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Abstract. — OBJECTIVE: At lower energy lev-
els, virtual monochromatic imaging by dual-en-
ergy computed tomography improves lesion at-
tenuation but produces greater image noise with
the conventional monoenergetic reconstruction
algorithm (Mono). Recently, a second-genera-
tion algorithm (Mono+) was introduced to over-
come this limitation. We compared the quality of
images obtained with these algorithms and in-
vestigated the optimal energy selection for pan-
creatic ductal adenocarcinomas (PDACSs).

PATIENTS AND METHODS: Image data from
54 PDAC cases were generated at 40, 50, 60,
70, and 80 keV using Mono and Mono+. Image
quality was objectively assessed by compar-
ing the signal-to-noise ratios (SNRs), noise, and
the contrast-to-noise ratios (CNRs) at different
keV levels and between these algorithms at the
same keV level. Lesion conspicuity and venous
invasion were subjectively assessed.

RESULTS: For Mono, the mean pancreas and
tumour SNRs peaked at 70 keV (p<0.001). The
noise increased as the energy level decreased
(p<0.001). CNRtumour remained unchanged.
For Mono+, the mean pancreas SNR peaked at
40 keV (p<0.001). The mean tumour SNR and
noise remained unchanged. The tumour CNRs
were highest at 40 keV (4.9 times the CNR of Mo-
no 40 keV, p<0.001). Subjectively, lesion conspi-
cuity was best at Mono+ 40 keV (p<0.001) and it
showed higher diagnostic performance levels
on venous invasion assessment against Mono.

CONCLUSIONS: Mono+ produced better im-
age quality, and 40 keV is recommended for the
diagnosis of PDAC.
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Abbreviations

CNRtumour: Contrast-to-noise ratio of the lesion-to-pan-
creas contrast; CT: Computed tomography; DECT: Du-
al-energy CT; IVC: Inferior vena cava; NCCN: Nation-
al Comprehensive Cancer Network; PDAC: Pancreatic
ductal adenocarcinoma; PV: Portal vein; ROI: Region of
interest; SNRpanc: Signal-to-noise ratio of the pancreas;
SNRtumour: Signal-to-noise ratio of the tumour; SMV:

Superior mesenteric vein.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is
one of the most life-threatening tumours and is
often diagnosed at an advanced stage, wherein
complete surgical resection (RO resection) is dif-
ficult, as adjacent abdominal vessels are mark-
edly invaded. According to the National Com-
prehensive Cancer Network (NCCN) Clinical
Practice Guidelines, the surgical procedure for
PDAC is based on the location of the tumour and
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its relationship with blood vessels'. Radiographic
characteristics suggesting infiltrative invasion of
the portal vein (PV), superior mesenteric vein
(SMV), and inferior vena cava (IVC) are the main
unfavourable factors influencing RO resection.
Preoperative computed tomography (CT) imag-
ing is critical because of its ability to demon-
strate venous invasion from the tumour with fast
acquisition of contrast-enhanced scans and the
availability of multiplanar reformatting. How-
ever, tumour conspicuity is the most intractable
problem on conventional CT imaging, which may
hinder accurate evaluation.

Dual-energy CT (DECT) has been receiving
increasing clinical attention in recent years. One
of its benefits is that it can be used to create
virtual monochromatic images at arbitrary ener-
gies from the polychromatic low-keV and high-
keV data. CT images can be synthesised using
different monochromatic x-ray beams with the
first-generation conventional monoenergetic re-
construction algorithm (Mono). Tumour conspi-
cuity can be improved at lower scanning voltages,
as higher atomic numbers produce higher image
density to enhance tumour-to-tissue contrast>.
However, at lower keV levels, the background
noise increases and outweighs the benefit of
higher tissue attenuation®. In an effort to reduce
this background noise limitation, a second-gen-
eration monoenergetic reconstruction algorithm
(Mono+) has been introduced. Mono+ produces
images with a combination of high attenuation
at low photon energies and lower image noise at
higher photon energies by using a spatial frequen-
cy-based technique’. Frellesen et al® on Mono+
have shown promising results, suggesting that
this novel reconstruction algorithm may over-
come the limitations produced by noise and im-
prove image quality to enable better visualisation
of pancreatic tumours. However, venous invasion
was not investigated in these studies, some of
which included patients with multiple pancreatic
tumors”. Virtual monochromatic images at low-
er energy levels can increase tissue attenuation;
therefore, we assumed that Mono+ can improve
lesion contrast and the accuracy of venous inva-
sion evaluation.

