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Evaluation of three-dimensional dual-energy CT cholangiopancreatography 
image quality in patients with pancreatobiliary dilatation: Comparison with 
conventional single-energy CT 
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H I G H L I G H T S  

• This article is to describe a novel technique of multiphase fusion three-dimensional (3D) images in patients with malignant pancreatobiliary obstruction. 
• Multiphase fusion 3D images of CT arteriography, portovenography and hepatic venography combined with negative-contrast CT cholangiopancreatography can be 

created with enhanced multiphase CT scan using intravenous contrast agent at one time. 
• Preoperative one-stop evaluation of malignant pancreatobiliary obstruction may be feasible with this technique.  
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A B S T R A C T   

Objective: This study aimed to evaluate three-dimensional (3D) negative-contrast CT cholangiopancreatography 
(nCTCP) image quality using dual-energy CT (DECT) with iterative reconstruction (IR) technique in patients with 
pancreatobiliary dilatation compared with single-energy CT (SECT). 
Methods: Of the patients, 67 and 56 underwent conventional SECT (SECT set) and DECT with IR technique (DECT 
set), respectively. All patients were retrospectively analyzed during the portal phase to compare objective image 
quality and other data including patient demographics, hepatic and pancreatic parenchymal enhancement, noise, 
and attenuation difference (AD) between dilated ducts and enhanced hepatic parenchyma, signal-to-noise ratio 
(SNR), contrast-to-noise ratio (CNR), and CT volume dose index (CTDIvol). Two radiologists used the five-point 
Likert scale to evaluate the subjective image quality of 3D nCTCP regarding image noise, sharpness of dilated 
ducts, and overall image quality. Statistical analyses used the Mann–Whitney U test. 
Results: No significant difference in patient demographics in either CT set was showed during objective evalu-
ation (p > 0.05). However, higher hepatic and pancreatic parenchymal enhancement, AD, SNR, and CNR and 
lower hepatic and pancreatic noise (p < 0.005) as well as CTDIvol (p = 0.005) on DECT than on SECT were 
observed. Higher mean grades on DECT than on SECT were showed for image noise (4.65 vs 3.92), sharpness of 
dilated ducts (4.52 vs 3.94), and overall image quality (4.45 vs 3.91; p < 0.001), respectively during subjective 
evaluation. 
Conclusion: A higher overall image quality and lower radiation dose on 3D nCTCP can be obtained by DECT with 
IR technique than with conventional SECT in patients with pancreatobiliary dilatation.   

1. Introduction 

Pancreatobiliary dilatation can be secondary to either benign or 
malignant processes. Further determination of the causes of a dilated 
pancreatobiliary system is very important in managing this condition 
[1]. As a well-established noninvasive technique for assessing the biliary 

tract, magnetic resonance cholangiopancreatography (MRCP) has been 
widely used in daily practice because of its high sensitivity and speci-
ficity for diagnosing suspected obstructive biliary diseases or strictures 
given the presence of pancreatobiliary dilatation [2–5]. However, 
additional sequences are required with contrast-enhanced imaging 
when assessing noncalculous obstruction [3,6–8]. The main limitations 
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of MRCP are unable to evaluate extraductal structures and have rela-
tively lower spatial resolution on two-dimensional (2D), or motion ar-
tifacts on breath-hold three-dimensional (3D) MRCP in patients with 
irregular breathing patterns [3,9]. Furthermore, some contraindications 
(e.g., pacemarker, aneurysm clips, or claustrophobia) on MR imaging 
limit its use [4,6]. Meanwhile, computed tomography (CT) commonly 
represents a first- or second-line diagnostic tool in patients with 
abdominal disorders involving the bile duct system [6,10]. In addition, 
appropriate dilatation of the pancreatobiliary ducts during the portal 
phase can be used to extract pixels for 3D negative-contrast CT chol-
angiopancreatography (nCTCP) with minimum intensity projection 
(MinIP) to depict the pancreatobiliary system similar to MRCP [4,7,8]. It 
allows to correctly determining the level and cause of biliary obstruction 
as well as an improvement of visualization of the pancreaticobiliary 
system [4,8,11]. With the advent of multidetector-row CT (MDCT, 
especially ≥ 64 MDCT), high-quality 2D reformatted images along with 
nCTCP can be acquired simultaneously when submillimeter volume data 
are obtained [7,8,12–14]. 

