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Gout: new advances in the diagnosis and management of 
an old disease

Gout is a monosodium urate crystal deposit disease, occurring as a consequence of hyperuricemia. Very 
importantly, the formation of crystals is reversible and they slowly dissolve when serum urate levels became 
normal, so the disease can be considered curable. The identifi cation of urate crystals in synovial fl uid allows 
simple unequivocal diagnosis; diagnosis based on clinical features and hyperuricemia is often inaccurate, even 
if patients fi t the American College for Rheumatology Classifi cation Criteria. Several recent publications show 
that gout is frequently misdiagnosed, and management often falls below reasonable standards. The main 
aim of treatment is to dissolve the deposited crystals, freeing the patient of the disease; this is usually achieved 
by allopurinol, and new drugs will be available soon. Crystal deposit is silent but signaled by the occurrence 
of gouty attacks, for which treatment is effective, and can be avoided with adequate prophylaxis. Alterations 
related to the so-called metabolic syndrome (such as high blood pressure, insulin resistance, dyslipidemia, 
abdominal obesity and propensity to atherosclerosis) are often signaled by gout, and require proper attention.
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The most evident manifestations of mono-
sodium urate (MSU) crystal deposition – namely 
episodic and later persistent joint infl ammation 
and tophi – were already recognized in antiq-
uity, and the term gout was coined for these 
symptoms. The term gout has persisted until 
today, but the underlying crystal deposition 
has increasingly been recognized and gained a 
central position in the way we understand the 
disease, of which joint infl ammation is only a 
consequence. Although it appears reasonable to 
include under the term gout all MSU crystal 
deposition – even if joint infl ammation has not 
yet occurred – it remains unsettled as to whether 
we should restrict the term to its original mean-
ing to refer to the manifestations of arthritis and 
visible/palpable tophi, or broaden its meaning to 
include in it the basic underlying MSU deposit 
with its different manifestations. In this article, 
we will consider this broader defi nition of gout. 

The recent publication of guidelines on gout 
diagnosis and management by The  European 
League Against Rheumatism (EULAR) [1,2]   and 
quality-of-care indicators from the USA [3] out-
lines the current interest in gout. Most advances 
in the diagnosis and management of gout were 
carried out before the modern era of evidence-
based medicine, and although the experience 
accumulated in gout diagnosis and treatment 
is large, the number of randomized trials is very 
small. Even so, most experts would agree that we 
currently understand the disease well, and have 
very effective treatments available.

Such a reassuring background would sug-
gest that, with few exceptions, gout is no longer 
a problem anymore and that gouty patients can 
rest assured that their disease will be easily tack-
led. Surprisingly, clinical practice in gout lags far 
behind easily achievable goals; this lack of excel-
lence can only be explained by a collective lack of 
interest by physicians at large [4]. There has been 
much interest in evaluating how gout is man-
aged in the community in the last few years; this 
research has shown that inappropriate diagnosis 
based on the interpretation of clinical features and 
hyperuricemia [5,6] (a very traditional but inac-
curate way of approaching gout diagnosis) and 
insuffi ciently careful use of available medications 
[5,7–9], in addition to poor follow up of the patients 
[7,10,11], have transformed gout for many patients 
into what it should never be: a chronic and per-
sistent source of pain and infi rmity. Care of gouty 
patients is centered in a primary care setting in 
many countries; quality of care seems to improve 
somewhat when dispensed by rheumatologists, 
even though results are still far from desirable [6,10].

Recent articles have brought attention to the 
problem of poor management and the need for 
action [4,12–14], but no specifi c plans are pro-
posed. It seems as if rheumatologists are not 
heeding the signs of their bad management in 
gout, perhaps through lack of awareness, but 
more likely through a lack of interest in a disease 
perceived by many as minor (even though any 
physician who cares for gouty patients knows 
how severe this disease can be) and academically 
irrelevant. The burning question for rheuma-
tologists at large is whether we are interested in 
caring for gouty patients. If we are, immediate 
action is mandatory, and the fi rst necessary step 
is to seriously implement the application of the 
standards of management of gout at the same 
level of excellence that we demand in many other 
diseases under our responsibility. Implementing 
crystal analysis techniques in rheumatology 
units (most importantly in all training units, 
without exception) to guarantee the diagnosis of 
gout with unequivocal evidence, and to adhere 
to the available treatment guidelines (or develop 
new ones) are equally important actions. In fact, 
if we consider that rheumatologists should not 
be the physicians caring for gout, an alternative 
solution needs to be found for the numerous 
patients with the disease worldwide. 