In this study, we first compared image quality,
with a focus on lesion-to-pancreas contrast, in an
image series at energy levels of 40-80 keV (in 10-
keV increments) using Mono and Mono+ and in-
vestigated the optimal energy selections. Second,
the diagnostic accuracy of venous invasion was
further assessed at these optimal selections in
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patients with postsurgical pathologically proven
diagnoses confirming whether there was venous
involvement or not.

Patients and Methods

Patients

This was a retrospective imaging data analysis
that included patients with suspected pancreatic
tumours based on clinical symptoms, such as ab-
dominal pain, weight loss, and an elevated serum
CA199 level or patients in whom a pancreatic
tumour had been detected by a previous imaging
study between June 2017 and March 2019 at a
single centre. Figure 1 shows the flowchart of the
patient inclusion procedure. Among 201 patients,
54 that were ultimately confirmed to have PDAC
on the basis of endoscopic ultrasound-guided
fine-needle aspiration or post-surgical patholo-
gy were included in the image quality analysis.
Twenty-five of these patients who had pathologi-
cal confirmation of presence or absence of venous
invasion were sub-grouped and their data used in
the venous invasion assessment. DECT scanning
is a routine workup in the assessment of underly-
ing abdominal tumours. This investigation was
approved by our institutional Ethics Committee,
and the need for informed consent was waived.

Computed Tomography
Scanning Protocol

All scanning was performed on a dual-source
CT scanner (Somatom Force, Siemens Health-
ineers, Forchheim, Germany). All patients were
placed in a supine position. Acquisitions were
performed in the cranial-to-caudal direction with
breath hold. A standard unenhanced scan and
triple-phasic enhanced scans, which included an
arterial phase, a pancreatic parenchymal phase
(PPP), and a delayed phase, were obtained from
the level of the diaphragm to the bifurcation
of the abdominal aorta. After the unenhanced
scan, an intravenous bolus injection of non-ionic
contrast media (350 mg/mL [1.5 mL/kg]) was ad-
ministered at a rate of 4 mL/s through the median
cubital vein. A circular region of interest (ROI)
with an area of 1 mm? was placed in the aorta
2 cm below the diaphragm. A threshold of 100
Hounsfield units (HU) was set. Arterial phase
acquisition was initiated 7 s after the trigger.
The scanning duration was approximately 5-7
s. Acquisition of the PPP and the delayed phase
was initiated automatically at 20 s and 3 min lat-
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Potentially eligible patients (n=201)
Patients suspected with a pancreatic tumour by clinical symptoms were referred for DECT imaging

Excluded patients (n=26)

»|  _Motion artifacts that impaired image quality (n=8)
-Suboptimal scan time (n=13)
-Inappropriate dual-energy protocol selection (n=5)

Patients who underwent accurate DECT scanning (n=175)

Y

\ J

Patients with a pathological diagnosis (n=105)

Patients without a pathological diagnosis (n=70)

Y

-Pancreatic endocrine tumours (n=9)
-Cystic pancreatic lesions (n=32) «
-Other masses (n=10)

-Patients who refused to undergo biopsy or had contraindications for
surgery (n=53)

-Pancreatic metastatic lesions (n=12)

-Pancreatitis (n=5)

Y

Pancreatic ductal carcinoma (n=54)

\J Y

Patients with pathological confirmation
of venous invasion or not (n=25)

