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Abstract

Dual energy CT (DECT) is a technology that is gaining widespread acceptance, particularly for its abdominopelvic 

applications. Pancreatic pathologies are an ideal application for the many advantages offered by dual energy 

post-processing. This article reviews the current literature on dual energy CT pancreatic imaging, specifically in the 

evaluation of pancreatic adenocarcinoma, other solid and cystic pancreatic neoplasms, and pancreatitis. The advan-

tages in characterization and quantification of enhancement, detection of subtle lesions, and potential reduction of 

imaging phases and contrast usage are reviewed. We also discuss directions for future research, and the ideal use 

of dual energy CT in routine clinical practice.

Cite this article as:
George E, Wortman JR, Fulwadhva UP, Uyeda JW, Sodickson AD. Dual energy CT applications in pancreatic pathologies. Br J Radiol 2017; 
90: 20170411.

https://​doi.​org/​10.​1259/​bjr.​20170411

Review Article

Dual energy CT applications in pancreatic pathologies

Elizabeth George, MD, Jeremy R Wortman, MD, Urvi P Fulwadhva, MD, Jennifer W Uyeda, MD and 
Aaron D Sodickson, MD, PhD

Department of Radiology, Division of Emergency Radiology, Brigham and Women’s Hospital and Harvard Medical School, Boston, MA, 
USA

Address correspondence to: Dr Elizabeth George 
E-mail: ​egeorge6@​partners.​org

Introduction
The principle of dual energy CT (DECT), although envi-
sioned in the 1970s, was not clinically applicable at that 
time due to technical limitations in scan time, slice thick-
ness and the need for two separate acquisitions with the 
associated patient motion artefact and dose.1–3 Advances 
in CT technology have overcome these limitations, 
making DECT a clinical reality. There is growing litera-
ture on the various applications of DECT, predominantly 
for abdominopelvic applications, showing potential for 
increased lesion conspicuity and improved tissue/mate-
rial characterization.4 Among the many other reported 
advantages include reduction of metallic artefacts,5 
number of phases of acquisition,6 volume of contrast 
used,7 and need for follow-up imaging.8

DECT has many promising applications in pancre-
atic imaging. Pancreatic pathologies are of great clin-
ical significance, and yet are often subtle and difficult 
to detect on conventional CT. Many pancreatic lesions 
are detected incidentally during CT imaging for other 
reasons.9 Furthermore, many pancreatic lesions are 
incompletely characterized on a conventional single 
portal venous phase acquisition and additional dedicated 
pancreatic CT and/or MRI are often necessary.10 This 
presents an optimal target for application of dual energy 
technology to enable easier detection and better charac-
terization of pancreatic pathology. This article reviews 
the current literature on the application of DECT for 

pancreatic pathologies and provides directions for future  
research.

Dual Energy CT Basic Principles
Rather than imaging with a single polychromatic spectrum, 
DECT acquires data from two different X-ray spectra, gener-
ally low energy at 80 or 100  kVp and high energy at 140  kVp. 
CT-based material decomposition exploits the differences in 
X-ray absorption of materials as a function of X-ray energy; 
this allows materials with differential X-ray absorption at high 
and low kVp (e.g. calcium, iodine) to be directly quantified 
within images, or removed in post-processing. DECT can be 
acquired in multiple ways; two different X-ray tube sources 
and matching detector arrays at an approximately 90-degree 
offset that generate different energy beams (dual-source 
dual-energy); a single X-ray source that rapidly switches 
kVp to acquire two datasets near-simultaneously in inter-
leaved projections; and a single X-ray source with a dual-
layer detector that preferentially absorbs low and high energy 
X-rays in the surface and deep layers, respectively. Each 
method has distinct advantages and challenges.11,12 Each 
system also employs slightly different dual energy post-pro-
cessing techniques: dual-source DECT utilizes image-do-
main-based three-material decomposition (generally fat, 
soft tissue and iodine for abdominal applications and fat, soft 
tissue and calcium for osseous applications), while the rapid 
kVp switching and dual-layer detector approaches typically 
work in the projection domain using two material decompo-
sition to create material density images.
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Figure 1. A 45-year-old male with pancreatic adenocarcinoma. The “mixed” image (a) is a blended image that combines the low 

