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A 54-year-old man with crystal-proven gout has a history of four attacks during the 
previous year. Despite receiving 300 mg of allopurinol daily, his serum urate level is 
7.2 mg per deciliter (428 µmol per liter). He is moderately obese and has hypertension, 
for which he receives hydrochlorothiazide, and his serum creatinine level is 1.0 mg 
per deciliter (88 µmol per liter). How should his case be managed?

The Clinic a l Problem

Symptoms and Prevalence
Gout is a type of inflammatory arthritis induced by the deposition of monosodium 
urate crystals in synovial fluid and other tissues. It is associated with hyperurice-
mia, which is defined as a serum urate level of 6.8 mg per deciliter (404 µmol per 
liter) or more, the limit of urate solubility at physiologic temperature and pH.1 Hu-
mans lack uricase and thus cannot convert urate to soluble allantoin as the end prod-
uct of purine metabolism. Hyperuricemia that is caused by the overproduction of 
urate or, more commonly, by renal urate underexcretion is necessary but not suffi-
cient to cause gout. In one cohort study, gout developed in only 22% of subjects with 
urate levels of more than 9.0 mg per deciliter (535 µmol per liter) during a 5-year 
period.2

Gout has two clinical phases. The first phase is characterized by intermittent 
acute attacks that spontaneously resolve, typically over a period of 7 to 10 days, with 
asymptomatic periods between attacks. With inadequately treated hyperuricemia, 
transition to the second phase can occur, manifested as chronic tophaceous gout, 
which often involves polyarticular attacks, symptoms between attacks, and crystal 
deposition (tophi) in soft tissues or joints. Although the prevalence of tophaceous 
gout varies among populations, in one study, tophi were detected in three quarters 
of patients who had had untreated gout for 20 years or more.3 Recurrent attacks are 
common. In one study, approximately two thirds of patients with at least one gout 
attack in the previous year had recurrent attacks.4

An estimated 6.1 million adults in the United States have had gout.5 The preva-
lence increases with age and is higher among men than among women, with a 
ratio of 3 or 4 to 1 overall.5-7 However, this sex disparity decreases at older ages, at 
least in part because of declining levels of estrogen, which has uricosuric effects in 
women. The rising incidence and prevalence of gout are probably related to the aging 
of the population, increasing levels of obesity, and dietary changes.6,7

Risk Factors
The use of thiazide diuretics, cyclosporine, and low-dose aspirin (<1 g per day) can 
cause hyperuricemia, whereas high-dose aspirin (≥3 g per day) is uricosuric. Factors 
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that are associated with hyperuricemia and gout 
include insulin resistance, the metabolic syndrome, 
obesity, renal insufficiency, hypertension, conges-
tive heart failure, and organ transplantation.8,9 The 
uricosuric effects of glycosuria in diabetes may re-
duce the risk of gout.10 Rare X-linked inborn errors 
of metabolism can cause gout.8 Genomewide as-
sociation studies have identified common poly-
morphisms in several genes involved in renal urate 
transport that are associated with gout, includ-
ing SLC2A9, ABCG2, SLC17A3, and SLC22A12.11,12 
The risk of incident gout is increased in persons 
with an increased intake of dietary purines (par-
ticularly meat and seafood), ethanol (particularly 
beer and spirits), soft drinks, and fructose13-16 
and is decreased in those with an increased intake 
of coffee, dairy products, and vitamin C (which 
lower urate levels).15,17,18

Triggers for recurrent flares include recent di-
uretic use, alcohol intake, hospitalization, and 
surgery.19,20 Urate-lowering therapy, which reduces 
the risk of gout attacks in the long term, can 
trigger attacks in the early period after its initia-
tion, presumably as a result of mobilization of 
bodily urate stores.21,22