Patients without surgical intervention
or pathological confirmation of
venous invasion (n=29)

Figure 1. Flowchart of the patient inclusion process. (DECT, dual-energy computed tomography).

er, respectively, when arterial phase acquisition
was accomplished. Only images in the PPP were
obtained using the dual-energy mode with tube
A at 100 KV/ref250 mAs and tube B at 150 KV/
ref125 mAs with tin filtration. Other scanning
parameters were as follows: exposure technique,
CARE Dose4D automatic exposure control to
regulate tube current; rotation time, 0.5 s; pitch,
1; collimation, 2 mm x 192 mm X 0.6 mm; and
reconstruction thickness, 1 mm.

Image Reconstruction

Image data of dual-energy at the PPP were
generated and reconstructed into pure 100 KV
and Sn150 KV datasets on the CT console. These
datasets were transferred to the workstation and
processed using dedicated dual-energy mono-
chromatic software (syngo.via, version VB20,
Siemens Healthcare, Munich, Germany). Mono

and Mono+ images were created at virtual photon
energies of 40 keV, 50 keV, 60 keV, 70 keV, and 80
keV by nonlinear blending.

Image Quality Analysis

Objective Analysis

Objective analysis was conducted by a radiol-
ogist with 5 years of experience in abdominal
CT imaging. The image series were displayed
simultaneously on the comparative reading sec-
tion of syngo.via on the workstation. Regions of
interest of >1 mm? were placed in areas of air,
normal pancreatic tissue, and tumour on the same
axial slice of pure 100 KV (Figure 2). The copy-
and-paste function was applied to the rest of the
image series, which included Mono 40 keV, 50
keV, 60 keV, 70 keV, and 80 keV, and Mono+ 40
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Figure 2. The placement of the regions of interest in the
areas of air (white circle), normal pancreatic tissue (red
circle), and the tumour (vellow circle).

keV, 50 keV, 60 keV, 70 keV, and 80 keV. These
measurements were conducted three times, and
the results were averaged to ensure reliability.
If the lesion was iso-intense, the ROI was set
according to the other reconstructed series that
could better display it. Image noise was defined
as the standard deviation of attenuation measured
in the extracorporeal air (SD). The signal-to-noise
ratios of the pancreas (SNRpanc) and the tumour
(SNRtumour) were calculated using the equation
SNR = ROI/SD. The contrast-to-noise ratio for
the lesion-to-pancreas contrast was calculated
using the equation CNRtumor = (ROIpanc-ROI-
tumour)/SD.

For tumour size measurements, the largest
diameter of the hypo-attenuated mass was
measured on the axial plane of sole 100 KV
images.

Subjective Analysis

Lesion Conspicuity Assessment

A different radiologist, with 8 years of expe-
rience in abdominal CT imaging, independently
assessed image quality using syngo.via on the
workstation. The 10 series were displayed in
random order in axial orientation and with a
slice thickness of 1 mm. The window width and
window level were initially set at 400 HU and
40 HU, respectively. The reader scrolled through
and adjusted the window settings freely. Image
quality ratings were agreed upon by a reader who
was trained beforehand with a training set. Le-
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sion conspicuity was assessed on a 5-point scale
with the highest score indicating the best image
quality. The scale was based on the optimal im-
age contrast and on image noise, as follows: 1 =
“excellent with no noise™; 2 = “good with mini-
mal noise”; 3 = “satisfactory with mild noise”; 4
= “deficient with moderate noise”; 5 = “nondiag-
nostic with severe noise.”

Venous Invasion Assessment

The presence of venous invasion, including of
the PV, SMV, and IVC, was assessed by the read-
er who performed the aforementioned objective
imaging quality analysis in a 3-month interval.
Twenty-five patients with pathological confirma-
tion of presence or absence of venous invasion
were included in the assessment, and the images
at the keV levels that resulted in the highest le-
sion conspicuity values using the two algorithms
were selected for the assessment. Images were
displayed in a random order.

