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Abstract

Objectives
To investigate the distribution and burden of monosodium urate (MSU) deposition in hyperuricemia and
gout patients with dual-energy CT (DECT) and to explore whether the MSU burden can be predictive of the
renal insu�ciency in these subjects.

Methods
We retrospectively analyzed 4,954 DECT examinations in 642 consecutive patients (hyperuricemia group,
n = 121; gout group, n = 521) with at least two anatomical locations and recorded the volume and number
of MSU deposits. For each anatomical location, we recorded MSU deposition of bone cortex, soft tissue
and joint cavity, respectively. MSU deposition were analyzed and compared between groups. Patients
were followed up to explore whether there was a correlation between MSU deposition and renal function
if appropriate.

Results
The MSU deposition in gout group was signi�cantly higher in the foot and knee than those in the
hyperuricemia group (all P < 0.05). In gout group, MSU deposition at the elbow soft tissue was
signi�cantly higher than those in bone cortex and joint cavity, while in the hyperuricemia group, MSU
deposits in cortical cortex of the knee and foot/ankle were signi�cantly higher than those in the soft
tissue and joint cavity (all P ≤ 0.05). Fifty-two gout patients had a median 2 years follow up, however,
MSU burden was not predictive of the renal insu�ciency (P = 0.678).

Conclusions
The MSU deposition in the gout group was signi�cantly higher than that in the hyperuricemia group, while
MSU deposition was predominant in foot/ankle and knee. The MSU burden is not predictive of renal
function decline in gout patients.

Introduction
Gout, the most common form of in�ammatory arthritis [1], the incidence has tripled over the recent
decades, has a prevalence of 3.9% in the USA [2].Elevated levels of serum uric acid (sUA) greater than
6.8mg/dL (410 µmol/L) can cause crystallisation of monosodium urate (MSU) crystal deposits and
eventually trigger gout in some patients [3–4]. While hyperuricemia is a known cause of gout, many
patients with hyperuricemia do not develop gout [5]. To date, it is not fully understood why and when
some patients with asymptomatic hyperuricemia (ie, hyperuricemia in the absence of gout) develop gout.



Page 3/21

Sedimentary sites may play a role, for example, the deposition around the joints may not lead to clinically
signi�cant diseases [6]. The quantity of urate crystal deposition may also affect the development of
symptomatic diseases [6]. Nevertheless, the mechanism and location of MSU crystal deposition in gout
have received little attention from the scienti�c community till now. So the main purpose of this study is
to try to �gure out whether distribution and burden have an effect on the progression of asymptomatic
hyperuricemia to symptomatic gout, so that we can better prevent the occurrence of gout and better
manage clinical hyperuricemia and gout. Moreover, we innovatively divide a single joint into distinct
segments (cortical bone, soft tissue, and joint cavity). In this way, the systemic MSU deposition in gout
patients will be measured more precisely, and correspondingly, the clinical treatment will be more precise,
controllable and targeted.

Gout is connected with many diseases that affect longevity and well-being [7], such as metabolic
syndrome [8], cardiovascular diseases [9–12] and renal diseases [13]. Gout and these comorbidities are
all linked to hyperuricemia, which has been associated with impaired renal function and the development
and progression of renal disease [14–16]. Chronic kidney disease was associated with a 60% increase in
gout risk [17] and a six-fold increased risk of incident gout for those with renal disease has also been
reported [7]. Studies have emphasized that the negative effects of gout on the cardiovascular effect is not
only caused by serum uric acid [18], whether the deposition of MSU crystals also plays a role remains
unclear. In patients with rheumatoid arthritis, uric acid has been proven a powerful independent predictor
of renal insu�ciency [19]. Thus, we speculated that MSU crystals can independently predict renal
function decline in gout patients. The second purpose of this study is to explore whether the MSU burden
can be predictive of the renal insu�ciency.

