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Abstract

Background: Provisional gout remission criteria including five domains (serum urate, tophus, flares, pain due to
gout, and patient global assessment) have been proposed. The aim of this study was to test the concurrent validity
of the provisional gout remission criteria by comparing the criteria with dual-energy CT (DECT) findings.

Methods: Patients with gout on allopurinol ≥ 300 mg daily were prospectively recruited into a multicenter DECT
study. Participants attended a standardized study visit which recorded gout flare frequency in the preceding 12
months, physical examination for tophus, serum urate, and patient questionnaires. DECT scans of both hands/wrists,
feet/ankles/Achilles, and knees were analyzed by two DECT radiologists. The relationship between the DECT urate
crystal volume and deposition with individual domains as well as the provisional remission criteria set was analyzed.

Results: The provisional remission criteria were fulfilled in 23 (15.1%) participants. DECT urate crystal deposition was
observed less frequently in those fulfilling the provisional remission criteria (44%), compared with those not fulfilling
the criteria (73.6%, odds ratio 0.28, P = 0.004). The median (range) DECT urate crystal volume was 0.00 (0.00–0.46)
cm3 for those fulfilling the remission criteria, compared with 0.08 (0.00–19.53) cm3 for those not fulfilling the criteria
(P = 0.002). In multivariate regression analysis, the serum urate and tophus domains were most strongly associated
with DECT urate crystal deposition.

Conclusions: In people with gout established on allopurinol, a state of remission as defined by the provisional
remission criteria is associated with less DECT urate crystal deposition. While this study provides support for the
validity of the provisional gout remission criteria, it also demonstrates that some crystal deposition may be present
in people achieving these criteria.
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Background
Gout is a chronic disease of monosodium urate
(MSU) crystal deposition, which typically presents as
intermittent flares of severe inflammatory arthritis [1,
2]. Long-term urate-lowering therapy can lead to dis-
solution of MSU crystals, with resultant prevention of
gout flares, regression of tophi, and improved patient-
reported outcomes [3–6].
Disease remission is the goal of therapy for many

chronic rheumatic diseases; this state has been defined
as “the absence of signs and symptoms attributable to a
disease, when the symptoms and signs can return in the

future, with the understanding that the momentary ab-
sence of signs and symptoms, particularly in conditions
characterized by intermittent symptoms, does not equate
to remission” [7]. Provisional domains and definitions
for gout remission criteria have been proposed using
consensus methodology [8]. These criteria include the
following OMERACT-endorsed chronic gout domains
[9]: serum urate, tophus, flares, pain due to gout, and
patient global assessment. These criteria have been used
to determine remission cut points for a gout disease ac-
tivity score in a longitudinal study of 446 patients [10].
However, to date, the concurrent validity of the
provisional gout remission criteria has not been tested.
Dual-energy CT (DECT) is an advanced imaging tech-

nique that allows color coding and volumetric measure-
ment of MSU crystal deposition [11]. We have recently

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: n.dalbeth@auckland.ac.nz
1Bone and Joint Research Group, Department of Medicine, Faculty of
Medical and Health Sciences, University of Auckland, 85 Park Rd, Grafton,
Auckland 1023, New Zealand
Full list of author information is available at the end of the article

Dalbeth et al. Arthritis Research & Therapy          (2019) 21:150 
https://doi.org/10.1186/s13075-019-1941-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s13075-019-1941-8&domain=pdf
http://orcid.org/0000-0003-4632-4476
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:n.dalbeth@auckland.ac.nz


reported the results of a large multicenter DECT study
of people with gout on allopurinol ≥ 300 mg daily for at
least 3 months [12] and observed that high DECT urate
crystal volumes were positively associated with serum
urate levels, number of gout flares, tophi, and patient
global assessment of disease activity. Here, we describe,
in the same cohort, an analysis to test the concurrent
validity of the provisional remission criteria by examin-
ing the association of individual remission domains and
the full remission criteria set with DECT urate crystal
deposition.

