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A B S T R A C T

Objectives: To compare the virtual non-contrast (VNC) images acquired through dual-energy computed tomo-
graphy (DECT) with the true non-contrast (TNC) images in the detection of biliary stones and to calculate dose
reduction by replacing TNC images with VNC images.
Methods: Between March 2017 and April 2018, we retrospectively enrolled 75 patients with suspicious biliary
disease who underwent dual-source DECT and surgery and/or endoscopic intervention within 2 months from the
CT. Biliary stones were present in 45 patients. The sensitivity and specificity for detecting gallstone and common
bile duct (CBD) stone were compared between the VNC and TNC using McNemar test. In addition, the possible
reduction in radiation dose was calculated.
Results: In our study, 37 patients had gallstones, 2 had CBD stones, and 6 had both gallstone and CBD stones. For
detection of gallstones, the sensitivity and specificity were 90.7% (39/43) and 87.5% (28/32), respectively, for
the TNC images, and 88.4% (38/43) and 90.6% (29/32), respectively, for the VNC images. With respect to CBD
stones, the sensitivity and specificity were 87.5% (7/8) and 98.5% (66/67), respectively, for the TNC images,
and 75.0% (6/8) and 100% (67/67), respectively, for the VNC images. There was no significant difference in the
sensitivity and specificity between each image set (P > 0.05). The radiation dose reduction of 22.4 ± 1.3% is
expected by omitting TNC images.
Conclusions: The VNC images derived from DECT were comparable to the TNC images for the detection of biliary
stones and may replace the TNC images to reduce radiation dose.

1. Introduction

Cholelithiasis is a major health burden, with an escalating pre-
valence rate of 10–20% in the global adult population [1]. More than
20% of patients with cholelithiasis develop symptoms and complica-
tions including acute cholecystitis [1], and more than 750,000 chole-
cystectomies are performed annually in the US [2]. Moreover, con-
comitant common bile duct (CBD) stones are found in 10–20% of
patients undergoing cholecystectomy for gallstones [3]. Because these
residual stones can cause substantial morbidity such as cholangitis or
pancreatitis, detection of the CBD stones before cholecystectomy is
critical: detection of CBD stones enables selective endoscopic stone

removal in those patients [3]. Thus, accurate preoperative diagnosis of
patients with CBD stones as well as gallstones is important.

Ultrasound, magnetic resonance cholangiopancreatography
(MRCP), endoscopic retrograde cholangiopancreatography (ERCP), or
CT can be used to assess patients with suspected biliary stones.
Ultrasound is a noninvasive tool, which has high sensitivity (98%) and
specificity (93.5–97.7%) for the detection of gallstones [4]. However,
the sensitivity of ultrasound for detection of CBD stones is low (25%)
due to adjacent-bowel gas shadow [5]. For evaluation of CBD stones,
ERCP and MRCP are widely utilized. Nevertheless, ERCP can be mis-
leading due to the presence of air bubbles in the CBD or effect of the
injection rate and concentration of contrast material [6]; in addition,
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ERCP is an invasive procedure and complications such as perforation or
death can occur [7]. Meanwhile, MRCP has high sensitivity (89–100%)
and specificity (83–100%) for the diagnosis of choledocholithiasis
[8,9]. However, there are disadvantages of MRCP including high cost,
susceptibility to motion artifacts, or claustrophobia [10,11]. Currently,
CT is widely used for evaluating patients with biliary tract disease [12].
Despite radiation exposure and moderate sensitivity (72–88%) for the
detection of choledocholithiasis [13–15], CT has the advantages of a
large field of view (FOV), high patient tolerance, and low susceptibility
to artifacts [12]. Therefore, CT could be performed for the preoperative
evaluation of patients with gallstones (previously confirmed with US) to
assess the presence of CBD stones and rule out biliary malignancy
caused by cholelithiasis and/or choledocholithiasis [16].