Diagnosing gout
 Crystal identifi cation

After the regular presence of MSU crystals 
in synovial fl uid (SF) samples from infl amed 
gouty joints was reported by McCarty and 
Hollander [15], this has became the gold stan-
dard for the diagnosis of the disease [16,17]. Gouty 
arthritis has not been described in the absence 
of MSU crystals, nor have MSU crystals been 
found to cause any other condition. The tech-
nique of SF analysis is elegant and simple, and 
after a short period of training the results are 
consistent [18]. Crystal identifi cation in SF is 
considered a part of most core curricula in rheu-
matology [201,202], but this learning appears to 
be frequently overlooked. Workshops on crystal 
identifi cation at the EULAR Congress have been 
carried out regularly since 2002. Although MSU 
crystals can be seen by means of the regular 
microscope, they are strongly birefringent and 
more easily identifi ed by means of a polarized 
microscope. To avoid confusion with the also 
very common calcium pyrophosphate dihydrate 
(CPPD) crystals, a fi rst-order red compensator 
allows a distinction based on the strong negative 
birefringence of the MSU crystals and the weak 
positive birefringence of the CPPD crystals. 
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Those experienced in crystal analysis tend to 
feel that the always acicular MSU crystals and 
rhomboidal, parallelepipedic and acicular CPPD 
are diffi cult to mistake, the main identifi cation 
problem arising when both crystals are present 
together, an unusual situation of little practical 
relevance and where familiarity with the crys-
tals and the use of polarized fi lters and the com-
pensator facilitates identifi cation. In addition, 
the very strong birefringence of MSU crystals 
contrast sharply with the often absent or weak 
birefringence of CPPD [19,20].

A sample of all SF drained from undiagnosed 
arthropathies must be analyzed for crystals [1], 
since less ‘typical’ forms of gout (and also CPPD 
arthropathy) are not rare, and otherwise may 
pass unnoticed or mistaken for another condi-
tion. Even the diagnosis of patients with ‘typical’ 
gout should be based on crystal identifi cation; at 
least until new evidence proves that we can accept 
such ‘typical’ clinical features as unquestionable.

Gouty patients are asymptomatic most of the 
time, but if patients have not received treatment 
to normalize serum uric acid (SUA) levels for a 
prolonged period of time, a defi nitive diagnosis 
is possible by the persistence of MSU crystals in 
SF fl uid of asymptomatic joints that have been 
previously infl amed [21–23]; aspirating asymp-
tomatic knees and fi rst metatarsophalangeal 
(MTP) joints is a simple and well-tolerated pro-
cedure [24,25]. The reiterative absence of crystals 
may be used to exclude gout in patients with 
arthritis and hyperuricemia, and the presence 
of crystals in other arthritis may indicate either 
both diseases or a misdiagnosis. After success-
ful SUA therapy has started, MSU crystals can 
still be found, but they fi nally disappear, sooner 
in gout of lesser duration [22]. In patients with 
palpable tophi crystals, can easily be obtained 
by needling them. Only rarely are MSU crystals 
sought in tissue samples; formalin dissolves the 
crystals [26], so if a biopsy is performed searching 
for MSU crystals, it has to be fi xed in alcohol, or 
processed by freezing. 

 Limitations of clinical diagnosis
A precise diagnosis is the fi rst step in order to 
appropriately manage any disease. As has been 
stressed above, an unequivocal diagnosis is easily 
achievable through MSU crystal identifi cation; 
however, it is common practice to base diagnosis 
of gout on clinical fi ndings and hyperuricemia. 
This approach involves a considerable amount of 
uncertainty, which clinicians would not accept if 
applied to other diseases. Recurrent episodes of 
acute arthritis of the fi rst MTP joint (commonly 

referred to as podagra) are considered as highly 
characteristic of gout, but podagra can have 
other causes such as infections [27,28], psoriatic 
arthritis [24] or other crystal arthropathies [29]; 
less specialized or unexperienced physicians can 
also mistake podagra for other problems at the 
fi rst MTP joint or involving its surrounding tis-
sues. On the other hand, over half of patients  
had a fi rst gouty attack in a less typical loca-
tion [30] – be it tarsum, ankle, knee or wrist – 
confounding physicians who can be unaware 
of the variety of clinical presentations of gout. 
When reviewing the different clinical presen-
tations of gout, many case reports report gout 
in a wide variety of locations – arthritis of the 
temporo-mandibular joint [31], acromioclavicu-
lar joint [32], sternoclavicular [33], manubrioster-
nal [34], sacroiliac [35], pubic symphisis [36] or hip 
joints [37], lumbar spine [38] or fl exor te nosyno-
vitis with carpal tunnel syndrome [39] – many 
of which can pass unnoticed to even the most 
expert of clinicians. Polyarticular, additive or less 
acute and more persistent presentations are not 
rare; all these presentations can be easily con-
fused with other problems or may simply pass 
unnoticed. In all these cases, systematic MSU 
crystal investigation in SF samples obtained 
from all joints affected by undiagnosed condi-
tions is essential in order to diagnose the whole 
spectrum of gouty arthritis.

