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Abstract

Purpose of Review Dual-energy CT (DECT) is a recently

introduced computed tomography (CT) technique with the

ability to acquire data in multiple energies allowing

energy-based material separation based on energy-depen-

dent attenuation profiles of specific materials.

Recent Findings There are several clinical applications of

DECT that are relevant in pancreatic imaging which will

be reviewed in this article. Pathologies of the pancreas can

vary widely in their clinical significance and can be subtle

and difficult to detect. In this article, we review the current

literature on DECT in pancreatic imaging, specifically in

the evaluation of benign and malignant pathologic condi-

tions of the pancreas, including inflammatory, neoplastic,

and vascular disorders, as well as in the assessment of

traumatic injuries.

Summary This paper will review the clinical implementa-

tion and application of DECT in pancreatic imaging,

thereby allowing for improved detection and characteri-

zation of various pancreatic pathologies.

Keywords Dual-energy CT � Computed tomography �
Pancreas

Introduction

The pancreas is an exocrine and endocrine retroperitoneal

organ located in the anterior pararenal space. Due to its

deep location, detailed evaluation of pancreatic pathologies

is challenging with ultrasonography (US), especially in

large patients. Cross-sectional imaging such as multi-de-

tector computed tomography (MDCT) and magnetic reso-

nance imaging (MRI) have become cornerstone in imaging

evaluation of the pancreas. Advances in CT technology

with recent implementation of dual-energy CT (DECT) in

routine clinical practice enables increased lesion con-

spicuity and improved tissue characterization [1, 2•]. There

are many other advantages of DECT including the reduc-

tion of metallic artifacts, radiation dose and contrast vol-

ume reduction and, in some situations, the avoidance of the

acquisition of an unenhanced phase CT [3–7]. In most

situations, radiation doses of DECT are comparable to or

less than those of traditional single-energy CT [8].

Basic Principles and Physics of the DECT
and Postprocessing Techniques

Conventional CT images represent a cross-sectional map of

the X-ray attenuation of different tissues within a patient.

The measured CT voxel depends on its linear attenuation

coefficient which is not unique for any given material [2•,

9]. Two materials with similar attenuation coefficients

(e.g., iodine and calcium) can appear similar and therefore

are difficult to visualize separately on conventional single-

energy CT [10•]. DECT provides the unique ability to

differentiate materials that are similar in attenuation.

The fundamental principle of DECT is energy-depen-

dent attenuation of materials when exposed to two different
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photon energy levels due to different attenuation mecha-

nisms (Compton vs. Photoelectric effect) [11]. DECT uses

two X-ray beams with different energy levels (usually 80

or 100 kVp and 140 kVp) over the same anatomic region.

Acquisition of DECT can be done in multiple ways: Two

distinct X-ray sources and matching detector pairs at a

90-degree offset, with each source operating at a different

tube voltage (dual-source dual-energy); a single source-

detector pair with rapid switching between low and high

tube potential, and an X-ray source with constant tube

voltage with a dual-layer detector capable of differentiating

between low- and high-energy photons [2•].

DECT has a variety of postprocessing techniques.

DECT allows material decomposition on the basis of

energy-dependent attenuation profiles of specific materials.

Two datasets concurrently acquired from high- and low-

kVp X-ray spectra are processed to generate material-at-

tenuation images, including virtual noncontrast (VNC),

virtual monochromatic (VMC), and iodine-selective

imaging [2•, 10•].

Iodine-Selective Imaging

Dual-source dual-energy CT uses a three-material decom-

position algorithm based on the known X-ray absorption

properties of three materials (iodine, soft tissue, and fat for

most applications in the abdomen and pelvis) at low and

high X-ray energies [10•, 12–14]. The estimated contri-

bution of each material in a particular voxel is calculated

on the basis of its attenuation profile at different energy

levels. Iodine content can be color coded and visually

displayed on images as an iodine map. Alternatively, an

iodine overlay image can be generated which displays

iodine content superimposed on the gray-scale VNC image

for better anatomical visualization [15].

Virtual Noncontrast (VNC)

VNC images are generated by mathematical subtraction of

the iodine from contrast-enhanced images. VNC images

help to avoid a separate unenhanced acquisition while

enabling differentiation of iodine (contrast enhancement,

hemorrhage, active extravasation) from calcium or other

dense material. Studies have compared the VNC and

true noncontrast (TNC) images to calculate the potential

dose reduction and image quality [14, 16]. In a study of 51

patients with known or suspected pancreatic masses, the

authors have found no significant differences in image

quality and image noise of VNC and TNC images while

achieving significant mean radiation dose reduction by

omitting acquisition of an unenhanced scan [17]. In

another study of 44 patients with focal pancreatic disease,

more than 90% of VNC cases were reported acceptable in

replacing TNC images [18]. Some studies have found

similar Hounsfield units in VNC compared to TNC images

with a decrease in image noise and satisfactory edge

sharpness with VNC images [19].

