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We have previously shown that ultrasonography can detect
hyperechogenic crystal deposits in the kidney medulla of
patients with gout. In this cross-sectional study we
investigated the frequency and clinical correlates of
hyperechogenic kidney medulla in 502 consecutive primary
consultants for gout (ACR/EULAR criteria) at the Vien Gut
medical center in Ho Chi Minh City, Vietnam. None of these
patients received urate-lowering drugs. Kidney medulla
echogenicity on B-mode ultrasonography was compared to
that of the kidney cortex. Overall, 36% patients showed a
hyperechoic pattern of Malpighi pyramids. On univariate
analysis, the pattern was significantly associated with age,
estimated gout duration, steroid-dependency, clinical
tophi, urate arthropathy, double contour thickness at the
scanned joints, coronary heart disease, arterial
hypertension, hyperuricemia, proteinuria, leukocyturia, and
decreased estimated glomerular filtration rate. On
multivariable analysis, the hyperechoic pattern was
associated with estimated disease duration, clinical tophi,
urate arthropathy, double contour thickness and decreased
estimated glomerular filtration rate. No hyperechoic
pattern was observed in 515 consecutive consultants
without gout. Thus, hyperechoic kidney medulla was
frequently demonstrated in Vietnamese patients with
tophaceous gout and associated with features of
tubulointerstitial nephritis. This finding revives the
hypothesis of microcrystalline nephropathy of gout,
predominantly seen in untreated gouty patients, which
could be an important target for urate-lowering therapy.
Kidney International (2021) 99, 218–226; https://doi.org/10.1016/
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G out is closely associated with chronic kidney disease
(CKD), impairing prognosis and limiting manage-
ment options.1 A meta-analysis of 7 observational

studies showed that the prevalence of CKD, defined by eGFR
less than 60 ml/min per 1.73 m2 among patients with gout,
was 24% (95% confidence interval [CI] 19–28).2 Chronic
renal failure decreases uric acid excretion and favors incident
gout,3 but conversely, gout has long been known to impair
kidney function. In a Taiwanese study involving more than
650,000 participants with a follow-up of 8 years, gout at
baseline was independently associated with increased risk of
terminal kidney failure, leading to renal replacement therapy
or transplantation (hazard ratio 1.57; 95% CI 1.31–1.79; P <
0.001).4

Various mechanisms may explain renal impairment in
patients with gout. Historically, microcrystalline nephropathy
after deposition of monosodium urate or uric acid crystals in
the kidney was first believed to play a critical role. Crystal
deposits in the renal medulla have been reported since
the 1800s5 and in several autopsy studies in the 1950s to
1970s.6–13 Crystal deposits were seen mainly in patients with
gout and rarely in patients without gout10 with CKD, in
whom they could play a role in worsening of kidney func-
tion.14 Histologically, deposits appeared to be surrounded by
inflammatory changes, including giant cell granulomas, and
associated with interstitial fibrosis, which suggests that they
had induced tubulointerstitial nephritis.

The concept of microcrystalline nephropathy was later
widely challenged and even denied.15–17 Renal biopsy speci-
mens, mainly involving the kidney cortex, very rarely show
microcrystal deposits and frequently disclose vascular
changes—namely, atherosclerosis and glomerulosclerosis.
Gouty nephropathy is now most commonly considered
vascular nephropathy because of its frequent association with
blood hypertension and hyperuricemia, which, in rodents,
induces similar vascular lesions of the kidneys.18
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We recently used US and dual-energy computed tomog-
raphy to detect the presence of crystal deposits in the renal
medulla of 2 patients with severe gout. On B-mode US, de-
posits appeared hyperechoic and we suggested that US could
be useful to detect renal stones and also examine the renal
medulla in patients with gout.19

The purpose of this study was to report renal US findings,
notably the presence of a hyperechoic pattern of the renal
medulla, in a large sample of Vietnamese patients with un-
treated gout and to evaluate its correlation with patients’
clinical, biochemical, and imaging findings. Result of renal US
in patients without gout, who were seen at the same institu-
tion, were also analyzed in an attempt to assess specificity of
our findings. Finally, a small sample of untreated patients
with severe gout was secondarily examined in Paris, France, to
determine whether the changes observed in Vietnamese pa-
tients could also be seen in another population.