S tr ategies a nd E v idence

The diagnostic standard remains synovial fluid 
or tophus aspiration with identification of nega-
tively birefringent monosodium urate crystals 
under polarizing microscopy. Crystals are detect-
able during attacks and also potentially between 
attacks, primarily in previously inflamed joints 
in patients with hyperuricemia.23 However, crys-
tal evaluation is not performed routinely in clini-
cal practice.15 Hyperuricemia may not be present 
during acute gout attacks and therefore may not 
be a helpful criterion for diagnosis. A typical pre-
sentation that is strongly suggestive of the diag-
nosis includes rapid development of severe pain 
(i.e., within 24 hours), erythema, and swelling in 
a characteristic joint distribution — for example, 
in the first metatarsophalangeal joint (podagra). 
In a population with a 0.5% prevalence of gout 
overall, a patient with hyperuricemia and this pre-
sentation has an 82% chance of having gout.23

The differential diagnosis of acute gout in-
cludes other crystal-induced arthritides (e.g., cal-
cium pyrophosphate dihydrate) and a septic joint. 
Joint aspiration with Gram’s staining and culture 
must be performed if a septic joint is suspected, 

even if monosodium urate crystals are identified. 
Older adults, particularly women, may present 
with polyarticular involvement, which may be mis-
taken for rheumatoid arthritis; a tophus may be 
mistaken for a rheumatoid nodule. Tophaceous 
deposits that are not clinically apparent may be 
visualized by plain radiography or another imag-
ing method. A diagnosis of gout should prompt 
evaluation for potentially modifiable risk factors 
(e.g., dietary habits) and associated coexisting ill-
nesses (e.g., hypertension and hyperlipidemia) that 
may require intervention.

Tr e atmen t Op tions

Acute Gout
The main aim of therapy for acute gout is rapid 
relief of pain and disability caused by intense in-
flammation. Options for managing acute attacks 
include the use of nonsteroidal antiinflammatory 
drugs (NSAIDs), colchicine, glucocorticoids, and 
possibly corticotropin.24 The choice of agent, dose, 
and duration of therapy is guided by consideration 
of coexisting illnesses that preclude the safe use 
of a particular regimen, as well as the severity of 
the gout. Adjunctive measures include applying 
ice to and resting the affected joint.25

NSAIDs and colchicine are first-line agents 
for acute attacks (Table 1).24 Oral colchicine has 
long been used, although it has only recently (in 
2009) been approved by the Food and Drug Ad-
ministration (FDA) for use in patients with acute 
gout. In a randomized trial, colchicine (at a dose 
of 1.2 mg at the onset of a f lare, followed by 
0.6 mg 1 hour later) was significantly more likely 
than placebo to result in a reduction in pain of 
50% or more 24 hours later (rates, 37.8% and 
15.5%, respectively).26 This regimen had efficacy 
similar to that of a high-dose regimen (1.2 mg, 
then 0.6 mg per hour for 6 hours), with fewer 
gastrointestinal side effects. This study did not 
address treatment after the first 24 hours.

The relative efficacy of colchicine as compared 
with NSAIDs is unknown. In head-to-head studies, 
various NSAIDs have had similar benefits for acute 
gout, and a controlled trial showed the efficacy of 
tenoxicam over placebo.24,27

When the use of NSAIDs or colchicine is poor-
ly tolerated or contraindicated, glucocorticoids or 
corticotropin may be used, although evidence for 
the use of intraarticular and intramuscular glu-
cocorticoids and corticotropin is limited by a lack 
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of data from blinded, randomized, placebo-
controlled trials24,27-29 (Table 1). Monoarticular 
attacks are often managed with the use of intra-
articular glucocorticoids. In two randomized, 
placebo-controlled trials of a 5-day course of oral 
prednisolone (one evaluating a dose of 30 mg 
daily and the other a dose of 35 mg daily), the 
efficacy of prednisolone was equivalent to that 
of standard regimens of indomethacin (vs. the 
30-mg dose of prednisolone) and naproxen (vs. 
the 35-mg dose).30,31

The dose and duration of therapy for acute 
gout should be sufficient to eradicate the profound 
inflammatory response. Although randomized tri-
als have generally studied the effects of short 
courses of treatment on pain reduction, clinical 
experience suggests that 7 to 10 days of treatment 
may be necessary to ensure the resolution of 
symptoms. Increased doses of antiinflammatory 
drugs are typically prescribed for the first few 
days, with a reduction in the dose once symptoms 
begin to improve.32 Flares should be treated 
without interruption of urate-lowering therapy. 
A “medications in the pocket” strategy should be 
considered for patients with established gout so 
that therapy can be started promptly at the onset 
of symptoms that are consistent with typical at-
tacks.

