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Abstract

Objectives. Hospital admissions for gout flares have increased dramatically in recent years, despite
widely available, effective medications for the treatment and prevention of flares. We conducted a sys-
tematic review to evaluate the effectiveness and implementation of interventions in patients hospitalized
for gout flares.

Methods. A search was conducted in MEDLINE, Embase and the Cochrane library, from database in-
ception to 8 April 2021, using the terms ‘gout’ and ‘hospital’ and their synonyms. Studies were
included if they evaluated the effectiveness and/or implementation of interventions during hospital
admissions or emergency department attendances for gout flares. Risk of bias assessments were per-
formed for included studies.

Results. Nineteen articles were included. Most studies were small, retrospective analyses performed in
single centres, with concerns for bias. Eleven studies (including five randomized controlled trials)
reported improved patient outcomes following pharmacological interventions with known efficacy in
gout, including allopurinol, prednisolone, NSAIDs and anakinra. Eight studies reported improved out-
comes associated with non-pharmacological interventions: inpatient rheumatology consultation and a
hospital gout management protocol. No studies to date have prospectively evaluated strategies
designed to prevent re-admissions of patients hospitalized for gout flares.

Conclusion. There is an urgent need for high-quality, prospective studies of strategies for improving
uptake of urate-lowering therapies in hospitalized patients, incorporating prophylaxis against flares and
treat-to-target optimization of serum urate levels. Such studies are essential if the epidemic of hospital
admissions from this treatable condition is to be countered.

Key words: gout, hospital, admission, emergency, inpatient, prevention, urate-lowering therapy, allopurinol,
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Rheumatology key messages

o There is a paucity of high-quality studies of interventions in patients hospitalized for gout flares.

e No studies have prospectively evaluated strategies for optimizing urate-lowering therapies and preventing re-
admissions following hospitalizations.

o These studies are urgently needed if the epidemic of gout admissions is to be halted.

Introduction
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Rheumatology (BSR) and EULAR guidelines recommend
offering ULT to all patients with gout, with up-titration to
achieve serum urate (SU) levels of 300-360 micromol/|
(5-6mg/dl), to facilitate crystal dissolution [1, 2]. The
ACR gout management guideline was recently updated
to conditionally recommend initiation of ULT during
flares, rather than delayed initiation of ULT after flare
resolution [3].

Despite effective treatments, hospitalizations for gout
flares have increased dramatically: doubling in the USA
between 1993 and 2011, from 4.4 to 8.8 admissions per
100000 adults, respectively [4]; doubling in Canada be-
tween 2000 and 2011, from 3.8 to 7.6 admissions per
100000 adults [5]; and increasing by 58.4% in England
between 2006 and 2017, from 7.9 to 12.5 admissions
per 100000 adults [6]. This contrasts with the decline in
hospitalizations from RA [4-6]. There are multiple contri-
buting factors to the epidemic of gout hospitalizations:
the prevalence of gout has increased in Western coun-
tries in recent years on a background of an ageing
population with rising prevalences of obesity and meta-
bolic syndrome [7, 8]; the management of gout is fre-
quently suboptimal in primary care, rheumatology clinics
and inpatient settings, and only a minority of patients
achieve the SU levels required to prevent flares [8, 9].

Hospital admissions provide a unique opportunity to
engage patients in shared decision-making and begin
the process of establishing optimal ULT. What is not
known is how best to implement evidence-based treat-
ments during hospitalizations for gout. Such strategies
are essential if the rising number of gout admissions is
to be countered. The objective of this systematic review
was to evaluate the evidence for the effectiveness of
interventions in patients hospitalized with gout.

Methods
Database search strategy and eligibility criteria

A systematic literature search was conducted using the
MEDLINE, Embase and Cochrane library databases.
Studies were eligible if they evaluated the effectiveness
and/or implementation of interventions in patients aged
>18years during hospital admissions or emergency de-
partment (ED) attendances for gout flares. Studies
involving patients with secondary admission diagnoses
of gout were also eligible for inclusion. Search terms uti-
lized included ‘gout’, ‘hospital’ and their synonyms (see
Supplementary Data S1 for the full list of search terms
used, available at Rheumatology online). Interventions
could be pharmacological or non-pharmacological, for
example implementation of a management protocol.
Outcomes were selected following consensus discus-
sion around measures felt to be important in the man-
agement and follow-up of hospitalized gout patients.
Primary outcome measures were the frequency of ad-
mission to hospital and/or ED attendances for gout
flares; the frequency of gout flares following the inter-
vention; and length of stay in hospital. Additional out-
comes of interest were time to resolution of the initial

gout flare; time to initiation of treatment; time to first
flare re-occurrence; change in pain scores; change in in-
flammatory markers (CRP, ESR); adverse event rates;
and the proportions of patients (i) undergoing joint aspir-
ation and/or steroid injection during admission, (ii) with a
SU level measured during admission, (iii) prescribed ULT
on or after discharge, (iv) with discharge plans and/or
outpatient follow-up for gout, or (iv) attaining target SU
levels.

