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Abstract. Objective: To establish the association between ultrasound (US) burden with
articular MSU crystals and renal morphology, blood supply, function and arteriosclerotic
carotid arteries alterations in gout patients, individuals with asymptomatic hyperuricemia
and no sign of inflammatory arthritis and psoriatic arthritis subjects with asymptomatic
hyperuricemia. Methods: 121 consecutive patients were included: 85 patients with gout,
27 subjects with asymptomatic hyperuricemia and 9 psoriatic arthritis patients. Subjects
underwent US of both kidneys, common carotid arteries and bilateral US of the joints
of the hands, elbows, knees, ankles and feet. For intrarenal blood flow we judged by
measuring the renal resistive index (RRI). By US of the carotid arteries were determined
intima-media thickness (IMT), common carotid artery resistive index (CCARI) and the
presence of atherosclerotic plaques was registered. Results: Individuals with articular
US MSU deposits compared to those without had higher RRI (p = 0.035) and smaller
kidney size (p = 0.014), but renal parenchymal thickness (p = 0.893), echogenicity (p =
0.291), IMT (p = 0.165), CCARI (p = 0.097), the frequency of nephrolithiasis (p = 0.438)
and atherosclerotic plaques (p = 0.830) were similar. Subjects with US evidence of MSU
crystals in two or more joint regions had the highest RRI (p = 0.002) and CCARI (p =
0.019). Compared to gout patients the risk of MSU crystal accumulation in the joints of
asymptomatic hyperuricemia group was lower by 82.7%, OR = 0.173 (95% ClI; 0.060 —
0.498, p = 0.001), while in psoriatic arthritis patients the risk was lower by 82%, OR =
0.180 (95% CI; 0.038-0.861, p = 0.032). Conclusions: This study points out that sub-
jects with larger extent of articular MSU burden have greater vascular stiffness. The
accumulation of MSU crystals in the joints may be associated with the accumulation of
crystals mainly in the renal interstitium.
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INTRODUCTION

urate (MSU) crystal deposits in gout patients prov-

en by ultrasound (US) are related to an increased
risk of cardiovascular complications. Data whether
these deposits are connected to impaired renal func-
tion, changes in renal blood flow, nephrolithiasis and
arteriosclerotic vascular alterations, in patients in the
spectrum of gout as well as in individuals who have
inflammatory arthritis with accompanying asymptom-
atic hyperuricemia, are insufficient.

I t is not yet clear whether articular monosodium

Hyperuricemia is a frequent finding in psoriasis and
psoriatic arthritis [1], which may be linked to the in-
creased cell turnover and the release of proinflamma-
tory cytokines and tumor necrosis factor [2]. Gout and
psoriatic arthritis share common risk factors. Serum
uric acid in psoriatic arthritis patients is not connected
to the extent of skin involvement but reflects metabolic
changes, especially hypercholesterolemia and renal
impairment [3]. In 2015 Merola using a huge database
from the Health Professionals Follow-up study (1986-
2010) and Nurses’ Health Study (1998-2010) demon-
strated that psoriasis and psoriatic arthritis were asso-
ciated with an increased risk of gout [4]. On the other
hand, studies report that MSU crystals could play a
pathogenic role for the development of psoriatic arthri-
tis [5]. Tsuruta et al. revealed that hyperuricemia in-
creases uric acid crystallization in and around joints of
psoriatic patients. Given that MSU crystals are potent
inducers of the innate immune response, this could be
one of the mechanisms by which they trigger the de-
velopment of psoriatic arthritis in psoriatic subjects [6].

In the present study we aimed to establish the asso-
ciation between US burden with MSU crystals in the
joints and renal morphology, blood supply, function
and arteriosclerotic common carotid arteries altera-
tions in gout patients, individuals with asymptomatic
hyperuricemia and no sign of inflammatory arthritis
and psoriatic arthritis subjects with asymptomatic
hyperuricemia. In order to achieve our aim we ap-
plied a complex multimodal ultrasonography which is
painless, noninvasive, allows multiplanar target as-
sessment and is characterized with no exposure to
ionizing radiation.