There is evidence that attacks of gout are 
caused by the activation of the NLRP3 inflamma-
some by urate crystals, leading to the release of 
interleukin-1β33 (Fig. 1). For this reason, inter-
leukin-1 antagonists are being studied as poten-
tial options for patients in whom other treatments 
are not feasible.34 In a randomized trial, the fully 
human monoclonal antibody canakinumab sig-
nificantly reduced pain from acute gout, as com-
pared with 40 mg of intramuscular triamcino-
lone acetonide, 72 hours after administration of 
the study drug.35 Anakinra and rilonacept im-
proved acute and chronic gout symptoms, respec-
tively, in two small, uncontrolled pilot studies; 
however, rilonacept did not significantly reduce 
pain, as compared with indomethacin, in a ran-
domized trial.34,36,37 More data are needed to as-
sess the potential role of these agents.

Hyperuricemia
Pharmacologic Approaches
The purpose of lowering serum urate levels is to 
prevent acute f lares and development of tophi. 
However, gout does not develop in all patients with 

hyperuricemia, and antihyperuricemic therapies 
are not without risk. Recommendations that are 
based on both consensus and evidence support 
the consideration of urate-lowering therapy in pa-
tients with hyperuricemia who have at least two 
gout attacks per year or tophi (as determined by 
either clinical or radiographic methods).38 How-
ever, the severity and frequency of flares, the pres-
ence of coexisting illnesses (including nephroli-
thiasis), and patient preference are additional 
considerations.24 Urate-lowering therapy should 
not be initiated during acute attacks but rather 
started 2 to 4 weeks after flare resolution, with a 
low initial dose that is increased as needed over a 
period of weeks to months, and with close mon-
itoring of urate levels, renal function, and adverse 
effects. The dose should be adjusted as necessary 
to maintain a serum urate level below 6 mg per 
deciliter (357 µmol per liter), which is associated 
with a reduced risk of recurrent attacks and to-
phi.22,39,40 It is uncertain whether a more stringent 
target of less than 5 mg per deciliter (297 µmol per 
liter) results in greater disease control.41,42 Ther-
apy is generally continued indefinitely.

Three classes of drugs are approved for low-
ering urate levels: xanthine oxidase inhibitors, 
uricosuric agents, and uricase agents (Table 2 and 
Fig. 2). Xanthine oxidase inhibitors block the 
synthesis of uric acid and can be used regardless 
of whether there is overproduction of urate. In 
this class of drugs, the one most commonly pre-
scribed to lower urate levels is allopurinol, which 
is effective in decreasing flares and tophi, particu-
larly among patients in whom target urate levels 
are achieved.22,39 Although allopurinol has an ac-
ceptable side-effect profile in most patients, a mild 
rash develops in approximately 2%.22,39,43 Severe 
allopurinol hypersensitivity is much less common 
but can be life-threatening. Allopurinol desensi-
tization can be attempted in patients with mild 
cutaneous reactions, but its safety in those with 
more serious reactions is unknown.44 The major-
ity of patients receive 300 mg of allopurinol daily, 
but this dose is often inadequate to achieve target 
urate levels. Daily doses up to 800 mg may be used 
in patients with normal renal function. The dose 
is typically reduced in patients with renal impair-
ment, owing to concerns about an increased risk 
of hypersensitivity in such patients. However, stud-
ies have not shown an association between dose 
and risk of hypersensitivity, and a reduced dose 
may contribute to suboptimal gout control.43
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In 2009, another xanthine oxidase inhibitor, 
febuxostat, was approved by the FDA for the 
treatment of hyperuricemia in patients with 
gout. As compared with a daily dose of 300 mg 
of allopurinol, febuxostat at daily doses of 80 
mg and 120 mg was 2.5 and 3 times as likely, re-
spectively, to achieve serum urate levels of less 
than 6 mg per deciliter in a 52-week trial.22 Dur-
ing the initial 8 weeks of the study, the fre-
quency of gout attacks was higher among pa-
tients receiving 120 mg of febuxostat than 
among those receiving either 80 mg of febuxo-
stat or 300 mg of allopurinol, but there was no 
significant difference among the three groups 
for the remainder of the trial. In another study 
involving patients with renal impairment (de-
fined as a creatinine clearance of 30 to 89 ml 
per minute), daily doses of 80 mg and 40 mg of 
febuxostat were superior to 300 mg of allopuri-
nol (or 200 mg in patients with moderate renal 
impairment) for lowering serum urate to a level 
below 6 mg per deciliter.39 There was no in-
crease in cardiovascular risk or hypersensitivity 
associated with the use of either dose of febuxo-
stat, as compared with allopurinol, although the 
trial was not powered for such comparisons. 
Postmarketing surveillance is needed to better 
understand the risks and benefits of febuxostat. Its 
efficacy as compared with increased doses of al-
lopurinol is not known, nor is its safety in per-
sons with allopurinol hypersensitivity.

