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ABSTRACT

Objectives To evaluate the sensitivity to change of
ultrasound structural gout lesions, as defined by the
Outcome Measures in Rheumatology (OMERACT)
ultrasound group, in patients with gout during urate-
lowering therapy (ULT).

Methods Ultrasound (28 joints, 26 tendons) was
performed in patients with microscopically verified

gout initiating or increasing ULT and repeated after 3

and 6 months. Joints and tendons were evaluated by
ultrasound for presence of the OMERACT structural gout
lesions—double contour sign (DC), tophus, aggregates
and erosion—scored binarily. A sum score was calculated
at patient and lesion level. Changes at 3 and 6 months in
patient sum scores and lesion scores at different locations
were evaluated.

Results 50 patients (48 men), mean age 68.9 (range,
30-88) years, were included. Ultrasound showed a
statistically significant decrease in DC and tophus sum
scores from 0 months (3.16 and 2.68, respectively) to 3
months (2.33 and 2.43) and 6 months (1.34 and 1.83)
(all p<0.002). The aggregate sum score only decreased
significantly from 3 to 6 months (6.02 to 5.02, p=0.002),
whereas erosion sum score remained almost unchanged.
All four structural lesions were most commonly found in
metatarsophalangeal (MTP) 1 joints (>1 lesions bilaterally),
and furthermore MTP2—4 and knee joints were common
sites especially for DC. Likewise, these regions were the
locations with most pronounced changes in scores.
Conclusion Ultrasound assessment of the OMERACT
structural gout lesions scored binarily seems to be a
useful tool for monitoring urate depositions during ULT.
Particularly DC and tophus showed sensitivity to change
after only 3 months of treatment.

INTRODUCTION

Gout is the most common inflammatory joint
disease in Western developed countries.' If
treated properly, gout flares can be prevented,
joint damage related to tophi formation can
be minimised, further crystal formation can
be prevented and existing crystal deposits can
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Key messages

» Gout lesions can be visualised by ultrasound.

» The consensus-based and validated OMERACT ul-
trasound structural gout lesions show sensitivity to
change.

» The double contour sign and tophus show statisti-
cally significant decreases during urate-lowering
therapy—as early as after 3 months of treatment.

» Ultrasound is a promising tool for monitoring urate
crystal deposits in patients during urate-lowering
therapy in clinical trials and in practice.

be dissolved.' If poorly controlled, gout may
lead to renal failure, cardiovascular disease,
increased morbidity and mortality and poorer
quality of life.*  Therefore, appropriate
management of gout is essential.

Monitoring of patients with gout has tradi-
tionally been based on clinical assessment
combined with p-urate levels. Studies indicate
that ultrasound is a useful tool when diag-
nosing gout,"” but little is known about its
ability to monitor treatment effect.

Monosodium urate crystals reflect ultra-
sound beams more strongly than surrounding
tissues such as unmineralised hyaline carti-
lage or synovial tissue. Crystalline material
can therefore be detected by ultrasound as
a bright, hyperechoic signal independent
of the insonation angle. Furthermore, ultra-
sound can visualise potential concomitant
inflammatory aspects of gout such as syno-
vitis and tenosynovitis. In 2015, the Outcome
Measures in Rheumatology (OMERACT)
Ultrasound Working Group developed defi-
nitions of structural lesions in gout.” These
included double contour sign (deposits of
crystals on the surface of cartilage), tophus
(larger hyperechoic collection of crystals),
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aggregates (small hyperechoic crystal deposits) and
erosion (cortical damage),8 and the visualisation of
double contour sign (DC) in joints has been included
in the newest gout classification criteria.” A few small
studies have evaluated the sensitivity to change of ultra-
sound visualised urate deposits before validated defini-
tions of lesions existed'*™" and two recent studies have
evaluated decreases in DC and tophus—as defined by
the OMERACT group—during urate-lowering therapy
(ULT)." ' However, a systematic follow-up evaluating
the sensitivity to change for all four structural lesions has
not yet been performed in patients receiving ULT.

The primary aim of this study was to evaluate sensitivity
to change of both ultrasound structural gout lesions and
inflammatory changes in patients during ULT using the
OMERACT Ultrasound Working Group 2015 definitions
for gout lesions. The secondary aim was to assess poten-
tial correlations between changes in clinical, laboratory
and ultrasound variables.

PATIENTS AND METHODS

Patients

The study was a 6-month prospective, observational
study performed at Rigshospitalet, Glostrup, Denmark.
Eligible for inclusion were adult patients (=18 years) with
microscopically verified gout who initiated or increased
ULT (allopurinol, benzbromarone or febuxostat). For
the latter group, crystal deposits at time of intensification
served as their baseline values. Patients were excluded if
they had received recent (<6 weeks) glucocorticoid (GC)
injection or oral intake of GC, or if ultrasound did not
show signs of urate crystal deposits.