PATIENTS AND METHODS

This was a single center cross-sectional study, in-
cluding 121 consecutive patients divided into 85 pa-
tients with gout, 27 subjects with asymptomatic hy-
peruricemia and no sign of inflammatory arthritis and
9 psoriatic arthritis individuals with accompanying
asymptomatic hyperuricemia (demographic, clinical,

laboratory and US characteristics of the kidneys and
common carotid arteries in the three groups are sum-
marized in table 1).

Gout patients fulfilled the 2015 American College
Classification criteria [7] and had no subcutaneous
tophi. Some of the patients, mainly those with asymp-
tomatic hyperuricemia attended the outpatient clinic,
while the others were hospitalized for examinations
regarding their further treatment. At enroliment pa-
tients were physically examined by a rheumatologist
from the Rheumatology Clinic of the University Hos-
pital “Sv. Iv. Rilski” in Sofia, Bulgaria. Study protocol
has been approved by the ethics committee of the
institution. All participants gave informed consent in
accordance with the Declaration of Helsinki.

Clinical and laboratory assessments included collect-
ing detailed information related to current smoking
habits, presence of arterial hypertension defined as
systolic blood pressure = 140 mm Hg, diastolic blood
pressure = 90 mm Hg or use of antihypertensive medi-
cation; diabetes mellitus, based on physician diagno-
sis and/or documented use of insulin and/or oral hy-
poglycemic agents; dyslipidemia, based on elevated
fasting lipid levels or low HDL and/or documented use
of lipid-lowering agents; reduced glomerular filtration
rate taken at eGFR < 90 ml/min calculated by the
Cockroft-Gault formula. The other laboratory param-
eters considered in the analysis were serum uric acid,
creatinine, blood urea nitrogen (BUN). Hyperuricemia
was defined as serum level more than 360 umol/l for
women and more than 400 ymol/l for men. Laboratory
records of men with serum uric acid levels less than
400 umol/l were reviewed, and if hyperuricemia was
present in the previous year, they were also enrolled.
Patients were defined as having suffered a cardiovas-
cular event if they had experienced a myocardial in-
farction, stroke and/or occlusion of a peripheral artery.
Exclusion criteria were exacerbated cardiac or renal
failure, cardiomyopathy, severe valvulopathy, arterial
blood pressure > 140/90 mm Hg and heart rate < 50
bpm or > 90 bpm during the US measurements of the
kidneys and common carotid arteries.

All patients underwent bilateral US examination of
distal interphalangeal, proximal interphalangeal,
metacarpophalangeal joints, midcarpal joint, radio-
carpal joint together with the six extensor compart-
ments of the wrist; elbow joint and triceps tendon
insertion; knee joint together with quadriceps and
patellar tendon (both proximal and distal) inser-
tions; tibiotalar joint with peroneous longus and
brevis; tibialis posterior and Achilles tendon inser-
tion; talonavicular joint and the five metatarsopha-
langeal joints. US measurements were conducted
on Esaote-Mylab Twice with a high-frequency linear
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transducer 4-15 MHz, by one trained ultrasonogra-
pher, who was aware of the clinical and laboratory
characteristics of the patients. All regions were eval-
uated by standard positions [8] covering all parts of
the joints and tendons by sweeping the regions. The
existence of double contour sign, intra-tendinous
MSU aggregates, “snow storm”, tophi, tophi with
erosions, or a combination of these US features was
assessed. In each of the examined joint regions of
each patient the presence of the particular US MSU
finding or the absence of MSU crystal deposits was
registered.

Further, all subjects underwent US of the kidneys and
common carotid arteries performed on Sonoscape
medical corp. model S22, by another certified opera-
tor, who was blinded to the cases clinical and labo-
ratory data. Kidneys were examined with 3.5 MHz
transducer, working with pulse Doppler frequency of
2.5 MHz. Renal length, parenchymal thickness and
echogenicity were determined bilaterally. The pres-
ence of nephrolithiasis was reported. By means of

the value of renal resistive index (RRI) we judged for
intrarenal blood flow [9]. The parameter was deter-
mined in both kidneys at the level of interlobar arter-
ies. The Doppler probe volume was 2 mm with pulse
repetition frequency from 1.5 to 2 kHz and angle of
orientation < 60°. Carotid arteries were examined
with 10 MHz linear transducer working with pulse
Doppler frequency of 5 MHz. Intima-media thick-
ness (IMT) was bilaterally recorded in the far wall of
the common carotid arteries 1-2 cm proximal to the
bifurcation. Common carotid artery resistive index
(CCARI), which reflects the stiffness of the common
carotid arteries, was determined with a probe volume
of pulse Doppler 3 mm and angle of orientation be-
tween 30° and 60° [10, 11]. The presence of hetero-
geneous or homogeneous atherosclerotic plaques
was registered.