Uricosuric drugs (including probenecid, sulfin-
pyrazone, and benzbromarone) block renal tubu-
lar urate reabsorption. Although these drugs can 
be used in patients with underexcretion of urate 
(accounting for up to 90% of patients with gout), 
they are used less frequently than xanthine oxi-
dase inhibitors and are contraindicated in pa-
tients with a history of nephrolithiasis. Benzbro-
marone (not available in the United States) may 
be used in patients with mild-to-moderate renal 
insufficiency but is potentially hepatotoxic, where-
as the other two drugs are generally ineffective 
in patients with renal impairment. In two open-
label, randomized trials, benzbromarone was 
equivalent to allopurinol (the latter at a daily dose 
of as much as 600 mg) and superior to probenecid 
(among patients in whom target urate levels were 
not achieved with 300 mg of allopurinol) in lower-
ing serum urate to 5 mg per deciliter or less.41,45

Uricase converts uric acid into soluble allan-
toin. Pegloticase, a polyethylene glycolated (peg-

y lated) modified porcine recombinant uricase, 
was approved by the FDA in 2010 for chronic gout 
that is refractory to conventional treatments. The 
approval was based on data from two double-
blind, randomized, placebo-controlled, 6-month 
trials showing the drug’s urate-lowering and to-
phus-reducing effects. However, pegloticase must 
be administered intravenously, and infusion reac-
tions were common.46 Rasburicase, which is ap-
proved for use in preventing the tumor lysis syn-

Resident
macrophage

lineage
cells

Pro–interleukin-1β

NLRP3
inflammasome

Interleukin-1
receptor

Adhesion molecules,
chemokines

C5b-9

Interleukin-1β

Monosodium
urate crystals

Endothelial
or synovial cell Neutrophil recruitment,

activation, and release
of additional

 inflammatory 
mediators

+ +

Other mediators (e.g., TNF-α,
interleukin-6 and 8,

leukotrienes, alarmins)

1

Solomon

1/18/11

AUTHOR PLEASE NOTE:
Figure has been redrawn and type has been reset

Please check carefully

Author
Fig #

Title

ME

DE
Artist

Issue date

COLOR FIGURE

Draft 5
Neoghi

Knoper

2/03/11

Figure 1. Mechanisms of Inflammation in Gout.