For many decades, the gold standard for the diagnosis of gout has been the identi�cation of MSU crystal
deposits in the synovial �uid of the affected joint using polarised light microscopy [20–21]. Given the
limitations of joint aspiration and use of polarised microscopy, alternative strategies for diagnosing gout
have been developed, including dual-energy CT (DECT) [22]. Dual-energy CT (DECT) is a recently
developed advanced imaging method that allows for speci�c detection and volume measurement of
urate deposits in gout patients [23]. Although DECT has been proven to be useful in detecting articular
MSU detection in gout patients in some studies [24–25], no study has been reported to use DECT to
compare the distribution and burden of MSU deposits in patients with hyperuricemia and gout and
investigate the role of DECT in predicting renal function changes in gout patients.

Therefore, we aimed to investigate the distribution and burden of MSU crystal deposition in patients with
asymptomatic hyperuricemia and symptomatic gout with DECT and to explore if the extent of MSU
burden measured with DECT can be predictive of the renal function decline in gout patients.

Methods

Study Population
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This retrospective study was approved by the institutional review board of Jinling Hospital, Medical
School of Nanjing University. Written informed consent was waived. A total of 1936 consecutive patients
from January 1, 2009 to September 15, 2017 underwent DECT examinations with at least two anatomical
locations including symmetrical hands/wrists, feet/ankles, knees, elbows and kidneys. Of these, 1294
patients were excluded due to other clinical diagnosis which was neither gout nor hyperuricemia (n = 
1041), inappropriate location which is atypical MSU deposition site (n = 82), poor quality images (n = 
105), training cases (n = 30) and duplicated data (n = 36). Finally, 642 patients (male: 94.4%; mean age:
44 ± 16 years; range 12–90 years) were included. The �owchart of this study is provided in Fig. 1.
Additionally, the demographics and comorbidities from patients’ medical history were recorded from the
patients’ medical record.

DECT scans
DECT examinations were performed in 59% (380/642) patients on the �rst-generation dual-source CT
system (Somatom De�nition or De�nition FLASH, Siemens Healthcare), while the remaining 41% patients
underwent DECT examination on a second-generation dual-source CT system (Somatom De�nition or
De�nition FLASH, Siemens Healthcare) within 1 week of clinical diagnosis. The clinical indication to
perform DECT in asymptomatic HUA patients were (1) clinical diagnosis is hyperuricemia, (2) sUA levels 
≥ 261umol/L. Each patient underwent at least 2 of the 10 anatomical locations for DECT scans:
hands/wrists, elbows, knees, feet/ankles and kidneys (one for each side). All scans were performed with
the same imaging protocols except for scanning coverage, tube voltage (kV) and effective tube current
(mAs). The scanning parameters: tube voltage of (sn)140/80–100 KVp, the effective tube currents of
40/170 mAs and 37/157 mAs in the �rst generation and the second generation dual-source CT for upper
extremity; 55/234 mAs / 240/120 mAs for knees and 250/125 mAs for feet/ankles, 95/404 mAs/
153/120 mAs for kidney. Technical features included slice thickness of 0.6mm, �eld of view 120 and slice
interval of 0.3mm. Bone and soft tissue window algorithm images were obtained in the axial plane with
additional sagittal and coronal reconstructed images.

Image postprocessing and image analysis
Post‐processing and image interpretation were performed with a commercial software program
(Syngo.via, VB10, Siemens Healthineers) to create material-selective images to perform post-processing,
where MSU depositions were color-coded as green, cortical bone were color-coded as blue and trabecular
bone were color-coded as purple. Prior to the beginning of the study, 30 training cases (15 gout cases and
15 control cases) were used to familiarize observer with the Gout DECT software. These 30 training cases
were excluded from the �nal analysis. When the observer measured the volume of MSU crystal
deposition, artifacts such as nail beds, skin, submillimeter, motion, and beam hardening were removed
manually because they are easy to identify [26].