Comprehensive examinations including clinical,
laboratory and ultrasound assessments besides patient-
reported outcomes (PROs) were performed at baseline
and after 3 and 6 months.

Clinical and laboratory assessments

Clinical and medical history including comorbidity,
smoking history and alcohol consumption were obtained
at baseline. Disease duration (time since first gout attack)
and the joint and tendon regions ever involved in gout
attacks were recorded.

Clinical joint examination was performed at all visits.
Thirty joints were evaluated bilaterally in the clinical joint
examination including all small joints at both hands and
feet (distal and proximal interphalangeal joints at both
hands and feet, metacarpophalangeal (MCP) and meta-
tarsophalangeal (MTP) joints) and larger joints (wrist,
elbow, tarsometatarsal, tibiotalar and knee joints). Clin-
ical joint examination was at all visits performed by an
independent assessor blinded to the ultrasound findings.

Routine laboratory tests including p-urate level and C
reactive protein (CRP) were performed at all visits.

Patient-reported outcomes
PROs regarding pain (visual analogue scale (VAS)) and
physical function (Health Assessment Questionnaire

(HAQ)) were obtained at all visits as were numbers of
gout attacks within the last 4 and 12 weeks.

Patient and public involvement was not included in
this study.

Ultrasound examination

All ultrasound examinations were performed using a GE
Logiq E9 (Milwaukee, Wisconsin, USA) machine and
ML6-15 MHz linear array transducer. Doppler settings
were adjusted to slow flow according to published recom-
mendations.'”

The ultrasound examination of patients 1-10 were
evaluated by two ultrasonographers in collaboration
(SNC+LT) to establish consensus about structural gout
lesions. The rest of the ultrasound examinations (patients
11-50) were performed by one sonographer (SNC).
Intra-reader and interreader reliability were tested by
evaluating still images on 10 patients (280 joints and 260
tendons) among patients 11-50 (440 sites for greyscale
(GS) synovial hypertrophy and colour Doppler (CD)
activity, 540 sites for aggregates and tophi and 280 sites
for erosions and DC).

All patients were examined bilaterally by ultrasound
evaluating joints (MCP1-5, wrist, elbow, MTP1-5, tibio-
talar and knee), tendons (extensors of the wrist—scored
as individual compartments 1-6, peroneus—longus
and brevis scored as one—and tibialis posterior) and
tendon insertions (triceps, quadriceps, patella—prox-
imal and distal—and Achilles). All regions were eval-
uated by standard positions'® covering all parts of the
joints and tendons by sweeping the regions. The four
structural OMERACT gout lesions*—DC, tophus, aggre-
gates and erosion—were scored separately using a binary
scoring system (present/absent). In addition, synovial
hypertrophy was graded semiquantitatively by GS and
hyperaemia by CD according to the OMERACT scoring
system.'” The tendons around the wrist and ankle—exten-
sors of the wrist, peroneus and tibialis posterior scanned
bilaterally—were also evaluated for tenosynovitis (GS and
CD) using the OMERACT tenosynovitis scoring system.'®
Synovitis and tenosynovitis were defined as a GS score =1
with or without CD score >1."

For each patient, sum scores of structural ultrasound
lesions were calculated as a sum of each individual lesion
across all scanned sites. A crystal sum score was calculated
for each patient by adding tophus, DC and aggregate sum
scores. Furthermore, GS synovial hypertrophy sum scores
and CD activity sum scores were calculated by adding
scores from all joints and tendon sheaths (range, 0-132).

The duration of the ultrasound examination was
approximately 60 min per visit.

Statistical analysis

Descriptive statistics were used to summarise the baseline
data. Patients’ baseline characteristics were presented as
means with SD for normally distributed variables and as
medians with ranges and IQRs for non-normally distrib-
uted variables.
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The inter-observer and intra-observer reliability of
scoring images were assessed according to kappa (x)
statistics on static images. Intra-observer coefficients were
evaluated on pairs of measures performed by the same
sonographer at each site on static images. Kappa values
of 0-0.20 were considered poor; 0.20-0.40, fair; 0.40—
0.60, moderate; 0.60-0.80, good; and 0.80-1, excellent,
as proposed by Landis and Koch.*’

Changes in both clinical, laboratory and ultrasound
findings were presented as means and medians with
ranges and IQRs. Changes over time in quantitative
results within groups were analysed using Wilcoxon
signed-rank test.

Correlation analyses were performed using Spear-
man’s rank-order correlation assessing individual rela-
tions between changes in biochemical (most importantly
p-urate), clinical and ultrasound findings.

No data imputation was used. P values <0.05 were
considered statistically significant. All statistical analyses
were performed based on a statistical analysis plan and
analysed using SAS Enterprise Guide V.7.15.