In acute gout, monosodium urate crystals that have undergone phagocyto-
sis activate the NLRP3 inflammasome, leading to secretion of interleukin-
1β. In turn, this secretion can induce further production of interleukin-1β 
and other inflammatory mediators and further the activation of synovial lin-
ing cells and phagocytes. Monosodium urate crystals also induce many 
other inflammatory cytokines (e.g., tumor necrosis factor α [TNF-α], inter-
leukin-6 and 8, leukotrienes, and alarmins) by mechanisms that are both 
dependent on and independent of interleukin-1. Experimental models of 
gout have demonstrated a role for the activation of the terminal comple-
ment pathway (C5b-9 membrane attack complex) induced by monosodium 
urate crystals. Binding of interleukin-1β to the interleukin-1 receptor results 
in signal transduction, leading to altered expression of adhesion molecules 
and chemokines, which together with the other inflammatory events re-
sults in the neutrophil recruitment that is a major driver of the intense in-
flammation in gout. In chronic gout, with low-grade synovitis and frequent-
ly recurring or nonresolving flares, these inflammatory processes are 
probably ongoing with potentially continued release of inflammatory medi-
ators, including interleukin-1β, in the presence of persistent monosodium 
urate crystals.
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drome, is not appropriate for use in patients with 
gout because of its immunogenicity and short 
half-life.

Lifestyle, Nutrition, and Adjunctive Therapies
Observational data indicate that nonpharmaco-
logic approaches, such as avoiding alcohol or mod-
ifying one’s diet, can reduce serum urate levels 
but may not be sufficient to control established 
gout.24 In one randomized trial involving persons 
without gout, 500 mg of vitamin C per day for  
2 months resulted in serum urate levels that were 
0.5 mg per deciliter (30 µmol per liter) lower than 
in those receiving placebo.47 The intake of dairy 
milk reduced serum urate levels by approximately 
10% during a 3-hour period in a small, random-
ized, crossover trial involving healthy volunteers.48 
Whether these approaches would have similar ef-
fects in persons with gout, or with a longer dura-
tion of therapy, is not known. Losartan and feno-
fibrate, which have uricosuric effects, may be 
considered in patients with gout who have hyper-
tension or hypertriglyceridemia, respectively,49 al-
though it is not known whether their use reduces 
the frequency of gout attacks.

Flare Prophylaxis during Initiation of Urate-Lowering 
Therapy
Because rapid lowering of urate levels is associat-
ed with gout flares, with an increased risk asso-
ciated with therapies that more effectively lower 
urate levels,22,46 prophylaxis against acute flares 
is advised during the initiation of urate-lowering 
therapy (Table 2).24 In a study of patients with nor-
mal renal function who were starting allopurinol 
therapy, oral colchicine (at a dose of 0.6 mg twice 
daily for an average of 5.2 months) significantly 
reduced the likelihood of gout attacks and less-
ened the severity of flares that did occur, as com-
pared with placebo.21 Diarrhea was common, 
resulting in a once-daily regimen of colchicine for 
many patients. Thus, the general recommenda-
tion for flare prophylaxis is to use colchicine at a 
dose of 0.6 mg once or twice daily, with dose ad-
justments as needed for renal impairment, poten-
tial drug interactions, or intolerance. Although 
NSAIDs are also used for prophylaxis, there are 
few studies that support their use.24 For patients 
without tophi, prophylaxis should be continued 
for 6 months. The optimal duration for those with 
tophi is uncertain; ongoing prophylaxis until to-
phus resolution may be necessary.U
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A r e a s of Uncerta in t y

Data are limited regarding the safety and effica-
cy of combination therapies for the treatment of 
gout (e.g., the use of a xanthine oxidase inhibitor 
and a uricosuric agent for hyperuricemia or the 
use of multiple drugs for acute gout attacks). The 
safety and cost-effectiveness of new agents for 
gout, including inhibitors of urate transporter 
1 and purine nucleoside phosphorylase, which are 
under development, and interleukin-1 antagonists, 
require further study. Preliminary data have sug-
gested the potential efficacy of the interleukin-1 
antagonists canakinumab and rilonacept for flare 
prophylaxis.34

Risk factors for recurrent gout flares may differ 
from those that predispose patients to the initial 
attack. Whether factors that lower serum urate 
levels over the long term in persons without gout 
would have similar effects with short-term or 
episodic exposure in persons with gout requires 
clarification.