An initial search of databases was performed on 10
February 2021, followed by a re-run of the search on 8
April 2021 to ensure additional relevant studies were
included. Eligible study types were randomized con-
trolled trials (RCTs), non-randomized controlled trials,
prospective cohort studies, retrospective cohort studies,
case—-control studies, and case series reporting at least
five patients. Case reports were excluded.

The study was performed in accordance with the pre-
ferred reporting system for systematic reviews (PRISMA)
[10], and was registered with the international prospect-
ive register of systematic reviews (PROSPERO registra-
tion ID: CRD42021245672).

Data extraction

Two reviewers (M.D.R. and B.D.C.) screened manuscript
titles and abstracts. Full texts of relevant studies were
reviewed against the eligibility criteria. Data extraction
was performed by two reviewers (M.D.R. and B.D.C.).
Study characteristics extracted included study type, par-
ticipant numbers, demographics, disease characteris-
tics, interventions, and outcome measures as detailed
above. Discrepancies arising between reviewers during
study selection or data extraction were resolved through
consensus discussion, with involvement of a third re-
viewer (J.B.G.) where necessary.

Risk of bias determination

A bias assessment was conducted by two reviewers
(M.D.R. and B.D.C.). The Cochrane Risk of Bias 2
(RoB 2) tool was used for RCTs [11]. the Newcastle—
Ottawa Scale (NOS) was used for non-randomized
studies [12]. Discrepancies were resolved through
consensus discussion, with involvement of a third re-
viewer (J.B.G.) where necessary.

Data synthesis

A narrative synthesis was performed due to the small
number of eligible studies and the differing interventions
and outcome measures; meta-analysis was not possible
for these reasons.

Results

Study characteristics

The systematic literature search identified 4197 studies, of
which 19 were included (Fig. 1 and Table 1 [13-31]). Of
the included studies, five were RCTs, one was a prospect-
ive cohort study and 13 were retrospective analyses.
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Fic. 1 PRISMA flowchart of studies identified from the systematic literature search. Adapted from: Moher D, Liberati
A, Tetzlaff J, Altman DG, The PRISMA group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 2009;6:e1000097. ED: emergency department
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Eleven studies assessed outcomes after pharmacological
interventions: ULT (six studies), prednisolone vs indometh-
acin (two studies), indomethacin vs ketorolac (one study),
anakinra (one study), and adrenocorticotropic hormone
(ACTH) (one study). Eight studies assessed outcomes after
non-pharmacological interventions: inpatient rheumatology
consultation (seven studies), and an inpatient gout man-
agement protocol (one study). Of the five included RCTs,
one was deemed to be at high risk of bias [13], three had
some concerns for bias [14-16], and one was at low risk
of bias [17] (Supplementary Fig. S1, available at
Rheumatology online). All non-randomized studies had po-
tential sources of bias (Supplementary Fig. S2, available at
Rheumatology online).

Pharmacological treatments for gout flares in
hospitalized patients

Two RCTs compared NSAIDs and corticosteroids in
patients presenting to EDs with gout flares [14, 15]. In
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(n=25), with reasons:

. Not involving hospitalised
or ED patients (n=12)

. No intervention (n=>5)

. No relevant endpoint (n=1)

*  Non-gout diagnoses (n=2)

* Ineligible study type (n=5)

both studies, participants were randomized to receive
prednisolone 30mg daily for 5days or indomethacin
50 mg three times daily for 2 days followed by indometh-
acin 25mg daily for 3days. All participants received
concomitant paracetamol (acetaminophen) 1g, up to 4
times daily as required.

