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Abstract

Objectives In dual-source CT, dual-energy (DE) performance is affected by various X-ray tube voltage combinations with and
without tin filter (Sn). The purpose of this study was to assess the utility of the 80/150 Sn kV voltage combination in terms of
image artefact and radiation dose for DECT gout protocol, compared with the conventional 80/140 kV.

Methods Seventy-four patients with suspected gout who underwent dual-source DECT examinations scanned at 80/140 kV (n =
37) and at 80/150 Sn kV (n = 37) were included. Patients’ age, sex, and serum uric acid levels were matched between the two
groups. The types and incidence of image artefacts and radiation dose were evaluated.

Results The 80/150 Sn kV group had significantly fewer patients with artefacts, compared to the 80/140 kV group [11 (30 %) of
37vs35(94.6 %) of 37, p < 0.001]. Except for the motion artefact, the rest of the artefacts—skin, nail bed, submillimetre, motion,
vascular, beam-hardening, clumpy artefact along tendon—were significantly less observed in the 80/150 Sn kV acquisitions. The
dose-length product (DLP) and effective dose were significantly lower for the 80/150 Sn kV acquisitions compared with the 8s0/
140 kV scans (DLP: 104.46 + 10.66 mGy-cm vs 344.70 + 56.39 mGy-cm, p < 0.001; effective dose: 1.04 = 0.11 mSv vs 3.45 +
0.56 mSv, p < 0.001).

Conclusions The 80/150 Sn kV voltage combination in dual-source DECT system could be used as one of the artefact reduction
methods while reducing radiation dose for gout protocol when compared to the conventional 80/140 kV.

Key Points

* DECT has emerged as the leading modality for non-invasive diagnosis of gout.

* Various X-ray tube voltage combinations are now feasible in dual-source DECT.

* The 80/150 Sn kV acquisition could facilitate artefact reduction in gout protocol.
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Abbreviations CTDIvol CT dose index
ACR/EULAR  American College of Rheumatology/ DE Dual-energy
European League Against Rheumatism DLP Dose-length-product
CT Computed tomography DSCT Dual-source CT
MSU Monosodium urate monohydrate
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imaging [4, 7-10]: dual source-dual detector (Somatom
Definition Flash, Definition Force; Siemens Healthineers,
Erlangen, Germany), single source-rapid kilovoltage switching
(Gemstone Spectral Imaging; GE Healthcare, Chicago, IL,
USA), single-source multi-layered detector (iQon Spectral
CT; Philips Healthcare, Best, The Netherlands), single-source
sequential gantry rotations at different kilovoltage peaks
(Aquilion ONE ViSION; Toshiba, Tokyo, Japan), single-
source split-beam filter at target with a single detector
(“TwinBeam”) (Somatom Definition Edge; Siemens
Healthineers) and single-source two successive spiral scans at
different kilovoltage peaks (Somatom Definition AS,
Definition Perspective; Siemens Healthineers). The overall
sensitivity and specificity of DECT for gout have been report-
ed to be greater than 0.8 in both the active gout and long-
standing tophaceous gout [11-13]. On the basis of reliable
published data and diagnostic accuracy, DECT has been in-
cluded in the 2015 American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR)
Collaborative Initiative Classification Criteria for Gout [14].
According to the 2015 ACR/EULAR classification criteria,
for DECT, urate deposition is defined as the presence of
color-coded urate at articular or periarticular sites. Images
should be acquired using a DECT scanner, with data acquired
at 80 kV and 140 kV and analysed using a two-material de-
composition algorithm designed for gout that colour-codes
urate [14]. However, not all material colour coded as urate on
DECT images corresponds to actual urate deposition. Various
types of DECT artefacts which have the potential to lead to a
false-positive result on gout protocol have been reported [5,
15-19]. Recently, in dual-source CT (DSCT) system with two
separate X-ray sources, it has been shown that DE acquisition
with 80 kVand 150 kV plus tin filtration (80/150 Sn kV) has a
better DE spectral separation than that with 80 kV and 140 kV
(80/140 kV) [20]. Therefore, we hypothesised that the 80/150
Sn kV tube voltage combination in DSCT would be beneficial
for improving artefacts in the clinical field if applied to DECT
gout applications. Thus, the purpose of this study was to assess
the utility of the 80/150 Sn kV voltage combination in terms of
image artefact for DECT gout protocol compared with the
conventional 80/140 kV. In addition, radiation dose between
the two groups was also compared to evaluate patient’s radia-
tion exposure.

