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Abstract

Purpose: To prospectively compare detection and reader
confidence of pancreatic lesions using a standard multi-
detector computed tomography (MDCT) imaging protocol
to a dual-energy computed tomography (DECT) imaging
protocol with additional virtual non-contrast series.
Methods: 60 subjects imaged for suspected or known
pancreatic lesions were included. Subjects underwent pan-
creatic MDCT including non-contrast, pancreatic phase,
and portal venous phase (PVP). The PVP was performed in
dual energy mode. Virtual non-contrast and blended
120 kVp weighted images were created from the DECT
data. Overall noise and absolute attenuation differences of
pancreatic lesions and normal pancreatic tissue were
measured. Images were read by two staff radiologists
blinded to the underlying diagnosis. MDCT and DECT
scans were reviewed separately to evaluate image quality
and level of confidence in diagnosis of a pancreatic lesion.
Results: Image quality was ranked excellent for 90 % and
95 % of the 120 kVp studies and 93 % and 95 % of the
100 kVp studies by readers 1 and 2, respectively. VNC was
ranked sufficient quality or better by both readers. Average
attenuation difference was 74 HU (120 kVp) and 71 HU
(100 kVp). Average noise was 11.31 HU (120 kVp) and
15.89 HU (100 kVp). No lesions were missed by either
approach. There was increased confidence in diagnostic
interpretation in 14 % (£ 9 % [95 % CI]) and 9 % (& 7 %
[95 % CI]) of DECT scans compared to MDCT.
Conclusions: DECT compared to MDCT pancreatic
imaging leads to increased reader confidence with iden-
tical diagnostic sensitivity for pathologically proven cases.
This approach could be implemented as a single phase
acquisition study with calculated VNC leading to a
significant dose savings to the patient.
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Pancreatic cancer is the 10th most common gastrointes-
tinal malignancy and the 4th leading cause of cancer-
related death [1]. Presentation is often at a late and
incurable stage due to limited signs and symptoms during
the early course of the disease [2]. Imaging plays an
important role in lesion detection and characterization as
early surgical intervention gives the only possible means of
life prolonging treatment [3]. Multidetector computed
tomography (MDCT) has become the gold standard first-
line imaging test in the diagnosis and staging of pancreatic
lesions due to its rapid availability and high sensitivity and
specificity [4-6]. Modalities such as positron emission
tomography (PET/CT), magnetic resonance imaging
(MRI), and endoscopic ultrasound (EUS) are comple-
mentary with MRI excelling in sensitivity for suspected
lesions which may be missed on CT imaging [5, 7].

Current MDCT protocols involve a multiphase
approach with non-contrast, pancreatic parenchymal
phase (PPP), and portal venous phase (PVP) imaging [8].
Pancreatic adenocarcinoma causes a localized desmo-
plastic reaction which results in decreased enhancement
and increased lesion conspicuity. This effect is optimized
during the PPP with a low attenuating tumor appearing
more conspicuous against a background of maximal
pancreatic enhancement [9, 10]. Despite the optimization
of current MDCT techniques, early detection is achieved
in only 20 % of cases with the majority of patients having
only a 5 % five-year survival rate [2].

Dual-energy computed tomography (DECT) is a
novel technique which is gaining utility in the abdo-
men [11-18]. This technology utilizes differing low
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(80-100 kVp) and high (140 kVp) energy spectra with
the lower kVp (80-100) source being closer to the k-edge
of iodine [19]. This results in greater photon absorption
and an inherent increase in Hounsfield measurements in
tissues that have taken up iodinated contrast compared
to the surrounding non-enhancing tissues (Fig. 1) [19]. In
the setting of pancreatic neoplasms or cystic pancreatic
lesions, this could theoretically result in increased con-
spicuity and detection of subtle lesions [10]. DECT also
allows for the creation of virtual non-contrast (VNC)
images and color-coded iodine overlay maps at no extra
dose to the patient [14].

Our hypothesis is that using a DECT pancreatic
imaging protocol in the setting of suspected or known
pancreatic hypoattenuating lesion will result in increased
reader confidence. The potential application of DECT in
the pancreas has already been shown by other research
groups [10, 13, 20], however, to our knowledge this
approach has not been formally validated for reader
confidence or sensitivity in detection and diagnosis.

