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A B S T R A C T

Purpose: Dual energy CT (DECT) can contribute to the diagnosis of benign and malignant pancreatic lesions. This
study examined whether a novel, detector-based spectral CT scanner (SDCT) may improve subjective assessment
of different types of pancreatic lesions and if various quantitative maps may improve lesion contrast and dif-
ferentiation.
Materials and methods: 61 consecutive patients who underwent clinical, contrast-agent enhanced, abdominal
SDCT scans and showed pancreatic lesions of different origins were included. Subjective image analysis was
performed by two readers who assessed image quality, lesion conspicuity and diagnostic confidence on 5-point
Likert scales for conventional polyenergetic reconstructions (polyE), virtual monoenergetic images (monoE),
virtual non-contrast images, iodine density, iodine overlay, and Z effective (Zeff) maps. Two readers acquired
quantitative values from these maps ROI-based from which contrast-to-noise and lesion-to-parenchyma ratios
were calculated.
Results: MonoE images at low keV levels yielded highest Likert scores regarding lesion conspicuity and reader
confidence; iodine overlays facilitated lesion delineation. Inter-observer agreement ranged between substantial
and excellent (kappa values 0.73-0.81). Contrast-to-noise-ratios for low keV monoE images were significantly
higher, compared to polyE images (e.g. monoE 40 keV p < 0.0001). Marked overlap between PDAC and mis-
cellaneous non-PDAC lesions was present in various spectral reconstructions.
Conclusions: In line with previous studies, monoE images at low keV levels and iodine overlay maps facilitated
subjective lesion delineation which was substantiated by the quantitative analysis. Hence, spectral detector CT
improves pancreatic lesion conspicuity, while its value for lesion differentiation needs to be further evaluated in
larger study cohorts.

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains a fatal diagnosis
in the majority of cases and represents the fourth leading cause of
cancer-related deaths in the United States [1]. Surgical resection con-
stitutes the only means that can lead to prolongation of life [2]. How-
ever, most patients fail to qualify for surgery, as they present with lo-
cally advanced or even metastasized tumors at initial diagnosis [3].

Nonetheless, an increasing number of studies indicates that a subgroup
of patients may benefit from resection despite having been previously
classified as irresectable—a category termed 'borderline resectable
pancreatic cancer [4–6]. For these lesions, accurate visualization of the
tumors is key, especially pertaining to delineation of vascular invasion.
In this process, multiphasic multidetector single energy computed to-
mography (SECT) plays a major role [2,4,7–9]. However, early detec-
tion as well as determination of the extent of tissue infiltration remain a
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task difficult to comply with [3]. Another challenge of the CT-based
diagnosis of pancreatic tumors are small lesions or tumors that appear
nearly isodense to the surrounding pancreatic tissue [3,10,11]. As a
considerable number of pancreatic lesions of unclear etiology are dis-
covered incidentally during imaging performed for unrelated medical
indications [12–15], accurate discrimination of PDAC from lesions of
other origin would influence the consecutive clinical pathway sub-
stantially.

Dual-energy computed tomography (DECT) scanners acquire one
high- and one low-energy dataset of the polyenergetic X-ray spectrum.
Aside from reconstruction of polyE images, this allows for decomposi-
tion of the acquired datasets facilitating reconstruction of additional
spectral series. Among these, iodine density (ID) maps are material-
specific images in which voxels reflect the iodine concentration (mg/
mL) of the displayed tissue [16]. The ID maps can be color-coded and
fused with polyE images, generating so-called iodine overlay (IO)
images. Conversely, virtual non-contrast (VNC) images represent ap-
proximations of contrast-enhanced images in which all iodine-related
image information was removed [17]. Virtual monoenergetic (monoE)
images approximate how the result of an acquisition with a mono-
energetic X-ray beam would appear (40–200 keV) [18]. Z effective
(Zeff) maps display the atomic numbers of the scan volume in a color-
coded manner [17].