RESULTS
The main features of the 502 consecutive primary consulta-
tions for patients for gout included in the study are shown in
Table 1 and demonstrate the overall severity of gout in
Vietnam as seen in our center. Most patients were males
(498), their median age was 46 years (interquartile range 16–
87), median estimated disease duration 4 years (IQR, 0–27),
and median uricemia 423.2 (IQR, 131.4–1009) mmol/l. None
of the patients were receiving urate-lowering therapy, even
though 39 % had a history of allopurinol use for a generally
short period. In total, 279 (55.6%) had clinical tophi, 154
(30.7%) had urate arthropathies, and 43 (10.4%) used daily
steroids. Overall, patients were not obese (median body mass
index, 25 kg/m2 (IQR 17.01–37.13); 28 (5.6%) had a history
of renal lithiasis, US evidence of renal lithiasis or both; 58
(11.5%) were diabetic (all type 2); 112 (22.3%) had hyper-
tension (>140/90 mm Hg); and 5 (1%) had a diagnosis of
coronary heart disease. Median eGFR was 78 (IQR 14–129)
ml/min per 1.73 m2.

In 181 of 502 patients (36%; 95% CI, 32–40%) patients, B-
mode renal US revealed a hyperechoic pattern of Malpighi
pyramids compared with the adjacent cortex (Figure 1a),
associated with twinkling artifacts on color Doppler US
(Figure 1b). Normal US scans are shown in Figure 1c for
comparison. The hyperechoic pattern of the renal medulla
was linked to patient age, estimated gout duration, steroid
dependency, presence of clinical tophi, urate arthropathy (all
P < 0.0001), coronary heart disease (P ¼ 0.006), hyperten-
sion (P ¼ 0.0008), hyperuricemia (P ¼ 0.002), proteinuria
(P ¼ 0.0006), leukocyturia (P ¼ 0.0008), and decreased eGFR
(P < 0.0001) (Table 1). Supplementary Figure S1 shows large
overlap in uricemia and eGFR values between patients with
and without hyperechoic renal medulla. Double contour
thickness (the grades for each scanned joint or the maximum
grade of the 4 scanned joints) was associated with hyper-
echogenicity of the renal medulla (P < 0.0001). The impacts
of gout duration (data not shown), uricemia (Figure 2a), and
eGFR (Figure 2b) on the presence of hyperechoic renal
Kidney International (2021) 99, 218–226
medulla were log-linear after log transformation. We also
studied the relationship of the creatinine after log trans-
formation (Figure 2c) and concluded that the linearity
assumption of the log transformation was not rejected (P ¼
0.07). We found no significant association with urinary pH,
uric acid-to-creatinine ratio, fractional clearance of urate,
previous history or US finding of kidney stones, kidney cysts,
or hematuria.

The results of multivariate analysis are summarized in
Figure 3. Renal medulla hyperechogenicity was associated
with estimated gout duration (odds ratio [OR], 2.13; 95% CI,
1.55–2.96; P < 0.0001), clinical tophi (OR, 7.27; 95% CI,
3.68–15.19; P < 0.0001), urate arthropathy (OR, 3.46; 95%
CI, 1.99–6.09; P < 0.0001), double contour thickness (OR,
1.45; 95% CI, 1.06–1.97]; P < 0.02), and eGFR (OR, 0.30;
95% CI, 0.09–0.89; P < 0.034). There was also a numerical
association of serum creatinine with medulla hyper-
echogenicity, which failed to reach statistical significance (OR,
3.64; 95% CI, 0.92–15.71; P ¼ 0.07). Sensitivity analysis with
the multiple imputation by chained equation model yielded
similar results (Supplementary Figure S2).