CT imaging findings suggesting venous in-
vasion were classified into three types using
Loyer’s criteria as a reference. Type A: Absence
of invasion (fat plane or pancreatic parenchyma
separates the tumour from adjacent vessels); Type
B: Probable presence of invasion (hypodense tu-
mour inseparable from vessels (points of contact
either forms a convexity or concavity against
vessels); Type C: Definite presence of invasion
(hypodense tumour encircles or occludes adja-
cent vessels).

Statistical Analysis

All statistical analyses were conducted with
Prism 7.0 (GraphPad Software Inc., La Jolla, CA,
USA). Continuous variables are reported as mean
+ standard deviation. The Kruskal-Wallis test
with Bonferroni post-hoc correction was used
for objective and subjective comparison of image
quality measurements. The sensitivity and spec-
ificity for the two algorithms for venous invasion
diagnosis were also calculated. For all analyses,
p<0.05 was considered statistically significant.

Results

Thirty-one and 23 masses were detected at the
pancreatic head and body-tail, respectively. The
tumour size (expressed as the mean + standard
deviation) was 3.50 £ 1.24 cm (range, 2.0-5.3 cm).
Two masses were iso-intense and the other 52
were hypointense on 100 KV images in the PPP.
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Table I presents an overview of the objective
measurements. Figure 3 presents the differences
across the image series.

For Mono, the mean SNRpanc and SNRtu-
mour values showed nearly parabolic curves and
peaked at 70 keV. As the energy level decreased,
the SNR values also decreased. There was a
significant difference (p<0.001, Table I) between
each two incremental energy levels lower than 60
keV for the SNRpanc and SNRtumour. In addi-
tion, the mean noise showed a decay curve. As
the energy level was lowered, the noise increased;
it peaked at 40 keV, where it was statistically sig-
nificantly different from all other energy levels
(p<0.001). When the effects of the SNR and noise
were combined, there were no differences in CN-
Rtumour at any energy level.

However, on Mono+, these variables showed
different curves. The mean SNRpanc slightly
increased as the energy level decreased; it peak-
ed at Mono+ 40 keV, where it was significantly
different from that at the 70 keV or 80 keV en-
ergy levels, but not from that at Mono+ 50 keV
(»<0.001). The mean SNRtumour and noise did
not significantly differ among energy levels.
Combining the effects from SNR and noise,
CNRtumour showed evident decay curves. As
the energy level decreased, the values sharply
increased; they peaked at Mono+ 40 keV, being
statistically different from those at all other en-
ergy levels (p<0.001).

When comparing the values between Mono
and Mono+ at the same energy level, higher SN-
Rpanc and SNRtumour were produced on Mono+

below the level of 70 keV (p<0.001). Noise was
replenished on Mono+ at lowered energy levels,
at approximately one-fifth of that on Mono at the
40 keV energy level (Table I; p<0.001). CNRtu-
mour was higher on Mono+ below the energy
level of 70 keV, at 4.9 times the value on Mono at
the 40 keV energy level (Table I; p<0.001).

The lesion conspicuity assessment results are
presented in Table II and Figure 4. Lesion conspi-
cuity rated best on Mono+ 40 keV among the two
imaging datasets; however, it was not statistically
significantly different from that on Mono+ 50
keV (p<0.001). Within the Mono dataset, it rated
best on Mono 60 keV (p<0.001).

The venous invasion assessment results of the
25 pathologically confirmed cases are shown in
Table III and Figure 5.

There was isolated PV invasion in none of
the cases (0/25) and four cases were classified
into type C with respect to combined PV/SMV
involvement in the two algorithms, with 100%
sensitivity and specificity.

In total, 13 and 12 cases were classified into
Type B or C with respect to isolated SMV inva-
sion on Mono 60 keV and Mono+ 40 keV, respec-
tively. One case was misdiagnosed as invasion on
Mono 60 keV for iso-attenuating lesions seem-
ingly compressing the adjacent vein (Figures 5A,
5B). The sensitivity and specificity of Mono 60
keV vs. Mono+ 40 keV were 100% and 92.9% vs.
100% and 100%, respectively.