Recently, dual-energy CT (DECT) has gained interest in the eva-
luation of biliary stone disease [17–24]. Current DECT scanners have
the capability to simultaneously acquire two datasets with different X-
ray energy spectra including low–kilovolt-peak (typically 80–100-kVp)
and high–kilovolt-peak (typically 140–150-kVp) [12]. Various post-
processing techniques can be used subsequently for the differentiation
or quantification of materials with different X-ray absorption profiles
[25]. Among the DECT post-processing methods, virtual non-contrast
(VNC) images can be created by subtracting the iodine content from the
contrast-enhanced DECT images. If VNC images could provide com-
parable diagnostic performance in detecting biliary stone disease to
TNC, we might replace TNC with VNC, and consequently, reduce the
radiation dose. Therefore, the purpose of this study was to compare the
capability of the VNC images derived from DECT with that of the TNC
images to detect gallstones and/or CBD stones, and to assess whether
the TNC images can be replaced with VNC images for evaluating pa-
tients with biliary stone disease. We also aimed to calculate potential
savings in radiation dose.

2. Materials and methods

2.1. Patients

This retrospective study was approved by our hospital’s institutional
review board and the requirement for informed consent was waived.
From late March 2017 to April 2018, 2176 consecutive patients (1057
men, 1119 women; mean age, 62.9 ± 12.3 years; age range, 18–97
years) underwent biliary protocol CT using a DECT scanner in dual-
energy mode in our hospital under clinical suspicion of biliary disease.
The inclusion criteria were as follows: 1) The presence or absence of
gallstone and/or CBD stone confirmed by surgery (n=97) or endo-
scopy including endoscopic ultrasound (EUS) and/or ERCP (n= 11)
and 2) interval between surgery or endoscopy and CT examination of
within 2 months. The interval of 2 months was chosen because a too
long time interval between CT and reference standards can decrease the
reliability of CT finding because of possible change (e.g. migration of
gallstone to the CBD or duodenum). However, applying a too short time
interval between CT and reference standards would significantly de-
crease the number of eligible patients. Consequently, the interval of 2
months was chosen to balance the issue of reliability of CT findings and
the possible sample size. The surgery/EUS/ERCP findings served as the
reference standard for the presence of biliary stones. From among the
108 patients who met the inclusion criteria, we excluded nine patients
who underwent biliary intervention such as percutaneous transhepatic
biliary drainage. Thereafter, biliary stones were present in 69 patients
and were absent in 30 patients. Among the 69 patients with biliary
stones, we included 45 patients who were age- and sex-matched with
those without biliary stones. Finally, 75 patients (34 men; mean age,
64.8 ± 9.4 years; age range, 48–90 years) were included in our study
(Fig. 1). The indications for cholecystectomy are summarized in the
Appendix AAppendix. The mean time interval between CT and surgery
and/or ERCP was 16.1 ± 19.3 days (range, 1–60 days).

The DECT scanner in our hospital was operated in the single-energy

CT (SECT) mode before late March 2017; hence, a control group for
comparing the radiation dose between the DECT and SECT modes was
feasible. From January 2017 to March 2017, we included all 167 con-
secutive patients (80 men; mean age, 64.3 ± 13.6 years; age range,
24–92 years) who underwent the same biliary protocol CT in the SECT
mode through the same scanner as a control group for the radiation
dose comparison.

2.2. CT image acquisition and post-processing

All CT scans were performed using a dual-source DECT scanner
(SOMATOM Force; Siemens Healthineers, Forchheim, Germany). The
gantry of the scanner comprised of two X-ray tubes-detector combina-
tions at 95° angle; 384 slices were obtained (192 sections for each de-
tector) and a flying focal spot was used. The FOVs were 50 cm and
35 cm for detector A and B, respectively. In our hospital, routine biliary
CT protocol comprises precontrast, early arterial, late arterial, and
portal venous phase images. The late arterial phase images were ob-
tained in the DECT mode using 80-kVp and 250-mAs and 150-kVp and
125-mAs for the detectors A and B, respectively, and the other phase
images were obtained in the SECT mode using 90-kVp and 180-mAs.
We used the liver VNC setting to generate an iodine map which re-
presents the iodine distribution per pixel in the dual-energy CT images.
Subsequently, iodine was subtracted from the images and the VNC
images were generated. Further information is provided in Appendix
AAppendix.