RESULTS

A total of 50 patients were included in the study, and of
these 46 (92%) completed 3months’ follow-up and 41
(82%) 6months’ follow-up. Baseline characteristics of
the cohort are shown in table 1.

Baseline characteristics, except for body mass index
(BMI), did not differ statistically significantly between
patients completing versus not completing the 6 months’
follow-up (all p values >0.05, data not shown). The BMI
was higher in the drop-out group compared with the
completing group (mean BMI 32.5 vs 27.8, p=0.02).

Reliability

Interreader and intra-reader reliabilities were excellent
for both DC (x 0.81 and 0.95, respectively) and tophus (x
0.81 and 0.91, respectively). The interreader reliability
was good for aggregates (k 0.71), erosion (x 0.68) and
CD activity (x 0.72), whereas the intra-reader reliability
for these findings were excellent (x 0.84, 0.83 and 0.92,
respectively). For GS synovial hypertrophy, both inter-
reader and intra-reader reliability was good (x 0.75 and
0.79, respectively).

Sensitivity to change

The data for clinical and laboratory assessment, the PROs
and the ultrasound findings at baseline, 3 months’ and 6
months’ follow-up are summarised in table 2.

Laboratory and clinical parameters

P-urate and CRP both showed a statistically significant
decrease at 6months’ follow-up (table 2). Mean p-urate
decreased from 0.49 mmol/L at baseline to 0.36 mmol/L
at 3months’ follow-up and 0.33mmol/L at 6 months’
follow-up (p<0.001). A p-urate level <0.36 mmol/L was
obtained by 24/46 (52%) at 3months’ follow-up and
32/41 (78%) at 6 months’ follow-up.

Imaging

Table 1 Demographic and baseline characteristics (n=50)
Variable Value

Age, years, mean (SD) (range) 63.9 (14.5) (30-88)
Male sex, n (%) 48 (96%)

Disease duration, months, median (IQR)
(range)

78 (24; 132) (1-468)

No of gout attacks within 12 weeks,
median (IQR) (range)

2(1;4) (0-9)

No of gout attacks within 4 weeks, median 1 (1; 1) (0-4)
(IQR) (range)

VAS pain, median (IQR) (range)
HAQ, median (IQR) (range)

No of tender joints (0-60), median (IQR)
(range)

No of swollen joints (0-60), median (IQR)
(range)

35 (15; 55) (0-95)
0 (0; 0.375) (0-1.375)
2 (1; 4) (0-18)

1 (0; 2) (0-14)

P-urate (mmol/L), mean (SD) (range) 0.49 (0.10) (0.32-0.78)

No of patients on urate-lowering therapy at 9/50 (18%)
inclusion (%)

Self-reported gout attacks (ever) (%)

Forefoot 43 (86%)

Midfoot 9 (18%)

Ankle 27 (54%)

Knee 12 (24%)

Finger and/or wrist 16 (32%)

Elbow 12%)
Body mass index, kg/m?, mean (SD) 28.7 (5.5) (18.9-41.9)
(range)

Units of alcohol per day, median (IQR)
(range)

0.5 (0; 2) (0-8)

No of smokers (%) 25 (50%)

41.3 (8.5) (29-68)

4.9 (1.3) (2.7-8.4)

7.0 (0.9; 24) (0.3-120)

72.5 (57; 90) (21-90)

HbA1c (mmol/mol), mean (SD) (range)
Cholesterol (mmol/L), mean (SD) (range)
CRP (mg/L), median (IQR) (range)

eGFR (mL/min), median (IQR) (range)

No of patients with comorbidities (%) 39 (78%)
Most common comorbidities (n (%))
Cardiovascular diseases 17 (34%)
Diabetes 13 (26%)
Hypertension 15 (30%)
Kidney disease 18 (36%)

CRP, C reactive protein; eGFR, estimated glomerular filtration rate ;
HAQ, Health Assessment Questionnaire; VAS, visual analogue scale.

The clinical parameters including numbers of affected
joints, numbers of gout attacks and patients’ VAS pain
decreased statistically significantly from baseline to
follow-up at 3 and 6months and, furthermore, VAS
pain—as the only parameter of these—showed a contin-
uous decrease from 3 to 6months’ follow-up (table 2).
HAQ showed only a numerical decrease during follow-up.
Figure 1A summarises the course of clinical parameters
and PROs during follow-up.
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A : Clinical parameters / patient reported outcomes B : Ultrasound findings
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Figure 1 Course of clinical parameters including patient-reported outcomes (A) and ultrasound findings (B) during the

6 months’ follow-up period. Box plot explanation: 75th percentile, upperedge of box; 25th percentile, loweredge of box;
median, line inside box; mean, circle inside box. *Wilcoxon signed-rank test showing p values <0.05. DC, double contour sign;
HAQ, Health Assessment Questionnaire; VAS, visual analogue scale pain.