Over the past several years, DECT scanners have been marketed
with different technical solutions using modifications of the X-ray tube
(i.e., two tubes with different energies, or one tube with rapid switching
between two energy levels) [19,20] and have proven to enhance both
reader confidence and image quality of different pancreatic lesions
[21,22]. In contrast, the spectral detector CT (SDCT) used in this study
(IQon® Spectral CT, Philips Healthcare, Amsterdam, The Netherlands)
is the first DECT based on the spectral separation of high and low en-
ergies on the detector level. Using SDCT, high-energy photons are si-
multaneously detected within the outer layer of the detector, whereas
low-energy photons are recorded within the inner layer, resulting in the
acquisition of retrospectively accessible spectral information with every
scan [23]. Additionally, the spectral datasets are spatially and tempo-
rally registreted at full field-of-view without radiation dose penalty
[24–26].

DECT holds the potential to improve lesion characterization and
therapy monitoring in oncologic imaging [24,27], provided that the
calculated spectral parameters add substantial value, not only for sub-
jective lesion detection but also for quantitative differentiation. The
current study evaluates the determination of such parameters and the
possible value they may add to visual and quantitative assessment of
pancreatic lesions.

2. Materials and methods

2.1. Study population

The institutional review board approved this study, waiving written
informed consent due to its retrospective nature. Using the radiological
information system, a search for patients matching the following cri-
teria was executed: a) received portal-venous phase SDCT of the ab-
domen between June 2016 and February 2017, b) pancreatic lesion of
any kind was mentioned in the radiological report, and c) age was>18
years.

2.2. Lesion annotation

To validate lesion type stated within the radiological report, the
respective pancreatic lesions of the initially identified patients were
correlated with a reference standard. For that purpose, either histo-
pathological confirmation (n=26 patients), magnetic resonance ima-
ging/endoscopic ultrasound correlation (n= 7 patients) or follow-up
CT (n=32 patients) were used. All 17 cases of PDAC were

histopathologically confirmed. All other lesions were assigned to four
groups (cyst, hypodense, isodense, hyperdense) based on their density
values on polyE images.

2.3. Image acquisition

All patients were scanned on a clinical SDCT scanner (IQon, Philips
Healthcare, Best, The Netherlands). The patients were scanned in
cranio-caudal direction while remaining in a supine position during
inspirational breath-hold.

After intravenous administration of a body weight-adapted volume
of non-ionic, iodinated contrast agent (Accupaque 350mg/mL, GE
Healthcare; Little Chalfort, UK) via a peripheral vein with a mean flow
of 3.5mL/s followed by a 30mL saline chaser, the scans were started
with a delay of 50 s after passing the predetermined threshold of 150
HU within the abdominal aorta (activated bolus tracking). Tube current
modulation was activated by default (DoseRight 3D-DOM; Philips
Healthcare, Best, The Netherlands). Mean CTDI for the venous scan was
10.7 ± 3.5. The following parameters were used: tube voltage 120
kVp, collimation 64× 0.625mm; rotation time 0.5 s; pitch 0.671.

2.4. Image reconstruction and post-processing

Reconstructions of polyE, monoE at 40–200 keV, VNC, ID and Zeff
series as well as IO images were performed on a dedicated vendor
console (IntelliSpace Portal 9.0, Philips Healthcare, Best, The
Netherlands). All further analyses were carried out on the same console.
Only images in portal-venous phase were evaluated. As in clinical
routine, conventional polyE images were reconstructed using iDose 4
(level 3). For reconstruction of all spectral parameters (monoE, VNC,
ID, Zeff, IO), a dedicated spectral reconstruction algorithm (Kernel B,
strength level 3) was used, which is comparable to hybrid-iterative
reconstruction methods in the conventional polyE images. For that
purpose, a slice thickness of 2mm was predetermined.