Methods
Study population and relevant variables
The clinical study methods have been previously re-
ported in full [12]. In brief, patients with gout on allo-
purinol ≥ 300 mg daily for at least 3 months were
prospectively recruited into a multicenter DECT study,
using monitored enrollment to include approximately
25% of patients with subcutaneous tophi and 50% with
serum urate < 0.36 mmol/L (6.0 mg/dL). All participants
fulfilled the 1977 American Rheumatism Association
gout classification criteria [13] and attended a standard-
ized study visit, which recorded gout flare frequency in
the preceding 12 months, physical examination for to-
phus, serum urate, and patient questionnaires. Patient
assessment of gout disease activity (0–10 numerical rat-
ing scale, 0, none, 10, extremely active) and pain due to
gout (numerical rating scale: 0, no pain; 10, severe pain)
were recorded.
DECT of both hands/wrists, feet/ankles/Achilles, and

knees were performed using the second-generation Sie-
mens 128-slice Definition Dual Source scanner. We uti-
lized kernels with integrated beam hardening correction.
Urate crystal volume was measured by two DECT radi-
ologists who were blinded to all clinical data. The radiol-
ogists were both imaging specialists with sub-
specialization in dual-energy analysis for numerous ap-
plications with certification in DECT. The radiologists
measured volumes independent of each other, and any
cases where some discrepancy did exist were shared for
consensus reading. Previous analysis from the same in-
vestigators has shown inter- and intra-reader intraclass
correlation coefficients for DECT urate volumes of 1.00
(95% CI, 1.00 to 1.00) and 1.00 (95% CI, 1.00 to 1.00),
with corresponding bias estimates (SD) of 0.01 (0.00)
cm3 and 0.01 (0.03) cm3 [14]. Gout software (syngo.via
VB10 software package, Siemens, Forchheim, Germany)
used characteristic differences in attenuation at these
voltages to produce digital color-coded images that ren-
dered urate green. Green-rendered areas were required
to have a minimum diameter of 3 mm to be described as
urate positive, to reduce false positive assessments due
to artifact [15]. Urate crystal volume was calculated

using a dedicated automated volume assessment soft-
ware program (syngo.via VB10 software package). The
evaluation limits for urate volume assessment were set
at − 1 for upper HU and − 1000 for lower HU.

Remission criteria and variables
The following individual remission domains were ana-
lyzed: serum urate (serum urate < 0.36 mmol/L), tophus
(absence), flares (none in the preceding 12 months), pain
(pain due to gout score < 2), and patient global assess-
ment (patient global assessment score < 2). The remis-
sion domains and definitions fully aligned with the
provisional remission criteria, with the exception that
measures of the serum urate, pain, and patient global as-
sessment were recorded at a single time point rather
than twice over a 12-month period as stated in the
provisional remission criteria [8].

Statistical analysis
Demographics and clinical features were summarized
using standard descriptive statistics including means,
SD, median, range, number, and percent as appropriate.
The number of individual domains fulfilled was assessed
using cumulative percentage plots. The relationship be-
tween the DECT urate crystal deposition and volume
with each individual domain as well as with the full re-
mission criteria set (all 5 domains met) were analyzed
using chi-square and Mann Whitney U tests respect-
ively, and in regression models (logistic regression for
the presence of DECT urate crystal deposits and univari-
ate analysis of variances for the rank of DECT urate
crystal volume).

Results
Study participant and remission domain description
Clinical characteristics and individual remission domain
results for all 152 participants are shown in Table 1. Par-
ticipants were predominantly middle-aged men, with a
mean disease duration of 12 years. The serum urate re-
mission domain was fulfilled in 77 (50.7%) participants,
tophus domain in 104 (68.4%), flare domain in 70
(46.1%), pain domain in 104 (68.4%), and patient global
assessment domain in 84 (55.2%). All 5 remission do-
mains were fulfilled in 23 (15.1%) participants, and none
in 8 (5.3%) participants.

Relationships between individual remission domains
Some overlap was observed between the individual re-
mission domains, with the highest overlap between the
pain and patient global assessment domains (50.7%), and
between the pain and tophus domains (48.0%), and the
lowest overlap between the serum urate and flare do-
mains (20.4%) (Additional file 1: Table S1 and S2). More
than half of participants fulfilling the tophus remission
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domain (no tophi) did not fulfill any other individual re-
mission domains, whereas < 10% of patients fulfilling the
flare remission domain (none in the preceding 12
months) did not fulfill any other individual remission
domains (Additional file 2: Figure S1). The cumulative
percentage plot of the number of individual domains ap-
peared linear, suggesting that all five individual domains
contributed to the provisional remission criteria (Fig. 1).