Ultrasound parameters Structural lesions
The course of both structural (DC, tophus, aggregates and ~ The DC and tophi sum scores decreased statistically signif-

erosion) and inflammatory (GS synovial hypertrophy and jcantly from 0 to 3 and from 3 to 6 months’ follow-up,
CD activity in joints and tendon sheaths) ultrasound find-

) . ) whereas the decreased in aggregate sum score only
ings during follow-up are shown in table 2 and figure 1B.

occurred late in the follow-up (3-6 months). The summa-
rised crystal score—DC, tophi and aggregates added—
decreased statistically significant from both 0-3 and 3-6
months’ follow-up. The erosion sum score did not change

Figure 2 Sequential ultrasound investigations in patients during urate-lowering therapy. Left column (A-C): ultrasound

of the first metatarsophalangeal joint. Longitudinal dorsal view. Ultrasound shows regression of double contour sign
(arrowheads) when observed from baseline (A) to 3 (B) and 6 (C) months’ follow-up. Mid column (E-F): ultrasound of the first
metatarsophalangeal joint. Longitudinal medial view. Ultrasound shows reduced tophus size (arrows) from baseline (D) to
3months’ (E) and 6 months’ (F) follow-up. A double contour sign is observed at baseline (D, arrowheads), but is no longer
visible at 3 and 6 months’ follow-up (E-F). Right column (G-l): ultrasound of the first metatarsophalangeal joint. Longitudinal
dorsal view. Ultrasound shows reduction in urate deposits from baseline (G), where deposits are seen as a small tophus (large
arrows), to 3 months’ follow-up (H), where deposits are reduced to aggregates (small arrows). In addition, a double contour
sign is observed at both baseline and 3 months’ follow-up (arrowheads). At 6 months’ follow-up (l), no urate deposits can be
observed in the joint.
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A Distribution of structural ultrasound lesions (lesion range 0-2)

B Distribution of inflammatory ultrasound lesions (lesion range 0-6)
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Figure 3 Distribution and course of ultrasound lesions in patients with gout during the 6 months’ follow-up period. Bilateral
assessment of joint and tendon sites. Within-group changes over time were analysed using Wilcoxon signed-rank test.
*p<0.05. CD, colour Doppler activity; Comp. 1-VI, compartments I-VI; DC, double contour sign; GS, greyscale synovial
hypertrophy; MCP, metacarpophalangeal joint; MTP, metatarsophalangeal joint; Patella Dis, distal patella insertion; Patella Pro,

proximal patella insertion; Tib Post, tibialis posterior tendon.

significantly during follow-up. Figure 2 shows examples of
the changes in DC and tophi in patients during follow-up.

Inflammatory lesions

GS synovial hypertrophy and CD activity (in joint and
tendon sheaths) both decreased statistically significantly
at 6months’ follow-up; CD activity already at 3 months’
follow-up.

Distribution of lesions
The distribution of structural and inflammatory ultra-
sound lesions in joints and tendons are shown in
figure 3A,B.

The MTP1 joints were the most common location for
all four structural lesions and for both inflammatory

lesions. Patients had on average 1.1 DCs and 1.4 tophi
bilaterally in MTP1 joints. The second most affected
joints were the MTP2 joints, where aggregates and DC
were common while tophus formation less frequent,
and for inflammatory lesions primarily GS synovial
hypertrophy was observed. For MTP3-5 and MCP joints,
involvement was less common, and if affected, urate
deposits were mostly seen as aggregates. Tophus forma-
tions in these joints were almost solely found in MCP1
and MTP5 joints. The knee joints were common sites for
DC.

As to the tendons, the most common sites for urate
deposits were the peroneus tendons and the Achilles,
quadriceps and patella (both proximal and distal) tendon

6
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insertions. Tenosynovitis was most commonly found in
the peroneus tendons.

Changes in structural lesions at different locations during
follow-up

Figure 3C shows the course of the structural lesions in
joints and tendons. At joint level, statistically significant
decreases in urate deposits were found at MTPls for
tophus formation, MTP1-3s and knees for DC forma-
tion, and MTP4s for aggregates. In tendons, a trend
for a decrease in tophus formation during follow-up
was observed—Iless pronounced for aggregates—but no
statistically significant changes were observed.

Correlation between clinical, laboratory and ultrasonographic
findings

The individual correlations between the course of
different variables were investigated (see online supple-
mentary table 1). In general, no strong correlations were
found between the individual changes in any clinical,
laboratory and ultrasound findings (r<0.50)—except
between parameters which were directly related (eg,
crystal sum score and its components). Weak, positive
correlations were found between changes in p-urate and
changes in both DC and the combined ultrasound ‘crystal
sum score’ (r=0.430and r=0.369, respectively, p<0.02)
as the only two parameters. Correlations between other
investigated parameters were non-existing or weak (see
online supplementary table 1).