and high kVp datasets, to simulate a traditional 120  kVp image. Dual energy post-processing enables creation of VNC (b), iodine 

overlay (c) and VM images (d) shown here in the axial plane. Attenuation at various monoenergetic energy levels can be presented 

in a graphical format (e), displaying the expected CT attenuation values (y-axis) at varied X-ray energies in keV (x-axis), for the 

region of interest in the pancreatic tail (d). VM, virtual monoenergetic; VNC, virtual non-contrast.

Figure 2. A 45-year-old male with pancreatic adenocarcinoma status post-stent placement (same patient as in Figure 1). Axial 

VNC (a) and TNC (b, 120  kVp) images acquired within 10 days demonstrate similar pancreatic attenuation. The VNC image 

demonstrates slightly increased noise when compared with the TNC image. TNC, true non-contrast; VNC, virtual non-contrast.

Dual Energy CT in Pancreatic Imaging: 
Post-processing Techniques
Regardless of the variations in post-processing techniques 
between vendors, each method enables creation of virtual 
non-contrast (VNC) and virtual monoenergetic (VM) images, 
as well as the assessment of enhancement through iodine maps.

Iodine selective imaging
Material decomposition-based iodine extraction enables gener-
ation of both VNC and iodine selective images (iodine overlay 
or iodine maps) from a dual energy acquisition (Figure 1). The 
VNC images offer the opportunity to avoid a separate non-con-
trast acquisition, while enabling differentiation of contrast from 
calcium or other dense material (ingested, iatrogenic or other 
foreign material). Iodine selective imaging can be displayed 
differently on specific post-processing softwares and enable both 
subjective and quantitative (both absolute and relative) determi-
nation of enhancement.

Although non-contrast imaging plays a small role in pancreatic 
imaging, there are many studies that have examined the image 
quality of VNC images in evaluating the pancreas and for other 

abdominal applications. VNC images created from a dual energy 
acquisition for pancreatic applications have been reported to 
have excellent image quality, with some studies reporting iden-
tical image quality to true non-contrast (TNC) imaging,13,14 and 
others reporting slightly inferior image quality15 (Figure 2). De 
Cecco et al in a study of 111 patients attributed this slightly infe-
rior subjective image quality to blurred organ margins, likely 
due to imperfect fusion of the two image datasets.15 However, 
all VNC images were considered acceptable as replacement for 
TNC images by both readers in this study.15 Using the same dual 
energy system, Kaufman et al reported similar objective edge 
sharpness for VNC and TNC images.16 Despite possible small 
differences in image quality, VNC images have been reported 
to be completely acceptable in ~91% cases.14 Some studies have 
reported a decrease in image noise with VNC images,13,16 which 
may be secondary to image filtering and post-processing that 
work to “smooth” the data.6,14,17

Good correlation has been reported between pancreatic HU 
measurements from TNC and VNC images;16,18 the difference 
in HU although statistically different in the study by Kaufman et 
al was in the range of 1–5 HU15,16 (Figure 2). These differences 
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Figure 3. A 38-year-old male presenting with abdominal pain. Oblique coronal image demonstrates an ill-defined hypodensity in 

the pancreatic tail (a). The difference in enhancement relative to the pancreatic body is accentuated by the use of iodine overlay 

(b) and virtual monoenergetic imaging at 50  keV (c).

in pancreatic attenuation are small and within the range of vari-
ability in enhancement reported within the pancreatic paren-
chyma (head to tail; 2–31 HU (3–34%), and 24% variation in 
iodine concentration).19

Virtual monoenergetic imaging
Knowledge of the attenuation characteristics of tissues using two 
different polychromatic energy spectra also allows for creation 
of virtual monochromatic images at multiple simulated energy 
levels. These images enable accentuation of contrast enhance-
ment by choosing an energy level close to the k-edge of iodine. 
The tissue attenuation across different energy levels can also be 
represented in a graphical format (Figure 1) for easy comparison 
of tissue properties and/or iodine content.