Regarding isolated IVC invasion, there was
diagnostic uncertainty in three cases with in-
sufficient homogeneous enhancement. For the

Table I. Objective measurements of the signal-to-noise ratio, noise, and the contrast-to-noise ratio.

keV SNRpanc SNRtumor Noise CNRtumor
Mono 40 2.60 (0.78)* 0.98 (0.49)* 45.57 (8.27)* 5.24 (2.18)
50 3.30 (0.97)* 1.29 (0.63)* 28.80 (6.81)* 5.83(2.37)
60 4.50 (1.30)* 2.19 (1.61)* 17.31 (3.24)* 6.61 (4.14)
70 5.69 (1.45) 2.90 (0.93) 10.52 (1.68)* 6.93 (3.52)
80 5.13 (1.54) 2.55(0.92) 10.02 (2.09) 6.30 (2.84)
Mono+ 40 6.71 (1.62)* 2.86 (1.35) 9.44 (1.48) 2548 (11.13)*
50 6.66 (1.65)* 291 (1.31) 9.54 (1.47) 16.86 (7.01)*
60 6.38 (1.55) 2.95(1.32) 9.47 (1.69) 12.13 (5.52)*
70 5.90 (1.73) 2.96 (0.95) 9.74 (1.48) 749 (3.65)*
80 5.86 (1.42) 2.90 (1.12) 9.48 (1.70) 6.96 (3.16)

SD, standard deviation; SNR, Signal-to-noise ratio; CNR, Contrast-to-noise ratio; Mono, monoenergetic imaging algorithm;
Mono+, second-generation monoenergetic imaging algorithm; SNRpanc, SNR of pancreas; SNRtumor, SNR of tumor;
CNRtumor, CNR of the lesion-to-pancreas contrast. Variables are expressed as the mean (SD). *The value is statistically
significantly different from the values at the other energy levels (p<0.001). **The value is statistically significantly different
from the values of Mono+ 50 keV, 60 keV, 70 keV, and 80 keV (p<0.001). “The value is statistically significantly different from
Mono+ 40 keV vs.70 keV or 80 keV, and different from Mono+ 50 keV vs. 70 keV or 80 keV (p<0.001).
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Figure 3. The boxplots represent differences across image series from virtual monochromatic images at energy levels from
40 keV to 80 keV by Mono and Mono+ algorithms for SNRpanc, SNRtumour, noise, and CNRtumour (Mono, monoenergetic
imaging algorithm; Mono+, second-generation monoenergetic imaging algorithm; SNR, signal-to-noise ratio; SNRpanc, SNR
of the pancreas; SNRtumour, SNR of the tumour; CNR, contrast-to-noise ratio;, CNRtumour, CNR of the lesion-to-pancreas

contrast).

other 22 cases, a total of seven and eight cases
were classified into Type B or C on Mono 60
keV and Mono+ 40 keV, respectively. One case
of invasion was missed on Mono 60 keV due to
image noise (Figures 5C, 5D). The sensitivity
and specificity of Mono 60 keV vs. Mono+ 40
keV were 88.9% and 100% vs. 100% and 100%,
respectively.

Table II. Subjective ratings of lesion conspicuity.

Discussion

DECT scanning is a promising technique that
produces dual x-rays by two separate tubes at
low and high voltages to achieve material de-
composition. Spectral images, especially iodine,
fat, and osseous images, can be produced. Before
its application, imaging was polychromatic and

40 50 60 70

80 40+ 50+ 60+ 70+ 80+

Lesion conspicuity ~ 3.35 3.63 4.02 3.80
(0.62) (0.56) (0.53) (0.66)

3.57 443 4.24 3.96 372 372
0.54)  (0.57)  (0.58)  (0.58)  (0.56) (0.53)