Our outcome variables were articular US MSU crystal
deposits, kidney size, RRI, CCARI and atherosclerotic
plagues. Explanatory variables were the clinical and
laboratory characteristics of the patients.

Table 1. Demographic, clinical, laboratory and US characteristics of the kidneys and common carotid arteries
in the three groups

Indi . Asymptomatic hy- | Psoriatic arthritis patients with
ndices Gout patients L . . R p-value
peruricemia patients | asymptomatic hyperuricemia

Age (years), Mean (SD) 57.76 (14.11) 53.44 (17.21) 61.22 (14.42) 0.387 | K
Sex (males), n (%) 63 (74.1)a 13 (48.1)b 2(22.2)b 0.001 | E
BMI (kg/m?), Mean (SD) 29.35 (4.35) 29.80 (5.51) 30.64 (4.42) 0735 | K
Serum uric acid (umol/l), Mean (SD) 480.96 (102.89) 460.97 (90.90) 414,56 (46.76) 0071 | K
BUN (mmol/l), Mean (SD) 6.75 (3.34) 6.24 (2.22) 6.51(2.62) 089 | K
eGFR (ml/min), Mean (SD) 95.74 (36.09) 102.03 (36.26) 99.66 (32.88) 0.775 | K
Dyslipidemia, n (%) 37 (92.5) 14 (56.0) 6 (100.0) 1.000 | E
BMI (> 30 kg/m?), n (%) 37 (43.5) 15 (48.1) 5 (55.6) 0.757 | E
Arterial hypertension, n (%) 65 (76.5) 16 (59.3) 6 (66.7) 0208 | E
Patients suffered a cardiovascular event, n (%) 13 (15.3) 3(11.1) 1(11.1) 0906 | E
Patients with diabetes mellitus, n (%) 13 (15.3) 5(18.5) 1(11.1) 0913 | E
Patients with chronic kidney disease, n (%) 36 (45.6) 11 (44.0) 4 (44.4) 1.000 | E
Smokers, n (%) 23 (27.4) 9(33.3) 3(33.3) 0806 | E
Atherosclerotic plaques, n (%)

None 49 (57.6) 13 (48.1) 4 (44.4) 059 | E

Heterogeneous plaques 19 (22.4) 7(25.9) 4 (44.4)
Homogeneous plaques 17 (20.0) 7(25.9) 1(11.1)

Patients treated with diuretics, n (%) 57 (67.1) 19 (70.4) 6 (66.7) 0948 | E
Patients treated with allopurinol, n (%) 10 (11.8) 2(7.4) 0(0.0) 0678 | E
Patients treated with febuxostat, n (%) 19 (22.4)a 0(0.0)b 0(0.0)b 0.005 | E
Patients treated with benzbromarone, n (%) 5(5.9) 1(3.7) 0(0.0) 1.000 | E
NSAIDs, n (%) 29 (40.3)a 1(3.8)b 2(22.2)ab 0.001 | E
Patients with nephrolithiasis, n (%) 14 (16.9) 4 (14.8) 1(11.1) 0.889 | E
Kidney size, Mean (SD) 54.48 (5.44)a 56.63 (5.66)a.b 58.04 (4.29)b 0.046 | K
RRI, Mean (SD) 0.69 (0.06) 0.66 (0.08) 0.70 (0.06) 0075 | K
IMT, Mean (SD) 0.92 (0.19) 0.86 (0.23) 0.99 (0.27) 0260 | K
CCARI, Mean (SD) 0.70 (0.06) 0.68 (0.07) 0.73 (0.09) 0.089 | K