Materials and methods
Patients
This retrospective study was approved by our institutional

review board and the requirement for informed consent was
waived. In our institution, upper or lower extremity DECT

depending on the symptomatic location has been performed
of patients with suspected gout.

We electronically searched the patients who performed im-
aging with DECT gout protocol obtained at 80/150 Sn kV from
January 2017 (introduction of 80/150 Sn kV combination) to
December 2017. This initial search found out 46 DECT im-
ages. Among them, nine patients scanned the area of hand/
wrist, knee or elbow were excluded. Thus, 37 patients who
had undergone lower extremity DECT protocol with images
of ankles and feet were included in the study. Then another
database search of the period from January 2015 to
December 2017 was performed to find a comparative group
that underwent DECT gout protocol of ankles and feet region
scanned at 80/140 kV. In order to more reliably observe the
effects of the different dual energy voltage combination, 37
pairs of patients were matched for age, gender and serum uric
acid level between the two groups for similar baseline charac-
teristics. Patients with normal range of body mass index
(18.50-24.99 kg/m?) according to the World Health
Organization/National Institutes of Health classification were
only included since obesity could affect the radiation dose [21].
The diagnosis of gout was made by a physician who board
certified in rheumatology with 18 years of experience.
Patients with a total score of 8 or greater are classified as gout
according to the ACR/EULAR 2015 classification criteria [ 14].

DECT acquisition technique

All CT examinations were performed with dual-source CT
scanner in dual energy (DE) mode. The 80/150 Sn kV
DECT examinations were obtained with a Somatom Force
unit (Siemens Healthineers). Examination parameters used
with the Force unit were as follows (Table 1): tube A: tube
voltage of 80 kV and reference current-time product of 120
mAs; tube B: tube voltage of 150 Sn kV, where Sn indicates
the use of a tin filter, reference current-time product of 80
mAs, rotation time of 0.5 s, pitch of 0.7 and collimation of
0.6 mm. The 80/140 kV DECT examinations were performed
with a Somatom Definition unit (Siemens Healthineers).
Examination parameters used with the Definition unit were
as follows (Table 1): tube A: tube voltage of 80 kV, reference
current-time product of 425 mAs; tube B: 140 kV, reference
current-time product of 100 mAs, rotation time of 1.0 s, pitch
of 0.7 and collimation of 0.6 mm. A real-time automatic tube
current modulation software (CAREDose 4D; Siemens
Healthineers) was used in both the protocols. Conventional
linearly blended, virtual 120-kV axial, coronal, and sagittal
CT reconstructions (thickness, 2 mm; increment, 2 mm:;
170h kernel for the Definition data, Br69 kernel for the Force
data) were obtained by using iterative reconstruction
[SAFIRE (sinogram affirmed iterative reconstruction) for the
Definition data, ADMIRE (adaptive model-based iterative re-
construction) for the Force data] for clinical reading.
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Table 1 Settings for dual-energy

computed tomography (DECT) 80/140 kV acquisition 80/150 Sn kV acquisition
gout protocol
Scan parameters Tube A Tube B Tube A Tube B
Tube voltage (kV) 80 140 80 150 Sn
Pitch factor 0.7 0.7 0.7 0.7
Tube current—time product (mAs) 425 100 120 80
Rotation time (s) 1.0 1.0 0.5 0.5
Slice width (mm) 0.6 0.6 0.6 0.6
Reconstruction increment (mm) 2 2 2 2
DECT workstation settings
Soft tissue (HU) 50 50
Ratio 1.25 1.40
Range 5 5
Minimum/maximum (HU) 150/500 150/500
Alr distance/bone distance 5/10 5/10

CTDIvol volume CT dose index, 150 Sn kV 150 kV with additional tin filter (Sn)

For DE-specific analysis of gout, data were processed on a
multimodality workstation with dedicated software
(SyngoVia VB 10B; Siemens Healthineers) using a two-
material decomposition algorithm. On this software, green
pixels represent monosodium urate, blue outlines cortical
bone and pink depicts trabecular or cancellous bone and these
colour codes findings were fused onto the standard grey-scale
CT images. Images are displayed in axial, coronal, and sagittal
CT reconstructions (thickness, 2 mm; increment, 2 mm) and
volume rendering 3D reconstructions. The workstation pa-
rameters of gout application were identical between the two
CT systems, except for ratio setting since the ratio value
changes according to the tube voltage combination. The de-
tailed settings of the DECT workstation are listed in Table 1.