2.5. Subjective image analysis

To assess pancreatic lesions subjectively, two radiologists with 2
and 7 years of experience, respectively, reviewed polyE, monoE40, ID,
IO and Zeff reconstructions and evaluated the following criteria using a
five-point Likert scale: general image quality (1: severe distortion; 2:
poor quality; 3: fair but compromised quality; 4: good quality; 5: ex-
cellent quality), lesion conspicuity (1: barely perceived; 2: subtly vi-
sualized; 3: fairly detectable; 4: definitely detected; 5: strikingly evi-
dent/easily spotted), diagnostic confidence (1: definitely no lesion; 2:
probably no lesion; 3: indeterminate; 4: probably a lesion; 5: definitely
a lesion).

2.6. Objective image analysis

Quantitative analysis was performed by two experienced radi-
ologists independently. Both reviewers placed circular regions of in-
terest (ROIs) within the following predefined regions: pancreatic lesion,
healthy pancreatic parenchyma, celiac trunc, psoas major muscle, and
retroperitoneal fat. Contrast-to-noise ratio (CNR) was calculated with
the following formula:

CNR = (HUpancreas−HUlesion)/SDfat

If more than one pancreatic lesion was detected, ROIs were placed
in every lesion and the respective slice positions were reported.
Necrotic areas were excluded. Sizes of the ROIs were determined in
such a way that a maximum area of the respective lesion was covered.
Initial ROI placement was performed in the polyE images.
Subsequently, ROIs were copied to the following spectral reconstruc-
tions so that position and size of the ROIs remained constant: monoE40-
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200keV, ID, Zeff. Mean and standard deviation (SD) for every ROI and
reconstruction (polyE, monoE40-200keV, ID, Zeff) as well as the long axis
diameter were recorded. Values were normalized to respective iodine
contents in the celiac trunc in a separate approach to correct for random
differences in contrast agent injections and inflow. Additionally, lesion-
to-parenchyma ratios were calculated (l-p-ratio).

2.7. Statistical analysis

Statistical data analysis was performed with a standard statistics
software (JMP 11, SAS, Cary, USA). Inter-reader agreement for the
subjective assessment was calculated with quadratic weighted Cohen's
kappa coefficients (κ), with values of ≥ 0.81 indicating excellent,
0.61–0.80 substantial, 0.41–0.60 moderate, 0.21–0.40 fair, and ≤ 0.20
poor agreement. Paired Wilcoxon-Mann-Whitney tests were performed
to compare the subjective ratings, and to determine the potential of
several parameters to discriminate different pancreatic lesions from
each other. Statistical significance was defined as p≤ 0.05.

3. Results

3.1. Lesion characteristics

61 patients with 65 pancreatic lesions of various kinds were iden-
tified (Table 1). All PDAC were histopathologically confirmed, and al-
located to a separate group irrespectable of their appearance on the
polyE images. All remaining lesions were annotated to four other
groups (cyst, hypodense, isodense, hyperdense) based on their density
values obtained from polyE images (Table 2). Regarding lesion size,
cystic (16.5 ± 12.1mm) and hypodense lesions (20.4 ± 7.8mm)
were significantly smaller than PDAC (32.3 ± 17.7mm; p= 0.0008
and p= 0.0038, respectively) while the sizes of isoattenuating and
hyperdense lesions were comparable (p=0.12 and p=0.13, respec-
tively). However, all lesions showed a considerable overlap regarding
their sizes. Inter-reader agreement regarding size measurements was
good (R2=0.85).

3.2. Subjective analysis

Image quality was rated excellent overall (Fig. 1A). Lesion con-
spicuity was significantly higher on monoE40, ID and IO reconstructions
compared to polyE images, and lesions could be defined significantly
better on all other reconstructions compared to Zeff maps (Fig. 1B,
Fig. 2, Table 3). No significant difference in lesion conspicuity could be
found when comparing monoE40, ID maps and IO images. Statistical
analysis of reader confidence revealed the same results as for lesion
conspicuity with one exception: comparison of polyE with ID maps did
not reach statistical significance, and showed only a trend towards a
higher reader confidence using ID maps compared to polyE images
(Fig. 1C, Table 3). Inter-observer agreement ranged between substantial

Table 1
List of included pancreatic lesions sorted by type.