Abbr.: BMI - body mass index; BUN - blood urea nitrogen; eGFR — estimated glomerular filtration rate; NSAIDs — nonsteroidal anti-inflammatory drugs; RRI - renal
resistive index; IMT — intima-media thickness; CCARI — common carotid artery resistive index; K-Kruskal Wallis test; E-Fisher’s exact test. Note: The presence of
identical superscript between different groups demonstrates the lack of significant difference in the mean values of the examined parameter (p > 0.05). Different super-
scripts indicate a significant difference in the mean values of the examined parameter (p < 0.05). The absence of superscripts in the intergroup comparisons means no

significant differences in the mean values.
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STATISTICAL ANALYSES

Statistical analyses were done by using SPSS version
13.0 (SPSS Inc., Chicago, IL, USA). Means with SDs
and percentages were calculated to describe the clini-
cal and US characteristics of the patients. Compari-
son of the relative shares of the categorical variables
was performed by Chi-Square or Fisher’s exact test.
Among two independent groups comparisons of the
quantitative variables with normal distribution were
done by the t-test, when the distribution was not nor-
mal the test of Mann-Whitney was used. In the nor-
mal distribution comparisons between more than two
groups were conducted by ANOVA followed by the
Tukey HSD Post Hoc Test, and when the distribu-
tions were not normal the test of Kruskal Wallis was
applied. Factors for the accumulation of MSU crystals
were studied by multivariate binary logistic regression.
All tests were two tailed, and p values less than 0.05
were considered statistically significant.

RESULTS

Patients in the study were age-matched. The distribution
of known cardiovascular risk factors was similar among
the groups. Kidney size was the smallest in gout sub-

jects but no significant difference was registered with as-
ymptomatic hyperuricemia individuals. The mean values
of RRI as well as the distribution of nephrolithiasis were
comparable among the groups. The same applies to the
mean values of IMT (p = 0.260), CCARI (p = 0.089) and
the frequency of heterogeneous or homogeneous ca-
rotid arteries plaques (p = 0.595), (Table 1).

The distribution of MSU crystal deposits in two or more
joint regions was the highest in gout patients (56.5%)
compared to patients with asymptomatic hyperuri-
cemia (11.1%) and individuals with psoriatic arthritis
(22.2%), (p < 0.001). When patients were divided ac-
cording to the presence of articular MSU crystals, we
observed that the frequency of chronic kidney disease
(p = 0.534) and nephrolithiasis (p = 0.438) was equal
in both subdivisions (Fig. 1 a, b). However, in individu-
als with US evidence of articular MSU crystals RRI
was higher (p = 0.035) and kidneys were smaller (p
= 0.014) but renal parenchymal thickness (p = 0.893),
echogenicity (p = 0.291) (Fig. 2 a, b, c, d), as well as
the distribution of patients treated with NSAIDs (p =
0.236) were comparable (Fig. 1c). As regards the
common carotid arteries the means of IMT (p = 0.165),

p=0.534 a7.5% p=0.438 b p=0.236
Patients without Patlents with Putiants without Patients with Patients without Patients with
WEL crystal deposits ML crystal deposits NELU erystal deposits B crysial deposits WEU crysinl deposits MU crystal deposits
Patients with CKD Patients with nephrolithiasis Patierits treated with NEAID:
7.5 53,5% p=0.330 A e
B8.7% AN 221%
. 17.1% l
Mone Heterogensous plagques Homogeneous plagues Patients without MGU  Patients with M50 wnmnﬁu
erysial deposits erystal
Atherosclerotic plagues deposits in ome joint mmmy
enore joinis
B Patients without M5U crystal deposits B Patients with M5U crystal deposits Patienits with nephrobithissis
f
sT1%  S5T6% p=0.920 -
50,9%
T zarw  za5% 4.5%
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Fig. 1. Distribution of the patients by the presence of chronic kidney disease (CKD), nephrolithiasis, treatment with nonsteroidal anti-
inflammatory drugs (NSAIDs), heterogeneous or homogeneous atherosclerotic plaques and MSU crystal deposits in the joint regions (a,
b, ¢, d). Distribution of the patients by the presence of CKD, nephrolithiasis, heterogeneous or homogeneous atherosclerotic plaques and

MSU crystal deposits in one or more joint regions (e, f, g)
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CCARI (p = 0.097) (Fig. 3 a, b) and the frequency of
heterogeneous or homogeneous plaques (p = 0.830)
(Fig. 1d ) remained unchanged in subjects without and
with evidence of MSU crystals in the joints. Charac-
teristics of the patients without and with MSU crystal
deposits in the joints are presented in table 2.