We also performed renal US in a short series of 10 patients
with untreated or very poorly treated gout or recently treated
gout (<3 months) seen at the Lariboisière Hospital in Paris.
Diffuse hyperechogenicity of the renal medulla by B-mode
US, associated with numerous twinkling artifacts on color
doppler US, was observed in 4 patients (Table 2).

Finally, we analyzed the renal US scan systematically
performed in 515 consecutive patients who visited the Vien
Gut Clinic and in whom gout was excluded to explore the
specificity of our findings. These patients included 309 fe-
males and 206 males, 27 had treated hypertension, and 79
had type 2 diabetes. Their median age was 51 years (IQR,
43–60; minimum/maximum, 14–84); median serum creati-
nine, 65.9 (IQR, 55.2–81.8; minimum/maximum, 34.2–
570.7) mmol/l; median eGFR, 99 ml/min per 1.73 m2 (IQR,
87–107); minimum/maximum, 7–143); and median serum
uric acid, 315 mmol/l (IQR, 266–366; minimum/maximum,
103–429). Uricemia was greater than 360 mmol/l in 145
patients and greater than 420 mmol/l in 10. None of the 515
patients without gout had a hyperechoic pattern of the renal
medulla.

DISCUSSION
Our large cross-sectional study revealed the presence of a
diffuse hyperechoic renal medulla in 36% of 502 Vietnamese
patients with neglected gout. The finding was observed
mainly in tophaceous gout, which involved a large proportion
of our patients who had received very little treatment with
urate-lowering drugs, and was associated with moderately
impaired renal function and urinary features compatible with
tubulointerstitial nephritis.

Renal pyramids (renal medulla) contain vasa recti, med-
ullary capillary plexus, loops of Henle, and collecting ducts.
In the normal kidney, they can be differentiated from the
renal cortex by B-mode US and by hypoechoic status
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Table 1 | Main features of the patients with gout; whole cohort and patients with and without hyperechogenic renal medulla

Patients with
available data

All included
patientsa

(n [ 502)

Normal hypoechoic
medulla
(n [ 321)

Hyperechoic medulla
(n [ 181)

Hyperechoic vs.
hypoechoic medulla

P value

Men/women 502 498/4 317/4 181/0 0.30
Age, yr 502 46 [38–56] (16–87) 42 [36–52] (16–84) 53 [44–59] (25–87) <0.0001
Body mass index, kg/m2 480 25.01 [22.77–27.04]

(17.01–37.13)
25.15 [23.05–27.14]

(17.01–36.73)
24.69 [22.19–26.72] (19.07–37.13) 0.28

Gout duration, yr 500 4 [1–8] (0–27) 2 [1–5] (0–27) 7 [4–11] (0–26) <0.0001
Family history of gout 502 61 (12.2) 39 (12.2) 22 (12.2) 1.00
Clinical tophi 502 279 (55.6) 111 (34.6) 168 (92.8) <0.0001
Urate arthropathy 502 154 (30.7) 36 (11.2) 118 (65.2) <0.0001
Double contour thickness
maximum grades

502 <0.0001

Absent 2 (0.4) 2 (0.6) 0 (0.0)
Thin 238 (47.4) 190 (59.3) 48 (26.5)
Moderate 132 (26.3) 86 (26.8) 46 (25.4)
Thick 130 (25.9) 43 (13.4) 87 (48.1)
History of colchicine use 447 171 (38.3) 96 (33.8) 75 (46.0) 0.012
History of allopurinol use 427 161 (37.7) 102 (37.6) 59 (37.8) 1.00
Steroid use 415 43 (10.4) 18 (6.6) 25 (17.5) 0.001