Diagnosis number

Pancreatic ductal adenocarcinoma 17
Cyst 11
Intraductal papillary mucinous neoplasm 9
mucinous cystic neoplasm 1
neuroendocrine tumor 7
LymphomA 2
MetASTASIS

(1 colorectal, 1 leimyosarcoma, 1 ovary, 1 melanoma, 5 Renal)
9

Chronic pancreatitis 1
Scar 2
Unknown 6

65

Table 2
Image-based definition criteria of different lesion groups. polyE: polyenergetic
reconstruction.

Group Number Definition (based on
conventional polyE)

CYSTIC LESION 17 < 20 HU
IsoATTENUATING LESION 4 Pancreas density +/- 15 %
HyperATTENUATING LESION 9 > 115 % pancreas density
HypoATTENUATING LESION 18 > 20 HU and < 85 %

pancreas density
PANCREATIC DUCTAL

ADENOCARCINOMA
17 Histology

65

Fig. 1. Distribution of subjective Likert scores regarding image quality (top),
lesion conspicuity (middle) and reader confidence (bottom). Except Zeff, all
spectral reconstructions received significantly higher scores than polyenergetic
images.
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and excellent with kappa values of 0.73-0.81 (Table 4). In summary,
low keV monoE reconstructions as well as iodine maps provide sub-
jectively significantly better lesion conspicuity and reader confidence
compared to conventional polyE images.

3.3. Objective analysis

3.3.1. Contrast-to-noise ratio
PolyE images showed significantly lower CNR values compared to

monoE images at 40 keV and 50 keV, no significant differences to
monoE reconstructions of 60–80 keV, and higher CNR compared to
monoE reconstructions above or equal to 90 keV (Fig. 3, Table 5).

Fig. 2. Examples of polyenergetic images (left column), monoenergetic images at 40 keV (second from left column), iodine overlay images (second from right
column) and Zeff reconstructions (right column). Arrows indicate improved visualization of pancreatic lesions (A-D: neuroendocrine tumor, E–H, I-L: metastasis,
M–P, Q-T: PDAC) and tumor-related vessel compression (U–X).

Table 3
Significance levels of subjective ratings regarding lesion conspicuity and reader confidence comparing conventional images and spectral reconstructions. polyE:
polyenergetic reconstruction; monoE: monoenergetic reconstruction; ID: iodine density; IO: iodine overlay; Zeff: Z effective.

polyE / monoE 40 polyE /
ID

polyE /
IO

polyE /
Zeff

monoE 40 / ID monoE 40 / IO monoE 40 / Zeff ID /
IO

ID /
Zeff

IO /
Zeff

Lesion Conspicuity < 0.0001* < 0.0001* < 0.0001* 0.0055* 0.4178 0.6010 < 0.0001* 0.8013 < 0.0001* < 0.0001*
Reader Confidence 0.0005* 0.0555 0.0023* 0.0014* 0.1178 0.6423 < 0.0001* 0.2663 < 0.0001* < 0.0001*

Table 4
Inter-reader agreement in terms of subjective lesion conspicuity and reader
confidence displayed as kappa values. polyE: polyenergetic reconstruction;
monoE: monoenergetic reconstruction; ID: iodine density; IO: iodine overlay;
Zeff: Z effective.

polyE monoE 40 ID IO Zeff

Lesion Conspicuity 0.76 0.81 0.73 0.80 0.80
Reader Confidence 0.75 0.80 0.80 0.79 0.79
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Similarly, monoE reconstructions with low keV revealed significantly
higher CNR values compared to high keV reconstructions (Fig. 3,
Table 5). To sum up, highest CNR values were achieved with low keV
monoE reconstructions.