Further, patients with MSU crystal deposits in two or
more joint regions, compared to those who had de-

posits in only one joint region and patients without
US evidence of MSU crystals, had the highest RRI (p
= 0.002) but the mean values of renal parenchymal
thickness (p = 0.636), echogenicity (p = 0.107), eGFR
(p = 0.115) and frequency of nephrolithiasis (p = 0.438)
were similar (Fig. 2 €, g, h, i and Fig.1 €). Among sub-
jects with US MSU deposits in one joint region and
those who had larger extent of MSU deposits there

Table 2. Demographic, clinical, laboratory and US characteristics of the kidneys and common carotid arteries
in patients without crystal deposits in the joints and subjects with MSU crystal deposits in the joints

Indices Patients without MSU crystal deposits Patients with MSU crystal deposits p-value
Age (years), Mean (SD) 54 (16.5) 58(14) 0.147
Sex (males), n (%) 20 (57.1) 58 (67.4) 0.283
BMI (kg/m?), Mean (SD) 29.03 (4.96) 29.76 (4.45) 0.432
Serum uric acid (umol/l), Mean (SD) 454 (69.07) 479 (107.6) 0.211
BUN (mmol/l), Mean (SD) 7.14 (3.55) 6.41(2.83) 0.279
eGFR (ml/min), Mean (SD) 103.38 (40.77) 95 (33.33) 0.258
Dyslipidemia, n (%) 18 (90%) 39 (95.1%) 0.591
BMI (> 30 kg/m?), n (%) 14 (40) 41 (41.7) 0.442
Arterial hypertension, n (%) 23 (65.7) 64 (74.4) 0.334
Patients suffered a cardiovascular event, n (%) 4(11.4) 13 (15.1) 0.775
Patients with diabetes mellitus, n (%) 6(17.1) 13 (15.1) 0.781
Patients with chronic kidney disease, n (%) 13 (39.4) 38 (47.5) 0431
Smokers, n (%) 10 (28.6) 25(29.4) 0.927
Atherosclerotic plaques, n (%)
None 20 (57.1) 46 (53.5)

Heterogeneous plaques 9 (25.7) 21(24.4) 0.830

Homogeneous plaques 6(17.1) 19 (22.1)
Patients treated with diuretics, n (%) 10 (28.6) 29 (33.7) 0.583
Patients treated with allopurinol, n (%) 1(2.9) 11(12.8) 0.176
Patients treated with febuxostat, n (%) 1(2.9) 18 (20.9) 0.013
Patients treated with benzbromarone, n (%) 2(5.7) 44.7) 1.000
NSAIDs, n (%) 7(21.9) 25(33.3) 0.236
Patients with nephrolithiasis, n (%) 7(20) 12 (14.3) 0.438
Kidney size, Mean (SD) 57.14 (5.94) 54.44 (5.14) 0.014
RRI, Mean (SD) 0.66 (0.07) 0.69 (0.06) 0.035
IMT, Mean (SD) 0.87(0.23) 0.93(0.19) 0.165
CCARI, Mean (SD) 0.68 (0.07) 0.71(0.06) 0.097
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was no difference in renal length (p = 0.979), (Fig. 2
f). Furthermore, patients with MSU crystal deposits
in two or more joint regions had the highest CCARI
(mean £ SD; 0.72+0.05vs 0.69 £ 0.07 vs 0.68 + 0.07,
p = 0.019) but the means of IMT (p = 0.151) and the
distribution of atherosclerotic plaques (p = 0.920) were
comparable (Fig. 3 c, d and Fig 1 f). Finally, a multiple
logistic regression was conducted by which we esti-
mated that compared to gout subjects the risk of MSU
crystal accumulation in the joints of asymptomatic hy-
peruricemia group was lower by 82.7%, OR = 0.173
(95% CI; 0.060-0.498, p = 0.001), while in psoriatic
arthritis individuals the risk was lower by 82%, OR =
0.180 (95% CI; 0.038-0.861, p = 0.032).