In the larger of the two studies, 416 participants from
four EDs were recruited and randomized, of whom 376
participants completed the study [14]. In intention-to-
treat and per-protocol analyses, reductions in pain
scores were similar between the prednisolone and indo-
methacin arms, both in ED and by day 14. No serious
adverse events occurred with either intervention. Minor
adverse events were more frequent with indomethacin
than prednisolone during the ED stays (19% vs 6%; P <
0.001) but not subsequently. Length of stay in ED did
not differ between the study arms (5h in both cohorts).
There were no significant differences in the proportion of
participants returning to ED within 14 days.
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In the second RCT (n=90), the rate of decrease in
pain on activity from day 1 to day 14 of follow-up was
greater for prednisolone than for indomethacin
(—2.9mm/day vs —1.7 mm/day, respectively; mean dif-
ference: 1.2mm/day; 95% Cl: 0.4, 2.0mm/day; P =
0.003) [15]; however, the absolute differences in pain
scores between the interventions were modest, and
both cohorts reached the same VAS score by day 14.
The indomethacin arm experienced more adverse
events than the prednisolone arm (63% vs 27%, re-
spectively; P < 0.05), particularly gastrointestinal bleed-
ing events requiring hospitalization (5 vs 0 events,
respectively). Flare relapse rates did not differ signifi-
cantly between the indomethacin and prednisolone arms
(8 vs 5 flares, respectively).

An additional RCT compared the analgesic efficacy of
two NSAIDs—oral indomethacin 50 mg, single dose, and
i.m. ketorolac 60mg, single dose—in patients (n=20)
presenting to two EDs with gout flares [13]. Analgesic
efficacy was not significantly different between the treat-
ments at 2 h after administration (64% vs 68% reduction
in pain scores, respectively). With indomethacin, pain
scores remained low at 24 h after treatment. With ketor-
olac, mean pain scores rebounded after 6h (from 1.4 to
2.8 on a 0-5 Wong-Baker FACES® Rating Scale; P
<0.05), followed by improvements thereafter, such that
scores were not significantly different between indo-
methacin and ketorolac by 24 h after treatment. No ad-
verse effects were reported with either treatment.

A single-centre retrospective study reported out-
comes for 26 hospitalized patients who received ana-
kinra for treatment-resistant flares, defined as an
inadequate response to colchicine, NSAIDs or cortico-
steroids and/or contraindications to these medications
[18]. Several anakinra dosing regimens were used, de-
pending on each patient’s weight, renal function, extent
of joint involvement and response to initial treatment.
Multiple courses of anakinra were administered in seven
patients, five of whom received the additional courses
during different hospital admissions. There was no com-
parator group. Improvements in pain scores to below 3
on a 10-point scale were observed in 67% of anakinra
courses within 24h of treatment and in 85% by 48h.
Symptom resolution occurred in 73% of patients by day
5; by day 10, all but one patient had fully responded.
Anakinra was well tolerated, with no attributable adverse
events.

Another single-centre retrospective study reported on
the use of im. ACTH 1mg in 181 hospitalized gout
patients [19]. There was no comparator group. Response
to ACTH, defined as attenuation of signs of inflammation
and no requirement for corticosteroids, NSAIDs, colchicine
or analgesics for 2days, was observed in 78% of partici-
pants. Most non-responders were re-treated with a further
injection of ACTH and, of these, 83% responded. A repeat
flare was suffered by 11% of participants, after a median
of 4days. Few attributable adverse events were reported,
with local injection site reactions observed in 2% of
participants.

ULT for the prevention of gout flares in hospitalized
patients

The benefits of ULT on hospitalizations and ED attend-
ances have been evaluated in retrospective analyses. In
a single-centre study of US veterans (n=250) attending
ED for gout flares, use of ULT was associated with
fewer ED visits for gout flares (determined retrospective-
ly), relative to those with no use of ULT (P =0.02; effect
size not provided) [20].

In a case—control study, patients (n =48) hospitalized
for gout at least twice in the preceding year were less
likely to have received allopurinol than age-, sex- and
ethnicity-matched controls with gout but without
hospital admissions (OR 0.06; 95% CI: 0.02, 0.20; P <
0.0001) [21]. The median allopurinol dosages were lower
in patients with recurrent admissions than in the
comparator group (200 mg vs 300 mg, respectively; P =
0.0019), and hospitalized patients were less likely to
have been prescribed colchicine prophylaxis (OR 0.39;
95% CI: 0.17, 0.89; P =0.039). Relative to those without
recurrent admissions, patients with recurrent admissions
had more comorbidities (6.5 vs 5.1; P =0.011), more
comorbid heart disease (71% vs 46%; P =0.013), higher
rates of erosive gout (89% vs 46%; P =0.0007) and
more tophaceous disease (65% vs 42%; P =0.038).
Patients with recurrent hospital admissions for gout
were also more likely to have been admitted for other
conditions in the preceding year (5.8 vs 0.6 admissions;
P <0.0001).