For the evaluation of inter-observer agreement, two radiologists (C. X. T. and X. Y. Z. with 8 and 2 years
experiences in DECT interpretation) who were blinded to all clinical features including gout status and
serum urate results, recorded the sites, numbers and volume of urate deposition using the DECT software
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in 100 randomly selected cases independently. Then, one radiologist (X. Y. Z.) evaluated the remaining
cases. Volume and numbers of MSU deposition on DECT were recorded for speci�c anatomical locations
(hands/wrists, feet/ankles, knees, elbows and kidneys), different parts of each anatomical location (bone
cortex, the surrounding soft tissues and the joint cavity). The numbers of MSU deposition were recorded,
one separated MSU deposit or multiple deposits with continuous border on the DECT was regarded one,
or else they were de�ned as two and above. The representative cases are shown in Fig. 2.

(A) Gout patient, urate volume of knees is 17.59 cm3. (B) Gout patient, urate volume of feet/ankles is
29.39 cm3. (C, D) The MPR �gures of the corresponding locations of Panels A and B. (E) Hyperuricemia
patient, urate volume of knees is 1.75 cm3. (F) Hyperuricemia patient, urate volume of feet/ankles is 0.42
cm3. (G, H) MPR �gures of the corresponding locations of Panels E and F. Panels A-D are from the same
gout patient, while Panels E-H are from the same hyperuricemia patient. Green indicates urate; blue
indicates cortical bone; purple indicates trabecular bone.

Follow-up visits
The follow-up was performed after the �rst DECT examination if appropriate, the last clinical visit was
considered at the end point. The baseline and follow-up EGFR values were recorded. It is appropriate if
the interval of baseline estimated glomerular �ltration rate (eGFR) and DECT examination was within one
week. The endpoint of interest was renal insu�ciency, de�ning as eGFR < 90 (mL/min/1.73m²) by using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula at follow-up [27].

Statistical analysis
All statistical data were analyzed using SPSS V.23 (SPSS, Chicago, Illinois, USA) software. The
Kolmogorov-Smirnov test was conducted to assess the normality of quantitative data. Quantitative
variables were expressed as mean ± SD if normally distributed. Categorical variables were expressed as
frequencies or percentages with differences analyzed using Chi-squared test or Fisher’s exact test, as
appropriate. For normally distributed data, independent sample t-tests were used for the comparisons
between two groups. The independent samples nonparametric test was used to analyze non-normally
distributed data. Reliability was assessed using agreement statistics to obtain intra-class correlation
coe�cients. With regard to the calculation of the consistency analysis between readers, the study used
kappa values to calculate the consistency of the sites, using the correlation coe�cient within the group
(intraclass correlation coe�cient, ICC) to calculate the consistency of numbers and volumes. Differences
between groups were analyzed using χ2 analysis, or ANOVA tests if appropriate. The 95% con�dence
intervals were presented. All tests were two tailed and p < 0.05 was considered statistically signi�cant.

Results

Patient Characteristics
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A total of 121 patients (men: 90%; mean age: 38 ± 16 years; range 13–85 years) with asymptomatic
hyperuricemia and 521 patients (men: 95.4%; mean age: 47 ± 16 years; range 12–90 years) with gout
were included in this study. Detailed clinical features of the participants can be seen in Table 1.

Table 1
Clinical features of the participants in this study

  Asymptomatic hyperuricemia (n = 121) Symptomatic

Gout

(n = 521)

P value

Age, yrs 38 ± 16 47 ± 16 0.001

Sex (male), n (%) 108 (90%) 497 (95%) 0.022

Gout disease duration, yrs NA 5 ± 5 NA

Chronic kidney disease, n (%) 5 (42%) 89 (52%) 0.488

Ischemic heart disease, n (%) 1 (14%) 9 (6%) 0.401

Heart failure, n (%) 0 (0%) 3 (2%) 0.705

Diuretic use, n (%) 1 (17%) 6 (4%) 0.176

Urate-lowering therapy*, n (%) 38 (90%) 216 (84%) 0.280

Duration of ULT, mths 0.5 ± 4.8 1.0 ± 4.0 0.326

BMI, kg/ NA 23.1 ± 1.0 NA

Serum urate, µ mol/L 499.5 ± 123.8 515.6 ± 143.8 0.257

Serum creatinine, µ mol/L 83 ± 36 88 ± 45 0.005

Unless speci�ed, data are presented as mean ± SD if normally distributed. Categorical variables were
expressed as numbers (frequencies or percentages). * includes allopurinol and probenecid.