Presence of DECT urate crystal deposition and remission
criteria
Fewer participants fulfilling the provisional remission cri-
teria had DECT urate crystal deposition; DECT urate crys-
tal deposition was present in 10/23 (44%) fulfilling the

provisional remission criteria compared with 95/129
(73.6%) not fulfilling the provisional criteria (odds ratio
0.28, P = 0.004, Table 2). More than half of the participants
fulfilling each individual domain criteria had DECT evi-
dence of crystal deposition. For individual remission do-
mains, fewer participants fulfilling the serum urate domain
and the patient global assessment domain had DECT urate
crystal deposition in univariate analysis (Table 2). In the
logistic regression model which included all individual
remission domains, DECT urate crystal deposition was
independently associated with the serum urate domain
(P = 0.001) and the tophus domain (P = 0.042, Table 3).

DECT urate crystal volume and remission criteria
The median (range) DECT urate crystal volume was 0.00
(0.00–0.46) cm3 for those fulfilling the provisional remis-
sion criteria, compared with 0.08 (0.00–19.53) cm3 for
those not fulfilling the provisional remission criteria (P =
0.002, Table 4). With the exception of the pain domain,
participants fulfilling each remission domain had lower
DECT urate crystal volume than those who did not fulfill
the domain in univariate analysis (Table 4). In the regres-
sion model of ranked DECT crystal volumes including all
individual remission domains, DECT urate crystal volume
was independently associated with the serum urate do-
main (P = 0.036), the tophus domain (P = 0.001), and the
patient global assessment domain (P = 0.043, Table 5).

Serum urate cut points in the provisional remission
criteria
There were 41 (27%) participants with serum urate < 5
mg/dL. Of these 41 participants, 14 (60.9%) fulfilled the

Table 1 Characteristics of participants according to the provisional remission criteria

All participants (n = 152) Provisional remission
criteria fulfilled (n = 23)

Provisional remission criteria
not fulfilled (n = 129)

Age (years), mean (SD) 58 (11) 62 (11) 58 (11)

Male, n (%) 140 (92.1) 20 (97) 120 (93.0)

Race, n (%)

White 98 (64.5) 16 (70) 82 (63.6)

Non-white 54 (35.5) 7 (30) 47 (36.3)

Duration of gout (years), median (range) 12 (1–25) 10 (1–35) 12 (1–45)

Allopurinol daily dose, n (%)

300 mg 124 (84.6) 21 (91) 103 (79.8)

> 300mg 28 (18.4) 2 (9) 26 (20.2)

Duration of allopurinol use (years), median (range) 2.9 (0.2–45) 3.3 (0.3–27) 2.8 (0.2–45)

Serum urate (< 0.36 mmol/L) 77 (50.7) 23 (100) 54 (41.9)

Tophus (absence) 104 (68.4) 23 (100) 81 (62.8)

Flares (none in the last 12 months) 70 (46.1) 23 (100) 47 (36.4)

Pain (due to gout, < 2) 104 (68.4) 23 (100) 81 (62.8)

Patient global assessment of gout activity (< 2) 84 (55.2) 23 (100) 61 (47.3)

Fig. 1 Cumulative percentage plot showing the distribution of
participants fulfilling each number of individual remission domains
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provisional remission criteria and 27 (20.9%) did not ful-
fill the remission criteria. DECT urate crystal deposition
was present in 23/41 (56%) participants with serum
urate < 5 mg/dL, compared with 82/111 (73.9%) partici-
pants with serum urate ≥ 5 mg/dL (OR [95% CI] 0.45
[0.21–0.95], P < 0.001).
If the serum urate domain in the remission criteria

was reduced to a level below 5mg/dL, rather than 6mg/
dL, only 14 (9.2%) participants fulfilled the provisional
remission criteria. Using the lower serum urate cut
point, the relationship between the provisional remission
criteria and DECT urate crystal deposition was similar;
6/14 (42.9%) participants fulfilling the provisional remis-
sion criteria had DECT urate crystal deposition, com-
pared with 99/138 (71.7%) who did not fulfill the
provisional remission criteria (OR [95% CI] 0.29 [0.10–
0.91], P = 0.026).