2.3. Qualitative image analysis

For the purpose of detection of biliary stones on the TNC and VNC
images, two radiologists (with 12 and 5 years’ experience in abdominal
imaging) who were blinded to the presence of biliary stones performed
independent review on the 75 patients on the PACS workstation
(Fig. 2). Default window levels of the TNC and VNC images were
window width of 320 HU and 400 HU, respectively, and window level
of 50 HU and 40 HU, respectively. However, the window width and
level were modified at the reviewers’ discretion. To minimize recall
bias, all TNC and VNC images were assessed at an interval of 2 weeks.
On each image set, the presence of stone in the gallbladder and CBD
was evaluated. Combined presence of the stone and radiodensity was
categorized on a 3-point scale (1, no stone; 2, radiolucent stone; and 3,
radiopaque stone). Because calcified, radiopaque stones are relatively
easily identified, whereas cholesterol stones that are slightly hypo- or
isoattenuating to surrounding bile are often difficult to detect [13,22],

Fig. 1. Flow diagram of the study population.
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stone radiodensity was classified into two categories of radiolucent and
radiopaque based on the comparison between the stone and bile. If the
stone appears hyperdense than the surrounding bile, the stone was
considered as radiopaque, and if the stone appears hypodense than of
the surrounding bile, the stone was regarded as radiolucent. After in-
dependent review, the two radiologists reached a consensus and dis-
agreements were resolved through discussion with another radiologist
(with 13 years’ experience in abdominal imaging).

2.4. Quantitative image analysis

One radiologist (with 6 years’ experience in abdominal imaging)
performed objective measurements of the TNC and VNC image sets of
all 75 patients on a picture archiving and communication system
workstation (Infinitt PACS viewer, Infinitt, Seoul, Korea). The radi-
ologist was informed of the presence of gallstones and/or CBD stones.
In case of the presence of biliary stones, the mean attenuation values
and size of stones was assessed. In case of the presence of multiple
stones, the diameter of the largest stone was measured. If a patient had
stones in both gallbladder and CBD, measurement was performed for
the largest ones in each area. The size of the biliary stones was mea-
sured on the axial images of each image set and the maximum diameter
was used [26,27]. To measure the mean and standard deviation of at-
tenuation values of the stone, bile, and paraspinal muscle, three con-
secutive axial imaging planes were selected to obtain the maximum
cross-sectional area of the biliary stone in each image set [17]. To
measure the attenuation of the stone, the freehand region of interest
(ROI) technique was used with ROIs drawn along the inner margin of
the stone and the attenuation values obtained at the three imaging
planes were averaged. In addition, contrast-to-noise ratio (CNR) of the
stone-to-bile was calculated by subtracting the mean attenuation value
of the bile from that of the stone and dividing it by the mean SD value of
the paraspinal muscle, respectively [17].

2.5. Radiation dose analysis

The effective radiation dose was calculated by multiplying the dose-
length product (DLP) by the conversion factor. The DLP was auto-
matically shown in the patients’ dose report, and the conversion factor
for abdomen was 0.015 per the International Commission on
Radiological Protection recommendation [28].

2.6. Statistical analysis

Paired or independent t-test was performed to compare variables
between VNC and TNC images. The sensitivity and specificity for de-
tection of biliary stone was determined based on the consensus of the
two reviewers on each image set, and compared using McNemar test.
Factors with P < 0.05 were considered statistically significant.
Interobserver agreement for the presence of stone and qualitative

analysis of the VNC images was assessed using weighted kappa statis-
tics. The kappa value was interpreted as follows:< 0.2, poor;
0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; and 0.81–1.00,
very good. Commercially available softwares (IBM Statistical Package
for the Social Sciences (SPSS) for Windows, Version 22.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc for Windows, version 18.6 (MedCalc
Software, Ostend, Belgium)) were used for statistical analysis.

3. Results

3.1. Detection of biliary stone: standard reference

Among the 45 patients with biliary stones, 37 patients had only
gallstones, six patients had both gallstones and CBD stones, and the
other two patients had only CBD stones. The presence of 36 gallstones
and one CBD stone was confirmed through surgery, and that of seven
gallstones and seven CBD stones through EUS and/or ERCP. Altogether
there were 43 confirmed gallstone cases and 8 confirmed CBD stone
cases.

3.2. Qualitative analysis

For the purpose of detection of gallstones and CBD stones, both the
sensitivity and specificity showed no significant differences between the
TNC and VNC images (P > 0.999 for all) (Table 1). Interobserver
agreement was very good for both the TNC and VNC images in the
evaluation of gallstones (0.840 and 0.946, respectively) and CBD stones
(0.934 and 0.819, respectively). The biliary stones moved to different
positions in the VNC images compared to the TNC images in five pa-
tients; however, this movement showed no impact on the detection rate
of the stones (Fig. 3).