ULT = Urate-lowering therapy, BMI = body mass index.

DECT urate deposition analysis

Inter-reader agreement
The level of agreement between the two observers in measuring the sites of MSU deposition with DECT
was moderate (k = 0.63). While the level of agreement between the two observers in measuring the
volume and numbers of MSU deposition with DECT was high. The intraclass correlation coe�cient (ICC)
are 0.945 (in volume) and 0.996 (in quantity), respectively.

Comparison of MSU deposits between the gout and
hyperuricemia groups
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Overall, the volume and numbers of MSU deposition in the gout group was signi�cantly higher than those
in the hyperuricemia group both on a per-patient basis and on a per anatomical location basis (all P < 
0.05) (Table 2). For each anatomical location, DECT urate deposition volume and numbers in gout group
were observed more frequently in knees, feet and ankles than those in the asymptomatic hyperuricemia
group (all P ≤ 0.050) (Table 2), but the MSU deposition at the elbows was signi�cantly higher in the
hyperuricemia group than that in the gout group (P < 0.001) (Table 2).
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Table 2
Volume and number of MSU deposition in the asymptomatic hyperuricemia and symptomatic gout

patient groups
Location Asymptomatic HUA (n = 121) Symptomatic Gout (n = 521) P value

DECT MSU Volume, cm3      

All patients 1.11 ± 5.27 2.48 ± 8.16 0.023

Male (n = 606) 1.11 ± 5.53 2.54 ± 8.33 0.028

Female (n = 36) 1.02 ± 1.55 1.05 ± 3.04 0.976

Anatomical locations      

Hands/Wrists (n = 127) 0.04 ± 0.10 0.60 ± 2.32 0.366

Elbows (n = 19) 28.12 ± 39.77 3.31 ± 4.11 0.001

Knees (n = 225) 0.33 ± 0.66 2.01 ± 5.41 0.047

Kidneys (n = 159) 0.00 ± 0.00 0.00 ± 0.01 0.461

Feet/Ankles (n = 597) 0.56 ± 1.50 1.53 ± 5.16 0.050

Average value 0.60 ± 3.92 1.36 ± 4.65 0.013

DECT MSU Number, n

All patients

10.69 ± 10.00 17.52 ± 27.19 0.001

Male (n = 606) 10.72 ± 9.55 17.84 ± 27.37 0.001

Female (n = 36) 10.42 ± 14.02 10.96 ± 22.47 0.940

Anatomical locations      

Hands/Wrists (n = 127) 1.35 ± 3.46 6.54 ± 13.86 0.167

Elbows (n = 18) NA NA NA

Knees (n = 224) 5.02 ± 4.93 9.81 ± 13.55 0.027

Kidneys (n = 159) 0.00 ± 0.00 0.04 ± 0.23 0.254

Feet/Ankles (n = 596) 9.54 ± 9.28 12.62 ± 14.72 0.035

Average value 5.88 ± 8.09 9.76 ± 13.98 0.001

HUA = hyperuricemia; MSU = monosodium urate.

The effect of sex on MSU deposition
For male patients, the same results as above-mentioned were observed (Table 2). There were no
signi�cant differences in volume (P = 0.366, P = 0.461) and numbers (P = 0.167, P = 0.254) of MSU
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deposition between other parts when comparing 2 groups (Table 2). For female patients, there were no
signi�cant differences in volume (P = 0.976) and numbers (P = 0.940) of MSU deposition among all the
locations when comparing 2 groups (Table 2).