In a retrospective study of patients hospitalized for
gout flares while receiving allopurinol (n=59), dose
reductions (or discontinuations) of allopurinol during
admissions were associated with higher rates of flares in
the 3 months following discharge than admissions during
which allopurinol doses were unchanged or increased
(53% vs 22%; P =0.03) [22]. The primary reason pro-
vided for the allopurinol dose reductions/discontinua-
tions was acute kidney injury, which was present in a
higher proportion of this group than that of the com-
parator group (60% vs 36%). Patients in the dose-
reduced/discontinued cohort were less likely to have
received flare prophylaxis at discharge than the dose-
unchanged/increased cohort (60% vs 27%; P-value not
specified), which may have contributed to the observed
differences in post-discharge flares.

Whether to initiate ULT during a gout flare has been
evaluated in three studies that included participants
recruited from EDs and inpatient settings [16, 17, 23]. In
an RCT, 31 participants were recruited from EDs and
rheumatology clinics within 72h of initial therapy for a
gout flare and randomized to receive allopurinol 100 mg
daily (up-titrated to 200 mg daily after 14days) or pla-
cebo [16]. Treatment for the flare was determined by the
treating physician, with corticosteroids utilized in over
80% of participants. Both study arms received prophy-
lactic low-dose colchicine. The primary end point of
time to resolution of the flares was not significantly dif-
ferent between the allopurinol and the placebo arms
(15.4days vs 13.4days, respectively; P =0.50). It is of
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note, however, that post-hoc power calculations sug-
gested 116 subjects per arm were required in order to
have demonstrated a significant difference in this end
point. Pain and physician global assessment scores
declined rapidly in both study arms. As might be
expected, SU levels were significantly lower in the allo-
purinol arm than the placebo arm at study completion
(6.4 mg/dl vs 8.3mg/dl; P =0.012).

In another single-centre RCT, 57 participants recruited
from EDs, wards and outpatient clinics within 7 days of
onset of gout flares were randomized to receive allopur-
inol 300 mg daily or placebo for 10days [17]. After day
10, all participants received open-label allopurinol
300mg daily. All participants received indomethacin
50mg three times daily for 10days and colchicine
0.6 mg twice daily for 90 days. The co-primary end point
of participant-reported joint pain normalized rapidly in
both study arms, with no significant differences between
arms from days 1 to 10. Self-reported new or recurrent
gout flares did not differ significantly between study
arms by day 30 (7.7% in the early initiation group vs
12.0% in the delayed initiation group; P =0.61), despite
rapid decreases in SU levels in the early initiation group.
Similarly, in a retrospective study involving patients
recruited from hospital or outpatient settings, more rapid
attainment of target SU levels was observed with imme-
diate vs delayed initiation of ULT (2.5 vs 3.8 months, re-
spectively; P =0.004) [23]. Repeat flares occurred more
frequently in the immediate commencement cohort than
in the delayed commencement cohort in the 12 weeks
after the initial flare, but were comparable beyond this
point.

Non-pharmacological interventions for hospitalized
gout patients

Gaps in healthcare providers’ knowledge of gout are an
important barrier to optimal care [32]. To address this,
one study retrospectively analysed outcomes before
and after the introduction of an evidence-based protocol
for non-rheumatologists treating hospitalized patients
with gout flares [24]. This protocol recommendations to
continue baseline ULT, initiate anti-inflammatory medi-
cations, perform joint aspiration, and involve rheumatol-
ogists in cases of diagnostic uncertainty. Following
introduction of the protocol, more patients continued
their baseline allopurinol (56% vs 20%; P =0.01), treat-
ment delays were reduced (5% vs 33%; P <0.001), and
rheumatology consults increased (52% vs 34%; P
=0.01). Admission durations were shorter following
introduction of the protocol, albeit non-significantly
(10days vs 11.5days; P =0.3).

Six retrospective studies and one prospective cohort
study have reported outcomes for gout admissions
involving inpatient rheumatology consultation, relative to
those without inpatient rheumatology consultation
[25-31]. The proportion of admissions with rheumatology
input varied widely between studies, from 17% to 76%,
averaging 40% across all studies. Rheumatology input
was consistently associated with more intra-articular

https://academic.oup.com/rheumatology
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joint aspirations and/or steroid injections [26-31]. Those
receiving rheumatology input were more likely to have
had SU levels measured [28, 30, 31] and more likely to
have received outpatient rheumatology follow-up
[26-28], relative to patients without rheumatology input.
Four studies reported significant associations between
rheumatology consultation and increased utilization of
ULT [25, 27, 29, 30]. No studies reported significant
associations between rheumatology consultation and
length of stay in hospital [27-30].

Discussion

In this systematic review, we identified 19 studies
reporting associations between interventions and
improved outcomes for patients hospitalized with gout.
Most were small, retrospective analyses performed in
single centres, with concerns for bias. The majority
reported on pharmacological interventions known to be
effective in the treatment and prevention of gout flares.
However, no prospective studies to date have evaluated
packages of care designed specifically to prevent further
admissions in patients hospitalized for gout flares. There
is an urgent need for such studies if the inexorable rise
in hospitalizations from this treatable condition is to be
stopped.