There were eight cases which showed discrepancy in findings of the
presence of stone between the TNC and VNC images including six

Fig. 2. Representative case of the TNC and VNC images. The pa-
tient is an 87-year-old man with gallstones. Both the TNC (A) and
VNC (B) images depict multiple calcified gallstones. The mean
attenuation values of the gallstones are 205.7 HU and 147.7 HU
on the TNC and VNC images, respectively. In qualitative analysis,
the reviewers’ report indicates the presence of gallstones on both
the TNC and VNC images.

Table 1
Diagnostic Performance of the True and Virtual Non-Contrast Images in the
Detection of Biliary Stones.

True non-
contrast

Virtual
non-
contrast

Difference* P value

Gallstone Sensitivity (%) 90.7 (39/
43)

88.4 (38/
43)

2.33
(-5.66, 6.86)

> 0.999

Specificity (%) 87.5 (28/
32)

90.6 (29/
32)

−3.12
(-9.22, 7.61)

> 0.999

CBD stone Sensitivity (%) 87.5 (7/
8)

75.0 (6/8) 12.50
(-11.8, 12.50)

> 0.999

Specificity (%) 98.5 (66/
67)

100.0 (67/
67)

−1.49
(-1.49, 1.42)

> 0.999

CBD= common bile duct.
* Number in parentheses are 95% confidence intervals.
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gallstones and two CBD stones (Table 2). In a case with FP result in the
VNC image set, the presence of a small radiopaque stone was suspected
on the VNC images, but not on the TNC images (Fig. 4). Surgery re-
vealed the absence of stone or polyp in the gallbladder. Regarding the
CBD stones, there was one FN case on the VNC images and none on the
TNC images (Fig. 5) and one FP case on the TNC images and none on
the VNC images. Information on the chemical composition of the gall-
stones with FP and FN results on the VNC image and all the CBD stones
was not available through the pathology database search. In addition,
in five patients, there was finding of radiolucent gallstones on the TNC
images which were missed; whereas, on the VNC images, two of those
gallstones were radiopaque and detected (Fig. 6). In the surgical spe-
cimen of the two radiopaque stones on the VNC images, pure choles-
terol stone and black pigmented stone were visually identified. The
mean attenuation value of the pure cholesterol stone was 23.70 HU and
53.58 HU on the TNC and VNC images, respectively. The patient
showed mean attenuation value of the bile of 16.92 HU and 5.79 HU,
respectively, yielding CNRs of -1.75 and 2.22 on the TNC and VNC
images, respectively. There was no radiolucent CBD stone.

3.3. Quantitative analysis

Regarding the stone, we excluded the small stones of size< 5mm

(n=7) due to difficulty in accurate measurement and quantitative
analysis of biliary stone was performed in the remaining 38 patients.
Both the gallstones and CBD stones had higher attenuation values on
the TNC than the VNC images (Table 3). The size of the stone did not
differ significantly between the TNC and VNC images. The CNRs of the
stone-to-bile were significantly higher on the TNC than on the VNC
images.

3.4. Radiation dose analysis

For estimation of the radiation dose, four and three patients were
excluded from the DECT and SECT group respectively, because of re-
peated scanning due to insufficient coverage at portal phase. There
were no differences in the patients’ age, sex, or body mass index be-
tween the DECT and SECT groups. Despite difference in the effective
dose at precontrast, early arterial, and portal phase between the DECT
and SECT groups, the total effective dose for biliary protocol CT scan
showed no significant difference (10.6 ± 3.5 and 10.2 ± 1.0 mSv,
respectively) (P= 0.368) (Table 4). The effective dose for the TNC
images in the DECT group was 2.4 ± 0.8 mSv. Therefore, the radiation
dose may be reduced by replacement of TNC images with VNC images,
thereby eliminating the need for acquisition of non-contrast scan; under
such condition, the total effective dose for biliary protocol CT per-
formed in our hospital would be decreased by 22.4 ± 1.3 (2.4/10.6)%.