For general abdominal applications, VM images at 70  keV have 
been shown to have better objective and subjective image quality 
than 120  kVp images.20 A lower energy level is often used for 
pancreatic applications with most of the reported studies using 
50–70  keV VM images as the optimal energy for pancreatic 
imaging, as these lower energy levels accentuate subtle differ-
ence in iodine contrast enhancement (Figure 3).21 When using 
a weight-based reduced contrast injection (average 37% contrast 
volume reduction), VM images at 52  keV were nonetheless 
found to have higher mean pancreatic parenchymal attenua-
tion compared with conventional contrast volume at 120  kVp, 
without a change in CNR or image quality.7

Dose Reduction
Conventional dedicated pancreatic imaging with CT commonly 
includes both a pancreatic phase (35–45 s, for better lesion 
conspicuity) and portal venous phase (60–70 s), while an arterial 

phase is often added for pre-surgical vascular evaluation.22,23 
When bolus tracking is employed, pancreatic phase imaging can 
be acquired using a 100 HU threshold in the descending aorta 
and a 35 s diagnostic delay.24 Dual energy CT demonstrates 
potential in pancreatic imaging by enabling generation of VM 
low keV images to enhance contrast and iodine overlay images to 
better characterize enhancement from a single phase acquisition. 
This allows for potential dose reduction by avoiding multiple 
scan phases, and may also be used to decrease contrast usage.13,25 
Potential radiation dose reduction on the order of 14–27% has 
been reported with omission of a noncontrast acquisition for 
abdominopelvic imaging,6,13–15 although this has limited appli-
cations in pancreatic imaging. In one study, a 57% radiation 
dose savings was observed by replacing a TNC with a “dose-free” 
VNC, and replacing a pancreatic phase acquisition with the high 
contrast 100  kVp half of the dual  energy portal venous phase 
acquisition, thus reducing a three-phase acquisition to a single 
portal venous phase acquisition.26

Pancreatic Lesion Detection and 
Characterization
A large proportion of focal pancreatic lesions are slightly hypo- 
to isodense to the pancreas on CT, rendering detection diffi-
cult. A large body of research has assessed the utility of low keV 
VM images in the diagnosis and characterization of pancreatic 
lesions. As would be expected, a higher contrast to noise ratio 
(CNR) of lesions has been reported at 55  keV monochromatic 
images compared with routine 120 kVp images with subjective 
reader preference of lower keV images in 70.1–95.8% cases for 
pancreatic applications.27 Of note, in this study there was no 
difference noted in subjective lesion sharpness or visualization 
of internal structures.27 Another approach is to use differential 
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weighting of the two acquisitions with an equal weighting of the 
high and low kVp acquisitions preferred for image quality, but 
a low-kVp weighted image being better for lesion conspicuity.14 
He et al has also reported a non-linear blending technique with 
the low HU values derived mostly from the high kVp dataset and 
the high HU values derived mostly from the low kVp dataset24 
for optimal CNR of pancreatic lesions. This is likely reflec-
tive of a combination of the optimal contrast achieved at low 
kVp with the optimal low noise of a high kVp dataset. Higher 
attenuation difference between focal pancreatic lesions and the 
parenchyma has been noted at 52  keV, even using a 37% average 
lower contrast dose, as compared with 120  kVp.7 A dual ener-
gy-based approach (VNC and 100 kVp images acquired in portal 
venous phase replacing the TNC and 120  kVp pancreatic phase, 
in addition to the fused 120  kVp portal venous phase for both 
approaches) has been demonstrated to have sufficient image 
quality, similar diagnostic accuracy and better diagnostic confi-
dence26 for pancreatic lesions.

Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma is characteristically hypovascular 
due to associated desmoplasia and fibrosis.25 Many studies have 
specifically evaluated imaging of pancreatic adenocarcinoma 
with DECT. Early studies on pancreatic adenocarcinoma showed 
that images from the low energy (80 or 100  kVp) portion of the 
DECT acquisition had higher attenuation differences relative 
to normal parenchyma,26 higher CNR and subjectively better 
tumour conspicuity and duct visualization compared with the 
140  kVp or weighted average 120  kVp images,28,29 although 
increased image noise was noted in the low kVp images.

Many studies have evaluated VM imaging in pancreatic 
tumour evaluation. Early studies showed that the energy 
level for optimal  CNR and signal to noise ratio was 50–74  
keV in the pancreatic phase of acquisition24,30 (Figure  3). 
Some studies have demonstrated 70 keV to be qualitatively 
best31,32 to identify tumour extension and vascular inva-
sion, with more than half of the 50 keV and 60 keV images 
rated poor to markedly limited.31 However, novel noise-op-
timized monoenergetic reconstruction algorithms are now 
available to reduce the noise previously observed at lower keV. 
Using these algorithms, peak CNR is achieved at 40  keV and  
55–65  keV is preferred for overall image quality.33,34 In another 
study employing DECT in both pancreatic and portal venous 
phases, the CNR was highest at 61–74  keV for the pancreatic 
phase and 68–86 keV for the portal venous phase, which was 
higher than the CNR for the corresponding weighted average 
120  kVp equivalent images.35 Within the optimal monoener-
getic images, the pancreatic phase had higher CNR compared 
with the portal venous phase.35 Similarly, Yin et al, while 
reconstructing VM images at 10 keV increments, reported 
a higher CNR for pancreatic adenocarcinoma at 40–70  keV 
in arterial and portal venous phases36 when compared with  
80–140  keV. Moreover, iodine material density images have 
been demonstrated to have the highest SNR and CNR compared 
with both monochromatic and conventional 120 kVp images for 
pancreatic adenocarcinoma and have also been rated qualitatively 
best for primary tumour visualization and reader confidence.31,32 

The iodine-only images have been shown to add value in ~50% 
cases of pancreatic tumour,14 with reported reasons including 
more reliable determination of solid vs cystic nature, better lesion 
conspicuity, and evaluation of the relationship of pancreatic duct to  
adjacent vessels.14

Furthermore, comparison of tumour dimensions on low keV 
and iodine map images to polychromatic 140  kVp images 
have yielded similar values.21 Beyond detection and measure-
ment of adenocarcinoma, DECT also offers potential advan-
tages in assessment of vascular invasion by augmenting 
vascular enhancement using low keV VM images (Figure 4).37 
In addition, dual energy-based metal reduction algorithms 
could also help reduce artefact around surgical clips or bile  
duct stents.38

Pancreatic adenocarcinomas are known to demonstrate low 
blood flow and blood volume relative to the normal pancre-
atic parenchyma on perfusion imaging.35 Perfusion imaging is 
also feasible with dual energy CT19 with the mixed 120  kVp 
images demonstrating smaller standard deviations in perfu-
sion values compared with 80 and 140  kVp source images.39 
Moreover, acceptable-to good correlation (correlation coef-
ficient of 0.56 and 0.89 for normal pancreas and pancreatic 
adenocarcinoma, respectively) has been found between perfu-
sion values from a dynamic acquisition and iodine concentra-
tion derived from a single dual energy acquisition at 32 s from  
contrast injection.40

It is important to note that despite improvements in image quality 
and diagnostic confidence demonstrated with DECT, there is no 
proven increase in tumour detection with application of low 
kVp or low keV VM images.26,29 Further research is needed to 
determine if low kVp or keV imaging can truly improve lesion 
detection.