Virtual Monochromatic (VMC)

VMC imaging simulates CT acquisitions at different sim-

ulated X-ray energies (keV). With the attenuation charac-

teristics of tissues at two different polychromatic energy

spectra, simulated VMC images can be created as if they

were acquired using an X-ray beam composed of a single

energy value [20]. Images created with energies around

70 keV are similar to those commonly acquired with sin-

gle-energy CT at 120 kVp. VMC images provide improved

image quality with less image noise. Significant accentu-

ation of contrast enhancement can be achieved by choosing

an energy level close to the k-edge of iodine. Different

studies have demonstrated higher contrast of pancreatic

adenocarcinoma with surrounding parenchyma at low

X-ray energies around 50–60 keV resulting in increased

tumor conspicuity, which allows early detection of smaller

tumors [21, 22].

CT Imaging Protocol

Conventional pancreatic imaging CT protocol includes

both an arterial or pancreatic phase (35–40 s delay) and a

portal venous phase (60–70 s delay) [23]. Optimal

enhancement of the pancreas occurs at 35–40 s due to the

blood supply from the celiac artery branches and the pan-

creatic phase has the highest contrast-to-noise ratio show-

ing optimal contrast between normal pancreatic tissue and

lesions. Arterial or pancreatic phase is also added for pre-

surgical vascular evaluation and for investigation of neu-

roendocrine tumors. A commonly utilized DECT pancre-

atic imaging protocol includes the dual-energy acquisition

of the arterial or pancreatic phase, without a true unen-

hanced phase acquisition; however, some institutions

acquire both arterial or pancreatic and portal venous phases

with DECT [23, 24].

DECT Applications in Pancreatic Imaging

Pancreatitis

Imaging is generally considered unnecessary in cases of

mild acute pancreatitis. Imaging is usually needed to detect

causes of pancreatitis such as gallstones. Cross-sectional

imaging, in particular CT, is useful in the setting of com-

plications such as necrosis, pseudocysts, hemorrhage,
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vascular complications, and infectious complications like

gangrenous pancreatitis. DECT VNC imaging can help in

increasing the conspicuity of pancreatic and peripancreatic

hemorrhage and differentiating it from normal pancreatic

parenchyma (Fig. 1). DECT with VMC is useful to

increase conspicuity of noncalcified gallstones compared

with conventional CT imaging [25, 26]. By enhancing

contrast enhancement, DECT low-energy VMC imaging

improves CNR between the necrotic area and normal

pancreas and helps in improved subjective assess-

ment of acute necrotizing pancreatitis [27, 28] (Fig. 2).

Trauma

Blunt pancreatic trauma is an uncommon injury with high

morbidity and mortality. Peak pancreatic enhancement

occurs earlier than typical portal venous phase imaging

used in most trauma protocols posing a particular challenge

in diagnosing pancreatic injury [15]. Management of pan-

creatic injury is largely dependent on determination of the

pancreatic ductal involvement, which usually requires

surgical intervention. Recent studies suggest that MDCT

has high sensitivity (more than 90%) in diagnosing pan-

creatic ductal injury [29, 30]. To the best of our knowledge,

there is no literature directly comparing DECT versus

conventional CT in pancreatic trauma; however, the ability

of DECT to better visualize hypodense pancreatic lesions

with increased CNR can be applied to detecting pancreatic

lacerations (lake of iodine content on an iodine overlay

image) (Fig. 3). By analyzing VNC and iodine overlay

images side-by-side, DECT allows differentiation of cal-

cium from enhancement (vascular leak or pseudoaneurysm

in cases of trauma) without the need of a true noncontrast

phase. Unlike iodine, calcium remains visible on both VNC

and iodine-selective images. Also DECT helps in the

detection and characterization of active vascular extrava-

sation and pseudoaneurysms in traumatic injuries.