Nevertheless, the 3D nCTCP image quality largely depends on the 
attenuation difference (AD) between dilated ducts and enhanced hepatic 
and pancreatic parenchyma. Therefore, maximal hepatic and pancreatic 
parenchymal enhancement is one of the most important factors [6,11]. 
Several approaches (e.g., increasing iodine concentration or dose and 
injection flow) were previously attempted to improve hepatic and 
pancreatic parenchymal enhancement. The main limitations of these 
methods are the greater renal impact and the simultaneous risk of 
contrast agent extravasation [15,16]. Recently, dual-energy CT (DECT) 
with iterative reconstruction (IR) has been applied in clinical practice. A 
weighted-average image that simulates the image quality of a standard 
120-kVp acquisition can be reconstructed from the two datasets with 
low- and high-energy acquisition techniques. This blended image en-
sures acceptable image quality and preserves low-contrast detectability, 
which improves the contrast-to-noise ratio (CNR) and aids in detecting 
and characterizing lesions [17,18]. Moreover, IR can enable the use of 
reduced-dose CT, decrease noise and increase contrast in CT images 
[19–21]. 

Thus, the hypothesis of this study was that DECT with the IR tech-
nique may improve 3D nCTCP image quality while reducing the radia-
tion dose, which will be helpful in providing more accurate information 
concerning the pancreaticobiliary ducts in clinical practice. Given this, 
the purpose of the study is to evaluate 3D nCTCP image quality using 
DECT with IR in patients with pancreatobiliary dilatation compared 
with conventional single-energy CT (SECT). 

2. Materials and methods 

2.1. Patients 

This retrospective study was performed in compliance with the 
guidelines of the Health Insurance Portability and Accountability Act 
and approved by the institutional review board of this study. Written 
informed consent was obtained from all patients. From January 2016 to 
February 2020, data regarding 453 consecutive patients with clinical 
findings of abdominal pain, jaundice, weight loss, or abnormal labora-
tory results (e.g., elevated total serum bilirubin and/or alkaline phos-
phate levels) were collected from the image archive and communication 
system. Among these patients, 294 and 159 patients underwent con-
ventional SECT (Aquilion 64, Toshiba Medical Systems) and DECT 
during the portal phase (Aquilion ONE, Toshiba Medical Systems) of the 
abdomen, respectively. The inclusion criteria for pancreatobiliary dila-
tation were adopted from a previous report: the common bile duct or 
common hepatic duct diameter > 6 mm if the gallbladder was present 
and the patient was < 60 years old with or without intrahepatic ductal 
dilatation. If the patient was ≥ 60 years old, 1 mm was added to the 
upper limit for every additional decade of life over 60 years. If the 
gallbladder was absent, biliary ductal dilatation was defined as an 

extrahepatic bile duct diameter > 10 mm for all ages [1]. The exclusion 
criteria included nondilated ducts, substantial motion artifacts that 
produced images that were nondiagnostic quality, failure in CT 
enhancement (e.g., because of contrast agent extravasation), and section 
thickness ≥ 1.0 mm. In this study, the standard section thickness for 
abdominal scan was 1.0 mm with Aquilion 64 (64-MDCT), and 0.5 mm 
with Aquilion ONE (320-MDCT). However, 0.5 mm section thickness 
was used in patients with suspected pancreatobiliary diseases because 
preferably submillimeter is recommended for high-fidelity reformatted 
and volumetric images from near isotropic voxel acquisition [12–14]. 
Thus, 227 and 103 patients from the conventional SECT (SECT set) and 
DECT (DECT set), respectively, were excluded. Consequently, 67 (34 
males and 33 females; mean age, 66.7 years; range, 31–89 years) and 56 
(29 males, 27 females; mean age, 65.0 years; range, 41–93 years) pa-
tients in the SECT and DECT sets were enrolled in this study, respec-
tively. The flow chart for patient selection is illustrated in Fig. 1, and the 
benign-malignant causes of pancreaticobiliary dilatation confirmed by 
endoscopy or pathology in the two CT sets are listed in Table 1. 