Evaluation of DECT artefacts

To identify and characterise artefacts, all DECT images were
independently reviewed by two musculoskeletal radiologists
with 6 and 10 years’ experience on DECT of patients with
suspected gout. Images were displayed digitally on monitors
with a picture archiving and communication system (PACS)
software (INFINITT Healthcare, Seoul, Korea). All personal
and technical data has been removed from the images of both
protocols. A total of 74 cases were displayed on the liquid-
crystal display (LCD) in random order, regardless of the type
of image protocol. In accordance with our clinical routine,
reviewers were free to choose the appropriate planes—axial,
sagittal or coronal—of colour-coded images. The types and
number of artefacts observed were assessed by the two
readers. In cases where there was disagreement between the
readers, further discussion had been made to achieve consen-
sus, considering medical records and results of ultrasonogra-
phy if existed. Artefacts were defined by the criteria listed in
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Table 2, Figs. 1, 2, 3 and 4; these criteria are based on the
observations of this study and others [5, 15, 17-19].

Evaluation of radiation dose

Radiation exposure was estimated by using the volume CT
dose index (CTDIvol) and dose-length-product (DLP) for
each patient. The DLP was provided automatically by the
scanner system and is the product of the CTDIvol and the scan
range (cm) for the complete length of the exposed volume.
The effective dose was calculated for each scan by multiply-
ing the DLP with the International Commission on
Radiological Protection (ICRP) tissue weighting factor of
0.01 [mSv/(mGy-cm)] for bone surface [22].

Statistical analysis

The Shapiro-Wilk test was used for the normality test (p value
greater than 0.05 indicated normal distribution of data) and Q-
Q plot used as a backup. For quantitative data, comparison
between the two matched groups was done using the paired #-
test (if data were normally distributed) or the Wilcoxon
signed-ranks test (if non-normally distributed parameters).
For qualitative data, the McNemar’s test was performed.
Continuous variables are presented by either mean and stan-
dard deviation (for normal distribution) or median and inter-
quartile interval (for non-normal distribution). Categorical
variables were expressed as frequency (percentages). The sig-
nificance level for all statistical tests was set at 5% and all tests
were two-tailed. The k statistic was used to assess inter-rater
reliability between the two readers in the evaluation of artefact
on DECT images. A k value of 0.00-0.20, 0.21-0.40, 0.41—
0.60, 0.61-0.80, or 0.81-1.00, indicated slight, fair, moderate,
substantial or almost perfect, respectively [23]. Inter-rater
agreement was measured by means of the overall proportion
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Table 2 Artefacts in dual-energy

Findings

computed tomography (DECT) Type of artefact
gout protocol based on

observations from this study Skin

and others Nail bed

Submillimetre
Beam hardening

Motion
Vascular

Clumpy artefact along tendon

Green colouring of the skin that is confined to the skin (Fig. 1a)

Green colouring of nails or nail beds that is confined to the nails
or nail beds (Fig. 1b)

Colouring of single pixels or areas smaller than 1 mm (Fig. 1c)

Green colouring associated with metal objects or dense cortical
bone (Fig. 1d)

Green colouring associated with patient’s motion (Fig. 2)
Green colouring associated with calcified vessels (Fig. 3)

Diffuse pattern of green colouring along the tendon without symptom,
and not identified abnormal echogenicity on ultrasonography (Fig. 4)

of agreement [24, 25]. Analyses were performed by using
statistical software (SPSS Statistics for Windows version 21;
IBM, Armonk, New York, USA)

Results

Patient characteristics for the two study groups are shown
in Table 3. The groups were well-matched in terms of age,
gender, laterality, serum uric acid, and the proportion of the
gout patient.