Discussion
This study has shown that in gout patients on urate-
lowering therapy, those achieving a state of remission de-
fined by the provisional remission criteria have less DECT
urate crystal deposition. The individual remission domains
most directly related to monosodium urate crystal depos-
ition (serum urate and tophus) are independently associ-
ated with MSU crystal deposition measured by DECT.

Furthermore, there was only a modest overlap between
the different individual remission domains and all do-
mains contributed to the remission criteria, supporting
the selection of domains within the provisional remission
criteria.
Prior research has shown that there is no uniformity

in patient preferences for measurement of gout outcome
domains and that different patient groups value different
domains [16]. Consistent with these previous observa-
tions, the cumulative percentage analysis of individual
domains in this study showed that each domain within
the provisional criteria set contributed to the overall re-
mission criteria. Overlaps between individual remission
domains were variable, with the highest overlaps ob-
served between the two patient-reported domains of
pain and patient global assessment, and the pain and to-
phus domains. In contrast, the lowest overlap was ob-
served between the serum urate and flare domains. The
mismatch between serum urate and flares may represent
the delay in time between achieving serum urate lower-
ing and long-term suppression of gout flares. This find-
ing emphasizes the additive benefit of measuring clinical
outcomes as well as serum urate when assessing remis-
sion in gout.
It is noteworthy that while DECT measures of crystal

deposition (both volume assessment and presence of

Table 2 Presence of DECT urate crystal deposition according to individual remission domains and the provisional gout remission
criteria

Domain N (%)with DECT urate crystal
deposition for participants
fulfilling individual domain/
provisional criteria

N (%) with DECT urate crystal
deposition for participants not
fulfilling individual domain/
provisional criteria

Odds ratio (95% CI) P

Serum urate (< 0.36 mmol/L) 43 (56)
n = 77

62 (83)
n = 75

0.27 (0.13–0.56) < 0.001

Tophus (absence) 67 (64)
n = 104

38 (79)
n = 48

0.48 (0.22–1.03) 0.07

Flares (none in the last 12 months) 44 (63)
n = 70

61 (74)
n = 82

0.58 (0.29–1.15) 0.13

Pain (due to gout, < 2) 70 (67)
n = 104

35 (73)
n = 48

0.76 (0.37–1.65) 0.49

Patient global assessment of gout activity (< 2) 52 (62)
n = 84

53 (78)
n = 68

0.46 (0.22–0.94) 0.03

Provisional remission criteria (all five domains) 10 (44)
n = 23

95 (74)
n = 129

0.28 (0.11–0.65) 0.004

Table 3 Relation between provisional remission domains and presence of DECT crystal deposition in multivariate regression model*

Variable B SE Exp(B) P

Serum urate (< 0.36 mmol/L) − 1.40 0.41 0.25 0.001

Tophus (absence) − 0.90 0.44 0.41 0.042

Flares (none in the last 12 months) − 0.03 0.43 0.97 0.94

Pain (due to gout, < 2) 0.18 0.52 1.2 0.73

Patient global assessment of gout activity (< 2) − 0.62 0.50 0.54 0.21

*All individual remission domains were forced into the model
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deposition) were lower in those achieving a state of re-
mission defined by the provisional remission criteria,
44% of participants achieving this state had some evi-
dence of DECT urate crystal deposition. Furthermore,
more than half of the participants fulfilling each individ-
ual domain criteria had DECT evidence of crystal depos-
ition. These findings indicate that even in people with
few clinical symptoms of disease, MSU crystal deposition
can still be present. Recent studies have shown that
urate crystal deposits identified by DECT are responsive
to urate-lowering therapy, particularly when the serum
urate is maintained at low levels below saturation con-
centrations [17, 18]. Understanding how improvements
in clinical symptoms relate to changes in crystal depos-
ition assessed by DECT following urate-lowering therapy
will be of interest in future studies. Furthermore, the
prognostic implications of MSU crystal deposition in
people with well-controlled gout are currently unclear,
and future prospective studies will be important to
understand whether the presence of such deposition
using advanced imaging tests predicts future flares or
other clinical symptoms.
An important observation in this study was that not all