Hyperuricemia can also be misleading. It is 
associated – as is gout – with the the mani-
festations of the so-called metabolic syndrome 
(high blood pressure, insulin resistance, dys-
lipidemia, abdominal obesity) and is most fre-
quently asymptomatic [40]. Only 0.5% of males 
with a SUA between 7 and 8.9 mg/dl (0.42–
0.53 mmol/l) will develop gout within 1 year; 
this proportion rises to 4.9% if uric acid exceeds 
9 mg/dl (0.54 mmol/l). [41]. In individuals with 
hyperuricemia, any articular manifestation can 
easily be mistaken for gout [42]. Conversely, the 
absence of high serum urate levels can make 
physicians disregard the diagnosis of gout. 
However, SUA levels can lower during acute 
attacks, even reaching normal values in many 
patients, owing to an increase in renal excretion 
[43–45]. In addition, gout attacks are frequent 
when starting urate-lowering therapy, or can 
occur at any time throughout treatment before 
crystals are dissolved – especially if no colchi-
cine prophylaxis is administered. In all of these 
circumstances, the concurrence of normal uri-
cemia with an acute monoarthritis can disorient 
the physician who relies on hyperuricemia to 
diagnose gout.
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The American College of Rheumatology 
(ACR) criteria, published in 1977 in prelimi-
nary form as classifi cation criteria for acute 
primary gout [46], have been repeatedly used 
to support the clinical approach to diagnosing 
gout; the criteria recognize the absolute value of 
the detection of MSU crystals for the diagnosis, 
but offer an alternative based on a combina-
tion of clinical analytical and imaging data. Of 
interest, the gold standard of gout diagnosis in 
Wallace’s paper was clinical diagnosis, and only 
50% of the patients with gout received a crys-
tal diagnosis. No validation of the criteria had 
been attempted until recently. The validity of 
the ACR criteria – and also the Rome and New 
York criteria, two other sets of criteria based on 
clinical fi ndings – were compared with MSU 
crystal identifi cation in synovial fl uid [47]. All 
sets of criteria performed quite poorly. In fact 
the ACR criteria had a sensitivity of 68% and 
a specifi city of 78%, with both underdiagnosis 
and over diagnosis needing addressing; discern-
ing capacity was especially poor with calcium 
pyrophosphate arthropathy, but also with rheu-
matoid arthritis or osteoarthritis. Since gout left 
to its natural evolution implies ongoing infl am-
mation and crystal deposition, but an erroneous 
diagnosis of gout implies lifelong urate-lowering 
therapy, this margin of error seems unacceptable. 
Those regularly caring for patients with gout 
should consider the need for the most rigorous 
approach to its diagnosis.

The accuracy of any clinical diagnosis is 
directly dependent on individual knowledge 
and experience, and therefore on the physician’s 
degree of training, personal interest and clinical 
expertise. If rheumatologists – physicians with a 
special interest in arthritis and therefore in crystal 
arthritis – allow the diagnosis of gout to be per-
formed on clinical grounds, while recognizing its 
inaccuracy, they authorize other carers with less 
clinical training in the fi eld of musculoskeletal 
diseases to approach the diagnosis similarly, likely 
increasing the possibility of mistaking other joint 
conditions for gout. In the past 5 years, cases have 
been published in which the clinical diagnosis 
of gout was confused with septic arthritis [48], 
spondylodiscitis [49], rheumatoid arthritis [50] or 
tumors [51]. 

 Diagnosing gout: 
future perspectives
Even though no alternative technique to 
SF aspiration can be recommended at pres-
ent, ultrasound has been rapidly gathering 
evidence regarding its capacity to visualize 

crystal deposits and other characteristic fi nd-
ings of gouty arthropathy, and supporters have 
vouched it could be the diagnostic technique of 
the future for gout. Several recent papers have 
described features that seem specifi c to gouty 
joints: hyperechoic enhancement of the outer 
surface of hyaline cartilage [52] (the so-called 
double contour sign), ‘soft’ and ‘hard’ tophi 
[53–55] and hyperechoic spots within the SF [56]. 
If ultrasound could identify patients with gout, 
it could prove an alternative method for diag-
nosing gout, in some cases forgoing the need 
for SF analysis. However, studies have generally 
included patients with long-standing, wide-
spread disease; the reliability of ultrasound in 
patients with a fi rst attack of gout and limited 
deposits, and its performance when compared 
with the gold standard of crystal identifi cation, 
remain to be established before its use can be 
upheld in clinical practice. 