Distribution of MSU deposition in bone cortex, soft tissue
and joint cavity
In the gout group, the MSU deposition in the soft tissue of the elbow was signi�cantly higher than that of
bone cortex and joint cavity (P = 0.005, P < 0.001) (Table 3). In the hyperuricemia group, the bone MSU
deposition at both knees (P = 0.028, P = 0.007) and feet was signi�cantly higher than those in soft tissue
and joint cavity (P = 0.025, P = 0.001) (Table 3). There was no signi�cant difference in the three parts of
MSU deposition in the other parts of the two groups (all P > 0.05) (Table 3). In the gout group, MSU
deposition was more likely to be deposited on the right elbow (volume signi�cantly higher than other
parts) (P < 0.05), while in the hyperuricemia group, the deposition of bilateral elbows was the heaviest
(signi�cantly higher than other parts) (all P < 0.05) (Fig. 3).
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Table 3
The distribution and burden of volume (units:cm3) of MSU deposition in the symptomatic gout

group and the asymptomatic hyperuricemia group
Location Bone Cortex (n = 1582) Soft Tissue (n = 1793) Joint Cavity

(n = 1579)

P Value

Gout Group

Hands/Wrists

       

Left

Right

0.045 ± 0.155

0.070 ± 0.415

0.216 ± 1.308

0.148 ± 0.726

0.110 ± 0.757

0.021 ± 0.122

0.337

0.147

Elbows        

Left

Right

0.012 ± 0.045

0.007 ± 0.023

1.254 ± 2.054

2.392 ± 2.700

0.000 ± 0.000

0.000 ± 0.000

0.005

0.001

Knees        

Left 0.355 ± 0.899 0.367 ± 1.368 0.275 ± 2.045 0.820

Right 0.251 ± 0.598 0.434 ± 1.464 0.349 ± 1.987 0.493

Feet/Ankles

Left

Right

0.292 ± 1.420

0.242 ± 0.899

0.294 ± 1.478

0.260 ± 1.303

0.185 ± 1.280

0.271 ± 1.996

0.381

0.959

HUA Group        

Hands/Wrists        

Left

Right

0.007 ± 0.024

0.001 ± 0.003

0.012 ± 0.045

0.019 ± 0.048

0.000 ± 0.000

0.000 ± 0.000

0.558

0.132

Elbows        

Left

Right

0.095 ± 0.134

0.50 ± 0.071

10.36 ± 14.19

17.94 ± 25.37

0.000 ± 0.000

0.000 ± 0.000

0.467

0.466

Knees        

Left 0.091 ± 0.274 0.022 ± 0.042 0.001 ± 0.005 0.028

Right 0.194 ± 0.521 0.022 ± 0.045 0.000 ± 0.000 0.007

HUA = hyperuricemia; MSU = monosodium urate.
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Location Bone Cortex (n = 1582) Soft Tissue (n = 1793) Joint Cavity

(n = 1579)

P Value

Feet/Ankles

Left

Right

0.167 ± 0.578

0.204 ± 0.588

0.062 ± 0.305

0.088 ± 0.535

0.027 ± 0.234

0.015 ± 0.149

0.025

0.010

HUA = hyperuricemia; MSU = monosodium urate.

B
(A) Volume with urate deposition at different sites in the symptomatic gout group and asymptomatic
hyperuricemia group in male patients. The MSU deposition of the elbows in hyperuricemia group is
signi�cantly higher than the gout group (P < 0.05). Within each group, the MSU deposition of the elbows
is signi�cantly higher than the hands, knees, kidneys and feet (all P < 0.05). (B) Volume with urate
deposition at different sites in the asymptomatic hyperuricemia group and symptomatic gout group in
the female patients. The MSU deposition of the knees in gout group is signi�cantly higher than that in the
hyperuricemia group (all P < 0.05).