Methods and materials

This study was approved by our local institutional ethics
review board. Informed consent was waived based on
ethics review board approval. Inclusion criteria involved
all patients referred for CT scan of known or suspected
pancreatic lesions between the dates of October 2011—
December 2012. Patients were excluded if they met any
of the following criteria: known pregnancy, renal failure
with GFR less than 40 ml/min/1.73 cm?, known allergy
to iodinated contrast. Subjects were enrolled in a pro-
spective fashion, with decision to proceed with the
DECT protocol at the time of requisition review by the
supervising staff radiologist or fellow. A total of 60

subjects were included in this study [30 male, 30 female;
mean age =+ standard deviation 64.08 £+ 13.06 years,
range 38-90 years].

Scan protocol

Images were acquired on the SOMATOM second gen-
eration 128 slice dual-source CT scanner (SOMATOM
DEFINITION Dual Source; Siemens Medical Solutions,
Forchheim, Germany). Our standard departmental
pancreatic mass protocol involves a conventional non-
contrast (CNC) phase followed by post-contrast images
acquired at 45-s delay during the PPP and 70-s delay
during the PVP. Iodinated contrast medium, 120 cc of
optiray 350™, (Tyco Healthcare, Mallinckrodt, Hazel-
wood, MO, USA) is injected at 4 mL/s using a power
injector with a saline chaser. The scan range for the CNC
and PPP images is selected to cover the pancreas and
duodenum, and the PVP scan range is from the dome of
the diaphragm through the pubic symphysis. CARE
Dose 4D (Siemens Medical Solutions, Forchheim, Ger-
many) automatic tube current modulation is used during
all acquisitions. 40 by 0.6 mm collimation with flying
focal spot, 0.33 s rotation, and pitch of 0.9 is utilized.
Axial and Coronal Images are reconstructed at 3 mm
with a 50 % overlap and are reviewed on AGFA PACS 3
megapixel workstations (Agfa Healthcare, Mortsel, Bel-
gium).

In our study, subjects underwent a single dual energy
pancreas protocol. This involved modifying our standard
MDCT protocol with the portal venous phase being
replaced with the dual-energy CT acquisition performed at
the same post-contrast delay. Each subject therefore
received conventional non-contrast phase (120 kVp), pan-
creatic parenchymal phase (120 kVp), and portal venous

Fig. 1.

48-year-old male for follow-up of a known pancreatic
lesion. Axial DECT blended 120 kVp (A) image and 100 kVp
(B) image at the same position and identical windowing per-

formed in the portal venous phase, demonstrating increased
conspicuity of the hypoattenuating lesion in the body of the
pancreas (red arrow).
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phase (scanned in dual energy mode). Scan parameters for
the dual energy acquisition were as follows: tube A (FOV
50 cm) 100 kVp and reference mA 210 and tube B (FOV
33 ¢cm) 140 Vp and reference mA 162. 40 by 0.6 mm col-
limation was used with a 0.33 s rotation and pitch of 0.9.
The low and high energy data sets were analyzed with post
processing software (Syngo Dual Energy, Siemens
Healthcare Liver VNC) on a CT multimodality workspace
workstation (SW-Version VA20, Siemens Healthcare) to
create virtual non contrast (VNC) series and a blended data
set weighted at 120 kVp [0.5 (100 kVp):0.5 (140 kVp)].
Dedicated 100 and 140 kVp series were also directly ob-
tained from each respective detector.

The data was reviewed independently by two radiol-
ogists with 12 and 14 years of experience. Review was
performed for each subject using two separate
approaches. The MDCT approach involved the CNC,
120 kVp PPP, and blended 120 kVp PVP series. The
DECT approach involved the VNC, 100 kVp PVP, and
blended 120 kVp PVP series. This approach capitalizes
on the increased attenuation of contrast at 100 kVp to
simulate the PPP and the VNC to replace the CNC.
Readers were blinded to any previous reports or their
prior interpretation using the alternative approach.

Subjective analysis

For all subjects and using both approaches, readers inde-
pendently reported image quality for each series and
overall confidence in detecting a pancreatic lesion. Quality
was ranked on a four-point scale: 1—non-diagnostic,
2—significant diagnostic limitations, 3—sufficient quality,
4—excellent quality (sufficient quality was used to rank any
study in which visible artifact or noise was present which
did not affect diagnostic interpretation). Confidence was
ranked on a five-point scale: 1—definitely no pancreatic
lesion, 2—probably no pancreatic lesion, 3—indetermi-
nate, 4—probable pancreatic lesion, 5—definite pancreatic
lesion. An increase in confidence was recorded as a change
in opinion away from point 3 in either direction.