3.3.2. Monoparametric analysis
Monoparametric comparisons revealed significant differences be-

tween cystic lesions and all other groups for all parameters tested
(Fig. 4A-E). The same results was found when comparing hyperdense
lesions with PDAC and other hypodense lesions. PDAC and isodense
lesions differed significantly only with respect to ID maps, polyE and
monoE60 images, while PDAC and other hypodense lesions showed
significant differences in reconstructions for monoE>70 keV, polyE
and VNC images, but not ID maps and Zeff. Good inter-observer
agreement was reached for all parameters with R2 between 0.77 and
0.90 (Fig. 5).

Despite statistically significant differences between the groups,
marked overlap of the boxplots was observed, especially for the groups
of hypodense and isodense lesions as well as PDAC. Normalization to
the iodine contents of the celiac trunc could reduce this overlap slightly
but did not change the overall result.

Variability could be reduced further by calculation of the ratios
between the lesions and surrounding unaffected pancreatic tissue (l-p-
ratio; Fig. 4F-J). PDAC and isodense lesions could be better dis-
criminated using l-p-ratios compared to absolute values, with sig-
nificant differences for all monoE reconstructions< 170 keV as well as
all other parameters except VNC. Additional statistical significance was

found between PDAC and hypodense lesions regarding monoE70, with
all other parameters reflecting the results of the absolute values. Still a
distinct overlap of the boxplots was observed (Fig. 4F-J).

In summary, significant attenuation/iodine differences were pri-
marily found between cystic vs. non-cystic lesions and hyperdense vs.
hypodense lesions; all other lesion types exhibited considerable data
overlap. Neither normalization to the injected iodine dose nor calcu-
lation of lesion-to-tissue ratios reduced data variability enough to
overcome this limitation.

4. Discussion

DECT has already added several new parameters to the clinical
portfolio [28–31] over the last years and has shown to be instrumental
at the diagnostic assessment of pancreatic lesions [22,32–34]. In this
study, we aimed to examine if these results could be confirmed for
different spectral reconstructions acquired with a novel spectral de-
tector CT scanner (SDCT) and to further investigate the diagnostic value
of quantitative spectral parameters for pancreatic lesion characteriza-
tion.

Subjective analyses revealed significantly enhanced lesion con-
spicuity and reader confidence using monoE images at low keV levels
relative to polyE images which is in consequence of the increased at-
tenuation of iodine at energy levels close to its absorption maximum
(33 keV) [35,36]. Thus, small differences in iodine concentration are
accentuated in low keV reconstructions, and lesions can be dis-
criminated more accurately from their circumjacent tissue than in
polyE images. A similar effect was seen in color-coded IO images. These
results are substantiated by significantly higher CNR of low keV images
compared to conventional polyE reconstructions. These findings are in
accordance with previous studies using tube-based DECT [22, 32–34].
Low keV levels may especially offer advantages in detection of small
lesions or lesions with only little contrast to the surrounding pancreatic
tissue. Additionally, classification of a tumor as ‘borderline resectable’
may also potentially be facilitated. In select cases of incidentally de-
tected pancreatic lesions, it might be feasible to omit additional dedi-
cated pancreatic imaging protocols, if diagnostic confidence using
spectral data of the initial routine scan obtained in portal venous phase
is high enough; however, this has to be verified in a systematic eva-
luation comparing spectral reconstructions obtained from dedicated
pancreatic phase CT and portal-venous phase CT. As spectral informa-
tion is available for every scan at SDCT [23], such analyses can be
carried out routinely and have become more frequently requested by
referring physicians at our institution, especially in diagnostically
challenging or clinically complex cases. Another important aspect re-
sulting from the increased conspicuity in low keV monoE images is the
possible reduction of radiation exposure or contrast media which have
been discussed in previous studies [37–39].

Besides improved subjective visual impression, quantitative analysis
of spectral parameters may help at the differentiation between pan-
creatic lesions of different types. In our study, all non-PDAC lesions
proven by either histology, ultrasound, MRI or follow-up were assigned
to four groups based on their HU values: cystic, hypodense, isodense or
hyperdense (Fig. 4).