2.2. CT examinations 

In both SECT and DECT sets, nonenhanced and dual-phase enhanced 
CT were performed in all patients. Moreover, 500–800 mL water was 
orally administered 30 min before CT examinations. All patients were 
administered a nonionic contrast agent (1.5 mL/kg, and maximum 
volume of 100 mL ioversol; Optiray 320, Tyco Health care) via a power 
injector at a flow of 4 mL/s for dual-phase enhanced CT. An automatic 
trigger scanning mode with a 10- to 15-s delay was used to acquire the 
late arterial phase when a region of interest (ROI) was set on the 
descending aorta in which the preset CT number was 200 in Hounsfield 
units (HU). In this mode, the late arterial and portal phases were delayed 
by 35–45 s and 65–75 s, respectively, after the initiation of contrast 
administration. Specifically, only the portal phase acquisition used 
sequential dual-energy (80/135 kVp) in the helical scan mode in the 
DECT set. In this study, the image quality analysis of 3D nCTCP was 
based on portal phase data [22]. The detailed scan parameters for the 
two CT sets are listed in Table 2. 

2.3. Image processing and analysis 

In the SECT dataset, the portal phase raw data were reconstructed 
with both a section thickness and an interval of 0.5 mm with the stan-
dard filtered back projection (FBP) and a kernel of FC 02. In contrast, the 
DECT set raw data were reconstructed using the same section thickness 
and interval as used in the SECT set with the IR technique of an adaptive 
iterative dose reduction system using a 3D processing algorithm (AIDR 
3D) and a kernel of FC 17. Although energy-specific postprocessing 
methods, such as optimized monoenergetic (e.g., 60–70 keV) methods, 
can lead to better image quality than a conventional 120-kVp technique 
with the same radiation dose, this improvement may not be confirmed 
until the images obtained using this approach are compared with SECT 
acquisitions using lower-tube voltage settings (e.g., 80 kVp) [17]. 
Therefore, this study used nonmaterial-specific image (also referred to 
as blended images) reconstruction with a nonlinear blending mode, 
which combines the data from the low- and high-energy images in a 
single dataset as a weighted-average image equivalent to a conventional 
single-energy 120-kVp acquisition and takes advantage of both the 
high-contrast contribution from the lower-energy dataset (80 kVp) and 
the low noise levels from the high-energy dataset (135 kVp). Thus, 
quantum noise and iodine contrast CNR are minimized and maximized, 
respectively [17]. 

All reconstructed 2D source images (volume data) during the portal 
phase were then transferred to a dedicated workstation (Advantage 
Workstation, version 4.6, GE Healthcare). A trained radiologist (with 10 
years of experience in abdominal CT) undertook the CT image post-
processing at the workstation. 3D nCTCP images were generated with 
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3D tools as previously described [7]. However, this study used the 
segment tool in the Paint on slices for analysis, which can be used to 
independently segment multiple regions, such as the liver, pancreas, and 
duodenum, from other abdominal lower attenuations (fat, air, etc.) on 
the same edited image. The adjustment of the edited slab thickness each 
time can be controlled by the mouse scroll wheel based on the dilated 
pancreatobiliary system. The extra time for 3D nCTCP in this study was 
10–15 min (mean, 12 min) with a total segmented width of 90 mm 
(range, 70–150 mm). 

2.4. Objective image quality evaluation 

All patient demographics, including sex ratio, body weight, age, 
height, body mass index (BMI) [BMI = weight (kg)/height (m2)], and 
volume CT dose index (CTDIvol, mGy) as well as CT numbers obtained in 

the liver, pancreas, dilated extrahepatic or intrahepatic bile ducts, per-
irenal fat (as background) in the axial image, and their image noise 
defined as the standard deviation (SD) during the portal phase were 
recorded by the radiologist during analyses of the two CT sets. For the 
same patient, an ROI of approximately 20 mm was placed in the liver, 
pancreas, dilated extrahepatic or intrahepatic bile ducts, and perirenal 
fat. Moreover, a smaller size was used when 20 mm ROI placement was 
not possible [22]. To prevent measurement errors, the ROI cursors were 
kept away from intrahepatic or pancreatic hyper (e.g., vasculature or 
calcification) or hypo-(e.g., fat or dilated ducts) attenuated structures. 
Otherwise, all measurements were performed twice, and mean values 
were calculated. The signal-to-noise ratio (SNR) and CNR for the hepatic 
and pancreatic parenchyma were calculated using the following for-
mulas: SNRliver, pancreas = ROIliver, pancreas/SDliver, pancreas and CNRliver, 