4. Discussion

Our study showed that the VNC image derived from dual source
DECT was comparable to the TNC image in effectiveness to detect
biliary stones and may be considered as acceptable replacement for the
TNC image. The sensitivity and specificity for detection of gallstones
and CBD stones showed no significant difference between each image
set. In particular, this is the first study that evaluated the specificity for
the detection of CBD stones on the VNC images. Hence, the VNC images

Fig. 3. Representative case showing movement of biliary stones
on the VNC images compared with the TNC images. The patient is
a 68-year-old woman with an 8-mm stone at the distal common
bile duct on the TNC images (A). However, on the VNC images,
the stone is located at the proximal common bile duct, near the
insertion site of the cystic duct (B).

Table 2
Patients with Discrepancy in Findings of the Presence of Stone between the True
and Virtual Non-Contrast Images.

True non-contrast Virtual non-contrast

False
positive

False
negative

False
positive

False negative

Gallstone (n= 6) 2 1 1 2
CBD stone (n= 2) 1 0 0 1

CBD= common bile duct.

Fig. 4. Representative false-positive case of the VNC image. The
patient is a 76-year-old woman with the true non-contrast image
showing the absence of stone (A). However, on the VNC image, a
subtle radiopaque lesion is observed at the proximal body of the
gallbladder (arrow) on the VNC image (B). Cholecystectomy was
performed and both the operative finding and surgical specimen
reveal the absence of gallstone. In qualitative analysis, reviewers’
report indicates the presence of gallstone on the VNC images
alone.
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may eliminate the need for acquisition of TNC images, especially for the
evaluation of biliary stone, thereby reducing the radiation exposure in
patients undergoing TNC imaging which accounts for 22.4% of the total
radiation dose in the biliary protocol CT.

In the biliary-pancreas protocol CT, one of the most important roles
of TNC imaging is the evaluation and detection of biliary stones such as
gallbladder and/or CBD stones by enabling differentiation between the
enhancing bile duct wall and biliary stones [14,29]. Although previous
studies have assessed the feasibility of using the VNC as replacement for
TNC images in patients with biliary stones, those studies did not include
a control group without stones and the diagnostic performance of VNC
in detecting CBD stone compared to that of TNC has not been fully
evaluated [17,20]. In our study, the diagnostic performance of the VNC
images to detect biliary stones was similar to that of the TNC images
and was comparable to the results of recent studies. Regarding the
detection of gallstones on VNC images, Lee et al reported sensitivity and
specificity of 76–77% and 84–88%, respectively [20]; in the same
study, the sensitivity and specificity of the TNC images were 79–80%
and 91–95%, respectively. Although there were discrepancies between
the TNC and VNC diagnoses (n= 8), the TNC and VNC equally yielded
false diagnosis in four cases each and there was no significant difference
in diagnostic performance for detection of biliary stone using both
techniques.

The VNC images helped detection of 40% (2 of 5) radiolucent
gallbladder stones which were not detected on the TNC images in our
study (Fig. 5). This result is in concordance with that of a previous
study reporting a higher CNR value in cholesterol stones on the VNC
than that on the TNC images [20]. This phenomenon may be explained
by the high HU value in cholesterol stones at 150-kVp [30]. Because our
VNC images was constructed as weighted average images from 40%
images of 150-kVp and 60% of 80-kVp, the mean attenuation value in
the cholesterol stones would be higher on the VNC images than that on
the TNC images obtained at 90-kVp. Therefore, the VNC images may be
advantageous for detection of radiolucent stones than the TNC images.

Fig. 5. Representative false-negative case of the VNC image in a
78-years-old male patient. (A) On the TNC image, a radiopaque
stone is observed in the dependent portion of the CBD (arrow). (B)
On the VNC image, there was no radiopaque stone along the CBD
and gallbladder. In qualitative analysis, the reviewers’ report in-
dicates the presence of CBD stone on the TNC images alone. ERCP
was performed before cholecystectomy and the distal CBD stone
was removed (not shown).

Fig. 6. The patient is a 49-year-old female patient with ill-defined
presence of gallstone on the TNC image (A). In contrast, a radio-
paque stone is observed in the dependent portion of the gall-
bladder (arrow) on the VNC image (B). Reviewers’ report in-
dicates the presence of a gallstone on the VNC images alone. In
quantitative analysis, the mean attenuation values of the gallstone
are 23.7 HU and 53.6 HU on the TNC and VNC images, respec-
tively. In terms of the contrast-to-noise ratio of the stone-to-bile,
-1.75 and 2.22 was obtained on the TNC and VNC images, re-
spectively. Surgery revealed a 1.5-cm pure cholesterol stone in the
surgical specimen.