DISCUSSION

This study evaluates the sensitivity to change of all four
consensus-based and validated OMERACT ultrasound
structural gout lesions. DC and tophus showed statisti-
cally significant decreases during ULT—as early as after 3
months of treatment. This indicates that these ultrasound
measures of urate deposition are sensitive to change as
a response to even a short-term use of ULT using the
applied binary scoring system; thus, ultrasound for moni-
toring urate deposits during therapy is a promising tool
in both clinical trials and in practice. Furthermore, ultra-
sound signs of inflammation decreased significantly at
6 months’ follow-up, supporting the ability of ultrasound
for objective and sensitive monitoring of synovitis and
tenosynovitis in gout.

The disappearance of tophi and DC as a response to
ULT as seen in our study is in line with previous studies.
Small cohort studies'”™ and one recent larger cohort
study'* showed disappearance of DG ** and decrease
in tophus size visualised by ultrasound'*™* in response
to ULT. Also in line with our study, an improvement in
clinical parameters and synovial Doppler signal was seen
in parallel with dissolution of urate deposits.'**' Previous
studies have noted that it seems easier to clear the carti-
lage deposits than the tophi,'' ™ although tophi have
shown responsiveness when assessed by size after only 3
months of treatment.'* This appears also to be the case
in our study since a more pronounced decrease in mean

DC sum scores was observed compared with mean tophus
sum scores. The fact that tophus sum score in this study
decreased statistically significantly after only 3 months of
therapy even when scored binarily was probably due to
the large number of scanned sites—making significant
results more likely to occur. As exemplified by figure 2,
small tophi dissolved within the first 3 months, whereas
larger tophi showed a tendency to only decrease in size as
a response to the 6 months of ULT.

In our study, aggregates showed a statistically signif-
icant decrease during follow-up, but the decrease
occurred later and appeared less pronounced compared
with DC. The course of aggregates in patients receiving
ULT can be unpredictable since tophi potentially could
dissolve into aggregates in the process of disappearing (as
exemplified in figure 2). Thus, even though aggregates
resolve during therapy, others may be formed. Previous
studies with focus on diagnostic features of ultrasound
in gout*™ have only established high specificities for DC
and tophus, and the role of aggregates in the evaluation
of gout patients is yet to be clarified.

The large number of scanned joints and tendons in
our study allowed us to establish both the locations most
commonly affected by gout and if all lesions seemed
to respond equally well to ULT. Structural ultrasound
lesions were by far most commonly found in MTP1 joints,
where patients on average had >1 of all four structural
lesions. MTP2—-4s, knee joints and several lower extremity
tendon regions were also commonly affected. The loca-
tions most commonly affected by urate depositions were
also the locations most responsive to treatment. Upper
extremities urate depositions in joints and tendons were
observed, but to a much lower extent compared with
lower extremity involvement, which is in accordance with
previous studies.”***

A significant correlation between changes in the struc-
tural lesions DC and crystal sum scores and changes in
p-urate was found in our study, whereas p-urate changes
did not correlate to either changes in tophi or aggre-
gates sum scores. This concurs with previous studies’ "
also finding DC but not tophi to be correlated to p-urate
levels. The lacking correlation between changes in tophi
sum scores and p-urate may be explained by tophi repre-
senting larger collections of urate deposits and therefore
dissolving slowly compared with DC. A more responsive
assessment of crystal changes such as a semiquantitative
score or a continuous measure of tophus size may poten-
tially show a positive correlation with p-urate levels as
observed in previous studies.'* '*

Our data revealed significant improvements in both
ultrasound, clinical and biochemical signs of inflam-
mation during follow-up. GS synovial hypertrophy and
CD activity in both joints and tendon sheaths decreased
during treatment indicating a rapid fall in inflamma-
tory activity, which is supported by a decrease in swollen
and tender joint counts, improvement in PROs and a
decrease in CRP. The fact that inflammatory markers
and patient’s self-perceived symptoms decreased as ULT
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was intensified were probably related to adjuvant treat-
ment with colchicine, which were given to all patients in
this study in accordance with international guidelines.*®
Otherwise, an increased rate in flares would have been
expected since this is in general described when ULT is
initiated alone.?’

The strengths of our study is the large patient cohort
compared with most previous performed studies (second
largest patient population). Furthermore, lesions are
scored based on well-established consensus-based defini-
tions, optimising the reliability of the results and facili-
tating comparison to future studies. Finally, the scanned
regions included numerous joints and tendons enabling
us to evaluate the distribution of lesions.