pancreas = ROIliver, pancreas− ROIbackground/SDbackground.The ROI denotes 
the attenuation values (HU) of the liver or pancreas. The SD and ROI 
background denotes the image noise and attenuation of fat, respectively 
[22]. Furthermore, AD = CT attenuationliver (HU)− CT attenuationbile 

ducts (HU) was used to compare the AD between dilated bile ducts and 

Fig. 1. Flow chart for patient selection.  

Table 1 
Causes of pancreaticobiliary dilatation in the two CT sets.a.  

SECT set (n = 67) DECT set (n = 56) 

Benign (n = 27) Benign (n = 24) 
CBD stone (n = 19) CBD stone (n = 12) 
BAS (n = 4) BAS (n = 8) 
Duodenal diverticulum (n = 2) AIP (n = 1) 
Acute pancreatitis (n = 1) Mucinous cystadenoma (n = 2) 
Pancreatic pseudocyst (n = 1) Choledochal cyst (n = 1) 

Malignant (n = 40) Malignant (n = 32) 
HCCC (n = 9) HCC (n = 1) 
Gallbladder carcinoma (n = 2) ICC (n = 1) 
DBDC (n = 5) HCCC (n = 4) 
PHC (n = 10) Gallbladder carcinoma (n = 1) 
Ampullary carcinoma (n = 10) DBDC (n = 5) 
Duodenal carcinoma (n = 3) PHC (n = 13) 
Metastasis (n = 1) Ampullary carcinoma (n = 6)  

Duodenal carcinoma (n = 1) 

CBD, common bile duct; BAS, benign ampullary stenosis; HCC, hepatocellular 
carcinoma; ICC, intrahepatic cholangiocarcinoma; HCCC, hilar chol-
angiocarcinoma; DBDC, distal bile ductal carcinoma; PHC, pancreatic head 
carcinoma; AIP, autoimmune pancreatitis. 

a For comparisons for benign-malignant causes of pancreaticobiliary dilata-
tion in the two CT sets were used the Chi-square test (p = 0.855) 

Table 2 
Scan and reconstruction parameters in the two CT sets.  

Parameter SECT set DECT set 

Scan   
Detector configuration 64 × 0.5 mm 80 × 0.5 mm 
kVp 120 135/80 
mA automatic tube current 100/570 
Tube rotation 0.5 s 0.35 s 
Pitch 27 9.4 
FOV 30–40 cm2 30–40 cm2 

Reconstruction   
Section thickness 0.5 mm 0.5 mm 
Section internal 0.5 mm 0.5 mm 
FOV 24–33 cm2 25–35 cm2 

Matrix 512 × 512 512 × 512 
Kernel FC 02 FC 17 
Algorithm FBP AIDR 3D 

FBP, filtered back projection; FOV, field of vision; AIDR 3D, adaptive iterative 
dose reduction using 3D processing. 
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enhanced hepatic parenchyma in the two CT sets. 

2.5. Subjective image quality evaluation 

Two other radiologists (with 10 and 13 years of experience in 
abdominal CT) blinded to the acquisition parameters used to analyze the 
two CT sets independently evaluated the 3D nCTCP image quality on the 
same workstation in a randomized order. A five-point Likert scale was 
used to rate the image noise (1, unacceptable; 2, above average; 3, 
average; 4, less than average; and 5, minimal), sharpness of dilated 
ducts, and overall image quality (1, unacceptable; 2, fair; 3, moderate; 4, 
good; and 5, excellent) [23]. For example, a grade 1 in the overall image 
quality may represent a nondiagnostic image with unacceptable noise, 
poor SNR, CNR, or interfering elements overlap from the surrounding 
structures (e.g., fat or air) [6] wherein the dilated ductal system is hardly 
distinguishable; grade 3 (moderate) represents an acceptable image with 
diagnostic image quality; and grade 5 (excellent image quality) indicates 
an image with the best SNR and CNR and in which any interfering ele-
ments overlapping on the image is scarce. After the first independent 
image analysis, interobserver agreement was assessed for each CT im-
aging finding. In this study, the agreement for both observers served as 
the final evaluation result. For discordant imaging evaluations, another 
radiologist (with 18 years of experience in abdominal CT) combined the 
two CT sets and decided which results to use after reviewing the images 
[24]. 

