle areas of enhancement and contrast

extravasation, as well as quantifying iodine in areas of

suspected bleeding [46] (Fig. 6).

Evaluation of Bowel Ischemia

The causes of small bowel ischemia include arterial

occlusion (60–70%), venous occlusion (5–10%), strangu-

lated bowel obstruction (10%), and low-flow states (20%)

[52]. The role of non-contrast CT is to assess atheroscle-

rotic calcification or bowel intramural hemorrhage, while

contrast-enhanced CT enables the detection of vascular

filling defects and can estimate ischemia severity [53].

The appearance of the bowel is variable according to the

cause and severity of ischemia. Arterial occlusion is

associated with abnormally thin bowel wall with decreased

enhancement but it could be thickened in reperfusion state.

On the other hand, bowel wall thickening with edema or

hemorrhage occurs with venous ischemia and strangulation

[52]. Other findings include mesenteric fat stranding with

free fluid confined to the territory of ischemia, pneumatosis

intestinalis, and portomesenteric venous gas [54].

Since the attenuation difference between perfused and

non-perfused tissues is accentuated at lower-energy level-

s, an ischemic bowel segment can be more easily distin-

guished from non-ischemic bowel on DECT. A recent

study by Potretzke et al. signifies that monoenergetic

imaging at 51 keV results in a two-fold increase in atten-

uation difference between perfused and ischemic bowels

when compared to conventional imaging at 120 kVp [55•].

IOIs augment the discrimination between ischemic and

perfused bowel segments [55•, 56•] (Fig. 7).

In cases of acute small bowel obstruction, conventional

polychromatic CT has a limited sensitivity to detect

ischemic non-viable segments. The most reliable sign for

detecting an ischemic segment is absent or diminished

enhancement of the bowel wall which is challenging to

identify on conventional polychromatic CT with confi-

dence. Low-energy VMI reconstructions (around

40–70 keV) have almost twice the contrast resolution

compared to polychromatic CT. However, owing to

increased noise and reduced spatial resolution, low-kV

Fig. 5 A 66-year-old male presented with signs of bowel obstruction.

Axial CT with IOI clearly demonstrates the extension of the

ascending colon adenocarcinoma (asterisk) to the pericolic fat,

visceral peritoneum (long arrow), and invading D2/D3 junction of the

duodenum (short arrow) that has been confirmed intraoperatively
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VMI reconstructions are best used as an additional helpful

tool rather than a replacement of conventional imaging

[57].

Intramural hemorrhage commonly involves a short

segment of small bowel and may even mimic a focal mass,

while a longer segment is usually affected in bowel

ischemia [58]. DECT with IOIs and VNC images can

differentiate intramural hemorrhage from contrast material

extravasation with a confidence higher than that of con-

ventional CT [59, 60]. This advantage can be further

employed in differentiating intramural hemorrhage of the

bowel from mural hyperenhancement that can be seen in

Fig. 6 An 87-year-old female

complaining of several days of

nausea and vomiting, as well as

abdominal pain. Axial CT

images after IV contrast only,

demonstrating the rectosigmid

colon and urinary bladder.

a Mixed image, b 40-keV VMI,

c 190-keV VMI, d IOI. In

addition to the extraluminal air

(arrow heads), there are foci of

active bleeding (thick arrows)

close to the site of perforation

images that is difficult to be

differentiated from the

hyperdense fecal material (thin

arrows) on mixed CT (a) with
40 Kev VMI (b) the
extravasated vascular contrast

has a higher attenuation

compared to the fecal material

while on 190 keV (c) the
contrast is subtracted. The

appearance is in keeping with

active bleeding that was further

confirmed by IOI (d). Perforated
stercoral ulcer with

bleeding was found

intraoperatively

Fig. 7 A 79-year-old male with

atrial fibrillation sudden onset

epigastric pain and tenderness.

a Coronal CT VMI; b coronal

IOI demonstrate cut-off of a

jejunal branch of the ileocolic

artery (long arrow) with

corresponding lack of

enhancement and decreased

iodine uptake of the ischemic

bowel segment (between short

arrows) compared to the

normally perfused bowel

(asterisks)
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bowel ischemia. In our experience, by subtracting iodine,

intramural hemorrhage remains hyperdense on VNC while

segmental hyperenhancement has a high iodine density on

IOIs and becomes iso- to hypointense on VNC images

depending on the degree of edema. In addition, hyperen-

hancing bowel wall demonstrates higher attenuation values

at low-kV VMI reconstructions, while intramural hemor-

rhage increases in attenuation at high-kV VMI recon-

structions (140 keV and greater).