Pancreatic Cancer

Majority of the focal pancreatic lesions are mildly hypo-

dense to isodense to the surrounding pancreatic

Fig. 1 60-year-old man with

pancreatitis. a Axial DE CT

‘‘mixed’’ image (combination of

low- and high-kilovolt peak

images and simulates a

traditional 120-kVp image)

showing a fluid density lesion in

the neck of the pancreas with no

iodine uptake on an iodine

overlay image (b) consistent
with a small pancreatic

pseudocyst (arrows). Patient

again presents to the emergency

department after 2 weeks with

complaints of sudden onset of

abdominal pain. c Axial DE CT

‘‘mixed’’ image (combination of

low- and high-kilovolt peak

images and simulates a

traditional 120-kVp image)

showing hyperdense lesion in

the neck of pancreas that could

represent enhancement or

hematoma (arrow). d, e This

lesion remains hyperattenuating

on an axial VNC image (d) and
contains no iodine content on an

iodine overlay image (e), which
confirms that it represents a

hematoma (hemorrhage into the

pseudocyst)
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parenchyma on CT, limiting early detection of smaller

lesions. Pancreatic ductal adenocarcinoma (PDAC) is

characterized by relatively late onset of clinical symptoms

and rapid growth pattern making early diagnosis extremely

important for improving survival rates. PDAC is mostly

hypovascular, associated with desmoplastic reaction and

causes pancreatic duct obstruction with upstream ductal

dilatation and parenchymal atrophy. As the pancreas lacks

a true capsule, PDAC can extensively infiltrate the adjacent

retroperitoneal structures with propensity for vascular

invasion making majority of the cases surgically inoperable

at the time of diagnosis.

DECT iodine-selective imaging and low-kVp VMC

imaging increase the conspicuity of iodine content which

enables easier detection and better characterization of

pancreatic lesions which are often subtle and difficult to

detect on conventional CT [31]. For pancreatic mass

evaluation, use of a single image-based VMC reconstruc-

tion (around 45–55 keV) has shown improved objec-

tive image quality and reader preference compared

to routine images with significantly higher contrast-to-

Fig. 2 Dual-energy imaging in pancreatitis. a, b 46-year-old man

with necrotizing pancreatitis. Coronal arterial phase DE CT ‘‘mixed’’

image (a) and iodine color map (b) showing edematous pancreas with

peripancreatic stranding (arrowheads in a). There is hypoattenuated

area in pancreatic neck and proximal body (arrow in a) with lack of

iodine on color map (arrow in b), consistent with pancreatic necrosis.

c, d 45-year-old man with pancreatitis. Coronal arterial phase DE CT

‘‘mixed’’ image (a) and iodine color map (b) showing bulky pancreas

with peripancreatic edema consistent with pancreatitis (arrows in a).
As compared to the above case, there is relative preservation of

pancreatic parenchymal enhancement without definite areas of

necrosis

Fig. 3 Pancreatic laceration in a 19-year-old man after a motor

vehicle collision. a Coronal DE CT mixed image shows edema

involving neck of the pancreas and ill-defined peripancreatic fluid

(arrow). b There is complete lack of contrast in the region of the neck

of the pancreas on corresponding coronal iodine overlay image

(arrow) consistent with pancreatic transection
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noise ratio [31, 32] (Fig. 4). Another approach is to use a

non-linear blending technique (low HU values derived

mostly from the high kVp dataset and the high HU values

derived mostly from the low-kVp dataset) to increase

tumor to the pancreas CNR [33]. DECT is also helpful in

the assessment of vascular invasion by augmenting iodine

enhancement on low-keV VM images and iodine maps.

Improved contrast resolution enables better delineation

of the lesion margins and assessment of vascular invasion,

peripancreatic spread, and regional and distant metastases.

Fig. 4 Pancreatic ductal

adenocarcinoma in a 65-year-

old man presented with left-

sided abdominal pain. a Axial

DE CT ‘‘mixed’’ image showing

fat stranding and edema near tail

of pancreas (arrow) and

pancreatic ductal dilatation

(arrowheads). b, c Axial

postprocessed monoenergetic

50-keV CT image shows

improved conspicuity of lesion

relative to background

parenchyma (arrow in b),
compared with the

postprocessed monoenergetic

120-keV CT image (arrow in c).
d Coronal T2-weighted fat-

suppressed 3D magnetic

resonance

cholangiopancreatography

(MRCP) image showing abrupt

cut-off of the pancreatic duct

(arrow). e Axial gadolinium-

enhanced T1-weighted MR

image showing the ill-defined

enhancing mass in the neck of

the pancreas. Surgical resection

was performed and

histopathologic analysis

revealed adenocarcinoma
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Studies have demonstrated increased lesion conspicu-

ity for small PDAC using DECT [32, 34, 35]. In a retro-

spective study of 46 patients with small (\ 3 cm) PDACs,

the authors found very high reader interpretive agreement

with DECT simulated monoenergetic and iodine material

density (MD) images [34]. DECT has shown potential in

improving detection and characterization of benign and

malignant hepatic lesions includingmetastases [36] (Fig. 5).

One of the newer promising applications of DECT in

pancreatic imaging is CT perfusion. Recent studies have

demonstrated potential of DECT perfusion in improving

delineation of PDAC [37–39]. However, it is important to

note that available data on DECT perfusion is still at pre-

liminary stages and further studies and technical

improvements are needed to establish its role in routine

clinical practice.