Another demonstrated benefit of DECT is in the differentia-
tion of adenocarcinoma from chronic mass-forming pancre-
atitis. These two entities are challenging to distinguish even 
on histopathology, and the reported incidence of chronic 
inflammatory disease in patients undergoing Whipple proce-
dure for clinically suspected pancreatic cancer is up to 13%.41 
An area under the receiver operating curve in the range of 
0.97–0.98 has been reported to differentiate between these 
pathologies by using the lesion iodine concentration normal-
ized to the iodine concentration in the aorta, and the K slope 
of the monoenergetic CT values defined as |CT(90 keV) − CT(40 

keV)|/50.36 The normalized iodine concentration and K slope 
were higher for chronic mass-forming pancreatitis compared 
with adenocarcinoma on both arterial and portal venous 
phase images (mean NIC 0.26 vs 0.07 on arterial phase and 
0.53 vs 0.28 on portal venous phase; mean K slope 3.27 vs 1.35 
on arterial phase and 3.7 vs 2.16 on portal venous phase)36  
(Figures 5 and 6).

Cystic pancreatic lesions
Cystic pancreatic lesions are an often encountered pancre-
atic pathology. VM imaging and iodine maps may better 
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demonstrate the complexity of cystic masses14,38 (Figures 7–9). 
Chu et al, while assessing 44 patients with focal pancreatic 
disease, found iodine-only images added value to determine 
the solid  vs  cystic nature of a lesion and improved lesion 
conspicuity, while also improving evaluation of the rela-
tionship of the tumour with the pancreatic duct and nearby 
vessels. Moreover, the differentiation of serous and muci-
nous cystic lesions, an important management distinction, 

has largely relied on additional imaging such as MRI.42 Using 
DECT, monoenergetic attenuation and iodine density have 
been explored as factors to distinguish between serous and 
mucinous cystic lesions of the pancreas. High arterial phase 
attenuation at 40 keV (optimal cutoff > 35.7 HU) and arterial 
phase iodine density (optimal cutoff  >  0.325 mg ml−1) were 
found to be predictive of a mucinous cystic neoplasm with an 
AUC of 0.74 and 0.68, respectively, in addition to conventional 

Figure 4. A 45-year-old male with invasive pancreatic adenocarcinoma. Axial and coronal portal venous phase mixed images (a, 

c) demonstrate tumour encasing the superior mesenteric artery (block arrow) and superior mesenteric vein (SMV, dashed arrow) 

and occluding the portal vein (curved arrow) at the SMV/splenic vein confluence. Virtual monoenergetic images at 50  keV accen-

tuate the iodinated contrast in the vasculature (b, d), improving assessment of vascular involvement. 

Figure 5. A 57-year-old male presenting with left lower quadrant pain. Mixed axial image from portal venous phase dual energy 

CT demonstrates subtle ill-defined hypodensity in the pancreatic body (a, arrow). The difference in enhancement is accentuated 

by the use of virtual monoenergetic images at 50  keV (b). The hypoenhancement of the pancreatic mass is also apparent on the 

iodine overlay images (c, arrow). Multiple hepatic metastases (dashed arrows) are also more apparent on the low keV image (b). 

The mass demonstrates a normalized iodine concentration (normalized to aorta) of 0.02 and slope K of the spectral curve of 0.11.
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factors such as size and location.43 For these two parameters, 
sensitivity was in the range of 89.4–94.7% and specificity was 
56.5%.43 In this study, a computer-aided diagnosis algorithm 

employing a set of conventional and dual-energy-based data 
successfully classified 93% cases of serous and mucinous 
tumours.43

 Figure 6. A 86-year-old male presenting with abdominal distention found to have ill-defined soft tissue at the uncinate process 

of the pancreas with surrounding stranding (a, axial image, block arrow), with atrophy of the pancreatic body and tail (b, dashed 

arrow). The differential diagnosis  includes pancreatitis and pancreatic mass. The lesion demonstrates iodine content (NIC = 

0.46 and K = 2.4), suggestive of mass-forming pancreatitis rather than pancreatic adenocarcinoma (c, f, contrast to Figure 5 ). MRI 

demonstrated T2 hyperintensity and enhancement, thought to be autoimmune pancreatitis, considering the waxing and waning 

masslike appearance over time (d, e).