Limitations of the study include the lack of a control
group and that the operator was unblinded to the treat-
ment of the patients. However, the operator was neither
the person performing the clinical joint examination
nor the person responsible for adjusting ULT. Another
limitation was that ultrasound assessment was performed
by only one operator. However, the inter-reader reliability
between operators were found to be excellent for DC and
tophus and good for the remaining lesions. These inter-
reader reliabilities are—especially for DC and aggre-
gates—considerably higher than shown in the initial
validation study®®; thus, our study indicates that intensive
training and calibration between operators could improve
the reliability of the scoring of lesions. Finally, the scoring
of lesions was performed using a binary scoring system,
and this limits the sensitivity to minor changes in lesions
during follow-up. We chose to score lesions binarily since
no consensus exists on a standardised way to score lesions
either semiquantitatively or by measurements in a proven
reproducible way.

The ultrasound examinations in our study were time
consuming since multiple joints and tendons were
scanned, and this would not be feasible in routine clin-
ical practice. However, this extended examination was
performed to help identifying predilection sites for struc-
tural gout lesions, and the study demonstrated that the
areas most commonly affected were also the areas most
responsive to treatment; thus, a reduced joint scan could
potentially be used. This study was not designed to select
proper areas for reduced joint/tendon set inclusion since
this is preferably done in diagnostic settings in order to
determine the minimum amount of sites to distinguish
patients with gout from patients with no gout. However,
the common involvement and rapid responsiveness to
treatment of lesions in MTP1-3 and knee joints indicate
that evaluation of these areas is presumably essential.

A potential benefit of using routine ultrasound exam-
ination in patients with gout in daily clinical practice
could be as a motivational instrument for both the
physician and the patient. The ability of ultrasound to
visualise the disappearing of urate deposits over time
could improve the motivation for both the physicians—
to prescribe adequate treatment adjustments—and the

patients—to increase treatment adherence. Both these
aspects are compromised in many patients with gout.”™!

In conclusion, our observational study demon-
strates that performing ultrasound for specific struc-
tural features of gout such as tophi and DC, defined as
proposed by the OMERACT ultrasound working group,
at the initiation of ULT and during follow-up seems to
be a sensitive way to detect and monitor the dissolution
of urate deposits. Future studies should address what
sites should be included in a reduced joint/tendon set
for evaluating gout lesions and whether more sensitive
monitoring could be obtained by using a semiquantita-
tive scoring system.

Author affiliations

'Copenhagen Center for Arthritis Research, Center for Rheumatology and Spine
Diseases, Rigshospitalet Glostrup, Glostrup, Denmark

“Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark
3School of Medicine and Pharmacology Fiona Stanley Hospital Unit, University of
Western Australia, Perth, Western Australia, Australia

“Department of Rheumatology, MC Hospital Group, Lelystad, The Netherlands
SRheumatology, Ambroise Paré Hospital, APHP, Université Versailles-Saint-Quentin
en Yvelines, Boulogne-Billancourt, France

Acknowledgements The Danish Rheumatism Association is acknowledged for
financial support of the salary of SNC. Data from this study were presented as an
oral presentation at the 2018 Annual European Congress of Rheumatology (EULAR)
meeting (abstract no. EULAR18-2209).

Contributors SNC has made substantial contributions to study conception

and design, acquisition of data, analysis and interpretation of data, drafting the
article and final approval of the version of the article to be published. M@ has
made a substantial contribution to study conception and design, analysis and
interpretation of data, revising the article critically for important intellectual
content and final approval of the version of the article to be published. 0S and LT
have made a substantial contribution to study conception and design, acquisition
of data, analysis and interpretation of data, revising the article critically for
important intellectual content and final approval of the version of the article to be
published. HK, GB and MAD have made a substantial contribution to analysis and
interpretation of data, revising the article critically for important intellectual content
and final approval of the version of the article to be published.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests SNC has received speaker fees from Bristol Myers Squibb
(BMS) and General Electric (GE). LT has received speakers’ fees from AbbVie,

MSD, Novartis, Roche, Pfizer, General Electric (GE), Bristol Myers Squibb (BMS)

and Janssen. M@ has received research support and/or consultancy/speaker fees
from Abbvie, BMS, Boehringer-Ingelheim, Celgene, Eli-Lilly, Centocor, GSK, Hospira,
Janssen, Merck, Mundipharma, Novartis, Novo, Orion, Pfizer, Regeneron, Schering-
Plough, Roche, Takeda, UCB and Wyeth.

Patient consent for publication Obtained.

