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tomography in patients with different stages of acute gouty arthritis
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Abstract
Objective Previous studies of the diagnostic accuracy of ultrasound (US) and dual-energy computed tomography (DECT) in
patients with gout have reported different results. The aim of this study is to compare the diagnostic value of US and DECT in
patients with different stages of acute gouty arthritis.
Methods Based on the presence of monosodium urate (MSU) crystals in the synovial fluid, patients (n = 37) were divided into
three groups according to gout duration: early stage (within 1 year, n = 15), middle stage (1 to 3 years, n = 12), and late stage
(more than 3 years, n = 10). All the affected joints were examined by US and DECT.
Results In the early-stage group, the sensitivity of USwas significantly higher than DECT in identifyingMSU deposition (66.7%
vs 26.6%, p < 0.05), while in the middle- and late-stage groups, the sensitivity of US and DECTwas similar. In the early-stage
group, the US results in nine joints were positive (four with double contour sign, four with snowstorm sign, and one with both
double contour sign and snowstorm sign), while DECT did not show any urate crystal deposits.
Conclusion These findings indicate that US should be the first choice for acute gouty arthritis, especially in patients with early-
stage disease.

Key Points
• Previous studies have compared DECTwith US to evaluate the reliability of each method in diagnosing gout but have reported different results, which

may be partly due to different gout duration.
• In our study, the sensitivity of US was significantly higher than DECT in identifying MSU deposition in the early-stage group, while in the middle- and

late-stage groups, the sensitivity of US and DECTwas similar.
• US should be the first choice for the diagnosis of acute gouty arthritis, especially in patients with early-stage disease.
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Introduction

Gout is the most common inflammatory arthropathy, re-
ported to affect 2.13% of the population of the USA in
2009 [1]. The detection of monosodium urate (MSU)
crystals in the synovial fluid by compensated polarized
light microscopy is recognized as the gold standard for

the diagnosis of gouty arthritis [2]. However, synovial
fluid aspiration is invasive and usually is not feasible.
Recently, new imaging techniques, such as ultrasonogra-
phy (US) and dual-energy computed tomography (DECT),
have been used more widely [3–6]. Both techniques are
included in the 2015 gout classification criteria developed
by the American College of Rheumatology in collabora-
tion with the European League Against Rheumatism [7].

Several studies have compared DECT with US to eval-
uate the reliability of each method in diagnosing gout.
Gruber et al. found that the sensitivity of DECT and US
in diagnosing gout was comparable [8]. Another study by
Huppertz et al. found that DECT was less sensitive than
US [9], whereas Zhu et al. found that the sensitivity of
DECT was higher than US in identifying MSU deposition
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[10]. This discrepancy may be due to different durations
of disease, different joint regions, and whether onset is
recent or not.

The aim of our study is to compare US with DECT for the
diagnosis of acute gouty arthritis in patients with different
durations of gout.

Patients and methods

Patients

In this cross-sectional study, we recruited consecutive pa-
tients with a clinical suspicion of acute gouty arthritis seen
at the First Affiliated Hospital of Jiaxing University from
July 2017 to July 2019. Patients had to have at least one
swollen joint that could be aspirated. Patients with gouty
tophi were excluded. Based on the results of our reference
test for the presence of MSU crystals, patients were divid-
ed into three groups according to the duration of gout:
early stage (within 1 year), middle stage (1 to 3 years),
and late stage (more than 3 years).

The study protocol was approved by the First Affiliated
Hospital of Jiaxing University Ethics Committee. Written in-
formed consent was obtained from each patient. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

MSU crystals analysis

Synovial fluid aspiration was conducted under US guidance.
If patients were referred for aspiration of more than one joint,
the most prominently involved joint clinically was chosen as
the index joint. The aspirated synovial fluid was viewed under
a polarizing microscope within minutes after aspiration by a
rheumatologist with 5 years of experience in microscopic ex-
aminations. When synovial fluid contained MSU crystals,
they appear as bright yellow, needle-like, negatively birefrin-
gent crystals.

US examination

US scanning of the symptomatic joints or areas was per-
formed after crystals analysis on the same day. All US
scanning was conducted by an experienced ultrasonic ex-
pert with more than 5 years of experience in maneuvering
musculoskeletal US. The US examiner was blind to the
results of the synovial fluid analysis. The presences of
MSU crystal deposits and/or the snowstorm sign and/or
the double contour sign were considered positive for the
presence of gouty arthritis.