The data are presented as the mean (standard deviation). “+” Indicates these levels were assessed using the second-generation

monoenergetic imaging algorithm (Mono+).
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Mono+ 60 keV

Figure 4. The same image slice shows the PDAC lesion at the head of the pancreas by virtual monochromatic imaging at
different energy levels. Unilateral compression on the root of the portal vein (arrow) by the tumour (arrow with dotted line) is
best visualised using Mono+ 50 keV for better tumour-to-pancreas contrast. This patient underwent pancreaticoduodenectomy
with regional PV resection, and PV invasion was confirmed pathologically (Mono, monoenergetic imaging algorithm; Mono+,
second-generation monoenergetic imaging algorithm).

with average attenuation from a single tube. The
DECT technique can produce a series of virtual
monochromatic images in different ranges of
energies. Monochromatic images at lower energy
can increase lesion-to-tissue contrast and vessel
opacification®'*!". Owing to the desmoplastic re-

action and their infiltrative growth characteristics,
PDACs are mostly iso-attenuated or hypo-attenu-
ated on enhanced images, which make it difficult
to discern them from adjacent normal pancreatic
tissues with conventional CT imaging'?. Studies
on improving pancreatic imaging are ongoing

Table Ill. Venous invasion classification from Mono and Mono+ at the keV energy level with the best lesion conspicuity.

Type PV SMV PV+SMV IvVC
Mono 60 keV A 0 12 21 15
B 0 5 0 6
C 0 8 4 1
Mono+ 40 keV A 0 13 21 14
B 0 5 0 7
C 0 7 4 1

The data are presented as number of cases. PV, portal vein; SM, superior mesenteric vein; IVC, inferior vena cava.

Figure 5. A pancreatic tumour was inconspicuous, and the adjacent flattening superior mesenteric vein (SMV) was misdiagnosed
as invasion on the Mono 60 keV image (A). The normal pancreatic parenchyma was better shown between the tumour and the
SMV on the Mono+ 40 keV image (B). A case with confirmed inferior vena cava (IVC) invasion. The tumour invasion was less
conspicuous on the Mono 60 keV image (C) than on the Mono+ 40 keV image (D).
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and recent studies have increasingly focused on
pancreatic virtual monochromatic imaging. This
imaging technique can better detect PDAC, es-
pecially small and iso-attenuated lesions, and
allows good reader agreement in diagnosis'*-'>.
Computed virtual monochromatic imaging of
DECT scans at lower kiloelectron volt levels can
increase x-ray attenuation of materials with a
high atomic number such as iodine (which im-
proves iodine contrast)*!!. However, when using
the conventional monoenergetic imaging recon-
struction algorithm (i.e., Mono), image noise will
simultaneously increase at lower kiloelectron volt
levels, which may ultimately lower the CNR*.
To overcome these image noise limitations, an
advanced monoenergetic imaging reconstruc-
tion algorithm (i.e. Mono+) was developed'®. By
means of a frequency-split technique, the benefits
of high attenuation from low kiloelectron volt
images and high spatial frequency from optimal
kiloelectron volt images can be combined to
achieve a higher CNR. The advantage of Mono+
in improving lesion contrast, vascular attenua-
tion, and image quality has been demonstrated
by recent studies®’. The optimal energy level
on conventional Mono with regard to CNR is
approximately 60-70 keV. Lower energy levels
would lead to a sharp increase in noise. However,
higher image quality at 40 keV was shown to be
possible using Mono+, on the basis of a phantom
study®. This capability was also demonstrated
in pancreatic imaging. A preliminary clinical
study on 22 cases of pancreatic masses by Hardie
et al’ showed that attenuation on the pancreat-
ic parenchyma and lesion was much higher on
Mono+ 55 keV images than on linearly blended
120 kV images at the PPP, although a mild in-
crease in noise also occurred, which resulted in
a significantly greater CNR. Bellini et al’ also
demonstrated that noise was significantly lower
and the pancreas-to-muscle CNR was significant-
ly higher for energy levels below 70 keV when
using Mono+, and the CNR was maximised at
Mono+ 40 keV. To the best of our knowledge, the
only study that focused on pancreatic-to-lesion
CNR of confirmed pancreatic carcinoma by using
Mono+ was conducted by Frellesen et al®. They
demonstrated that the pancreatic-to-lesion CNR
peaked at Mono+ 40 keV. However, subjective
image reading suggested that the energy level of
55 keV by Mono+ would achieve the best image
quality. Our study showed that in normal pan-
creatic and tumour tissue, Mono+ 40 keV was
the best energy level to attain a higher SNR with
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the least noise, ultimately resulting in the highest
CNR. In addition, subjective qualitative analysis
suggested that lesion conspicuity and venous in-
vasion were rated best at energy levels of 40 keV
when using Mono+.