Hypertension 502 112 (22.3) 56 (17.5) 56 (30.9) 0.0008
Coronary heart disease 502 5 (1.0) 0 (0.0) 5 (2.8) 0.006
Cardiac arrhythmia 502 7 (1.4) 7 (2.2) 0 (0.0) 0.053
Diabetes 502 58 (11.5) 35 (10.9) 23 (12.7) 0.56
Diuretics 502 1 (0.2) 1 (0.3) 0 (0.0) 1.00
Urolithiasis 502 28 (5.6) 21 (6.5) 7 (3.9) 0.23
Renal cysts 502 47 (9.4) 25 (7.8) 22 (12.2) 0.11
Serum uric acid, mmol/l 502 423.2 [344.2–488.2]

(131.4–1009)
410.4 [336.4–473.9]

(131.4–1009)
450.8 [358.3–510.1] (211.8–660.9) 0.001

eGFR, ml/min/1.72 m2 502 78 [66–88] (14–129) 81 [71–90] (25–19) 70 [60–83] (14–129) <0.0001
Fractional clearance of uric acid 502 0.063 [0.048–0.081]

(0.011–0.184)
0.065 [0.05–0.082]

(0.012–0.184)
0.061 [0.045–0.079] (0.011–0.15) 0.10

Urinary uric acid-to-creatinine ratio 502 0.2527 [0.1879–0.3258]
(0.0447–0.8209)

0.2588 [0.1907–0.3291]
(0.0452–0.8209)

0.2477 [0.1795–0.3164]
(0.0447–0.7647)

0.27

Urine pH 502 6 [5.50–6.9] (5–8.5) 6 [5.5–7] (5–8.5) 6 [5.5–6.5] (5–8.5) 0.38
Proteinuria $þ 502 58 (11.5) 28 (8.7) 30 (16.6) 0.013
Hematuria $þ 502 21 (4.2) 17 (5.3) 4 (2.2) 0.11
Leukocyturia $þ 502 62 (12.4) 31 (9.7) 31 (17.1) 0.016

eGFR, estimated glomerular filtration rate.
aData are median [interquartile range], (minimum/maximum), or n (percent).
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Figure 1 | (a) Diffuse hyperechogenicity of renal medulla on B-mode ultrasonography. (b) Color doppler ultrasonography showing
numerous twinkling artifacts (green arrow). (c) Ultrasonographic image of a normal patient. Note that the renal medulla is hypoechoic as
compared to the cortex on B-mode scanning, and there is no twinkling artifact on color Doppler. Rt, right.

T Bardin et al.: Hyperechoic renal medulla in gout c l i n i ca l i nves t iga t ion
compared with the renal cortex containing renal glomeruli
and proximal and distal tubules, although the cortical echo-
genicity may be modified by the fluid status of the patient.20

Reversed corticomedullary differentiation (hyperechoic me-
dulla) has been reported as a reversible finding in neonates21

and has also been observed in several specific diseases,
including medullary nephrocalcinosis as the result of hyper-
parathyroidism, sarcoidosis, vitamin D intoxication,
Kidney International (2021) 99, 218–226
medullary sponge kidney, sickle cell anemia, type 1 renal
tubular acidosis, Tamm-Horsfall proteinuria, recessive poly-
cystic disease, and hemoglobinuria20,22–24 that were not
identified in our gouty patients. Hyperechoic medulla appears
as a rare finding in unselected adults. In a review of 8000 renal
US scans consecutively performed in a Japanese hospital over
2 years, hyperechogenicity of the medullae was observed in
only 18 patients, of whom 7 had a diagnosis of gout and 1 of
221



Figure 2 | Relationship using estimated restricted cubic spline function between odds ratios for hyperechogenicity of renal medulla
with (a) serum uric acid level log-transformed, (b) estimated glomerular filtration rate by Modification of Diet in Renal Disease log-
transformed, and (c) serum creatinine log-transformed. Solid lines correspond to the estimated spline regression and dashed lines to the
confidence limits. Arrows correspond to the location of the 3 knots used to estimate the splines. GFR, glomerular filtration rate.