individual remission domains were associated with DECT
urate crystal deposition. Specifically, the pain domain was
not associated with either presence or volume of DECT
urate crystal deposition. A potential explanation for this

observation is that pain due to gout is often maximal dur-
ing gout flares [19], and many patients do not experience
pain due to gout during intercritical periods [1, 20]. In this
study population, more than two thirds of participants
had a pain score of < 2 at the time of the study visit, using
an instrument endorsed by OMERACT for assessment of
pain in long-term gout studies [21]. Our findings regard-
ing pain scores are similar to those described in studies of
rheumatoid arthritis, in which the patient experience of
pain is a frequent reason for discrepancy between phys-
ician and patient assessments of remission [22] and pa-
tients with ultrasound remission do not report lower pain
scores [23].
The relationship between gout flares and DECT

urate crystal measurement was also relatively weak.
Although an association was observed in univariate
analysis, gout flares were not independently associated
with DECT urate crystal volume in the multivariable
regression analysis which included all individual do-
mains. Gout flares may be triggered even in the pres-
ence of small deposits of MSU crystals and require
both MSU crystals plus an additional signal for
NLRP3 inflammasome activation and initiation of the
flare [24, 25]. Pain and flares are central concerns for
patients with gout [26, 27], and inclusion of these do-
mains within remission criteria is important to cap-
ture outcomes of relevance to patients.

Table 4 DECT urate crystal volume according to individual remission domains and the provisional gout remission criteria

Domain Median (range) of DECT urate
crystal volume for participants
fulfilling individual domain/
provisional criteria

Median (range) of DECT urate
crystal volume for participants
not fulfilling individual domain/
provisional criteria

P

Serum urate (< 0.36 mmol/L) 0.03 (0.00–4.63)
n = 77

0.09 (0.00–19.53)
n = 75

0.016

Tophus (absence) 0.05 (0.00–1.23)
n = 104

0.21 (0.00–19.53)
n = 48

0.001

Flares (none in the last 12 months) 0.05 (0.00–2.57)
n = 70

0.11 (0.00–19.53)
n = 82

0.011

Pain due to gout (< 2) 0.07 (0.00–5.11)
n = 104

0.08 (0.00–19.53)
n = 48

0.43

Patient global assessment of gout activity (< 2) 0.05 (0.00–3.34)
n = 84

0.11 (0.00–19.53)
n = 68

0.002

Provisional remission criteria (all five domains) 0.0 (0.00–0.46)
n = 23

0.08 (0.00–19.53)
n = 129

0.002

Table 5 Relation between provisional remission domains and DECT urate crystal volume in multivariate regression model*

Variable Mean square F P

Serum urate (< 0.36 mmol/L) 7225 4.46 0.036

Tophus (absence) 18,257 11.27 0.001

Flares (none in the last 12 months) 2167 1.34 0.25

Pain (due to gout, < 2) 2100 1.30 0.26

Patient global assessment of gout activity (< 2) 6764 4.17 0.043

*All individual remission domains were forced into the model. DECT crystal volumes were analyzed as ranks. Model statistics: adjusted R2 = 0.14, F = 5.8, P < 0.001
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While DECT is a well-validated and clinically useful
imaging modality to assess urate crystal deposition in
gout, the imaging protocol may have underestimated the
total burden of MSU crystals in study participants. The
study included scanning of all peripheral sites including
the elbows and knees, which would capture the regions
that are most frequently affected by MSU crystal depos-
ition. The cut-off value of 3 mm diameter for reporting
urate deposits was selected to avoid reporting of false
positive deposits due to artifact [15]. However, it is pos-
sible that some small deposits may not have been cap-
tured in the analysis due to this cut-off value or the
limits of DECT detection [28]. Similar studies using
high-resolution ultrasound or the recently described
multi-energy photon-counting CT might allow the use
of small MSU deposit diameters/volumes with even
higher accuracy [29, 30].
There are some limitations to this analysis. Due to the

study design, there were some minor deviations from
the published provisional remission criteria, specifically
the number of times that serum urate, patient global as-
sessment, and pain could be assessed. This may have
over-estimated the number of participants fulfilling the
provisional remission criteria. The purposeful sampling
of the study (25% of patients with subcutaneous tophi
and 50% with serum urate < 0.36 mmol/L) means that
the proportion of people fulfilling the provisional remis-
sion criteria may not be generalizable to a community
sample. Strengths include central reading of DECT by
readers who were blinded to all clinical data, consistent
clinical assessment and data collection, and prospective
recruitment of participants.