Cystic Pancreatic Lesions

DECT is helpful in determining the complexity of cystic

masses [18]. In a study of 44 patients with focal pancreatic

disease, the authors found usefulness of the iodine maps

in the determination of the cystic or solid nature of a

lesion and improved lesion conspicuity and assessment of

the pancreatic duct to adjacent vascular structures in 50%

of cases. Also high level of acceptance (90.9%) of the

VNC images in replacing TNC images was observed with

significantly lower image noise with VNC images [18].

Studies have demonstrated the role of DECT in differ-

entiating between serous oligocystic adenomas and

mucinous cystic neoplasms [40, 41]. VNC and iodine

maps helps in identifying the hemorrhage within the

tumor (Fig. 6).

Fig. 5 Pancreatic neuroendocrine tumor in a 62-year-old man with

hepatic metastases. a Coronal arterial phase DE CT ‘‘mixed’’ image

showing well-defined solid-enhancing mass in the head of pancreas

and subtle arterial enhancing lesion in the left lobe of the liver (arrow)

concerning for metastasis. The same lesion is more conspicuous on

the coronal iodine overlay image (b)

Fig. 6 Pancreatic solid

pseudopapillary epithelial

neoplasm in a 21-year-old

woman. a Axial DE CT

‘‘mixed’’ image showing a well-

defined heterogeneous mass

lesion in the tail of the pancreas

(arrow). b Iodine overlay

images demonstrate hemorrhage

within the lesion with

significant iodine uptake. c,
d Axial unenhanced T1-

weighted MR image

(c) showing well-defined

heterogeneous hyperintense

mass with corresponding areas

of hypointensity on unenhanced

axial fat-suppressed T2-

weighted image (d) confirming

hemorrhage within the lesion
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Other Pancreatic Masses and Tumor Mimics

DECT is useful in differentiating an intrapancreatic

accessory spleen from hypervascular malignancies. Other

potential applications of DECT include the evaluation of

enhancement in neuroendocrine tumors [42, 43] (Fig. 5)

and differentiation between chronic mass-forming pancre-

atitis and pancreatic adenocarcinoma. Chronic mass-

forming pancreatitis presents as focal pancreatic enlarge-

ment and mimics PDAC on CT and even on histopathol-

ogy. DECT with Iodine images have shown promise in this

setting with a retrospective study of 35 patients with either

chronic mass-forming pancreatitis or PDAC, showing a

significantly higher iodine concentration in chronic mass-

forming pancreatitis compared with PDAC [44].

Radiation and Contrast Dose

A common misconception with DECT is that there is

increased radiation dose due to both low- and high-energy

image acquisition. However, studies have shown that dual-

energy acquisition does not increase the radia-

tion dose in abdominal DSCT, while the third-genera-

tion DSCT shows improved dose efficiency compared to

second-generation DSCT [4]. With the elimination of true

noncontrast phase, DECT enables dose reduction by

avoiding multiple scan phases and also at the same time

decreasing contrast usage. In a study of 60 patients who

were imaged for suspected or known pancreatic lesions

comparing three-phase MDCT acquisition to a single portal

venous phase DECT acquisition, the authors have observed

up to 57% radiation dose reduction by replacing a TNC

with a VNC [45].

Limitations of DECT and Artifacts

Field of view (FOV) of the first and the second-generation

dual-source CT scanners is limited to 26 and 33 cm in

diameter, respectively, resulting in truncation of the dual-

energy acquisition at the periphery of the abdomen, thereby

limiting its role in larger patients. However, due to further

increase in FOV in the third-generation dual-source CT

scanners up to 50 cm, FOV limitation is generally not an

issue [23].

Another limitation of single-source DECT is suboptimal

image quality in large patients or in regions of metallic

hardware such as a hip prosthesis because of poor pene-

tration of the low-energy X-rays. Low-tube-voltage

(80 kVp) DECT images are associated with increased

image noise in larger patients. Workflow requirements of

dual-energy CT postprocessing also remains a significant

challenge to routine clinical implementation.

Conclusion

Recent advances in DECT have expanded the potential for

assessment of various pancreatic pathologies. DECT offers

many advantages over conventional CT in pancreatic

imaging with ongoing technical advances improving on

some limitations of earlier generation DECT scanners.

Low-KeV monochromatic images and iodine maps

improve tissue contrast with increased conspicuity of focal

pancreatic lesions and aid in the detection of smaller

pancreatic tumors. By eliminating the need of a true non-

contrast phase, DECT VNC enables reduction in the radi-

ation dose to the patient. DECT is helpful to reduce

contrast media dose by selecting low-energy VMC.
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