c l i n i ca l i nves t iga t i on T Bardin et al.: Hyperechoic renal medulla in gout
Lesch-Nyhan syndrome.24 In children or young adults with
Lesch-Nyhan syndrome, hyperechogenicity of the renal me-
dulla has been well documented and explained by the depo-
sition of various oxypurines in the kidney, including xanthine,
which can accumulate during long-standing allopurinol
treatment.25–28 None of our patients had this syndrome. This
hyperechogenic pattern was not found in our controls
without gout, reinforcing its relation with gout.
222
This series of Vietnamese patients with gout at the Vien
Gut Medical Center differs from the gouty patients usually
seen in the Western world by a younger age of onset, a lower
body mass index, a weaker association with the metabolic
syndrome, and by an increased severity that can be explained,
at least in part, by the lack of urate-lowering drug therapy
(Table 1). Our study suggests that untreated long-standing
gout is a leading cause of hyperechogenicity of the adult
Kidney International (2021) 99, 218–226



Table 2 | Main features of 10 men with very poorly treated
primary gout, explored by kidney ultrasonography at the
Paris Necker Hospital

No hyperechoic
medulla

Hyperechoic
medulla

(n [ 6) (n [ 4)

Mean age, yr 65.3 65.25
Mean gout duration, yr 15.3 15.75
Number with tophi 2 3
Number with urate arthropathy 2 4
Mean uricemia, mmol/l 557.5 525.75
Mean creatininemia (mmol/l) 123.5 125.05
Mean eGFR (ml/min per 1.73 m2) 59.9 57.6

eGFR, estimated glomerular filtration rate.
One patient in each group had been treated by a urate-lowering drug for less than 3
months.

T Bardin et al.: Hyperechoic renal medulla in gout c l i n i ca l i nves t iga t ion
renal medulla. We found similar features in 4 of 10 French
patients whose gout had been long neglected. Although this
preliminary study of very selected and rare French gouty
patients does not allow estimating the frequency of hyper-
echoic medulla in France, it shows that hyperechogenicity of
the medulla can be seen in a non-Vietnamese population.
This observation, together with similar findings in Japan24

and Korea,29 suggests that hyperechoic medulla is a
frequent feature of long-standing untreated gout, which is not
unique to Vietnamese patients.

The cause of the hyperechogenecity of the kidney medulla
frequently observed in our study is uncertain as, for obvious
ethical reasons, we did not perform biopsies of the renal
medullae. Several lines of evidence support the hypothesis
that the hyperechogenecity could relate to the deposition of
urate or uric acid crystals, in line with early autopsy obser-
vations of these crystals in the medullae of gouty patients at a
time when urate-lowering drugs were not available.6–13 These
early findings have since been questioned when untreated
gout became uncommon on the Western world,15–17 which
may have prevented medullary crystal deposits. Recently we
have been able to document by dual-energy computed to-
mography the presence of uric acid or urate deposits at the
site of strongly hyperechoic medullae in 2 patients (1 French
and 1 Vietnamese) with tophaceous gout in whom uricemia
had remained high for many years.19 Although the perfor-
mance of dual-energy computed tomography of the renal
medulla has not been ascertained yet, this technique has been
shown to have a specificity varying from 0.83 to 0.99 across
studies for musculoskeletal deposits of urate in gout30,31 and
to be able to differentiate uric acid from calcium-containing
urinary stones.32 Hyperechoic medulla in our study was
observed mainly in gout with large crystal load as suggested
by its independent association with long disease duration,
clinical tophi, urate arthropathy, and thick double contours
Figure 3 | Forest plot of multivariable logistic model. Hosmer-Lemes
ratios and 95% confidence intervals (CIs).