Ethics approval The study was approved by the Danish ethical committee
(H-16043367).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as online supplementary information.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Sara Nysom Christiansen http://orcid.org/0000-0002-5063-9932
Mikkel @stergaard http://orcid.org/0000-0003-3690-467X

Ole Slot http://orcid.org/0000-0003-4721-907X

Maria Antonietta D'Agostino http://orcid.org/0000-0002-5347-0060
Lene Terslev http://orcid.org/0000-0001-8193-9471

8

Christiansen SN, et al. RMD Open 2020;6:6001144. doi:10.1136/rmdopen-2019-001144


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5063-9932
http://orcid.org/0000-0003-3690-467X
http://orcid.org/0000-0003-4721-907X
http://orcid.org/0000-0002-5347-0060
http://orcid.org/0000-0001-8193-9471

REFERENCES

1

2

10

11

12

13

14

15

16

Dalbeth N, Merriman TR, Stamp LK. Gout. Lancet
2016;388:2039-52.

Singh JA, Strand V. Gout is associated with more comorbidities,
poorer health-related quality of life and higher healthcare utilisation
in US veterans. Ann Rheum Dis 2008;67:1310-6.

Krishnan E, Svendsen K, Neaton JD, et al. Long-Term cardiovascular
mortality among middle-aged men with gout. Arch Intern Med
2008;168:1104-10.

Filippucci E, Riveros MG, Georgescu D, et al. Hyaline cartilage
involvement in patients with gout and calcium pyrophosphate
deposition disease. An ultrasound study. Osteoarthritis Cartilage
2009;17:178-81.

Ottaviani S, Richette P, Allard A, et al. Ultrasonography in gout: a
case—control study. Clin Exp Rheumatol 2012;30:499-504.

Wright SA, Filippucci E, McVeigh C, et al. High-resolution
ultrasonography of the first metatarsal phalangeal joint in gout: a
controlled study. Ann Rheum Dis 2007;66:859-64.

Thiele RG, Schlesinger N. Diagnosis of gout by ultrasound.
Rheumatology 2007;46:1116-21.

Gutierrez M, Schmidt WA, Thiele RG, et al. International consensus
for ultrasound lesions in gout: results of Delphi process and web-
reliability exercise. Rheumatology 2015;54:1797-805.

Neogi T, Jansen TLTA, Dalbeth N, et al. 2015 Gout classification
criteria: an American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Ann Rheum Dis
2015;74:1789-98.

Thiele RG, Schlesinger N. Ultrasonography shows disappearance
of monosodium urate crystal deposition on hyaline cartilage

after sustained normouricemia is achieved. Rheumatol Int
2010;30:495-503.

Ottaviani S, Gill G, Aubrun A, et al. Ultrasound in gout: a useful tool
for following urate-lowering therapy. Joint Bone Spine 2015;82:42-4.
Perez-Ruiz F, Martin I, Canteli B. Ultrasonographic measurement
of tophi as an outcome measure for chronic gout. J Rheumatol
2007;34:1888-93.

Peiteado D, Villalba A, Martin-Mola E, et al. Ultrasound sensitivity to
changes in gout: a longitudinal study after two years of treatment.
Clin Exp Rheumatol 2017;35:746-51.

Ebstein E, Forien M, Norkuviene E, et al. Ultrasound evaluation in
follow-up of urate-lowering therapy in gout: the USEFUL study.
Rheumatology 2019;58:410-7.

Torp-Pedersen ST, Terslev L. Settings and artefacts relevant in
colour/power Doppler ultrasound in rheumatology. Ann Rheum Dis
2008;67:143-9.

Backhaus M, Burmester GR, Gerber T, et al. Guidelines for
musculoskeletal ultrasound in rheumatology. Ann Rheum Dis
2001;60:641-9.

17

20

21

22

23

24

25

26

27

28

29

30

31

D’Agostino M-A, Terslev L, Aegerter P, et al. Scoring ultrasound
synovitis in rheumatoid arthritis: a EULAR-OMERACT ultrasound
taskforce—Part 1: definition and development of a standardised,
consensus-based scoring system. RMD Open 2017;3:e6000428.
Naredo E, D'Agostino MA, Wakefield RJ, et al. Reliability of a
consensus-based ultrasound score for tenosynovitis in rheumatoid
arthritis. Ann Rheum Dis 2013;72:1328-34.

Bruyn GA, lagnocco A, Naredo E, et al. OMERACT definitions for
ultrasonographic pathologies and elementary lesions of rheumatic
disorders 15 years on. J Rheumatol 2019;46:1388-93.

Landis JR, Koch GG. An application of hierarchical kappa-type
statistics in the assessment of majority agreement among multiple
observers. Biometrics 1977;33:363-74.

Peiteado D, Villalba A, Martin-Mola E, et al. Reduction but not
disappearance of Doppler signal after two years of treatment for
gout. Do we need a more intensive treatment? Clin Exp Rheumatol
2015;33:385-90.