2.6. Statistical analysis 

Statistical analyses in the two CT sets were performed using MedCalc 
Software for Microsoft Windows (version 9.6.2.0). For benign-malignant 
causes of pancreaticobiliary dilatation were compared using the Chi- 
square test. Both objective and subjective variables are expressed as 
the mean ± SD except for the sex ratio. Considering that the variances 
originated from two independent samples, the Mann–Whitney U test 
was used to evaluate the significance of the objective and subjective 
variables [25]. Results with a p value < 0.05 were considered statisti-
cally significant. Weighted kappa analysis was performed to assess 
interobserver agreement for subjective evaluation of the image quality. 
Kappa values < 0.20, 0.20–0.39, 0.40–0.59, 0.60–0.79, and ≥ 0.80 
indicated poor, fair, moderate, good, and excellent agreement, respec-
tively [8]. 

3. Results 

3.1. General comparison 

There was no statistical difference between benign-malignant causes 
of pancreaticobiliary dilatation in the two CT sets (p = 0.855) (Table 1). 
The outcomes of the comparison of the two CT sets for patient de-
mographics and objective evaluation are summarized in Table 3. Dif-
ferences in the demographic information, including the patient’s sex 
ratio, age, height, weight, and BMI, were all statistically insignificant 
(p > 0.05) in both CT sets. However, CTDIvol differed significantly 
(p = 0.005), and the DECT set showed a lower radiation dose than the 
SECT set. 

3.2. Objective data comparison 

In the objective image quality evaluation, the hepatic and pancreatic 
CT numbers, AD, SNR, and CNR were significantly higher in the DECT 
set than in the SECT set (p < 0.001) (Fig. 2). In addition, both the he-
patic and pancreatic parenchymal noise were also significantly lower 
(p < 0.005) in the DECT set than in the SECT set. 

3.3. Subjective data comparison 

In the subjective image quality evaluation, the DECT set showed 
higher mean grades than the SECT set for image noise (4.65 vs 3.92), 
sharpness of dilated ducts (4.52 vs 3.94), and overall image quality (4.45 
vs 3.91) (Figs. 3, 4), and significant differences were noted in both CT 
sets (p < 0.001) (Table 4). In the SECT set, the overall image quality was 
graded as excellent, good, and moderate in 5/67 (7.5%), 51/67 (76.1%), 
and 11/67 (16.4%) patients, respectively, unlike the proportions of 29/ 
56 (51.8%), 24/56 (42.9%), and 3/56 (5.3%) patients in the DECT set. 
Eleven patients with moderate overall image quality had images with 
higher image noise (eight patients) or more fat elements from pancreatic 
fatty infiltration (three patients) overlapping on images in the SECT set. 
However, higher image noise was observed in one patient, and the other 
two had images exhibiting fat elements overlapping on the image in the 
DECT set. 

3.4. Interobserver agreement 

Interobserver agreement for subjective evaluation of image noise, 
sharpness of dilated ducts, and overall image quality in the DECT set was 
excellent, with kappa values of 0.806, 0.800, and 0.817, respectively. 
Correspondingly, interobserver agreement was good to excellent in an-
alyses of the SECT set, with kappa values of 0.756, 0.693, and 0.812. 

4. Discussion 

Over the past decade, published studies regarding nCTCP have been 
performed either in conventional single-slice CT or MDCT with the 
standard FBP reconstruction algorithm [2–4,6–8,11,26]. The ability to 
improve the identification of obstructive or stricture sites and causes, 
assist in the classification of malignant perihilar obstruction, and depict 
complex biliary anatomy or variants in patients with obstructive dis-
eases has been demonstrated [7,8,26]. Thus, this approach represents a 
valuable supplement to conventional CT images and makes MDCT a 
one-step evaluation of hepatopancreatic disorders [2,3,6]. 