Conclusions
In people with gout established on allopurinol, a state of
remission as defined by the provisional remission criteria
is associated with less DECT urate crystal deposition.
While this study provides some support for the validity
of the provisional gout remission criteria, it has demon-
strated that crystal deposition may still be present in
some people achieving these criteria.

Additional files

Additional file 1: Table S1. Overlaps between individual remission
domains (n = 152 participants)*. Table S2. Combinations of individual
remission domains (n = 152 participants)*. (DOCX 17 kb)

Additional file 2: Figure S1. Relationship between individual remission
domains. The individual remission domains plots show the percentage of
participants who fulfilled the relevant individual remission domain who
fulfilled additional remission domains. (JPG 41 kb)

Abbreviations
DECT: Dual-energy computed tomography; MSU: Monosodium urate;
NLRP3: NACHT, LRR and PYD domains-containing protein 3;
OMERACT: Outcome Measures in Rheumatology

Acknowledgements
Nil

Authors’ contributions
ND designed the study protocol and analysis plan, interpreted the analysis,
and completed the first draft of the manuscript. ND (the guarantor) accepts
full responsibility for the work and the conduct of the study, had access to
the data, and controlled the decision to publish. CF analyzed the data. MF
designed the study protocol and coordinated the clinical study. SB designed
the study protocol. SN led the imaging analysis. HKC designed the study
protocol and analysis plan and interpreted the analysis. All authors contributed
to the drafting of the manuscript and final approval of the manuscript.

Funding
The clinical study was funded by AstraZeneca. This analysis was an
investigator-initiated project, with independent statistical work funded
by Ironwood Pharmaceuticals.

Availability of data and materials
The data that support the findings of this study are available from
AstraZeneca, but restrictions apply to the availability of these data,
which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon
reasonable request and with permission of AstraZeneca.

Ethics approval and consent to participate
This multicenter study was approved by ethics committees at each site, and
all participants provided written informed consent.

Consent for publication
Not applicable.

Competing interests
Nicola Dalbeth received speaking fees from Pfizer, Horizon, Janssen, and
AbbVie; consulting fees from Horizon, AstraZeneca, Dyve Biosciences,
Hengrui, and Kowa; and research funding from Amgen and AstraZeneca on
unrelated projects. Christopher Frampton declares that he has no competing
interests. Maple Fung was a former employee of Ardea/AstraZeneca. Scott
Baumgartner was a former employee of Ardea/AstraZeneca. Savvas Nicolaou
(institutional) has a master research agreement with Siemens. Hyon K Choi
received consulting fees from Takeda, Selecta, Kowa, and Horizon, and
research grants from Selecta and Horizon on unrelated projects.

Author details
1Bone and Joint Research Group, Department of Medicine, Faculty of
Medical and Health Sciences, University of Auckland, 85 Park Rd, Grafton,
Auckland 1023, New Zealand. 2University of Otago, Christchurch, New
Zealand. 3Formerly Ardea Biosciences, Inc., San Diego, CA, USA. 4Vancouver
General Hospital and University of British Columbia, Vancouver, BC, Canada.
5Harvard Medical School and Massachusetts General Hospital, Boston, MA,
USA.

Received: 30 April 2019 Accepted: 11 June 2019

References
1. Taylor WJ, Fransen J, Jansen TL, Dalbeth N, Schumacher HR, Brown M,

Louthrenoo W, Vazquez-Mellado J, Eliseev M, McCarthy G, et al. Study for
updated gout classification criteria: identification of features to classify gout.
Arthritis Care Res (Hoboken). 2015;67(9):1304–15.

2. McCarty DJ, Hollander JL. Identification of urate crystals in gouty synovial
fluid. Ann Intern Med. 1961;54:452–60.

3. Doherty M, Jenkins W, Richardson H, Sarmanova A, Abhishek A, Ashton D,
Barclay C, Doherty S, Duley L, Hatton R, et al. Efficacy and cost-effectiveness
of nurse-led care involving education and engagement of patients and a
treat-to-target urate-lowering strategy versus usual care for gout: a
randomised controlled trial. Lancet. 2018;392(10156):1403–12.