Fig. 1 Artefacts in dual-energy
CT (DECT) gout protocol. a Skin
artefact (arrow) is seen on coronal
DECT image of 58-year-old man.
b Nail bed artefacts (arrows) are
visible in the first and fifth toes on
coronal DECT image of 43-year-
old man. ¢ Submillimetre artefact
(arrow) is seen on axial DECT
image of 37-year-old man. d
Beam-hardening artefact (arrows)
from dense cortical bone is seen
on sagittal DECT image along the
posterior cortex of the distal fibula
of 48-year-old man

When it comes to DECT artefacts, 80/150 Sn kV images
had significantly fewer patients with artefacts, compared to
80/140 kV images. Eleven (30%) of 37 cases showed some
form of artefact in the 80/150 Sn kV group, whereas 35
(94.6%) of 37 cases in the 80/140 kV group (p < 0.001).
The types and incidences of each artefact in both groups are
summarised in Table 4. Except for the motion artefact, the rest
of the artefacts—skin, nail bed, submillimetre, motion, vascu-
lar, beam-hardening, clumpy artefact along tendon—were sig-
nificantly less observed in the 80/150 Sn kV acquisitions. In
particular, vascular artefact, beam-hardening artefact and
clumpy artefact along tendon were not visible at all on the
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Fig. 2 Motion artefact (arrowheads) is seen on coronal (a) and sagittal
(b) standard grey-scale CT images of 48-year-old man. Associated green
colouring artefact (arrows in ¢) is visible on sagittal DECT image of the
third toe

Fig. 3 Vascular artefact
associated with calcified vessel on
dual-energy CT (DECT) images
of 76-year-old man. Calcified
anterior tibial artery depicted with
blue pixels (arrowheads) is seen
on sagittal (a) and axial (b) DECT
images. Associated green artefact
(arrows) is visible on sagittal (c)
and axial (d) DECT images

@ Springer

80/150 Sn kV DECT images (Table 4) (Fig. 5). The k values
showed substantial to almost perfect reliability (range, 0.71—
1.0) for all types of DECT artefacts (Table 4). The inter-rater
agreement exceeded 0.8 for all the artefacts (0.95 for skin;
0.96 for nail bed; 0.88 for submillimetre; 0.92 for motion; 1
for vascular; 0.92 for beam hardening; 0.93 for clumpy arte-
fact along tendon).

Radiation dose was significantly reduced for the 80/150 Sn
kV acquisitions in comparison to the 80/140 kV acquisitions
(Table 5). On average, CTDIvol was 2.8 times higher for the
80/140 kV protocol (15.26 + 2.84 mGy) when compared with
the 80/150 Sn kV protocol (5.50 = 0.99 mGy; p < 0.001). On
average, DLP and effective dose were also reduced by a factor
of 3.3 using the 80/150 Sn kV protocol in comparison to the
80/140 kV acquisitions (DLP: 104.46 + 10.66 mGy-cm Vs
344.70 + 56.39 mGy-cm, p < 0.001; effective dose: 1.04 =
0.11 mSv vs 3.45 £ 0.56 mSv, p < 0.001).

Discussion

The results of our study show that the 80/150 Sn kV voltage
combination could be suggested as one of the artefact reduc-
tion methods of the DECT gout protocol when compared to
the conventional 80/140 kV. In addition, applying 80/150 Sn
kV voltage combination could lower radiation dose in gout
protocol.

DECT has emerged as a non-invasive, accurate and repro-
ducible method for detecting monosodium urate deposits in
patients with suspected gout [6, 13, 15, 26-28]. Furthermore,
Choi et al [27] reported that DECT was four times more
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Fig. 4 Clumpy artefact along
tendon on dual-energy CT
(DECT) images of 3 1-year-old
man. Diffuse pattern of green
colouring along the tibialis
anterior tendon (arrows) is visible
on sagittal DECT (a) and 3D
DECT reconstruction (b) images.
Synovial fluid aspirate from the
tibialis anterior tendon sheath was
performed, but no urate crystal
was identified under polarised
microscopy. There was no
evidence of crystal deposition
within the tibialis anterior tendon
(arrowheads) on sagittal standard
grey-scale CT image (c) and
ultrasound exam (d)