Hospitalizations provide an opportunity for clinicians
to educate patients about gout, engage them in
shared decision-making, facilitate self-management
and introduce optimal ULT. Sustained reductions in
SU levels with optimal use of ULT halts crystal forma-
tion and causes dissolution of existing crystals, there-
by preventing flares, shrinking tophi and protecting
against long-term joint damage [1, 33]. We identified
two retrospective analyses that reported associations
between the use of ULT and the prevention of hospi-
talizations and ED attendances [20, 21]. Despite this,
most patients do not receive ULT prior to, during or
after their admissions [25, 30]. Initiation of ULT is fre-
quently deferred until after discharge due to concerns
that initiation of ULT will prolong or worsen the exist-
ing flare [17]. Post-discharge recommendations to
commence ULT are frequently not acted upon [25],
leaving patients at risk of re-admission. The recently
updated ACR gout management guideline challenged
this practice by conditionally recommending initiation
of ULT during flares, supported by their patient panel
who advised that the flare may provide additional mo-
tivation for patients to commence ULT, although also
highlighting the potential for information overload,
which could conflate flare management and long-term
ULT [3]. ACR’s recommendation is backed by the find-
ings of four studies [16, 17, 23, 34], three of which
recruited hospitalized patients or patients attending
ED. These studies demonstrated ways of mitigating
the risk of flare aggravation while commencing ULT,
including gradual up-titration of ULT from a low start-
ing dose and concomitant use of anti-inflammatory
medications. Widespread implementation of ACR’s
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TasLe 1 Summary of characteristics of studies included within the systematic review, highlighting key outcome meas-
ures and study findings

Study author/

year/country

Study
design

Participants

Intervention

Comparator

Outcomes
measures

Findings

Rainer et al., RCT 416 patients Prednisolone Indomethacin Improvementin  Equivalent
2016, Hong presenting to 30mg OD or- 50mg TDS pain (VAS); reductions in
Kong [14] EDs (four ally for 5days orally for adverse pain at rest

centres) with 2days then events; time and on activ-
gout flares 25mg TDS to resolution ity for pred-
for 3days of symptoms; nisolone and
length of ED indometh-
stay; return acin; no major
visits to ED adverse
events; more
minor ad-
verse events
with indo-
methacin
than prednis-
olone (P
<0.001); no
differences in
length of ED
stay or return
visits to ED
within
14 days

Man et al., RCT 90 patients pre-  Prednisolone Indomethacin Improvementin  Rate of de-
2007, Hong senting to ED 30mg OD or- 50mg TDS pain (VAS); crease in pain
Kong [15] (single centre) ally for 5days orally for adverse on activity

with sus- 2days then events greater for

pected gout 25mg TDS prednisolone

flares for 3days than indo-
methacin (P
=0.0026);
more adverse
events with
indomethacin
than prednis-
olone
(P<0.05)

Shrestha RCT 20 patients pre-  Indomethacin Ketorolac Improvement in  Equivalent
etal., 1995, senting to 50mg OD or- 60mgi.m. pain (Wong- reductions in
USA[13] EDs (two ally single single dose Baker pain between

centres) with dose FACES® the study
gout flares Rating Scale); arms at 2 h;
adverse more rebound
events increases in
pain with
ketorolac at
6h (P <0.05);
no adverse
events

Ghosh et al., Retrospective 26 patients Anakinra, mul- None Pain response Pain response
2013, USA hospitalized tiple dosing (VAS <3/10 observed in
[18] for gout regimens and able to 67% of

flares; flares weight bear); patients with-
resistant to time to reso- in24h and
standard lution of flare; 85% within
treatments adverse 48 h; com-
and/or con- events plete reso-
traindications lution of
to these presenting
treatments symptoms in
73% by day
5; no
(continued)
6 https://academic.oup.com/rheumatology
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TaeLe 1 Continued

Daoussiset
et al.,, 2012,
Greece [19]

Pattanaik
et al., 2019,
USA [20]

Hutton et al.,
2009, New
Zealand [21]

Huang et al.,
2020, USA
[22]

Hill et al.,
2015, USA
[16]

Taylor et al.,
2012, USA
[17]

Retrospective

Retrospective

Case-control

Retrospective

RCT

RCT

Participants

181 patients
hospitalized
for gout flares
(primary or
secondary
admission
diagnoses)