Management
The fi rst step for the proper management of gout 
is to establish an unequivocal diagnosis. Lack of 
recognition of gout owing to inappropriate eval-
uation, or treatment of other conditions as gout 
are both easily avoidable if patients are diagnosed 
by MSU crystal identifi cation [1,3]. Proper ma n-
agement of gout is currently perceived by the 
medical community as problematic, as shown 
by the number of recently published standards 
and recommendations on the subject [1,16,57–60].

 Aims of treatment
When planning the treatment of a patient with 
gout, several aims have to be independently con-
sidered. Gout is a reversible MSU crystal deposit 
disease; the normalization of SUA levels results 
in the dissolution of the crystals. The primary 
aim of the treatment of gout is to eliminate the 
urate crystals; they are the cause of the disease 
and with their disappearance joint infl ammation 
can not occur and the disease can be considered 
cured (although SUA needs to be maintained 
in the normal range indefi nitely to avoid forma-
tion of new crystals and the return of gout). An 
important aim is treatment of the episodes of 
joint infl ammation; these may occur while MSU 
crystals remain in the joint. Bouts of arthritis can 
occur at the clinical presentation of the disease, 
after the start of SUA therapy – until crystals 
dissolve – and indefi nitely in patients improperly 
treated (in whom SUA levels persistently below 
6 mg/dl are not achieved) or left untreated. 
The prophylaxis of infl ammatory episodes in 
joints still containing MSU crystals is another 
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important aim. These episodes are avoided by 
drugs that reduce the mild subclinical infl am-
mation related to the presence of MSU crystals 
in asymptomatic joints. Finally, causes of gout 
should be evaluated and other conditions associ-
ated with gout, of which the most common is 
the metabolic syndrome or its components such 
as arterial hypertension, hyperlipidemia, obesity 
or glucose intolerance, should be recognized and 
treated. Lack of compliance with the treatment 
is reported to be a common cause of treatment 
failure in patients with gout. Adequate explana-
tion of the aims of the treatment to the patient 
is an essential part of the management of gout. 
Patients must understand that dissolution of the 
urate crystals is the main goal of the treatment, 
and that the risk of gouty attacks will completely 
disappear if they are compliant.

 Reducing uricemia to eliminate 
urate crystals
The primary objective of SUA-lowering therapy 
is to eliminate the urate crystals from joints and 
other tissues. The disappearance of tophi and 
cessation of gouty attacks as a result of the nor-
malization of SUA levels were noted over 50 years 
ago [61]. More recent data have shown that MSU 
crystals disappear from previously affected gouty 
joints after adequate SUA-lowering therapy [62]. 
Different values have been given as the upper 
level of the normal range for SUA levels; reduc-
tion of SUA levels below 6 mg/dl (0.36 mmol/l) 
has been shown to result in crystal disappearance 
from the joints [63], and lower SUA levels result 
in faster reduction of the size of tophi [64,65], 
as probably occurs with the crystals deposited 
in joints and tissues. According to these data, 
SUA levels should be reduced to at least under 
6 mg/dl, and quite likely, the lower the levels 
attained, the sooner the crystals will be cleared. 
The time of disappearance of MSU crystals 
from signal joints correlates well with the total 
duration of gout measured from the fi rst attack. 
Of practical interest, nine out of ten signal 
joints of patients with gout of less than 10 years 
duration were free of crystals after 1 year of 
SUA-lowering therapy, and the remaining one 
by 18 months [22]. Interestin gly, the patients 
included in this study achieved very low SUA 
levels; so the lower the better.

There is no general agreement on the right 
time after the fi rst attack of gout to start SUA-
lowering therapy. Recommendations have varied 
from very early initiation to not starting this ther-
apy until the gout is severe, as judged by number 
of attacks or presence of chronic arthritis, tophi, 