Objective analysis

For all acquisitions and reconstructions, the following
parameters were recorded: Image noise (measured as the
standard deviation of a 1 cm® ROI placed over an area of
homogeneous retroperitoneal fat) and absolute attenua-
tion difference between the normal enhancing pancreas
and any observed pancreatic lesion. Contrast to noise
(CNR) was then calculated as follows:

CNR = HUpancreas_HUlesion
Image Noise

(HUpancreas: Mean attenuation of normal pancreas,
HUe0n: Mean attenuation of pancreatic lesion). Dose

length product (DLP) and Computed tomography dose
index (CTDIvol) were also recorded for each subject
from the manufacturer’s scanner dose report.

Statistical analysis

For the objective data, means were calculated for image
noise, absolute attenuation difference, and CNR. These
were tested for statistical significance using a student’s
t test for paired samples following confirmation of a
normal distribution.

The subjective data was analyze to construct confi-
dence intervals for the proportions of, no change in
confidence, defined as an identical level of diagnostic
confidence between DECT and MDCT or, increase in
confidence, defined as any increase in level of confidence
between MDCT and DECT.

Results
Subjective analysis

Reader 1 reported 90 % of the MDCT studies as excel-
lent quality and 93 % of the DECT studies as excellent
quality. Reader 2 reported 95 % of the MDCT studies as
excellent quality and 95 % of the DECT studies as
excellent quality. The virtual non-contrast images were
ranked as sufficient quality or better by both readers with
no diagnostic limitations (Fig. 2).

When comparing the DECT review method to the
MDCT method, there was an increase in confidence in
14% (£ 9 % [95 % CI]) of cases for reader 1 and 9 %
(£ 7% [95 % CI]) of cases for reader 2 (Fig. 3). For
reader 1, there were 5 instances where a lesion was felt to
be probably or definitely present on DECT but not on
MDCT, and one instance of the opposite. For reader 2,
there were no recorded instances. None of these instances
had a pathology correlate to confirm whether or not a
true lesion was present. There was however imaging
follow-up available for all cases ranging from 6 months
to 2 years. No interval change or new lesion development
was observed.

Diagnostic performance

Pathologic correlation was available for 23 of the 60
cases. The range of observed lesions is listed in Table 1.
The sensitivity for detection of the pathologically proven
cases was 100 % for both DECT and MDCT.

Objective analysis

Mean noise, absolute attenuation difference (pan-
creas—observed lesion), and CNR is reported in Table 2.
The mean noise for the 100 kVp DECT images was
slightly greater than the 120 kVp MDCT images, 15.89
vs. 11.31 (p < 0.001). There was no statistically signifi-
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Fig. 2. 57-year-old female with increase in lipase. Axial
MDCT 120 kVp non-contrast (A) image in the pancreatic
parenchymal phase and axial DECT virtual non-contrast (B)

Fig. 3. 48-year-old man with asymptomatic increase in
lipase. Axial MDCT 120 kVp (A) image in the pancreatic
parenchymal phase and axial DECT 100 kVp (B) image in the

cant difference between the mean absolute attenuation of
pancreas and lesion, 73.53 (DECT) vs. 71.32 (MDCT)
(p = 0.76). Despite this, the higher noise of the DECT
studies resulted in lower CNR for the 100 kVp DECT
images compared to the 120 kVp MDCT images, 4.73 vs.
6.50 (p < 0.05).

Patient dose

The average dose for the MDCT pancreatic protocol was
4496 (CTDIvol) and 895 (DLP). The average dose for
the DECT pancreatic protocol was 13.43 (CTDIvol) and
381 (DLP).This equates to an absolute dose savings of

image. There is similar conspicuity of the hypoattenuating
lesion in the body of the pancreas (white arrow) with minimally
increased noise in the VNC image.

portal venous phase, demonstrating increased conspicuity of
the tiny hypoattenuating lesion in the body of the pancreas
(red arrow).

31.52 (CTDIvol) (p < 0.001), 514 (DLP) (p < 0.001) or
an abdominal effective dose savings of 7.7 mSv when
using the DECT pancreatic protocol instead of the
MDCT approach.