Follow-up visits
A total of 59 patients (men: 84.7%; mean age: 41 ± 19 years; range 18–90 years) were followed up in a
median 2-year duration, including 7 patients with hyperuricemia, all of whom had normal renal function
at follow up then were excluded. The remaining 52 gout patients were divided into the renal insu�ciency
group (n = 15) and the normal renal function group (n = 37). Univariable analysis showed the patients’ age
in renal insu�ciency group was signi�cantly older (P < 0.001) and the incidence of chronic kidney disease
(CKD) (P = 0.023) was higher than those of normal kidney function group (Table 4), no signi�cant
differences were found for any other variables including BMI, diuretic use, disease characteristics and
MSU volume assessed with DECT (all P > 0.05) (Table 4).
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Table 4
Baseline characteristics of the gout patients with and without renal insu�ciency during follow-up

Characteristics Patients with normal RF (n 
= 37)

Patients with renal insu�ciency (n 
= 15)

P
value

Demographics

Age, yrs 34.4 ± 9.2 62.7 ± 22.5 0.001

Sex (male), n (%) 37(100%) 13 (86.7%) 0.079

BMI, kg/m² 25.1 ± 1.6 26.1 ± 3.7 0.642

Serum Creatine, µ
mol/L

90.8 ± 32.4 73.7 ± 12.3 0.054

Disease characteristics

Gout disease
duration, yrs

3.3 ± 3.7 3.0 ± 3.3 0.836

ULT*, n (%) 16 (88.9%) 6 (75%) 0.563

Serum urate, µ mol/L 475.7 ± 122.5 489.7 ± 129.6 0.716

DECT MSU volume,
cm³

All patients

Male (n = 50)

Female (n = 2)

0.80 ± 2.35

0.80 ± 2.35

NA

1.12 ± 2.94

1.29 ± 3.14

0.01 ± 0.01

0.678*

0.553*

NA

Anatomical locations      

Hands/Wrists (n = 12) 0.07 ± 0.22 0.03 ± 0.04 0.788*

Knees (n = 20) 0.33 ± 0.58 0.22 ± 0.48 0.722*

Kidneys (n = 18) 0.00 ± 0.00 0.00 ± 0.00 NA

Feet/Ankles (n = 47) 0.75 ± 2.36 1.02 ± 2.95 0.731*

Average value 0.45 ± 1.68 0.66 ± 2.31 0.629*

DECT = dual-energy computed tomography, MSU = monosodium urate, CKD = Chronic kidney disease,
IHD = Ischemic heart disease, ULT = Urate-lowering therapy, BMI = body mass index. *means
signi�cance of the DECT MSU volume of the p value.

Signi�cance of the p value was set at 5% are in bold.

Discussion
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Our study explored the burden and distribution of MSU deposition in symptomatic gout and
asymptomatic hyperuricemia with DECT and compared renal function in gout patients in follow-up DECT.
We observed the following important results: 1) The MSU deposition in the gout group was signi�cantly
higher than that in the hyperuricemia group except for the elbows. 2) MSU deposition in the knees and
feet was signi�cantly higher in the gout group than the hyperuricemia group. 3) In the hyperuricemia
group, the MSU deposits at the cortical cortex of the knee and foot/ankle were both signi�cantly higher
than those in the soft tissue and joint cavity. 4) The extent of MSU burden measured with DECT was not
predictive of the renal insu�ciency in gout patients in our study.

The lower MSU deposition in hyperuricemia than gout group in this study is in line with the previous study
[6], supporting the concept that urate deposition precedes clinical gout [29]. This also reminds us that
DECT can be used to better monitor and manage patients with hyperuricemia in our clinical work. We
should pay more attention to the burden of MSU deposition in patients with hyperuricemia, which may
has certain clinical indications for predicting the development of hyperuricemia into gout. So is there a
cutoff for MSU deposition between asymptomatic hyperuricemia and symptomatic gout? What is the
critical value and where does it exist? These questions deserve further exploration in our future research.

While our sample size is large, supporting that the MSU deposition of symptomatic gout in the feet and
knees are more frequently than asymptomatic hyperuricemia [6]. This may imply that the distribution of
MSU deposits in the knee and foot is more discriminative for patients with asymptomatic hyperuricemia
and those with gout. Perhaps the deposition in these parts is more clinically indicative. In normal clinical
work, we should pay more attention to the follow-up and observation of the knees and feet of patients
with hyperuricemia, so as to precisely prevent, diagnose and treat potential gout in time.