radiological lesions or uric acid renal calculi. 
When deciding the right time to initiate SUA-
lowering therapy it is worth considering that 
crystals can be found in SF samples obtained 
from never-infl amed joints of gouty patients [23], 
and deposits of crystals have recently been 
described in periarticular structures of patients 
with asymptomatic hyper uricemia [66]. We lack 
a practical way of estimating the magnitude of 
crystal deposits at the time of the fi rst attack of 
gout, and although in some patients the signaling 
fi rst attack may appear shortly after the start of 
crystal deposition, in others the deposit of crystals 
is revealed quite late by the presence of tophi or 
by gout with a polyarticular start [67] – which may 
be more common in females [68] – both indicative 
of quite heavy deposits at the time of the initial 
clinical presentation. It is also worth considering 
that the recommendation of a delayed start of 
the SUA treatment is made on the assumption 
that MSU crystal deposition in joints and tissues 
appears innocuous both for the joint and for the 
patient. MSU crystals deposit in the surface of 
cartilage [55] with little apparent damage; joint 
erosions result from intraoseous tophi [69] indicat-
ing a less than minor crystal deposit. MSU crys-
tals in joints during the asymptomatic periods 
interact quite heavily with cells [70], resulting in 
a modest persistent infl ammation [23,71] with lim-
ited local consequences. More worrisome is the 
recent identifi cation of gout as an independent 
risk factor for myocardial infarction [72,73], the 
level of this association rising with the severity 
of gout [74]. This may relate to the MSU crystal-
associated infl ammation both during the attacks 
and the persistent subclinical joint infl ammation 
during intercritical periods [23,71]. Atherosclerosis 
in this setting may be favored by this persist-
ent infl ammation [75,76], as occurs in rheuma-
toid arthritis and systemic lupus erythematosus 
where the risk for atherosclerotic cardiovascular 
disease is also increased; other possible links 
between gout and artherosclerotic cardiovascu-
lar disease have also been proposed [77]. Gout is 
a reversible deposit disease; the earlier the treat-
ment starts, the sooner the patient will be free of 
crystals [22]; the relationship between gout and 
myocardial infarction may be an added reason 
to consider earlier treatment, at least in patients 
at risk. Despite these arguments, the best time 
to start SUA-lowering treatment remains uncer-
tain. After crystals have disappeared from the 
joints SUA levels should be maintained within 
the normal range to avoid de novo formation of 
urate crystals, and with them the possibility of 
reappearing gouty attacks [78–80].
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The best method of ascertaining that MSU 
crystals have disappeared from the joints remains 
undetermined. Measuring total body urate by 
nuclear medicine or sampling signal joints until 
crystal disappearance [22] have been the two pos-
sibilities considered. Sonography may show the 
disappearance of gross joint deposits. In any case, 
since SUA levels in gouty patients are to be kept 
within normal values indefi nitely, the need to 
ascertain the disappearance of crystals has more 
value as an end point for controlled clinical trials 
than for the attention of individual patients.

For all SUA-lowering drugs it is an often-
accepted recommendation not to initiate treat-
ment until the gout attack has fully recovered, 
since reduction of SUA by drugs is a well-rec-
ognized trigger for gout fl ares, and the initia-
tion or increase in dosage of a SUA-lowering 
therapy in gouty patients frequently results in a 
gouty attack if prophylactic colchicine is not co-
administered. In patients receiving very active 
SUA-reducing drugs, such as uricase, the gout 
fl are induced by the drug can be particularly 
intense and poly articular [81]. It remains uncer-
tain what breaks the equilibrium between cells 
and MSU crystals that exist during the inter-
critical periods: initiation of urate-lowering 
therapy may result in dissolution of the super-
fi cially located crystals, which may fall into the 
joint cavity, but formation of new crystals owing 
to a rise in SUA levels secondary to dietary over-
indulgence – which patients often recognize as 
a trigger – is another  possibility.

Allopurinol
Allopurinol is currently the mainstay SUA-
lowering drug. It is widely available, has been 
extensively used, is inexpensive and for most 
gouty patients is a safe and effective option. It 
is a purine analogue that competitively inhib-
its xanthine oxidase, the enzyme that degrades 
hypoxanthine and xanthine to uric acid, 
reducing the amount of uric acid produced by 
purine degradation. Allopurinol is rapidly and 
extensively metabolized to oxypurinol, and the 
hypo uricemic effi cacy of allopurinol is largely 
due to this metabolite [82]. The drug is often 
reported to fail in attaining SUA levels below 
the target of 6 mg/dl (0.36 mmol/l) needed to 
dissolve MSU crystals and deplete the deposits, 
and these patients may be taken as refractory to 
allo purinol. However, most often this failure is 
due to poor dosing, since too often 300 mg/day 
is used as a fi xed dose even though the dose 
can be raised up to a maximum of 800 mg/day 
according to the drug label [83], and a dose of 