Although monoparametric analyses found significant differences
between lesion groups, a marked overlap of absolute data was ob-
served. Since most of the spectral parameters are based on the at-
tenuation spectrum of iodine, measured values were normalized to the
amount of iodine in the celiac trunc in order to eliminate variabilities
due to differences in contrast agent injections. However, this did not
lead to a significant change in the results, likely due to standardized
injection procedures with little variations/deviations. Another ap-
proach consisted of the calculation of lesion-to-parenchyma ratios in
order to underline differences in vascularization and perfusion between
healthy tissue and pancreatic lesions. Indeed, these ratios reduced
variability in the data and provided more robust statistical significances

Fig. 3. CNR of pancreatic lesions to circumjacent organ parenchyma showing a
stepwise increase with decreasing keV levels of monoenergetic images. Optimal
CNR is provided at 40 keV.

Table 5
p- values comparing contrast-to-noise ratio at different monoenergetic re-
constructions (monoE) with polyenergetic reconstruction (polyE) and mono-
energetic reconstruction with 40 keV (monoE 40).

PolyE monoE 40

monoE 40 < 0.0001*
monoE 50 0.0093* 0.0310*
monoE 60 0.3927 0.0001*
monoE 70 0.5256 < 0.0001*
monoE 80 0.0846 < 0.0001*
monoE 90 0.0084* < 0.0001*
monoE 100 0.0010* < 0.0001*
monoE 110 0.0002* < 0.0001*
monoE 120 < 0.0001* < 0.0001*
monoE 130 < 0.0001* < 0.0001*
monoE 140 < 0.0001* < 0.0001*
monoE 150 < 0.0001* < 0.0001*
monoE 160 < 0.0001* < 0.0001*
monoE 170 < 0.0001* < 0.0001*
monoE 180 < 0.0001* < 0.0001*
monoE 190 < 0.0001 < 0.0001
monoE 200 < 0.0001 < 0.0001
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Fig. 4. Comparison of mean absolute CT numbers in polyenergetic images, VNC and monoE40 as well as iodine and Zeff values (left column) and the respective
lesion-to-parenchyma ratios (right column) dependent on the lesion type. Asterix indicating statistically significant differences; n.s.: no statistical significance.
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between groups, which predestines them as a potentially more accurate
parameter for lesion differentiation than absolute values. Yet, data
overlap still did not allow for a confident discrimination between PDAC
and other (especially hypodense) lesions.

Besides the retrospective nature of the study as well as the rather
small number of patients previously alluded to, patient selection for this
study may constitute a limitation since it was based on CT reports
mentioning pancreatic lesions. In fact, only patients were included for
which the respective lesions were already detected visually on the
conventional polyE images. Therefore, results may not be applicable to
smaller lesions or some low-contrast lesions. This may be reflected by
the very small number of lesions (n= 4) allocated to the isodense lesion
group. Second, due to the limited sample size, we did not assess diag-
nostic accuracy for pancreatic lesion detection. Third, owed to the

various small lesion subgroups and the lack of histological information
for the majority of non-PDAC lesions, the latter were clustered based on
their HU values to facilitate a comprehensive quantitative comparison.
Last, it is known that dedicated pancreatic phase CT offers superior
lesion-to-parenchyma contrast compared to portal-venous phase
[40,41]. However, we had to refrain from comparing spectral results
obtained from these two phases as a considerable number of lesions was
incidentally detected in routine staging scans solely comprising a
portal-venous phase.

5. Conclusions

In conclusion, we found that the subjective analysis revealed a
significant added value of SDCT-derived low keV monoE and iodine

Fig. 5. Interreader agreement in ROI-based quantitative measurements of attenuation (polyE, monoE40, VNC), iodine and Zeff values.
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overlay images with regards to lesion conspicuity and reader con-
fidence which was substantiated by higher lesion-to-parenchyma ratios.
Thus, these reconstructions should be considered for supplementary use
in the clinical routine where possible.
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