It is not known to what level urate can be 
safely lowered. Observational data have suggested 
associations between low urate levels and an in-
creased risk of Parkinson’s disease,50 but it is 
unclear whether the low levels are a cause or 
consequence of disease. The optimal duration of 
urate-lowering therapy is also uncertain, and such 
therapy is recommended indefinitely at this time. 
In one study, the withdrawal of urate-lowering 
therapy was associated with prolonged symptom-
free intervals (3 to 4 years) in a cohort of 89 pa-
tients after long-term control of urate levels (<7 mg 
per deciliter), flares, and tophi resolution,51 but 
further study is needed.

Finally, the concept of asymptomatic hyperuri-
cemia as a benign condition is being challenged. 
Experimental data suggest that urate may con-
tribute to vascular remodeling and hypertension, 
although it remains uncertain whether urate plays 
a causal role in cardiovascular disease.9

Guidelines

The American College of Rheumatology is cur-
rently developing guidelines for the management 
of gout. The European League against Rheumatism 
and the British Society for Rheumatology have 
published guidelines for the evaluation and man-
agement of gout on the basis of trial data (when 
available) and expert consensus.23,24,42 The pres-
ent recommendations are largely consistent with 
these guidelines.

Conclusions a nd 
R ecommendations

In patients presenting with suspected gout, the 
diagnosis should be confirmed by examination of 
synovial fluid or tophus aspirate for monosodium 
urate crystals. Management should be tailored to 
the stage of disease and coexisting illnesses. The 
patient who is described in the vignette has crystal-
proven gout, with multiple attacks and a serum 
urate level of more than 6 mg per deciliter despite 
receipt of allopurinol at a dose of 300 mg per day. 
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Figure 2. Management Strategies in Patients 
with Hyperuricemia.

Hyperuricemia can be targeted at many levels. Restric-
tion of exogenous purine intake through dietary modi-
fications or the use of xanthine oxidase inhibitors to 
block uric acid synthesis from endogenous purine me-
tabolism can reduce the amount of urate that contrib-
utes to the total-body urate pool. Modified uricase 
agents reduce the total-body urate pool by converting 
uric acid into soluble allantoin. In patients with normal 
renal function, uricosuric agents can promote renal 
elimination of urate, thereby reducing total-body urate 
pools. However, decreased renal urate excretion in pa-
tients with renal impairment leads to increased total-
body urate stores.

The New England Journal of Medicine 
Downloaded from nejm.org by CHRISTOPHER BERNHEISEL on March 14, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



clinical pr actice

n engl j med 364;5 nejm.org february 3, 2011 451

Since his renal function is normal, the allopuri-
nol dose should be increased (e.g., 100-mg incre-
ments every 2 to 4 weeks until the target urate level 
is reached), with monitoring of renal function and 
serum urate levels and assessment for potential 
adverse reactions. Colchicine prophylaxis (0.6 mg 
once or twice daily) is reasonable while the dose 
of allopurinol is escalated. If target serum urate 
levels cannot be achieved or if the patient has seri-
ous side effects at higher allopurinol doses, the 
use of either febuxostat or a uricosuric agent is 
another option, given his normal renal function. 

The patient should understand that the intake 
of alcohol and an excessive amount of meat or 
seafood and sugar-sweetened drinks may contrib-
ute to elevated urate levels and should be mini-
mized. He should be advised to keep well hydrated 
and to lose weight. Associated cardiovascular risk 
factors should be identified and treated. Although 
the use of hydrochlorothiazide may contribute to 

the increased urate level, I would not necessarily 
change that medication if it is effectively con-
trolling his blood pressure, and I would advise 
him to take the diuretic consistently, since inter-
mittent use may precipitate flares. The addition of 
losartan for the hypertension might be considered. 
He should be advised to maintain his urate-low-
ering regimen during flares, which can be man-
aged with colchicine. Follow-up is necessary to 
ensure that appropriate serum urate levels are 
achieved and maintained and to monitor the pa-
tient for adverse effects.
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