250 patients
(US veterans)
attending ED
with gout
flares

48 patients
hospitalized
for gout at
least twice in
the preceding
year (cases);
48 matched
patients with
gout but with-
out hospital
admissions
(controls)

59 patients with
active pre-
scriptions for
allopurinol
who had
been admit-
ted for gout
flares

31 patients with
gout meeting
ACR criteria
for ULT com-
mencement,
recruited
from EDs and
rheumatology
clinics within
72 h of initial
therapy for
gout flares

57 patients with
crystal-pro-
ven gout
flares,
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Intervention

ACTH 1 mgi.m.
single dose,
followed by
repeat dose if
indicated

ULT

Allopurinol; col-
chicine
prophylaxis

Continuation of
ULT/dose
increase

Allopurinol
100mg OD
orally (days
0-14) then
200 mg daily
(days 15-28)

Allopurinol
300mg OD
orally from

Comparator

None

No ULT

No allopurinol;

no colchicine

prophylaxis

Discontinuation

of ULT/dose
reduction

Placebo

Placebo (days
0-10) then
allopurinol
300mg OD

Outcomes
measures

Response to
treatment (at-
tenuation of
inflammation
and no re-
quirement for
acute gout
medications
for 2 days);
adverse
events

Frequency of
ED visits

Hospital
admissions

Frequency of
gout flares in
the 3 months
post-
discharge

Time to reso-
lution of acute
flare

Improvement in
pain (VAS) by
day 10; new
or recurrent

Findings

attributable
adverse
events

78% of patients
responded to
the initial
ACTH dose;
83%
responded to
a further
dose; few at-
tributable ad-
verse events

Use of ULT
associated
with fewer ED
visits than no
use of ULT (P
=0.02)

Patients who
had been
hospitalized
were less
likely to be on
allopurinol
than non-hos-
pitalized
patients (OR
0.06; P
<0.0001) and
less likely to
have been
prescribed
colchicine
prophylaxis
(OR0.39; P
=0.039)

Dose reduction/
discontinu-
ation of allo-
purinol asso-
ciated with
more repeat
gout flares
within
3 months of
discharge (P
=0.03)

No significant
difference be-
tween allo-
purinol arm
(15.4days) or
placebo arm
(13.4days) (P
=0.50)

Rapid decrease
in pain in both
study arms,
with no
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TaeLe 1 Continued

Study author/  Study Participants Intervention Comparator Outcomes Findings
year/country design measures
recruited day 0 orally (days flares by day significant dif-
from EDs, onwards 11-30) 30 ferences;
wards and flares
outpatient reported in
clinics within 7.7% of early
7 days of flare initiation
onset group and
12.0% of
delayed initi-
ation group (P
=0.61); rapid
decreases in
SU levels by
day 10 in the
early initiation
group
Feng et al., Retrospective 123 patients ULT initiation Delayed ULT Proportion No difference in
2015, China with gout ini- during acute initiation after attaining tar- SU attain-
[23] tiating ULT flares flare get SU levels; ment rates
during acute resolution time to attain- (66.7% vs
flares in ward ment of SU 65.6%);
and out- target; flare quicker at-
patient set- rates tainment of
tings vs 457 target SU
patients ini- with immedi-
tiating ULT ate ULT
after flares (2.5 months
vs
3.8 months; P
=0.004); nu-
merically
more flares
with immedi-
ate ULT vs
delayed ULT
in first
12 weeks but
not
subsequently
Kamalaraj Retrospective Patients with Introduction of ~ No gout man- Length of stay;  After introduc-
etal., 2012, gout flares in a gout man- agement treatment tion of proto-
Australia hospital be- agement protocol delays; pro- col, more
[24] fore (n=118) protocol portion con- patients con-
and after tinuing ULT tinued base-
(n=289) the on admission line allopurin-
introduction ol (P =0.01),
of manage- treatment
ment protocol delays
reduced (P
<0.001),
length of stay
non-signifi-
cantly shorter
(10vs
11.5days; P
=0.3)
Kapadia and Retrospective 55 patients with  Inpatient No rheumatol- Proportion with  More patients
Abhishek, crystal-pro- rheumatology ogy discharge receiving
2019, UK ven gout consultation consultation plan to initiate rheumatology
[25] flares admit- ULT consultation
ted to a single had a dis-
centre charge plan
to initiate ULT
(OR22.25; P
=0.007)
(continued)
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TaeLe 1 Continued

Study author/

year/country

Teichtahl Prospective
et al.,, 2014, cohort
Australia
[26]

Sen, 2019,
USA [27]

Retrospective

Gnanenthiran  Retrospective
etal., 2011,

Australia

(28]

Kennedy Retrospective
et al., 2015,
New
Zealand [29]