DECT examination

DECT examination of the symptomatic joints or areas was
performed on the same day after crystals analysis and US
scanning. A 128-row dual-source CT scanner (Somatom
Definition Flash; Siemens Healthcare, Forchheim,
Germany) equipped with two X-ray tubes and two corre-
sponding detectors was used. Post-processing was per-
formed using a commercial software program (“Gout,”
Syngo CT Workplace, Siemens Medical Systems) to create
material-selective images, where MSU deposits were
color-coded as green. The results were analyzed by one
DECT reader with more than 5 years of experience in mus-
culoskeletal radiology who was blind to the results of both
synovial fluid analysis and US examination.

Statistical analyses

Variables are described as mean and standard deviation or
proportion. The difference of positive rate between DECT
and US was analyzed using chi-squared analysis. A p value
of < 0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS 17 (IBM,
Cary NC, USA).

Results

A total of 41 consecutive patients with a clinical suspicion
of acute gouty arthritis were enrolled in this study.
Synovial fluid analysis found MSU crystals in 37 patients
who were diagnosed with gouty arthritis. Two patients
with calcium pyrophosphate deposition arthritis and two
patients with septic arthritis were excluded from the study.
Among the 37 patients (36 males, aged 22 to 81 years)
with acute gouty arthritis, MSU crystals were not found at
the initial aspiration in 2 patients but were found at the
second aspiration.

The clinical characteristics of the 37 patients are
shown in Table 1. The disease duration in the 37 patients
ranged from 1 day to 21 years, and in 4 patients, this
was the first attack of gout. Patients were divided into
three groups: early stage (n = 15), middle stage (n = 12),
and late stage (n = 10). These 37 patients with 55 affect-
ed joints or areas underwent US and DECT examina-
tions. The most symptomatic joint or area was knee
(60%), followed by the foot (21.8%) and the hand
(14.5%). The average scores by ACR/EULAR gout clas-
sification system of 2015 were 10.8 ± 2.1. According to
this classification system, gout is diagnosed in patients
with a score ≥ 8 or MSU positivity [7].

As shown in Table 2, US findings were positive for
gouty arthritis in 27 of 37 patients (72.9%), including 10
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patients (66.7%) in the early stage, 9 patients (75%) in the
middle stage, and 8 patients (80%) in the late stage. In 21
of 37 patients (56.6%), DECT examinations were positive,
including 4 patients (26.6%) in the early stage, 8 patients
(66.6%) in the middle stage, and 9 patients (90%) in the
late stage. In the early-stage group, the sensitivity of US
was significantly higher than that of DECT in identifying
MSU deposition (66.7% vs 26.6%, p < 0.05), while in the
middle and late-stage groups, the sensitivity of US and
DECT was similar.

In the early-stage group, the US results were positive in
9 joints (4 with double contour sign, 4 with snowstorm
sign, and 1 with both double contour sign and snowstorm
sign), while DECT did not show any urate crystal deposits.

In the middle-stage group, the US results were positive in 3
joints, while DECT results were negative, and in 1 joint,
the DECT findings were positive, while the US examina-
tion was negative. In the late-stage group, the US findings
in 3 joints were positive, while DECT examination was
negative, and in 2 joints, the DECT results were positive,
while the US examination was negative. Figs. 1 and 2
showed the typical findings of DECT and US.

Discussion

In this study, microscopy of synovial fluid demonstrated
MSU crystals in 35 of 37 patients (94.6%) at the initial
aspiration and in the remaining 2 patients at the second
aspiration. Repeated aspiration from different involved
joints or the same joint at different times can improve the
detection rate of MSU crystals [11]. Consistent with our
results, MSU crystals were observed in more than 95% of
patients with acute gouty arthritis in an earlier study by
Lawry and Bluestone [12]. Unfortunately, the high depen-
dence on microscopic analyses of synovial fluid is not
without problems: joint aspiration is invasive, obtaining
adequate specimens from small joints may not be feasible,
and sometime it may be hard to find the MSU crystals in
patients with a low synovial fluid leukocyte count after an
acute attack [13, 14].