efficacious in identifying urate deposits than the clinical ex-
amination. Based on the high diagnostic performance proven
with sufficient published data, DECT has been included in the
2015 gout classification criteria of the ACR/EULAR for the
first time. The 2015 gout classification is organised into a total
of eight domains—four clinical criteria, two laboratory criteria
and two imaging criteria—that contribute weighted scores.
The imaging criteria include evidence of urate deposition in
a symptomatic joint and bursa on monosodium urate demon-
stration on DECT (0 or +4) or ultrasound images (double-
contour sign on articular cartilage). The second imaging crite-
rion is the presence of at least one gout-related erosion of the
feet or hands on radiography characterised by cortical erosions

with sclerotic margin and overhanging edge (0 or +4) [14].
Although DECT and ultrasound are both included for imaging
evidence of urate deposition, ultrasound is operator-dependent
and has lower detection rate if the urate is deep seated or the
patient is obese. Therefore, the usefulness of DECT may be
greater than ultrasound in terms of diagnostic performance.
However, DECT scanning and post-processing do produce
artefacts which may result in false-positive findings in patients
with suspected gout, if not recognised properly. The reported
artefacts by far are nail bed, skin, submillimetre, beam hard-
ening, vascular calcification, and tissues around arthroplasties
such as osteoarthritis [1-3, 17-19]. Nail bed and skin artefacts
may be due to the overlap of DECT values of MSU and the

Table 3 Clinical characteristics

of both the 80/150 Sn kV and Group p value
80/140 kV groups
80/150 Sn kV (n =37) 80/140 kV (n=37)
Sex 1
male 37 37
Laterality 1
right 17 17
left 20 20
Age (years) * 48.97 £ 14.57 49.46 £ 14.69 0.53
BMI (kg/m?) 22.33+0.92 21.46 +1.01 0.47
Uric acid (mg/dl) 721 +£1.78 7.55+191 0.06
Diagnosis of gout ° 0.34
yes 25 21
no 16
BMI body mass index

 Data are the mean + standard deviation
" If the total score was >8, classified as gout according to the ACR / EULAR 2015 classification criteria
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Table 4 The types and incidences

of each artefact in both the 80/150 Type of Artefact Group p value K
Sn kV and 80/140 kV groups
80/150 Sn kV 80/140 kV
(n=37 (n=37)
Skin <0.001 0.93
Absence 36 20
Presence 1 17
Total no. of artefacts 1 45
Nail bed <0.001 0.92
Absence 31 5
Presence 6 32
Total no. of artefacts 6 79
Submillimetre <0.001 0.71
Absence 33 16
Presence 21
Total no. of artefacts 6 52
Motion 0.304 0.84
Absence 36 34
Presence 1
Total no. of artefacts 1
Vascular 0.314 1.0
Absence 37 36
Presence 1
Total no. of artefacts 1
Beam hardening from dense cortical bone 0.011 0.72
Absence 37 31
Presence 0 6
Total no. of artefacts 0 6
Clumpy artefact along tendon <0.001 0.81
Absence 37 21
Presence 0 16
Total no. of artefacts 0 29

keratin. Scattered foci of submillimetre urate-like pixels in a
non-anatomic distribution are typically regarded as image
noise. Beam-hardening from metal objects or dense cortical
bone can cause spurious pixel mimicking urate deposits.
Patient motion during the scan can also result in image distor-
tion and artefacts. Urate-like pixels in calcified vessels has
been described in some reports and it is thought that noise
within small structures may contribute to vascular artefact
[17-19]. Like the previous reports, the most commonly en-
countered artefact was in the nail beds which can be seen in
51.35% (38/74) of patients in our study. Other types of artefact
including skin, submillimetre specks, beam hardening, vascu-
lar and motion were also observed as reported in previous
studies.