Advances in CT technology have enabled the application of DECT in 
clinical practice, including rapid kilovoltage peak switching, multilayer 
detectors, and sequential helical mode. Unlike conventional SECT, DECT 
can be used to concurrently acquire MDCT data at low and high energies 
in a single acquisition. Moreover, the results of the diagnostic evaluation 
of images from DECT datasets can be displayed using nonmaterial spe-
cific, material specific, and energy-specific display methods [17]. For 

Table 3 
Comparison of patient demographics and radiation dose as well as objective 
evaluation between the two CT sets.  

Variable SECT set DECT set p-value 

Sex   0.921 
Male 34 29  
Female 33 27  

Age (years) 67.66 ± 12.15 65.02 ± 10.59 0.106 
Height (m) 1.62 ± 0.08 1.63 ± 0.08 0.532 
Weight (kg) 58.25 ± 11.10 59.21 ± 9.96 0.382 
BMI (kg/m2) 22.10 ± 3.50 22.17 ± 2.99 0.709 
CTDIvol (mGy) 21.60 ± 5.24 20.79 ± 1.63 0.005 
CT attenuationliver(HU) 100.42 ± 15.46 138.54 ± 20.95 < 0.001 
Noiseliver(HU) 19.59 ± 3.67 17.92 ± 4.25 0.003 
CT attenuationpancreas(HU) 96.04 ± 17.15 132.29 ± 21.38 < 0.001 
Noisepancreas(HU) 20.48 ± 3.83 17.49 ± 4.26 < 0.001 
ADliver–bile ducts(HU) 95.90 ± 14.97 122.59 ± 20.20 < 0.001 
SNRliver 5.34 ± 1.36 8.11 ± 2.11 < 0.001 
CNRliver 11.05 ± 3.23 14.31 ± 3.55 0.001 
SNRpancreas 4.090 ± 1.44 7.98 ± 1.93 < 0.001 
CNRpancreas 10.83 ± 723 13.95 ± 3.43 < 0.001 

Data are the mean ± standard deviation (SD) except for the sex ratio. BMI, body 
mass index; CTDIvol, volume CT dose index; HU, Hounsfield units; AD, atten-
uation difference; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio. 
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Fig. 2. Dilated ducts secondary to distal bile duct carcinomas confirmed by pathology. An objective image quality evaluation of a SECT image (A) in a 68-year-old 
female with a BMI of 20.39 and DECT image (B) in a 72-year-old female with a BMI of 20.96 on axial images during the portal phase shows that the hepatic and 
pancreatic parenchyma has a higher CT number and AD but lower noise on DECT than on SECT. Both the SNR and CNR on DECT were also higher than those on SECT 
in the two patients. Subjective evaluation of 3D nCTCP with MinIP image quality from SECT (C) and DECT (D) shows abrupt strictures of the distal common bile duct 
on both 3D nCTCPs (arrows), however, an almost imperceptible image noise, sharper intrahepatic and pancreatic ductal margins (arrowheads), and better overall 
image quality on DECT vs SECT (all grades of 5 vs 4). Du, duodenum; GB, gallbladder. 

Fig. 3. Intrahepatic ductal dilatation secondary to hilar cholangiocarcinomas confirmed by pathology. 3D nCTCP with MinIP images from SECT (A) in a 68-year-old 
female with a BMI of 20.54 and DECT (B) in a 65-year-old male with a BMI of 22.10. Comparisons of subjective image quality between DECT and SECT images 
demonstrate a slightly lower background noise (grade of 5 vs 4), sharper intrahepatic ductal margin (grade of 5 vs 4), and overall image quality (grade of 5 vs 4). Both 
CT sets depict that mass (M) involved the secondary confluence of both the right (arrowheads) and left hepatic ducts as well as common hepatic ducts (arrows). The 
nondilated common bile ducts (curved arrows) and duct segments of the pancreatic head and body (tailed arrows) are also shown. Du, duodenum; GB, gallbladder. 
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routine diagnostic interpretation, blended images can be reconstructed 
based on nonmaterial-specific images, which combine the data from the 
low- and high-energy images in a single dataset and take advantage of 
both high CNR from the lower-energy dataset and the low noise levels 
from the high-energy dataset [17,18]. In this study, we used sequential 
DECT in helical scan mode, and the acquired DECT datasets were 
reconstructed with a nonlinear blending technique, which works in the 
image-space domain to maximize the contribution from the 
high-contrast low-energy dataset. Thus, this technique leads to better 
subjective perception of image quality by the reader than a conventional 
linear blending technique in DECT [17]. 