Discussion

Our study has demonstrated an overall increase in
diagnostic confidence by two readers when evaluating
subjects undergoing CT for known or suspected pan-
creatic neoplasm using a single phase DECT approach as
oppose to a conventional MDCT multiphase protocol.
No pathology proven lesions were missed by either
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Table 1. Spectrum of lesions with pathologic correlation and detection
performance of MDCT and DECT

Pathologic diagnosis n  Sensitivity Sensitivity MDCT
DECT
Adenocarcinoma 8 100% for 100%

all lesions for all lesions
Ampullary carcinoma
Mucinous cystic neoplasm
Serous cystic neoplasm
Intrapapillary mucinous
Neoplasm
End stage PSC 1
Metastases 1
Neuroendocrine tumor 3
Pseudocyst 4
1
1

N — = —

Polypoid duodenal mass NOS
Schwannoma of the pancreas

DECT dual-energy computed tomography; MDCT multi-detector
computed tomography; n number of lesions observed

Table 2. Mean noise, absolute attenation difference, and contrast to
noise for DECT 100 kVp and MDCT 120 kVp

DECT 100 kVp MDCT 120 kVp
Imaging phase Portal venous Pancreatic
Noise 15.89 11.31
HUPancrcus_Hulcsion 73.53 71.32
CNR 4.73 6.50

DECT dual-energy computed tomography; MDCT multi-detector
computed tomography; HU punereas—HUjesion @bsolute difference be-
tween attenuation of pancreas and observed lesion

imaging approach. There were five instances by reader 1
which would result in follow-up imaging when using
DECT vs. no follow-up for the MDCT approach. There
was additionally one event with the reverse scenario
where MDCT would have resulted in follow-up but not
DECT. Given the lack of pathologic correlation of these
specific cases, it is difficult to determine the ultimate
clinical outcome of these examples. These subjects did
however demonstrate stability on follow up imaging.

There was a small observed absolute difference
between enhancing and hypoattenuating tissues when
using 100 kVp DECT images performed in the portal
venous phase compared to 120 kVp MDCT images
performed in the pancreatic parenchymal phase. The
greater absolute conspicuitiy of hypoattenuating lesions
observed at 100 kVp may have been the primary reason
for the increase in reader confidence. There was therefore
felt to be concordance between the objective and sub-
jective results of this study. It is also assumed that as the
readers became more familiar with lesion appearances on
the DECT images their overall confidence increased.
This effect was however not directly observed.

The average measured CNR was greater for the
MDCT images compared to DECT images. This was due
to the lower overall noise in the standard 120 kVp ima-
ges, which is inherently increased in the lower kVp
images. This did not affect diagnostic interpretation or
subjective image quality.

Our study was performed in the portal venous phase
for the DECT acquisitions as opposed to the optimal
pancreatic phase. The reason for this was to allow for a
paired review so that subjects would receive the benefit of
the current gold standard CT protocol in pancreatic
investigation prior to the validation of the DECT
approach. Performing the DECT study in the pancreatic
phase could further increase the absolute differences
between normal pancreas and hypoattenuating lesions
such that the CNR would surpass the MDCT approach.
This could potentially lead to an increase in pancreatic
neoplasm detection and diagnosis.

The DECT imaging protocol used in our study was
performed as a single acquisition. In combination with
the dose savings for incorporating the VNC, this could
result in an overall decrease of two imaging phases and
significant decreased dose. In the patient with terminal
pancreatic carcinoma, this is perhaps negligible; how-
ever, in the average patient undergoing initial investiga-
tion or continued follow-up of an indeterminate
pancreatic lesion, this saving in cumulative radiation
burden becomes very important. The limitations of this
study include the relatively small number of subjects and
limited number of pathology proven cases. The number
of subjects in this study reflects all patients referred for
investigation of known or suspected pancreatic lesion
from the periods of Oct 2011-Dec 2012. In order to
increase the number of subjects, a multicenter approach
could be considered as well as a longer period of subject
recruitment. The limited number of pathology proven
cases is likely due to a high number of negative studies
and subjects with findings that warrant a conservative
approach with follow-up imaging instead of surgery or
biopsy. Additional consideration could include the
incorporation of a split bolus technique, which allows for
acquisition of a single scan performed with contrast
delays equivalent to both PPP and PVP combined. This
allows for a dose saving equivalent to the omitted sepa-
rate portal venous phase. In combination with the use of
spectral CT performed on a single source fast kVp
switching system, Brook et al. have produced early
results yielding equivalent or slightly improved rates of
conspicuity compared to the standard MDCT approach.
The results of this study support the use of DECT in the
investigation of pancreatic neoplasms. This approach
allows for identical rates of detection with improved
confidence in image interpretation with a potential of
significant dose reduction to the patient.
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