Previous studies assessing the test characteristics of
US and DECT in patients with gout have shown different
results concerning the diagnostic accuracy of each imag-
ing modality [15]. We thought this discrepancy might be
partly due to the inclusion of patients with different du-
rations of gout, so we divided patients in our study into
three groups according to the duration of gout. In addi-
tion, subjects with tophi, a clinical situation where detec-
tion of MSU deposition by US or DECT scanning is
usually not required for diagnostic confirmation, were
excluded from our study.

As we know, MSU crystal deposition can be identified
on US by one of the three signs: the presence of tophi and/
or the snowstorm sign and/or the double contour sign,

Table 2 Detection of urate crystal
deposition by US and DECT in
different stages of gout

Group US positive (n, %) DECT positive (n, %) p value

Early stage(n = 15) 10 (66.6) 4 (26.6) 0.028*

Middle stage(n = 12) 9 (75) 8 (66.6) 0.653

Late stage(n = 10) 8 (80) 9 (90) 0.531

Total(n = 37) 27 (72.9) 21 (56.6) 0.144

US ultrasound, DECT dual-energy computed tomography

*p < 0.05

Table 1 Characteristics of patients with acute gouty arthritis (n = 37)

Variables Value

Age (years) 52.3 ± 14.3

Male (n, %) 36 (97.3)

Disease duration (months) 24.5 (1 day–21 years)

Serum uric acid level (μmol/L) 471.2 ± 213.4

Joints of aspirated

Knee (n, %) 31(83.8)

Ankle (n, %) 3(8.1)

Wrist (n, %) 2(5.4)

Elbow (n, %) 1(2.7)

Volume of aspirated (mL) 3.1 ± 1.2

Symptomatic joints or areas (n = 55)

Knee (n, %) 33(60)

Foot (n, %) 12(21.8)

Hand (n, %) 8(14.5)

Elbow (n, %) 2(3.6)

ACR/EULAR score of 2015* 10.8 ± 2.1

Clinical 5.4 ± 0.6

Laboratory 2.3 ± 0.5

Imaging 3.1 ± 1.6

Data are shown as mean ± SD, median (range), or n (%)

*ACR/EULAR score – American College of Rheumatology/European
League Against Rheumatism, 2015 Gout Classification Criteria [7]
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while MSU deposits are color-coded as green on DECT
[16, 17]. In our study, US had a significantly higher sensi-
tivity than DECT for the presence of MSU deposition in
the early-stage group, in whom US demonstrated the snow-
storm sign in four joints and the double contour sign in five
joints, while DECT did not show any urate crystal de-
posits. However, in the other two groups, the DECT find-
ing was positive in three joints, while the US examination
was negative. These results suggest that the snowstorm
sign in US represented free MSU crystals in the synovial
fluid, which were hard to see on DECT. The presence of
tophi, which indicate a long-standing duration of gout, can
easily be seen with both US and DECT. The double con-
tour sign in US can be seen more than half of the time by
DECT. DECT can also find some deep anatomical MSU
crystals which are undetectable by US.

Our results were similar to those of several previous stud-
ies. Bongartz et al. showed that DECTappears to have limited
sensitivity in patients with acute gout and no prior episodes of

gouty arthritis, and 20% of patients with early disease did not
demonstrate evidence of MSU deposition on DECT images
[18]. Wang et al. found that DECT may miss crystal deposi-
tion on the surface of the cartilage, which was the most fre-
quent US manifestation in patients [19]. Ogdie et al. found
that US features of MSU crystal deposition had high specific-
ity and high positive predictive value but more limited sensi-
tivity for early gout [20].

In conclusion, our study demonstrated that US had
higher sensitivity in the presence of MSU crystals for early
gout than DECT. Based on this, in early gout, DECT is not
as helpful for diagnosis and will not easily give you a 4-
point score based on the 2015 criteria [7]. However, using
the 2015 criteria, US may be sufficient. We suggest that US
should be the first choice for the diagnosis of acute gouty
arthritis, especially in patients with early-stage disease.
However, data integration on a larger cohort is necessary
in the future, given the small sample size of the patients
analyzed in the present.

Fig. 1 a One patient in the late
group with MSU deposits in the
foot (green) by DECT. b Another
patient in the middle-stage group
with MSU deposits in the foot
(green) but was negative in US

Fig. 2 aOne patient in the middle
group with double contour sign in
the wrist (red arrow) by US. b
Another patient in the early-stage
group with snowstorm sign in the
knee (red arrow) but was negative
in DECT
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