Mono+ is a promising algorithm that improves
vessel visualisation. Bhosale et al* compared im-
age quality between Mono images obtained us-
ing the DECT scanning technique and images
obtained using conventional single energy ac-
quisition. The energy level of 70 keV was identi-
fied as the best for visualising tumour extension
and vascular invasion. Schabel et al'® proved the
advantage of Mono+ in overcoming the noise
limitations and confirmed Mono+ 40 keV as the
best energy level for depicting intrahepatic veins
under poor contrast conditions. However, few
studies have been conducted on Mono+ with re-
gard to vascular invasion of PDAC. Most patients
are diagnosed at an advanced stage; vascular in-
volvement is frequent. On the basis of the NCCN
criteria, resectability is highly dependent on pre-
operative evaluation of tumour contact with the
adjacent vessels. The Society of Abdominal Ra-
diology and the American Pancreatic Association
recommend examining patients using biphasic
CT, which contains a PPP and a portal venous
phase (obtained 40-50 s and 65-70 s, respectively,
after the intravenous injection of contrast medi-
um), as a routine workup for evaluating arterial
and venous involvement in the former phase, as
well as liver metastases in the latter phase'”. How-
ever, at the portal venous phase, venous contrast
is inferior to arterial contrast. Moreover, liver
metastases may not be well visualised because
peak enhancement of the liver parenchyma would
not have been achieved. Thus, the delayed phase
was reserved in our study. We aimed to explore
the influence of the newer algorithm on lesion
conspicuity and on venous invasion evaluation at
the PPP.

In this study, on the basis of an average score
of 4.43 and 4.24, Mono+ at the energy levels of 40
keV and 50 keV rated best for lesion conspicuity
and showed significant improvement over Mono.
The diagnostic accuracy for venous invasion im-
proved at Mono+ 40 keV.

This study has several limitations. First, the
effect of body size was not studied, although
signal attenuation and image noise may dif-
fer among individuals. Recent studies have
demonstrated that sufficient tube current mod-
ulation by an automated exposure control, such
as CARE Dose 4D, which was applied in this



Second-generation monoenergetic reconstruction algorithm in pancreatic ductal adenocarcinomas

research, can eliminate variability. Second, we
only focused on image quality assessment. We
did not conduct a study on correlations between
imaging and pathological findings. Third, only
the main three vessels were included in the vas-
cular invasion analysis, as venous invasion is the
main factor related to treatment decisions. Other
affected vascular structures need to be analysed
in the future.

Mono+ can improve tissue and lesion attenua-
tion and overcome noise limitations. Further in-
vestigations should be undertaken to explore how
this algorithm can reduce the radiation dose and
the amount of contrast medium injection.

Conclusions

To our knowledge, this study was the first
retrospective imaging data analysis of the ad-
vanced Mono+ algorithm on PDAC with a large
number of patients. The objective and subjective
assessments showed that Mono+ had better image
quality over the conventional algorithm (i.e., Mo-
no). Mono+ has overcome the noise limitations of
the conventional Mono at energy levels < 70 keV.
Based on the objective and subjective reading
results, we recommend Mono+ 40 keV for the
image diagnosis of PDAC.
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