In the subjective image quality evaluation, the initial results of this 
study demonstrated that the DECT set showed significantly higher he-
patic and pancreatic parenchymal enhancement, AD, SNR, and CNR 
than the SECT set. Lower hepatic and pancreatic parenchymal noise in 
the DECT set than in the SECT set was also observed. 

In the subjective image quality evaluation, the DECT set showed 
lower image noise, sharper pancreatobiliary duct margins, and higher 
overall image quality than the SECT set (all p < 0.001). Although higher 
image noise may be associated with a higher BMI since patients evalu-
ated as having moderate overall image quality possessed a BMI greater 
than the mean BMI in both CT sets, only one of three patients who were 
evaluated as having images of moderate overall image quality in the 
DECT set presented image quality affected by image noise, unlike eight 
of 11 patients in the SECT set. Accordingly, DECT could be used to 
substantially aid in increasing AD between the bile ducts, enhancing 
hepatic and pancreatic parenchyma, and further leading to better 3D 
nCTCP image quality than conventional SECT in the present study. 

The radiation dose from DECT must be considered when comparing 
the radiation dose from conventional SECT acquisition [19,20]. This 
study used DECT with the AIDR 3D technique. Although the two CT sets 
with mean CTDIvol were all below the American College of Radiology’s 
25-mGy reference level for a single-phase abdominal CT [27], a signif-
icantly lower mean CTDIvol was noted in the DECT set than in the SECT 

set with an FBP reconstruction technique (p = 0.005). The SNR is 
improved while the spatial resolution is preserved, and natural-looking 
images are produced because AIDR 3D can incorporate unique noise 
reduction processing, which include statistical and scanner models for 
projection data and multiple cycles of information syntheses with 
edge-handling, smoothing, and blending of original input images until 
the final output images are created [28,29]. 

Considering the strengths of both DECT with improving in CNR and 
IR with increasing in SNR and decreasing in noise [17,18,21], higher 
overall image quality on 3D nCTCP may attribute to a synthesis of DECT 
and IR in this study. It is true that further determination of the causes of 
the dilated pancreatobiliary system was not performed in this study 
because this study aimed to evaluate the image quality achieved using 
3D nCTCP using DECT acquisition with the IR technique and to compare 
this approach with conventional SECT. However, we speculate that the 
better 3D nCTCP image quality may have the potential for improving the 
identification of the causes of dilated pancreatobiliary systems, such as 
locating iso-attenuation pancreatic mass, differentiating ampullary 
carcinoma from pancreatic head carcinoma or benign-malignant causes 
on the basis of the dilated pancreatic duct in patients with pancreatic 
pathologies when combined with 2D images [7,8,30]. 

Several limitations in the present study should be addressed. First, 
the manual edition of 3D nCTCP is still a time-consuming procedure, 
unlike thin-slab MinIP or MPR imaging [6]. However, this limitation 
may be gradually controlled in the future with automatic multiorgan 
segmentation techniques [31,32]. Furthermore, the sequential DECT 
helical scan mode was used in this study. However, the delay time be-
tween acquisitions results in misregistration of respiratory motions and 
temporal variation in contrast opacification [18]. Consequently, a 
longer scan time may not be favorable for dose reduction [33]. This 
problem will be resolved with the newest-generation DECT scanner and 
IR [34]; finally, monoenergetic (e.g., 60–70 keV) image quality with 
SECT was not compared. Therefore, further comparative studies with 
monoenergetic data for 3D nCTCP on DECT may be needed, although 
this approach is still controversial [17]. 

In conclusion, the initial results of this study demonstrated that 
higher overall 3D nCTCP image quality and lower radiation dose can be 
obtained by using dual-energy acquisition with the AIDR 3D technique 
than by using conventional single-energy acquisition. 
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