DISCUSSION

The main findings in this study were that patients with
US evidence of MSU crystal deposits in the joints
compared to those without MSU deposits in the joints
had smaller kidney size and reduced intrarenal blood
flow despite the lack of difference in renal parenchy-
mal thickness, renal echogenicity and distribution of
nephrolithiasis. Subjects with MSU crystal deposits in
two or more joint regions had the most pronounced
stiffness of the common carotid arteries.

We hypothesized that the smaller kidney size and the
reduced intrarenal blood flow in individuals with US
MSU crystals in the joints may be due to the accumu-
lation of crystals in the renal interstitium. It has been
proven that MSU crystals lead to the formation of in-
tratubular precipitates causing tubular injury, intersti-
tial inflammation and finally fibrosis. With the onset
of fibrosis resistance of the renal vessels increases
and blood flow significantly decreases [12, 13]. Also,
it has been confirmed that MSU crystals can trigger
necrosis of tubular cells via necroinflammation [14].
Judging indirectly from the US data, without having a
biopsy finding, we consider our assumption possible.
Bardin et al. established that hyperechoic deposits in
the renal medulla of 503 Vietnamese gout patients
correlated with deteriorated renal function and se-
vere gout but were not linked to features of uric acid
lithiasis [15]. We did not focus on hyperechoic de-
posits in the medulla, only the presence or absence
of nephrolithiasis was registered. We examined three
groups of patients, as one of them had inflammatory
arthritis with accompanying asymptomatic hyper-
uricemia, with their total number being significantly
smaller than that of the Vietnamese cohort.

Further, we observed that individuals with larger
extent of MSU crystal deposits in the joints had the
highest stiffness of the common carotid arteries with
no significant change to be registered in the thick-

ness of intima-media and in the frequency of het-
erogeneous or homogeneous plaques. This may be
related to the predominantly arteriosclerotic type of
vascular changes leading to increased vascular re-
sistance rather than the atherosclerotic type, which is
expressed by a thickened intima-media complex and
the presence of plaques. In 2018 Andrés et al. report-
ed that articular MSU deposits detected by US and
confirmed by compensated polarized microscopy in
asymptomatic hyperuricemia subjects suffering coro-
nary event were connected to more advanced calcifi-
cation at the coronary angiography [16]. In our study,
we didn’t have the opportunity to assess the degree
of coronary arteries calcification. Later, in 2020 Cal-
abuig et al. published that US power Doppler (PD)
signal in newly diagnosed gout patients not taking
urate lowering therapy was associated with the pres-
ence of atherosclerotic plaques. However, we did not
analyze the PD signal, as we haven’t found such a
relationship [17]. By applying the multiple logistic re-
gression analysis we estimated that the risk of MSU
crystal accumulation in the joints of asymptomatic hy-
peruricemia patients and psoriatic arthritis subjects is
comparable. These results could be due to the still
incompletely studied and interrelated pathophysi-
ological mechanisms between psoriatic arthritis, hy-
peruricemia and gout [5, 6].

In conclusion, the present study points out that in-
dividuals with US MSU crystal deposits in the joints
have smaller kidney size and reduced intrarenal blood
flow. The larger extent of articular US MSU burden is
associated with advanced arteriosclerotic vascular
alterations. To our knowledge, we are between the
few who have tried to establish the relationship be-
tween US burden with articular MSU crystals and US
damage of the kidneys and common carotid arteries.

We acknowledge that several limitations deserve to
be mentioned. The first one is the cross-sectional de-
sign of the study. The second is the small number
of patients in the psoriatic arthritis group. The third
is that PD signal wasn’t analyzed, which did not al-
low us to search for a connection with atherosclerotic
plaques. Fourth, musculoskeletal US examinations
were conducted by a researcher familiar with the
clinical patients’ data. We believe that the inclusion of
renal biopsy in future similar studies would be benefi-
cial. In this way our hypothesis that the accumulation
of MSU crystals in the joints is associated with the ac-
cumulation of crystals mainly in the renal interstitium
could be confirmed.

Disclosure summary: The authors have nothing to dis-
close.
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