4. Dalbeth N, Saag KG, Palmer WE, Choi HK, Hunt B, MacDonald PA, Thienel U,
Gunawardhana L. Effects of febuxostat in early gout: a randomized, double-
blind, placebo-controlled study. Arthritis Rheumatol. 2017;69(12):2386–95.

Dalbeth et al. Arthritis Research & Therapy          (2019) 21:150 Page 6 of 7

https://doi.org/10.1186/s13075-019-1941-8
https://doi.org/10.1186/s13075-019-1941-8


5. Pascual E, Sivera F. Time required for disappearance of urate crystals from
synovial fluid after successful hypouricaemic treatment relates to the
duration of gout. Ann Rheum Dis. 2007;66(8):1056–8.

6. Perez-Ruiz F, Calabozo M, Pijoan JI, Herrero-Beites AM, Ruibal A. Effect of
urate-lowering therapy on the velocity of size reduction of tophi in chronic
gout. Arthritis Rheum. 2002;47(4):356–60.

7. Bykerk VP, Massarotti EM. The new ACR/EULAR remission criteria: rationale
for developing new criteria for remission. Rheumatology (Oxford). 2012;
51(Suppl 6):vi16–20.

8. de Lautour H, Taylor WJ, Adebajo A, Alten R, Burgos-Vargas R, Chapman P,
Cimmino MA, da Rocha Castelar Pinheiro G, Day R, Harrold LR, et al.
Development of preliminary remission criteria for gout using Delphi and
1000Minds consensus exercises. Arthritis Care Res. 2016;68(5):667–72.

9. Schumacher HR, Taylor W, Edwards L, Grainger R, Schlesinger N, Dalbeth N,
Sivera F, Singh J, Evans R, Waltrip RW, et al. Outcome domains for studies of
acute and chronic gout. J Rheumatol. 2009;36(10):2342–5.

10. Scire CA, Carrara G, Viroli C, Cimmino MA, Taylor WJ, Manara M, Govoni M,
Salaffi F, Punzi L, Montecucco C, et al. Development and first validation of a
disease activity score for gout. Arthritis Care Res. 2016;68(10):1530–7.

11. Choi HK, Al-Arfaj AM, Eftekhari A, Munk PL, Shojania K, Reid G, Nicolaou S.
Dual energy computed tomography in tophaceous gout. Ann Rheum Dis.
2009;68(10):1609–12.

12. Dalbeth N, Nicolaou S, Baumgartner S, Hu J, Fung M, Choi HK. Presence of
monosodium urate crystal deposition by dual-energy CT in patients with
gout treated with allopurinol. Ann Rheum Dis. 2018;77(3):364–70.

13. Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yu TF. Preliminary
criteria for the classification of the acute arthritis of primary gout. Arthritis
Rheum. 1977;20(3):895–900.

14. Choi HK, Burns LC, Shojania K, Koenig N, Reid G, Abufayyah M, Law G, Kydd
AS, Ouellette H, Nicolaou S. Dual energy CT in gout: a prospective
validation study. Ann Rheum Dis. 2012;71(9):1466–71.

15. Mallinson PI, Coupal T, Reisinger C, Chou H, Munk PL, Nicolaou S, Ouellette
H. Artifacts in dual-energy CT gout protocol: a review of 50 suspected cases
with an artifact identification guide. AJR Am J Roentgenol. 2014;203(1):
W103–9.

16. Taylor WJ, Brown M, Aati O, Weatherall M, Dalbeth N. Do patient preferences
for core outcome domains for chronic gout studies support the validity of
composite response criteria? Arthritis Care Res. 2013;65(8):1259–64.

17. Araujo EG, Bayat S, Petsch C, Englbrecht M, Faustini F, Kleyer A, Hueber AJ,
Cavallaro A, Lell M, Dalbeth N, et al. Tophus resolution with pegloticase: a
prospective dual-energy CT study. RMD Open. 2015;1(1):e000075.