Table 3
Quantitative Analysis of the True and Virtual Non-contrast Images.

Characteristics True non-contrast Virtual non-contrast P value

Attenuation (HU)
Stone
Gallstone (n= 43) 354.68 ± 402.21 207.22 ± 204.30 0.001
CBD stone* (n= 8) 392.97

(86.06–1354.45)
220.44
(56.10–702.00)

0.021

Bile 18.03 ± 8.01 11.74 ± 12.13 <0.001
Stone size (mm) 13.57 ± 6.00 12.43 ± 5.98 0.102
Contrast-to-noise

ratio (stone-to-
bile)

31.49 ± 38.46 16.76 ± 20.05 <0.001

Note. HU=Hounsfield unit, CBD= common bile duct.
* number in parenthesis is range. Other numerical values are mean ±

standard deviation.

Table 4
Clinical Characteristics and Effective Radiation Doses in the Patients Who
Underwent Biliary Protocol CT under Dual-Energy Mode and Single-Energy
Mode.

Dual-energy mode
(n= 71)

Single-energy mode
(n= 164)

P value

Age 64.8 ± 9.4 64.4 ± 13.8 0.800
Sex (male : female) 31 : 40 80 : 84 0.471
Body mass index

(kg/m2)
24.1 ± 3.2 23.3 ± 4.2 0.168

Effective dose (mSv)
Precontrast phase 2.35 ± 0.82 2.66 ± 0.88 0.012
Early arterial phase 2.36 ± 0.81 2.07 ± 0.68 0.005
Late arterial phase 2.06 ± 0.72 2.05 ± 0.65 0.933
Portal phase 3.70 ± 1.18 3.31 ± 0.97 0.008
Total 10.58 ± 3.47 10.17 ± 3.06 0.368
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The VNC images could reduce the radiation dose by eliminating the
need to acquire the TNC images because the VNC images provided
comparable diagnostic capability in detecting biliary stones compared
to the TNC images. The expected amount of dose reduction was
22.4 ± 1.3% compared with that of conventional biliary protocol CT
in our institution, which is lower than the value reported by previous
studies of range from 56.4%–34.9% [11,26]. This discrepancy is
probably due to the difference in CT protocols: We used quadruple-
phase CT, whereas triple-phase CT or CT urography was utilized in the
previous studies. In contrast, our result corroborates those reported by
De Cecco et al of mean dose reduction of 21.1% achieved by omitting
the TNC images [27]. This variation in the amount of radiation ex-
posure from the acquisition of the TNC images may be due to optimi-
zation of the CT parameters or scanning protocols. However, based on
our result and those previously reported, at least 20% of total radiation
dose reduction could be achieved by replacing the TNC images with the
VNC images.

Movement of the biliary stones to different positions was observed
in five patients on the VNC images compared to the TNC images. In our
study, the VNC images were generated from late arterial phase images
obtained after injection of contrast material. Thus, lengthened time of
the CT examination and allergy to the contrast media could have caused
involuntary movement of the patients. However, the reviewers diag-
nosed the presence of biliary stones accurately in those patients
showing the movement of stones without diagnostic impairment.

Our study has a few limitations. First, this single center retro-
spective study has a certain degree of selection bias. Second, the results
were obtained using a dual-source DECT scanner from a single vendor,
and may not be generalized to the VNC images acquired through DECT
scanners based on different techniques such as fast-kVp switching or
dual-layer detector spectral CT. Third, analysis of the composition of
biliary stones was not possible in all participating patients due to the
study’s retrospective design. In addition, the number of included pa-
tients with CBD stones was small (n= 8). Further studies including
larger number of patients with CBD stones are needed to confirm the
role of VNC images in evaluation of patients with CBD stones.
Regarding the selection of patients with biliary stones matched to those
without stones, we chose the patients who were age- and sex-matched
and this might be a source of bias. We also did not evaluate the role of
VNC images with respect to the baseline images for determining the
presence of enhancement. Finally, we did not compare the diagnostic
performance of the combined TNC and contrast-enhanced images with
that of the combined VNC and contrast-enhanced images. However, in
our hospitals’ routine clinical practice, non-contrast images play a
crucial role in the detection of biliary stones as for urinary stones;
hence, it is likely that comparing the TNC and VNC images alone would
be sufficient to evaluate the diagnostic value of imaging in patients with
biliary stones.