400–600 mg is necessary for a suffi cient reduc-
tion of SUA levels in a substantial number of 
patients. It is this fi xed dose of 300 mg (or even 
lower in renal impairment) that has been used for 
comparison with newly introduced drugs in ran-
domized, controlled trials [84–86]. In a controlled 
trial a 300 mg/day dose of allopurinol resulted 
in a SUA level below 5 mg/dl (0.3 mmol/l) in 
only 21% of the patients, but inclusion was 
restricted to patients with high baseline SUA 
levels, above 8 mg/dl (0.48 mmol/l). In another 
trial, SUA levels below 6 mg/dl were attained by 
53% of the subjects; when the dose was raised 
to 450 or 600 mg/day, all patients attained the 
target levels [87]; in this paper the average allo-
purinol dose to achieve urate control was close 
to 400 mg/day overall. In another study, 300 mg 
daily of allopurinol resulted in SUA levels below 
6 mg/dl in only 23% of the patients, and this 
fi gure increased to 78% when 600 mg was 
administered [88]. In another trial, 300 mg/day 
of allopurinol resulted in a reduction of SUA lev-
els below 5 mg/dl (a reasonable target keeping in 
mind that the aim of allopurinol administration 
is to eliminate urate crystal deposits, and that 
elimination appears more rapid if lower SUA lev-
els are attained) in only 24% of the patients [89]. 
Taken together, these data show that the dose of 
300 mg/day of allopurinol is frequently insuf-
fi cient to adequately reduce SUA levels, but that 
properly dosing allopurinol is likely to result 
in SUA levels below 6 mg/dl in a majority of 
patients. Trials tailoring the allopurinol dose 
until the desired SUA level (or true failure) is 
achieved are still needed; this appears especially 
important owing to the imminent introduction 
of newer drugs aimed, among others, at those 
patients whose raised SUA levels appear uncon-
trollable by allopurinol, and we should assure 
that this lack of control is not due to insuffi cient 
dosing. A common cause of allopurinol failure is 
lack of compliance by the patients [90–93], which 
may in part result from lack of understanding by 
the patients of the aim pursued by this drug, that 
is, dissolving the MSU crystals and eliminating 
the disease. 

Allopurinol dose requires correction accord-
ing to renal function, since levels of oxy purinol, 
the main metabolite of allopurinol, relates to 
the glomerular fi ltration rate [94]. Recently pub-
lished standards for quality care recommend 
dose reductions of allopurinol and avoidance of 
NSAIDs in patients with plasma creatinine above 
2 mg/dl (177 µmol/l) or creatinine clearance 
below 50 ml/min [3]. Allopurinol dose adjust-
me  nt to renal function is also recommended by 



www.futuremedicine.com 209future science group

Gout: new advances in the diagnosis and management of an old disease REVIEW

the recent EULAR guidelines to avoid toxicity 
[1]. Adaptation of allopurinol dose can be based 
on  the creatinine clearance [95] or estimation 
of the glomerular fi ltration by means of the 
Cockcroft–Gault equation [96]. Non-evidence-
based guidelines exist for allopurinol estimated 
maintenance doses based on creatinine clearance 
(TABLE 1). However, adjusting allopurinol accord-
ing to these guidelines does not provide adequate 
control of hyperuricemia in many patients with 
gout [97]. In addition, no increase in adverse reac-
tions to allopurinol was seen in patients who 
received higher maintenance doses than those 
recommended according to creatinine clear-
ance [99]. Therefore, for this group of patients 
higher doses may be needed and a dose titra-
tion above doses recommended by the guide-
lines, with close monitoring of the benefi ts and 
risks of the therapy, has been suggested [97]. Of 
particular importance, reduction of SUA has 
been found to improve renal function in both 
nongouty [100] and gouty patients with renal 
insuffi ciency [101,102], and also to reduce blood 
pressure in adolescents with hypertension [103].

Toxicity to allopurinol is not rare, and the 
hypersensitivity syndrome remains a serious and 
potentially lethal hazard [104]; the term drug 
rash with eosinophilia and systemic symptoms 
(DRESS) syndrome has recently been used to 
describe an entity presenting with similar fea-
tures [105]. Allopurinol has also been reported as 
the most common cause of the Stevens–Johnson 
syndrome [106]. For mild cases of the allo purinol 
hypersensitivity syndrome, desensitization is 
an option [107], although the scheme of desen-
sitization has not been critically evaluated. 
Azathioprine is also metabolized by xanthine 
oxidase. Allopurinol interferes in its metabolism, 
and their co-administration results in higher lev-
els of azathioprine, which can result in toxicity. 
The general approach to both allopurinol hyper-
sensitivity and refractoriness generally requires 
the use of alternative drugs. 