The clumpy artefact along tendon observed in the present
study is a type of DECT artefact which has not yet been re-
ported (Fig. 4). A total of 29 clumpy artefacts were found
within the tendons—tibialis anterior (n = 9), Achilles (n =
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9), tibialis posterior (n = 5), peroneal (n = 3), extensor hallucis
longus (n = 2), flexor digitorum longus (n = 2) and extensor
digitorum longus (n = 1)—in the 16 patients of the 140/80 kV
group. These “green-colouring” tendons showed normal
echogenicity on the additional ultrasound exam. Among three
of them (two in tibialis anterior tendons, one in Achilles ten-
don), synovial fluid aspirate from the tendon sheath was per-
formed, but no MSU crystal was identified under polarised
microscopy. In 2011, Glazebrook et al [15] have explained
that even though tiny scattered green pixelation within ten-
dons are artefact caused by image noise, more clumped areas
of green pixelation within tendons may be the result of sub-
clinical deposition of uric acid. However, the fact that ultraso-
nographic changes such as inhomogeneous tendons and
intratendinous hyperechoic bands suggesting tendon involve-
ment in clinically asymptomatic gout patients [29] were not
observed in additional ultrasonography and that this phenom-
enon was found only at 140/80 kV DECT scan indicate that
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Fig. 5 Three-dimensional reformatted dual-energy CT (DECT) images
of two patients with suspected gout. (Serum uric acid was 7.8 mg/dl and
7.6 mg/dl, respectively.) Neither patient was classified as gout according
to the ACR / EULAR 2015 classification criteria. a DECT acquisition
using voltage combination 80kV and 140 kV in a 32-year-old man
(CTDIvol = 16.94 mGy; DLP = 346 mGy-cm). b DECT acquisition

the clumped pattern of green pixilation within tendon we de-
fined is an artefact.

There have been various technical efforts to reduce artefact
in DECT. Physical patient adjustments, such as taping a pa-
tient’s limb to decrease movement, or increasing gantry speeds
can be used to decrease motion artefacts. Use of manufacturer’s
recommended specialised kernel or reconstruction algorithm
can be used to improve image quality, decrease noise and arte-
facts. Adjustment of parameter settings of the DECT worksta-
tion, such as dual-energy ranges, air and bone distance, can help
provide optimal image quality [2, 3, 16—19]. In addition to these
tactics, application of 80/150 Sn kV voltage combination in
dual-source DECT system could also be used to optimise image
quality, decrease artefacts, and more accurately identify the
presence of urate deposits for DECT gout protocol.

In dual-source CT systems, applying additional tin filter to
the high-kV beam can improve dual-energy spectral separation.
Several studies have demonstrated that dual-energy material
discrimination can be improved by means of tin filter in
DSCT [20, 30-32]. Krauss et al [20] found that the perfor-
mance of DECT was best for 80/150 Sn kV and worst for 80/
140 kV among the various tube voltage combinations—80/140
kV, 80/140 Sn kV, 100/140 Sn kV, 80/150 Sn kV, 90/150 Sn

using 80kV and 150 kV with additional tin filter (Sn) in a 33-year-old
man (CTDIvol = 4.87 mGy; DLP = 95.6 mGy-cm). Nail bed artefacts
(open arrows) and clumpy artefact along tendon (solid arrow) were
observed in the 80/140 kV scan (a), whereas no artefact was shown in
the 80/150 Sn kV scan (b). Furthermore, a more than three-fold dose
reduction was achieved with the 80/150 Sn kV acquisition

kV, 100/150 Sn kV. This was closely related to the fact that
image noise was highest for the voltage combination 80/140
kV and lowest for 80/150 Sn kV. Since the large number of
artefacts in DECT gout protocol are caused by image noise, the
significant artefact reduction observed at 80/150 Sn kV group
in this study would be affected by superior dual-energy perfor-
mance of the 80/150 Sn kV voltage combination.

In this study, we demonstrated that 150 kV with tin filtra-
tion reduced radiation dose by a factor of 2.8 (for CTDIvol)
and 3.3 (for DLP and effective dose), compared to 140kV
without tin filtration at the same low-voltage beam of 80 kV.
This finding is in concordance with the recent clinical studies
revealing that unenhanced CT performed at 150 kV with spec-
tral shaping by a tin filter substantially lowers patient exposure
than using lower kV settings (100-140 kV) without additional
spectral shaping of the X-ray beam [33, 34]. Furthermore,
some studies suggested that the use of tin filter in DECT has
reduced radiation dose to the level similar to single-energy CT
[32, 35]. An additional tin filter allows for spectral shaping by
removing the bulk of the lower energy photons that does not
exit the patient and raising the mean photon energy of the
applied radiation, thus increasing a rate of dose-efficient pho-
tons from the spectrum [36]. In this study, there was quite a