In the hyperuricemia group, the MSU deposits at the cortical cortex of the knee and foot/ankle were both
signi�cantly higher than those in the soft tissue and joint cavity. This means that in practice, it will be
more clinically meaningful to observe the bone changes and structural functions of these key
location(knees, feet and ankles) of patients with hyperuricemia. The research on bone changes in these
parts should also be more in-depth, which is not only conducive to re�ned clinical management, but may
also reveal the deeper mechanisms and reasons behind the progression of hyperuricemia to gout.

The MSU crystal deposition of the elbow in patients with hyperuricemia was much higher than that of
gout patients, which is contrary to the previous observations [23, 24] and overall results of other
anatomical sites. This may be due to the deviation caused by the small sample size of the elbow DECT
examinations or the different MSU sedimentary distributions of different diseases. It is possible because
our �nding is attributed to the long-term use of urate-lowering drugs which can be reported in most gout
patients in our study. In the gout group, the MSU burden on the right elbow was the severest, signi�cantly
higher than the MSU burden at all other sites, where the deposition of soft tissue was signi�cantly higher
than in the bone cortex and joint cavity. While the previous study showed that the elbow, suprapatellar
bursa, and ankle collateral ligaments were among the least common of the affected sites [29]. This may
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be a statistical artefact of outliers due to the small sample size of the elbow and selection bias of
anatomical regions.

To the best of our knowledge, this is the largest sample study to estimate the burden of MSU deposition
distribution using DECT and the �rst study to explore whether the extent of MSU burden can be predictive
of the renal insu�ciency in gout. However, we observed that the extent of MSU burden measured with
DECT was not predictive of the renal insu�ciency in gout patients.

We have to acknowledge that our study has several limitations. The main shortfall of this study is a
selection bias of anatomical regions and patients. There may be a selection bias as we included only
patients with DECT. Besides, not all regions were imaged in all patients. This fact must be considered for
the analysis, especially when comparing the tophus volume of different anatomical regions. Furthermore,
selection bias can be present in our study because our study enrolled the patients from one single
hospital.

Besides, our study is retrospective, thus many variables were missing. This resulted in a small sample
size in our follow-up study which may not clarify the relationship between the MSU burden and renal
function decline during the follow-up. Thus, prospective large cohort study is needed to uncover the role
of DECT MSU burden in predicting renal function decline in future. Moreover, the accuracy of DECT is
different for different anatomical locations, and the sample size of some anatomical locations is small.
Thus, it is rational to collect more anatomical locations to observe MSU distribution. What’s more, for the
�rst time, we divided a single joint into different parts (cortical bone, soft tissue and joint cavity), but
whether DECT can fully and accurately distinguish the distribution of MSU in different components lacks
corresponding clinical application, and further data support and veri�cation are needed.

Last but not least, the short follow-up duration in this study (the mean follow-up time was 2 years) was
not su�cient to verify the relationship between MSU deposition and renal insu�ciency in gout patients.

Conclusion
In conclusion, this large cohort retrospective study showed the systemic distribution and burden of urate
deposition in symptomatic gout and asymptomatic hyperuricemia with advanced DECT technique.
However, our limited data indicated MSU burden measured by DECT was not predictive of renal function
decline in gout patients. These �ndings encourage the study of MSU deposition in speci�c sites (knee,
foot and ankle) reaching a certain threshold may have clinical implications for the progression of
hyperuricemia to gout, revealing the mechanism by which asymptomatic hyperuricemia develops into
symptomatic gout, so as to prevent, diagnose and treat gout in a more targeted and timely manner.
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Figure 1

Flowchart of this study
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Figure 2

Dual-energy CT image examples
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Figure 3

The distribution and burden of volume of MSU deposition in the patients