Kidney International (2021) 99, 218–226
on joint US scan. The observation of twinkling color artifacts
in the hyperechoic areas also reinforces the microcrystalline
hypothesis. This artifact, observed on color Doppler US, has
been described as a mosaic color pattern behind a strongly
reflective irregular structure.33 Although its source is not
clearly understood, it has been reported primarily in associ-
ation with crystalline urinary stones34,35 and can be repro-
duced in vitro by synthetic crystalline structures.36 Finally, in
a few patients we observed the disappearance of renal medulla
hyperechogenicity in patients undergoing intensive urate-
lowering treatment together with the disappearance of
double contours (Figure 4). This suggests that renal micro-
crystalline deposits could be dissolved by serum urate
lowering, as articular deposits are, although a prospective
study is needed to investigate the frequency of this finding.

The nature of the crystal species that could be responsible
for the hyperechoic medullae of our gouty patients cannot be
definitely ascertained from our study. Light microscopic au-
topsy studies of kidneys from patients with severe gout have
how goodness-of-fit test, P ¼ 0.96. Data are displayed using odds

223



Figure 4 | Follow-up of a Vietnamese patient with gout. Note the improvement of the hyperechogenecity of the renal medullae between
August 2015 (a, white arrows) and (b) March 2017, together with disappearance of the double contour at the patellofemoral joint between
August 2015 (c, yellow arrows) and March 2017 (d), obtained under persistent uricemia lowering below the 300 mmol/L target (table) by
allopurinol therapy. The eGFR seems to parallelly improve (see table below the figure).
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identified both interstitial monosodium urate crystals and
uric acid crystals obstructing collecting ducts. The lack of
association between the medullary images and uric acid
lithiasis, low urine pH, high uric acid output, or fractional
clearance of urate and their association with long gout
duration favors the hypothesis that crystals mostly consisted
of interstitial slowly growing monosodium urate crystals and
not collecting duct uric acid crystals because the latter are
favored by urine acidic pH and high uric acid urine output.

In our study, on univariable analysis hyperechogenic renal
medulla was associated with mild proteinuria and leukocy-
turia. These urine findings are suggestive of the induction of
tubulointerstitial nephritis by medullary deposits, a hypoth-
esis consistent with the description in early autopsy studies of
medullary fibrosis and giant cell granuloma in the vicinity of
crystal deposits.6–13 On univariate analysis, the hyperechoic
pattern was also associated with hypertension. Therefore, a
vascular mechanism, known to be an important factor of
kidney function decrease in gout, cannot be excluded from
participating in the hyperechoic pattern. However, this ap-
pears unlikely because thus far hypertensive kidney has not
been included in the above-mentioned list of diseases asso-
ciated with hyperechoic medulla.20,22–24 On univariate and
multivariate analyses, deposits were associated with deficient
renal function as assessed by low eGFR, although renal
insufficiency appeared overall as relatively mild.

Even if our analysis was retrospective, the data were
collected prospectively. Other strengths are the inclusion of
224
a large number of consecutive patients, the paucity of
missing data (<10%), and the robustness of our findings
shown by sensitivity analysis with multiple imputation.
Finally, we emphasize that the patients of the study pop-
ulation were mostly untreated, and thus the prevalence of
deposition in the renal medulla could be lower in treated
populations.

In conclusion, our findings support the frequent occur-
rence of hyperechoic medulla in long-standing, untreated
gout, a finding that could be a feature of microcrystalline
nephropathy. Such nephropathy would not be the only
mechanism of kidney damage in hyperuricemia and gout, and
other factors, such as vascular involvement and nonsteroidal
anti-inflammatory drug toxicity, have been proven to be
important. However, the hypothesis that crystal deposits may
participate in kidney damage strongly supports early inter-
vention to lower urate levels in gouty patients.
METHODS
Study population and serum and urine biochemistry
This study was approved by the ethics committee of the University
of Medicine and Pharmacy at Ho Chi Minh City, Vietnam
(approval number 511/DHYD-HDDD). Between September 2016
and March 2017, we prospectively included 502 consecutive Viet-
namese patients who presented at the Vien Gut Medical Centre (Ho
Chi Minh City, Vietnam) for the first time with a diagnosis of gout
according to the American College of Rheumatology/European
League Against Rheumatism criteria37 and had not received urate-
Kidney International (2021) 99, 218–226
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lowering drugs, at least during the previous 6 months. The Vien
Gut Medical Center is an outpatient clinic devoted to patients with
gout in whom a systematic clinical, biochemical, and imaging
workup is performed before deciding on the therapeutic strategy.
Data on gout features and comorbidities, fasting glycemia, urice-
mia, serum creatinine level, fractional clearance of uric acid, and
laboratory urine stick parameters (pH, proteinuria, leukocyturia,
hematuria) are systematically collected and were extracted from
electronic files. GFR was estimated by the Modification of Diet in
Renal Disease equation.38