Figure 7. Incidental finding in a 22-year-old presenting with epigastric pain. Ill-defined hypodense lesion in the pancreatic body 

on axial images (a, arrow) with iodine overlay demonstrating internal enhancing septations (b, dashed arrow). MRI shows internal 

T2 hyperintensity (c) and an enhancement pattern (d) similar to that seen on the iodine overlay; this was presumed to be a serous 

cystadenoma.
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Other masses
There is limited data assessing the utility of dual energy CT 
for other pancreatic masses. Potential benefits include the 
evaluation of enhancement in neuroendocrine tumours 
(Figures 10 and 11),44,45 hyper- or hypo-vascular metastases, 
and other incidental lesions such as intrapancreatic sple-
nules (Figure 12). DECT (using a combination of monochro-
matic and iodine density imaging) has been shown to have a 
higher sensitivity for the detection of pancreatic insulinomas 
compared to conventional CT (95.7 vs. 68.8%) in a small study 
of 35 patients.46

Pancreatitis
The utility of dual energy CT in pancreatitis is largely in the 
setting of complications such as necrosis, vascular complications 

and pancreatic/peripancreatic collections (Figures 13 and 14). 
Evaluation at a lower energy of 80  kVp has been reported to 
accentuate the difference in attenuation between the necrotic 
area and normal pancreas, thereby improving CNR, subjective 
assessment of necrosis and accentuating areas of hypovascu-
larity around the necrosis.47,48 Low keV images by enhancing 
contrast enhancement may improve the assessment of vascular 
complications such as thrombosis or pseudoaneurysm forma-
tion. Dual energy CT can also be used to assess the complexity 
of pancreatic/peripancreatic collections and to assess for 
residual enhancing parenchyma. VM images at high and low 
keV are also beneficial in the identification of non-calcified 
gallstones as a potential cause of pancreatitis49,50 (Figure 15). 
Partial calcium subtraction may however limit the evaluation 
of chronic pancreatitis on VNC images.

Figure 8. Incidental finding in an 85-year-old presenting with right lower quadrant pain. Cystic pancreatic lesion with internal sep-

tations on axial images (a, arrow), which are better seen on the 50  keV image (b). Subtle wall enhancement demonstrated on the 

iodine overlay image (c) corresponds to that on the post-contrast subtraction MRI (e).

Figure 9. A 25-year-old female with incidental finding after presentation for fall. A partially cystic mass in the tail of the pancreas is 

noted on mixed axial images from portal venous phase CT (a, block arrow). Iodine overlay images demonstrate nodular enhance-

ment within the mass (b). T2 (c) and T1 post-contrast MRI images (d) confirm a cystic mass with areas of nodular enhancement 

corresponding to the iodine overlay images, most likely a pancreatic solid pseudopapillary epithelial neoplasm.
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Image ArtEfacts and Diagnostic Pitfalls
Various image artefacts unique to dual-energy post-processed 
images have been reported.14 For example, subtraction-related 
artefacts may occur including blurring due to motion/inade-
quate breath hold, partial subtraction of calcifications/hard-
ware,13–15 and incomplete iodine subtraction.13,15 It is important 
to recognize that on a dual-source scanner, due to the 90-degree 
offset between tubes, motion artefacts may be imaged differently 

by the two tubes and hence their effect on the mixed images 
and the VNC images can be different, which may rarely mimic 
pathology.6 Using a second-generation dual energy scanner, De 
Cecco et al reported higher pancreatic parenchymal attenuation 
on VNC images generated from arterial and portal venous phase 
acquisition as opposed to the TNC images.15 This is likely due to 
incomplete iodine subtraction; supported by the higher attenua-
tion of arterially enhancing organs on the VNC images generated 

Figure 10. A 45-year-old female with known pancreatic neuroendocrine tumour. Mixed coronal image (a) demonstrates an enhanc-

ing exophytic mass arising from the body of the pancreas. Iodine overlay coronal and axial images (b, c) demonstrate an enhanc-

ing mass (arrow) and enhancing peritoneal metastatic deposits (dashed arrow).