Uricosuric drugs
The so-called uricosuric drugs (which work 
by inhibiting the urate transporter URAT1 at 
the tubules, thus raising the renal clearance of 
urate) are valid options if allopurinol is prob-
lematic. Since hyperuricemia in a majority of 
gouty patients is due to lowered renal clearance 
of uric acid [108], the use of uricosuric drugs is 
attractive. In 2003, benzbromarone was with-
drawn by Sanofi –Synthélabo, after reports of 
serious hepatotoxicity, although it remains on 
the market in some countries through other drug 

companies, and in Europe it remains available 
for restricted use in several countries. The with-
drawal prompted a literature review that found 
that benzbromarone has no more toxicity than 
allopurinol or colchicine [109], and the with-
drawal may not be in the best interest of the 
patients [110]. The treatment of patients refrac-
tory or intolerant to allopurinol remains the 
main indication [111]. It can be used in patients 
with mild-to-moderate renal insuffi ciency (cre-
atinine clearances above 20 ml/min) [112], and 
has been a successful option for transplanted 
gouty patients [113,114]. In a larger series of kidn ey 
transplant patients treated with benzio darone – a 
very similar drug to benzbromarone, now with-
drawn from the market – the drug was proved 
to be superior to allopurinol in this setting [115]. 
A typical starting dose of benz bromarone would 
be 50 mg daily, to be increased in steps of 50 mg 
to the required maintenance dose (50–200 mg 
daily). In a recent trial, gouty patients who 
have not achieved SUA levels below 5 mg/dl 
(0.3 mmol/l) after receiving 300 mg/day of 
allopurinol were treated with 200 mg daily 
of benzbromarone, and the target SUA below 
5 mg/dl was attained by 22/24 patients (92%). 
Another arm in the same study treated similar 
patients failing 300 mg/day of allopurinol with 
probenecid 2000 mg/day, and the target SUA 
levels were attained in 20/31 patients (65%) [89].

Of the older hypouricemic drugs, probenecid 
or sulfi npyrazone can be used in these patients 
if available. In patients with a history of renal 
calculi, uricosuric drugs have to be used cau-
tiously, alkalinizing the urine and increasing the 
ingestion of fl uids, but only if there is no other 
rational option available. In diffi cult allopuri-
nol ‘refractory’ patients, the combined use of 
allo purinol, which decreases the total amount 

Table 1. General maintenance allopurinol dose, corrected by 
renal function.

Creatinine clearance (ml/min) Allopurinol dose (mg)

140 400 daily
120 350 daily
100 300 daily
80 250 daily
60 200 daily
40 150 daily
20 100 daily
10 100 every 2 days
0 100 every 3 days 
Hemodialysis (dialysis 2–3 times per week) 300 shortly after each dialysis session 
These are maintenance doses; cautious increases can be essayed in patients not reaching serum uric 
acid target levels and tolerating the actual dose well [97,98]. A maximum of 800 mg daily can be used 
according to the drug label [83], at least in patients with normal renal function [98].
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of urate formed, and a uricosuric drug, which 
by raising the renal urate clearance decreases 
further the SUA levels, is often effective and 
worth trying.

Febuxostat
New drugs to reduce SUA levels will be available 
soon: febuxostat is a nonpurine selective inhibi-
tor of xanthine oxidase, which is orally admin-
istered and undergoes hepatic metabolism, with 
approximately half of the administered drug 
excreted in the stool and the remainder appear-
ing in the urine [116]. Short-term pharmaco-
kinetic studies performed in nongouty subjects 
with mildly impaired renal function [117] sug-
gest that dose adjustment may not be required in 
these patients; there is no experience in patients 
with more severe renal dysfunction or in dialy-
sis. Febuxostat in doses of 120 mg/day reduced 
SUA levels to less than 6 mg/dl (0.36 mmol/l) 
in 62% of patients (53% in those receiving 
80 mg/day) [85]. The high SUA levels (8 mg/dl 
[0.48 mmol/l]) required to enter the study may 
partially explain the insuffi cient results. In a 
more recent trial, in which inclusion criteria 
also requested SUA levels above 8 mg/dl, higher 
percentages of subjects treated with febuxostat 
80 mg (48%), 120 mg (65%) and 240 mg (69%) 
attained the primary end point of last 3-monthly 
serum urate levels below 6.0 mg/dl compared 
with allopurinol 300 mg/day (22%) or placebo 
(0%) [86]. The fi xed low doses of allopurinol 
used as a comparator in these trials does not 
allow conclusions to be drawn regarding a pos-
sible superiority of febuxostat over allopurinol. 
It remains possible that properly titrated doses 
of allopurinol could yield comparable SUA levels 
to those achieved by titrated febuxostat. Safety 
of febuxostat remains a matter of concern since 
withdrawals due to side effects were more com-
mon in febuxostat- than in allopurinol-treated 
patients, mainly due to rash and abnormal liver 
function studies in one of the trials, where four 
deaths were also reported in subjects taking 
febuxostat versus none in those on allopurinol, 
although the difference was not statistically sig-
nifi cant [85]. In the more recent trial, the adverse 
events rates were reasonably similar for both 
drugs tested [86]. Febuxostat appears a good drug 
for those patients with intolerance to allopurinol, 
and probably for those with renal failure.