Imaging procedure
Radiographs of all joints clinically suspected of urate arthropathy
were performed. The US examination included a study of the kid-
neys, liver, knees, and first metatarsophalangeal joints. US was per-
formed using a linear high-frequency broadband transducer
dedicated to musculoskeletal imaging (L3-12), as well as a lower
broadband convex transducer for abdominal imaging (C1-6CT) (E-
Cube 9 system, Alpinion Medical Systems, Seoul, Korea), in both
patients with and without gout in Vietnamese patients. Urate
arthropathy was diagnosed by typical destructive changes on radio-
graphs, including gouty erosion. Hyperechogenicity of the renal
medulla was diagnosed when echogenicity of Malpighi pyramids was
increased on B-mode US compared with the renal cortex. Twinkling
artifacts were searched for by using color Doppler US with appro-
priate settings (mid-pulse repetition frequency). Kidney stones were
determined by history taking, kidney US findings, or both. The
double contour sign, which indicates crystal deposition at the
articular cartilage surface, was graded in 4 grades (none, thin,
moderate, and thick) by a single experienced observer (KMT).
Double contours were analyzed by keeping these 4 grades in every
scanned joint or by looking at the highest grade of all scanned joints
of a given patient. Data were anonymized by attributing an identi-
fication number to each patient and entered into a computer
database.
Statistical analysis
Quantitative data are presented as the median (IQR) and categor-
ical data by number (percent). Groups were compared by Wilcoxon
rank sum and Fisher exact tests for quantitative and categorical
characteristics, respectively. A multivariable logistic model was used
to assess the relation between patient characteristics and the pres-
ence of hyperechogenicity of the renal medulla. A backward-
forward stepwise selection with a stopping rule based on P <
0.05 was used. All variables significant at P < 0.20 on univariate
analysis were included in the initial multivariable model. ORs and
95% CIs were estimated. For quantitative variables, if non-log-
linearity of the effect was suspected, a log transformation was
applied. Serum uric acid, duration of gout disease, serum creatinine
level, and eGFR were log-transformed. Then the log-linearity
assumption was assessed after log transformation by restricted
cubic spline functions and tested with the Wald test. The number of
knots was fixed to 3. Goodness of fit of the final multivariable
model was assessed by the Hosmer-Lemeshow test. The primary
analysis was performed with complete cases. Sensitivity analyses
was performed with multiple imputation. In total, 20 imputed
datasets were generated by multiple imputation chained equation
with 20 iterations.39 All variables present in the initial multivariable
model were included in the imputation model. Rubin rules were
applied to obtain final estimates and tests. All tests were 2-sided,
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with values of P less than 0.05 considered statistically significant.
Analyses were performed with R version 3.4.1.40

Ten patients with untreated gout or very poorly or very recently
treated (<3 months) gout were recruited at the Lariboisière Rheu-
matology Clinic (Paris, France) and underwent renal US at the
Necker Hospital using an Aixplorer system (SuperSonic Imagine,
Aix-en-Provence, France). Demographic, clinical, biochemical, and
radiographic data were extracted from the patients’ files.
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Figure S1. (A) Distribution of the of serum uric acid in patients with
and without hyperechoic medulla. (B) Relationship between serum
uric acid and estimated glomerular filtration rate in patients with and
without hyperechoic medulla.
Figure S2. Forest plot of multivariable logistic model after multiple
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