Figure 11. A 32-year-old female presenting with nausea, vomiting and epigastric pain. Mixed coronal image (a) demonstrates a 

mass in the neck of the pancreas, hyperenhancing relative to the body, with associated pancreatic ductal dilatation. Iodine overlay 

images can quantify the degree of enhancement as greater than double that of the normal pancreatic parenchyma (b, c). Biopsy 

confirmed a pancreatic neuroendocrine tumour.
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from the arterial phase scan as opposed to the higher attenua-
tion of organs that enhance in the portal venous phase, such as 
the liver, on the VNC images generated from the portal venous 
phase acquisition.15 The artefact related to inaccurate subtrac-
tion has also been manifested in the liver, where higher detection 
of hypodense hepatic lesions and lower detection of small calci-
fied hepatic lesions have been reported on VNC images (from 
arterial and portal venous phase acquisition) compared to TNC 
images.15

Although the smaller field of view of the second X-ray tube was 
a limitation of the first-generation scanner which has been over-
come with newer generation scanners, this is generally not of 

concern in the evaluation of centrally located pancreas in even 
large patients. However, the single source rapid kVp switching 
system cannot generally be used in patients > 250 lbs due to 
limited penetration of the 80 kVp beam.

Future Directions
While there are many studies on the improved subjective and 
objective image quality, reader preference and diagnostic confi-
dence associated with dual energy post-processed images, diag-
nostic yield and accuracy of detection of pancreatic lesions 
(particularly adenocarcinoma) need to be established. There is a 
vast amount of information on lesion heterogeneity, vascularity, 
and material properties that can be extracted from dual-energy 

Figure 12. A 77-year-old female with incidental finding after presentation for fever. A solid enhancing mass is seen in the pancreatic 

tail (a, arrow). 60  keV and axial iodine overlay images demonstrate similarity in attenuation and iodine content to the spleen (b, 

c, dashed arrow). The mass has an identical monoenergetic HU spectrum when compared with the spleen (e). Contrast enhanced 

MRI demonstrates similarity in intensity to the spleen (d) on all sequences, confirming an intrapancreatic splenule.

Figure 13. A 45-year-old male presenting with abdominal pain. Fat stranding surrounding the pancreatic head suggests pancreati-

tis (a). Axial iodine overlay and monoenergetic images at 50  keV accentuate enhancement differences in the pancreatic head (b, 

c). Quantification of contrast enhancement enables detection of a subtle area of decreased enhancement (CT attenuation: 25.9 

HU and iodine concentration: 1.0 mg ml−1) in the pancreatic head, relative to the normal uncinate process (CT attenuation: 51.1 HU 

and iodine concentration: 2.2 mg ml−1), suggestive of necrosis.
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post-processing; further research is needed to correlate these 
findings with imaging findings on other modalities, such as MRI 
and PET,51 as well as to evaluate the correlation between DECT 
imaging features and prognosis. Other potential research oppor-
tunities include differentiation of true neoplastic tissue from 
desmoplastic reaction in pancreatic adenocarcinoma, as has 
been attempted with MRI.52 Similarly, in the evaluation of cystic 
pancreatic lesions, systematic studies comparing lesion charac-
terization on DECT and MRI are required to assess the accuracy 

and potential benefit of avoidance of additional imaging. In cases 
of pancreatitis, while necrosis is a late finding on conventional 
CT, the benefits on DECT for early detection and prediction of 
clinical outcome also need to be further explored.

Conclusion
Dual energy post-processing offers many advantages over conven-
tional CT in the evaluation of pancreatic pathologies, including 
better image quality in the detection and local staging of pancreatic 

Figure 14. A 40-year-old male presenting with diffuse abdominal pain diagnosed with pancreatitis (a). Axial monoenergetic image 

at 50  keV and iodine overlay accentuate the lack of enhancement of the pancreatic tail indicating necrosis (b, c).

Figure 15. Incidental finding in a 65-year-old female patient. Relatively homogenous appearance of the gallbladder on mixed axial 

images (a). Monoenergetic axial images at 40 keV and 190 keV enable visualization of layering gallstones (b, c), confirmed on 

MRI (d).
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