Table 5 Radiation exposure parameters

80/150 Sn kV 80/140 kV p value
CTDIvol (mGy) * 5.27 (4.94, 5.60) (min, 4.61; max, 8.90) 16.50 (15.24, 17.76) (min, 7.20; max, 17.07) <0.001
DLP (mGy-cm) ® 104.46 + 10.66 (min, 83.; max, 125.30) 344.70 + 56.39 (min, 257; max, 466) <0.001
Effective dose (mSv)b 1.04 £ 0.11 (min, 0.84; max, 1.25) 3.45 £ 0.56 (min, 2.57; max, 4.66) <0.001

* Data are medians; numbers in parentheses are interquartiles

® Data are the mean + standard deviation
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difference between the reference tube current—time product
for high-kV beam (425 mAs for 140 kV, 120 mAs for 150
Sn kV). Using tin-filtered 150 kV, it was possible to get ade-
quate image quality even at the low reference mAs (due to
spectral shaping of the X-ray beam), so the lower reference
mAs was set for the Force machine. Therefore, the lower
reference mAs may have the additional effect on dose reduc-
tion, but that extra effect could also be part of what we can get
with tin filter.

Giving increasing prevalence of the gout and the fact that
patients often suffer from recurrent gout attacks [37] makes the
“ALARA” (as low as reasonably achievable) principle partic-
ularly important. In this context, taking advantage of 80/150 Sn
kV voltage combination would facilitate low-dose technique
for DECT imaging to reduce cumulative radiation dose.
Hence, the protocol is especially suitable for patients with
chronic course of gout who requiring follow-up examinations
for monitoring the effect of urate-lowering therapy.

Our study has some limitations. First, as the scans were
performed on two different CT systems, it may not allow for
an exact comparison due to differences in the data measure-
ment systems such as versions of reconstruction kernel and
iterative reconstruction (IR) of both CT scanners. For exam-
ple, the Model Based Iterative Reconstruction algorithm,
called ADMIRE, was developed as a more advanced noise
reduction method than traditional IR algorithm, which may
have contributed to the superior artefact reduction of the
Force unit [38, 39]. However, given the results of previous
phantom study, it is clear that the noise level depends on the
selected DE voltage combination and tin filtration in DSCT
[20]. Therefore, the lowest image noise observed at 80/150 Sn
kV can be assumed to be related to artefact elimination (either
alone or with other factors). Nevertheless, we acknowledge
that different scanner settings might be act as a confounder
of image quality. Further prospective studies performed using
one dual-source CT system (Somatom Force) would be war-
ranted to consolidate our findings. Second, although all image
information was completely removed from all images and the
analysis of the two protocols was performed in a random
order, we acknowledge that the readers might have recognised
the different protocols due to their slightly different image
appearance. Thus, our results regarding artefact evaluation
might be influenced by a cognitive recognition bias. By ap-
plying strict and consistent analysis criteria to all DECT im-
ages, the readers tried to minimise this bias. Third, not all
clumpy artefacts of tendon were confirmed by fluid aspirate
and polarised light microscopy, because there were not suffi-
cient clinical signs—such as swelling, pain or tenderness
around the tendon—that could justify the risk of invasive test-
ing. However, as mentioned earlier, the facts that despite of
clinical similarity between the two groups of patients this phe-
nomenon was observed only at 80/140kV protocol and that
the additional ultrasound did not reveal any ultrasonographic
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changes suggestive of gouty arthritis in tendon would indicate
that this clumpy colour-coded pattern of tendon could be
regarded as an artefact. Fourth, to maintain consistency of
the assessment of DECT images, only foot and ankle areas
were evaluated in patients with suspected gout. Thus, there is
a possibility that the detailed results might be different, if the
assessment were extended to the other extremities such as
hand and wrist. However, the mainstream results of this study
would not be impaired. Fifth, there was difference in the tube
current condition between the 80/140kV and 80/150 Sn kV
groups, as a lower reference tube current-time product (mAs)
was set for the 150 Sn kV. Even if the lower reference mAs
could be part of the effect we can get with tin filter, this might
have a confounding effect on dose reduction.

In conclusion, the 80/150 Sn kV voltage combination in
dual-source DECT system could be used as one of the artefact
reduction methods while reducing radiation dose for gout pro-
tocol when compared to the conventional 80/140 kV.
Therefore, DE acquisition using 80/150 Sn kV could facilitate
its diagnostic performance in the patients with suspected gout
and improve the utility of DECT for monitoring the effect of
urate-lowering therapy in patients with recurrent gout.
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