Trauma

Computed tomography (CT) is the main diagnostic study in

assessment of the hemodynamically stable patient with

penetrating trauma to the abdomen or pelvis [61]. In such

cases, CT with both enteric and intravenous contrast mate-

rials is used to help in evaluation of bowel injury [62]. It may

be difficult in some cases to differentiate enteric contrast leak

due to bowel injury from intravenous contrast leak from

vascular injury, since they are similarly hyperdense. DECT

is unable to differentiate the currently used enteric contrast

and intravenous contrast materials as they have similar

attenuation ratios. In an experimental animal model study by

Mongan et al., DECT demonstrated a higher accuracy and a

greater confidence in distinguishing enteric Bismuth sub-

salicylate from vascular contrast when compared to con-

ventional CT. Newer contrast materials suitable for clinical

practice may be used in these challenging cases [63].

In blunt abdominal trauma, CT abdomen has an

important role in the detection of significant bowel and

mesenteric injuries that require surgical management. CT

signs that are specific for significant bowel and mesenteric

injuries include bowel wall defects; pneumoperitoneum,

pneumoretroperitoneum, and mesenteric free air; enteric

contrast leak; vascular contrast extravasation from mesen-

teric vessels; and diminished or loss of bowel wall

enhancement [64]. CT abdomen with arterial and portal

venous phases is essential to avoid errors in interpretation

of the traumatic findings [65]. The arterial phase helps

detect arterial injuries, specifically pseudoaneurysms and

arteriovenous fistulas, while the venous phase helps to

differentiate contained vascular injuries from active

bleeding [66]. In our institution, arterial and dual-energy

portal venous phases are performed as a routine protocol.

In addition, DECT delayed phase is performed only in

indicated cases.

With IOIs of DECT, the active extravasation is con-

spicuous and can be easily differentiated from osseous

fragments in cases of comminuted pelvic fractures or for-

eign bodies [67]. Diminished or loss of bowel wall

enhancement is one of the specific signs of significant

bowel injury [68] which can be well demonstrated on IOIs

[55•, 57].

Delayed phase is required to further evaluate injuries

identified on the portal venous phase [68]. Active bleeding

appears as persistent contrast spillage with an attenuation

value higher than that of the aorta on delayed images, while

pseudoaneurysms remain focal and follow the attenuation

of the aorta [69]. Delayed images are also helpful in dif-

ferentiating life-threatening massive arterial bleeds from

insidious low-flow venous bleeds [67]. In our experience,

delayed phase DECT with IOI can improve the detection of

slow flow venous bleeding that is not obvious on arterial

and portal venous phases. Accumulation of iodine within

the delayed images results in increased iodine density on

the delayed images (Fig. 8).

Fig. 8 A 39-year-old male after MVC, there was no active arterial

bleeding on arterial phases (not shown). a Coronal 5 min-delayed

mixed CT, b VMI, c IOI: demonstrate slowly accumulating contrast

(arrow) adjacent to mesenteric hematoma (dotted arrows). VMI and

IOI increase the diagnostic confidence of slowly accumulating venous

bleeding which can be easily differentiated from the adjacent

hematoma. A partial-thickness mesenteric laceration was repaired

intraoperatively
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Conclusions

The applications and scope of DECT continue to soar due to

ongoing innovations, which help discriminate between dif-

ferent materials and tissues. To date, DECT has demon-

strated a promising role in diagnosis of gastrointestinal

bleeding evidenced by improving imaging quality using

virtual non-contrast images and iodine overlay images,

respectively. In evaluation of bowel malignancy, DECT has

the potential to facilitate the detection and local staging of

colon cancer as well as the characterization of metastatic

regional lymph nodes. DECT can accentuate the hypoper-

fusion and hyperenhancement of the bowel wall relative to

normally enhancing bowel, which has been shown to

increase the diagnostic accuracy of inflammatory bowel

conditions and bowel ischemia, respectively. Severity of

traumatic bowel andmesenteric injuries can be assessedwith

high accuracy utilizing low-energy spectrum virtual

monoenergetic reconstructions and iodine overlay imaging.

Definition Attenuation Ratio of a material: X-ray atten-

uation coefficients at low versus high kVp (peak

kilovoltage).
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