Naredo E, Uson J, Jiménez-Palop M, et al. Ultrasound-detected
musculoskeletal urate crystal deposition: which joints and what
findings should be assessed for diagnosing gout? Ann Rheum Dis
2014;73:1522-8.

Bhadu D, Das SK, Wakhlu A, et al. Ultrasonographic detection of
double contour sign and hyperechoic aggregates for diagnosis of
gout: two sites examination is as good as six sites examination. Int J
Rheum Dis 2018;21:523-31.

Norkuviene E, Petraitis M, Apanaviciene I, et al. An optimal
ultrasonographic diagnostic test for early gout: a prospective
controlled study. J Int Med Res 2017;45:1417-29.

Slot O. Clinical and ultrasonic characteristics of 100 new crystal
proven gouty patients in a rheumatology clinic. J Rheum Dis Treat
2017;3:055.

Richette P, Doherty M, Pascual E, et al. 2016 updated EULAR
evidence-based recommendations for the management of gout. Ann
Rheum Dis 2017;76:29-42.

Becker MA, MacDonald PA, Hunt BJ, et al. Determinants of the
clinical outcomes of gout during the first year of urate-lowering
therapy. Nucleosides Nucleotides Nucleic Acids 2008;27:585-91.
Terslev L, Gutierrez M, Christensen R, et al. Assessing elementary
lesions in gout by ultrasound: results of an OMERACT patient-based
agreement and reliability exercise. J Rheumatol 2015;42:2149-54.
Doherty M, Jansen TL, Nuki G, et al. Gout: why is this curable
disease so seldom cured? Ann Rheum Dis 2012;71:1765-70.

Kuo C-F, Grainge MJ, Mallen C, et al. Rising burden of gout in the
UK but continuing suboptimal management: a nationwide population
study. Ann Rheum Dis 2015;74:661-7.

Mikuls TR, Farrar JT, Bilker WB, et al. Suboptimal physician
adherence to quality indicators for the management of gout and
asymptomatic hyperuricaemia: results from the UK General Practice
Research Database (GPRD). Rheumatology 2005;44:1038-42.

Christiansen SN, et al. RMD Open 2020;6:¢001144. doi:10.1136/rmdopen-2019-001144


http://dx.doi.org/10.1016/S0140-6736(16)00346-9
http://dx.doi.org/10.1136/ard.2007.081604
http://dx.doi.org/10.1001/archinte.168.10.1104
http://dx.doi.org/10.1016/j.joca.2008.06.003
http://www.ncbi.nlm.nih.gov/pubmed/22512867
http://dx.doi.org/10.1136/ard.2006.062802
http://dx.doi.org/10.1093/rheumatology/kem058
http://dx.doi.org/10.1093/rheumatology/kev112
http://dx.doi.org/10.1136/annrheumdis-2015-208237
http://dx.doi.org/10.1007/s00296-009-1002-8
http://dx.doi.org/10.1016/j.jbspin.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/17659752
http://www.ncbi.nlm.nih.gov/pubmed/28281462
http://dx.doi.org/10.1093/rheumatology/key303
http://dx.doi.org/10.1136/ard.2007.078451
http://dx.doi.org/10.1136/ard.60.7.641
http://dx.doi.org/10.1136/rmdopen-2016-000428
http://dx.doi.org/10.1136/annrheumdis-2012-202092
http://dx.doi.org/10.3899/jrheum.181095
http://www.ncbi.nlm.nih.gov/pubmed/25898174
http://dx.doi.org/10.1136/annrheumdis-2013-203487
http://dx.doi.org/10.1111/1756-185X.13235
http://dx.doi.org/10.1111/1756-185X.13235
http://dx.doi.org/10.1177/0300060517706800
http://dx.doi.org/10.23937/2469-5726/1510055
http://dx.doi.org/10.1136/annrheumdis-2016-209707
http://dx.doi.org/10.1136/annrheumdis-2016-209707
http://dx.doi.org/10.1080/15257770802136032
http://dx.doi.org/10.3899/jrheum.150366
http://dx.doi.org/10.1136/annrheumdis-2012-201687
http://dx.doi.org/10.1136/annrheumdis-2013-204463
http://dx.doi.org/10.1093/rheumatology/keh679

	Assessing the sensitivity to change of the OMERACT ultrasound structural gout lesions during urate-­lowering therapy
	Abstract
	Introduction﻿﻿
	Patients and methods
	Patients
	Clinical and laboratory assessments
	Patient-reported outcomes
	Ultrasound examination
	Statistical analysis

	Results
	Reliability
	Sensitivity to change
	Laboratory and clinical parameters
	Ultrasound parameters
	Structural lesions
	Inflammatory lesions


	Distribution of lesions
	Changes in structural lesions at different locations during follow-up
	Correlation between clinical, laboratory and ultrasonographic findings

	Discussion
	References