5. Conclusion

The VNC images derived from a dual-source DECT scanner de-
monstrated similar diagnostic performance to that of the TNC images in
the evaluation of biliary stones with high interobserver agreement. The
VNC images showed potential for use as an alternate to the TNC images
with reduction in the radiation dose in patients with biliary stones.

Appendix A

Indications for Cholecystectomy

Surgery was performed in 66 patients for the following reasons:
chronic cholecystitis (n= 41), pancreatic ductal adenocarcinoma
(n=6), gallbladder adenocarcinoma (n=4), intracholecystic papillary
or tubopapillary neoplasm (n=4), intraductal papillary mucinous
neoplasm of the pancreas (n= 4), metastatic adenocarcinoma in the

liver from the rectum (n=2), common bile duct cancer (n= 2), in-
trahepatic cholangiocarcinoma (n= 1), acute gangrenous cholecystitis
(n= 1), and pancreatic neuroendocrine tumor (n=1). The types of
surgery were as follows: cholecystectomy (n= 47), pylorus-preserving
distal pancreatectomy (n= 6), Whipple’s operation (n= 5), cholecys-
tectomy with hemihepatectomy (n= 3), cholecystectomy with bile
duct resection (n=2), extended cholecystectomy (n=2), and chole-
cystectomy with distal pancreatectomy (n=1).

CT Image Acquisition and Post-Processing

After obtaining the precontrast images, iobitridol (Xenetix 350;
Schering Korea, Seoul, Korea) at a dose of 1.5mL/kg was injected at a
rate of 3.0–4.0mL/s using a power injector (Envision CT; Medrad,
Pittsburgh, PA, USA), followed by injection of 30–40mL of normal
saline. Using the bolus-tracking method (CARE Bolus; Siemens
Healthineers, Forchheim, Germany), early arterial phase images were
acquired automatically at 7 s after achievement of attenuation of 100
Hounsfield unit (HU) in the descending aorta. Subsequently, late ar-
terial phase and portal venous phase images were obtained immediately
after the early arterial phase and 70 s after the administration of con-
trast agent, respectively. The tube currents were adjusted in real-time
by automatic dose modulation provided by the manufacturer (Care
Dose4D; Siemens Healthineers, Forchheim, Germany) to maintain the
optimal level of image noise. With regard to biliary protocol CT, non-
contrast, early arterial, and portal venous phase images were obtained
using 90-kVp tube voltage (collimation, 192× 0.6mm; rotation time,
0.5 s; pitch, 0.6; and kernel Br40) and 180-mAs tube current–time
product. With regard to dual-energy mode, the late arterial phase
images were obtained using 80-kVp and 250mAs and 150-kVp and
125mAs for the detectors A and B, respectively, using the following
parameters: Collimation, 128× 0.6mm; rotation time, 0.5 s; pitch, 0.6;
and kernel Br40; with regard to single-energy mode used in the control
group, the images at all phases were acquired using 90-kVp tube energy
(collimation, 192× 0.6mm; rotation time, 0.5 s; pitch, 0.6; and kernel
Br40) and 180-mAs tube current–time product.

Dual-energy late arterial phase images were obtained as weighted
average images from the two detectors with ratio of 0.6 (40% 150-kVp
and 60% 80-kVp), and transferred to a dedicated dual-energy post-
processing workstation (Syngo.via, Client 4.1, Siemens Healthineers,
Forchheim, Germany). We used the liver VNC setting to generate an
iodine map which represents the iodine distribution per pixel in the CT
images. Subsequently, iodine was subtracted from the images and the
VNC images were generated. Three-material decomposition algorithm
based on the assumption that fat, soft tissue, and iodine constitutes each
CT voxel was used for the calculation [26]. For the purpose of the liver
VNC applications, 60 HU and 56 HU were used as the standard soft-
tissue attenuation and -110 HU and -84 HU were used as the standard
fat attenuation at 80- and 150-kVp, respectively. The relative contrast
material enhancement factor was set as 3.46, and the resolution en-
hancement, organ-contour enhancement, and beam-hardening correc-
tion were used. Axial images of the TNC and VNC were reconstructed
using 3-mm-thick sections and 2-mm increments.
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