Participants

58 patients
hospitalized
with gout
flares (pri-
mary or sec-
ondary ad-
mission diag-
noses) in a
single centre

200 hospital-
ized patients
with diagno-
ses of gout in
asingle
centre, 27%
of whom
flared during
admission

134 patients
admitted for
gout flares
(primary or
secondary
admission
diagnoses) in
asingle
centre

90 admissions
for gout flares
(primary or
secondary
admission
diagnoses) in

rheumatology

rheumatology

rheumatology

rheumatology

Comparator

No rheumatol-

ogy
consultation

No rheumatol-

ogy
consultation

No rheumatol-

ogy
consultation

No rheumatol-

ogy
consultation

Outcomes
measures

Proportion on
ULT at dis-
charge; pro-
portion
receiving
gout dis-
charge plans
or outpatient
follow-up

Length of stay;
proportion
discharged
on ULT or
colchicine;
proportion
with out-
patient fol-
low-up

Length of stay;
treatment
delays; pro-
portion with
outpatient fol-
low-up

Length of stay;
proportion ini-
tiating ULT
+/— treat-to-
target therapy

Improving outcomes for patients hospitalized with gout

Findings

Rheumatology
consultation
associated
with non-sig-
nificantly
more ULT on
discharge
(42% vs 27%;
P =0.27);
more gout
discharge
planning
(92% vs 24%;
P <0.001);
more
rheumatology
outpatient fol-
low-up (42%
vs 0%; P
<0.001)

No difference in
length of stay
(4.7 days vs
5.8 days);
more patients
with rheuma-
tology input
were dis-
charged on
ULT or colchi-
cine (100% vs
79%; P
<0.04); more
patients
received out-
patient fol-
low-up (62%
vs 12%; P
<0.002)

Length of stay
not signifi-
cantly differ-
ent (19 vs
17 days; P
=0.6); treat-
ment delay
not signifi-
cantly differ-
ent (2.0vs
1.7 days; P
=0.05); more
rheumatology
follow-up for
those with in-
patient
rheumatology
consultation
(53% vs 0%;
P <0.001)

Length of stay
not signifi-
cantly differ-
ent (7.1vs
7.6days; P
=0.81); more
patients with
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TaeLe 1 Continued

Study author/  Study Outcomes

measures

Participants Intervention Comparator Findings

year/country design

Wright et al.,
2017, New
Zealand [30]

Barber et al.,
2009,
Canada [31]

Retrospective

Retrospective

asingle
centre

235 admissions
for gout flares
(primary or
secondary
admission
diagnoses) in
asingle
centre

138 patients
hospitalized
with gout
flares (pri-
mary or sec-
ondary ad-
mission diag-
noses) in a
single centre

Inpatient
rheumatology
consultation

Inpatient
rheumatology
consultation

No rheumatol-

ogy
consultation

No rheumatol-

ogy
consultation

Length of stay;
proportion
undergoing
joint aspir-
ation, SU
measurement
or ULT dose
adjustment

Proportion ini-
tiating ULT
+/- treat-to-
target ther-
apy; propor-
tion receiving
prophylaxis
while initiating
ULT

rheumatology
input com-
menced allo-
purinol (563%
vs 23%; P
=0.04); no
difference in
treat-to-tar-
get therapy
(17% vs 7%;
P =0.15)

Length of stay
not signifi-
cantly differ-
ent (5.3 vs
6.7 days; P
=0.44); more
joint aspira-
tions, SU
measurement
and ULT ad-
justment with
rheumatology
input (all P
<0.001)

Non-significant-
ly more
patients who
were con-
sulted by a
rheumatolo-
gist com-
menced ULT
during/after
admission
(81% vs 65%;
P =0.08);
non-signifi-
cantly more
patients
received a
treat-to-tar-
get approach
(53% vs 30%;
P =0.06);
more patients
received
prophylaxis
while initiating
ULT (61% vs
29%; P
=0.03)

ACTH: adrenocorticotropic hormone; ED: emergency department; OD: once daily; OR: odds ratio; RCT: randomized con-
trolled trial; SU: serum urate; TDS: three times daily; ULT: urate-lowering therapy; VAS: visual analogue scale for pain.

recommendation in patients hospitalized for gout could
greatly improve uptake of ULT in this high-risk population
and prevent recurrent admissions. Admission affords the
time to provide information to patients about both flare
management and ULT, addressing the concern of the
ACR guideline patient panel.