18. Dalbeth N, Billington K, Doyle A, Frampton C, Tan P, Aati O, Allan J, Drake J,
Horne A, Stamp LK. Effects of allopurinol dose escalation on bone erosion
and urate volume in gout: a dual energy CT imaging study of a randomized
controlled trial. Arthritis Rheumatol. 2019. https://doi.org/10.1002/art.40929.
[Epub ahead of print].

19. Bellamy N, Downie WW, Buchanan WW. Observations on spontaneous
improvement in patients with podagra: implications for therapeutic trials of
non-steroidal anti-inflammatory drugs. Br J Clin Pharmacol. 1987;24(1):33–6.

20. Hench PS. Diagnosis and treatment of gout and gouty arthritis. JAMA. 1941;
116(6):453–9.

21. Singh JA, Taylor WJ, Simon LS, Khanna PP, Stamp LK, McQueen FM, Neogi T,
Gaffo AL, Becker MA, MacDonald PA, et al. Patient-reported outcomes in
chronic gout: a report from OMERACT 10. J Rheumatol. 2011;38(7):1452–7.

22. Turk SA, Rasch LA, van Schaardenburg D, Lems WF, Sanberg M, van Tuyl
LHD, Ter Wee MM. Pain, sleep and emotional well-being explain the lack of
agreement between physician- and patient-perceived remission in early
rheumatoid arthritis. BMC Rheumatol. 2018;2:16.

23. van der Ven M, Kuijper TM, Gerards AH, Tchetverikov I, Weel AE, van Zeben
J, Hazes JM, Luime JJ. No clear association between ultrasound remission
and health status in rheumatoid arthritis patients in clinical remission.
Rheumatology (Oxford). 2017;56(8):1276–81.

24. Martinon F, Petrilli V, Mayor A, Tardivel A, Tschopp J. Gout-associated
uric acid crystals activate the NALP3 inflammasome. Nature. 2006;
440(7081):237–41.

25. Giamarellos-Bourboulis EJ, Mouktaroudi M, Bodar E, van der Ven J, Kullberg
BJ, Netea MG, van der Meer JW. Crystals of monosodium urate
monohydrate enhance lipopolysaccharide-induced release of interleukin 1
beta by mononuclear cells through a caspase 1-mediated process. Ann
Rheum Dis. 2009;68(2):273–8.

26. Diaz-Torne C, Pou MA, Castellvi I, Corominas H, Taylor WJ. Concerns of
patients with gout are incompletely captured by OMERACT-endorsed
domains of measurement for chronic gout studies. J Clin Rheumatol. 2014;
20(3):138–40.

27. Lindsay K, Gow P, Vanderpyl J, Logo P, Dalbeth N. The experience and
impact of living with gout: a study of men with chronic gout using a
qualitative grounded theory approach. J Clin Rheumatol. 2011;17(1):1–6.

28. Melzer R, Pauli C, Treumann T, Krauss B. Gout tophus detection-a
comparison of dual-energy CT (DECT) and histology. Semin Arthritis Rheum.
2014;43(5):662–5.

29. Pascart T, Grandjean A, Norberciak L, Ducoulombier V, Motte M, Luraschi H,
Vandecandelaere M, Godart C, Houvenagel E, Namane N, et al.
Ultrasonography and dual-energy computed tomography provide different
quantification of urate burden in gout: results from a cross-sectional study.
Arthritis Res Ther. 2017;19(1):171.

30. Stamp LK, Anderson NG, Becce F, Rajeswari M, Polson M, Guyen O, Viry A,
Choi C, Kirkbride TE, Raja AY. Clinical utility of multi-energy spectral photon-
counting computed tomography in crystal arthritis. Arthritis Rheumatol.
2019. https://doi.org/10.1002/art.40848. [Epub ahead of print].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dalbeth et al. Arthritis Research & Therapy          (2019) 21:150 Page 7 of 7

https://doi.org/10.1002/art.40929
https://doi.org/10.1002/art.40848

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population and relevant variables
	Remission criteria and variables
	Statistical analysis

	Results
	Study participant and remission domain description
	Relationships between individual remission domains
	Presence of DECT urate crystal deposition and remission criteria
	DECT urate crystal volume and remission criteria
	Serum urate cut points in the provisional remission criteria

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