Only a minority of patients who commence ULT
achieve the target SU levels necessary to prevent flares

10

and hospitalizations [8, 9]. Very few studies identified in
our search reported on the attainment of target SU lev-
els, and no studies directly evaluated approaches for
achieving target SU levels after discharge. Seven stud-
ies reported improved outcomes with involvement of
rheumatologists during hospitalizations, emphasizing the
importance of specialist input in facilitating appropriate
diagnosis and management. However, rheumatology
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consultation does not necessarily equate to the attain-
ment of target SU levels; a recent UK national audit of
gout management in outpatient rheumatology clinics
reported that target SU levels were achieved in less
than half of patients [9]. Furthermore, of the relevant
studies in our review, rheumatology input occurred in
only 40% of admissions for gout flares, suggesting strat-
egies are needed to increase consultation rates.

Several studies in community settings have evaluated
interventions aimed at increasing attainment of target
SU levels [33, 35-38], many of which could be applied
to hospitalized patients. In an RCT of 517 patients with
gout in primary care, research nurses were trained to
deliver an individualized package of care, incorporating
patient education, shared decision-making, and follow-
up visits to guide ULT dose escalation [33]. At 1year,
95% of patients who received the intervention achieved
target SU levels, compared with 30% receiving usual
GP care. Gout flares were less frequent following the
intervention, and patients’ quality of life improved signifi-
cantly. In a site-randomized study of 1463 patients
receiving new prescriptions for allopurinol, pharmacist-
led treat-to-target optimization of allopurinol was com-
pared with usual care [39]. The intervention was deliv-
ered through an interactive voice-response system,
incorporating reminders and encouragement for
patients. At 1year, patients receiving the intervention
were more likely to have been adherent to allopurinol
(50% vs 37%; OR 1.68; P <0.001) and more likely to
have achieved SU targets (30% vs 15%; OR 2.37; P
<0.001) than those receiving usual care. In another
study, an electronic visit tool was used to facilitate pa-
tient—clinician interaction, treat-to-target ULT, and edu-
cation for outpatients [38]. Significantly more patients
achieved target SU levels following this intervention,
relative to a historical cohort (64% vs 34%, respectively;
P <0.01). Aspects of all of these interventions could be
incorporated into a care package, delivered by nurses
or pharmacists, with the aim of establishing patients on
dose-optimized ULT following discharge from hospital.

Many interventions that were associated with improved
outcomes for hospitalized patients are already included
within international gout management guidelines [1-3].
Poor healthcare provider understanding of the long-term
health consequences of gout and the importance of treat-
ment are important barriers to optimal care [32]. Strategies
to improve implementation of evidence-based interven-
tions in hospitalized patients are needed if outcomes are
to be improved and re-admissions prevented. In their
study of an inpatient gout management protocol based
upon EULAR guidelines, Kamaralaj et al. utilized three im-
plementation approaches: educational sessions for clini-
cians, electronic health record prompts, and advertising in
clinical settings [24]. Multipronged implementation
approaches are essential if interventions known to be ef-
fective in the management of gout are to be assimilated
into clinical practice [40]. Case-notereviews and process
mapping will help to identify barriers and facilitators of op-
timal admitted gout care and the necessary behavioural

https://academic.oup.com/rheumatology
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changes [41]. Only then can interventions be selected to
address these barriers, alongside implementation
approaches tailored to the inpatient setting [42].

Our systematic review has several limitations, many of
which reflect the paucity of available data. Most included
studies had small participant numbers, with concerns for
bias. The majority of studies reported positive findings,
suggesting a degree of publication bias. Many were single-
centre analyses, which limits the generalizability of the find-
ings. Outcome measures varied widely between studies,
precluding direct comparisons and meta-analysis. This was
also reflected in the range of outcome measures selected
for our review, which were chosen on the basis of consen-
sus discussion rather than by using specific criteria, such
as the OMERACT criteria [43]. Although some outcomes
align with those within the OMERACT criteria, adoption of
these criteria in future studies would facilitate comparisons
of study outcomes. Similarly, diagnostic and inclusion crite-
ria varied substantially between studies, while verification
of diagnosis was not possible, which may have resulted in
a degree of misclassification bias. Many of the included
studies reported pooled results for primary and secondary
admission diagnoses of gout, despite differences between
these populations, and separate reporting of outcomes in
future studies may highlight the need for different manage-
ment strategies in these populations.

This systematic review highlights an urgent need for
prospective studies of strategies to prevent hospitaliza-
tions from gout. Gout is a highly treatable yet poorly man-
aged condition, and many admissions from gout are likely
to be preventable with better use of existing treatments.
Effective implementation of strategies designed to improve
uptake of ULT in hospitalized patients, alongside prophy-
laxis against flares and treat-to-target ULT optimization, is
essential if the epidemic of hospital admissions from this
treatable condition is to be countered.
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