Uricase
In all mammals except man and higher pri-
mates, which lost functional uricase though 
mutations [118,119], uricase degrades uric acid 

to allantoin, which is soluble and easily elimi-
nated. In humans, uricase is a very effective way 
of preventing and treating tumor lysis syndrome 
and SUA levels as low as 0.78 ± 0.4 mg/dl 
(0.05 mmol/l) after 4 h of administration can 
be achieved [120]. Rasburicase, a recombinant 
uricase, has been successfu lly used in unusually 
severe cases of gout [81,121–124]; a monthly dose of 
rasburicase appears to offer an effective option, 
though the number of infusions is limited by 
tolerance. In addition, the sharp SUA reduction 
often results in severe gouty attacks in these 
patients, despite proper prophylaxis [81]. At pres-
ent, a pegylated uricase (in order to increase the 
half-life and decrease the inmunogenicity of the 
drug) is under development for treatment of 
diffi cult gout [125]. These drugs appear to be 
able to deplete urate deposits at a faster rate 
than currently available drugs [65]. The proper 
place of these drugs in the management of gout 
will become established as we gain experience 
with them.

Other drugs
Both losartan and clofi brate have a modest and 
probably transient SUA level-reducing effect. 
They can be useful co-adjuvants in the man-
agement of gouty patients, who may also benefi t 
from their effect in reducing blood pressure and 
lowering lipids.

 Treatment of gout-related 
infl ammation
Gouty attacks result from a disturbance of 
the equilibrium attained between cells and 
crystals in the joint cavity during the usually 
long intercritical periods, during which their 
interaction results in mild subclinical infl am-
mation [23,71]. The resolution of an attack indi-
cates that this equilibrium has been regained. 
If left untreated, gouty attacks subside spon-
taneously in several days or weeks; drugs with 
anti-infl ammatory properties, such as NSAIDs 
and gluco corticoids, hasten the process and 
produce a rapid relief of symptoms. Colchicine 
is also used for the treatment of acute gout. 
Since the major advances in gout treatment 
occurred before the intro duction of random-
ized, controlled trials, very few studies have 
been conducted to critically evaluate the dif-
ferent alternatives [126], so the selection between 
the different therapeutic options to treat gout 
infl ammation remains empirical and controlled 
studies would be welcomed. It is generally 
accepted that treatment early after the start of 
an attack results in faster resolution. 
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NSAIDs
All NSAIDs that have been evaluated for the 
treatment of acute attacks of gout have shown 
effi cacy. NSAIDs are considered a convenient 
and well-accepted therapeutic option and the 
choice of the specifi c NSAID is largely a mat-
ter of personal preference. It appears reasonable 
to utilize full doses of the selected drug unless 
contraindications are present. Indomethacin has 
been traditionally considered as a particularly 
effective agent. Selective inhibitors of cyclo-
oxygenase-2 are the most recently introduced 
agents of the group, and in a randomized, con-
trolled clinical trial etoricoxib 120 mg once a day 
has been found to be as effective as indo methacin, 
50 mg three times a day [127]. A recent interest-
ing randomized trial has shown that naproxen 
500 mg twice a day is as effective as prednisone 
35 mg daily [128]. The well-known side effects 
of the group – gastrointestinal, cardio vascular 
and renal – are the major limitation for the use 
of NSAIDs in acute gouty arthritis, which often 
strikes elderly patients and those with comor-
bidities. Gouty attacks very rarely constitute a 
major health problem, and safer alternatives to 
NSAIDs have to be seriously considered when 
safety is a concern.

Glucocorticoids
A short course of systemic glucocorticoids (such 
as 30–40 mg of prednisone during 2–4 days with 
a rapid taper off) [129,130] or adreno corticotropic 
hormone [131] have both been found to be effec-
tive. As mentioned above, prednisone (35 mg 
daily) has been found to be equally effective 
as naproxen (500 mg twice a day) [128]. Short 
courses of glucocorticoids may be followed by 
a rebound attack of gout. This can be avoided 
by co-administration of prophylactic doses of 
colchicine (0.5–1.5 mg/day) from the start of 
the glucocorticoid treatment. Intra-articular 
glucocorticoids, even in small doses [132], are 
effective, may minimize the systemic effects of 
these drugs and are safe if joint infection has 
been excluded [133].

Colchicine
Colchicine has a long tradition in the treatment 
of gout; formerly, response to colchicine has been 
used as a diagnostic aid for gout. In a controlled 
study, colchicine resulted in very frequent side 
effects [134], but the doses used were higher than 
those generally used today. A very recent large 
multicenter randomized clinical trial in gouty 
patients with normal renal function has showed 
equivalent effi cacy in the treatment of acute gout 

fl ares of 1.8 mg of colchicine (1.2 mg followed 
by 0.6 mg in 1 h) versus 4.8 mg of colchicine 
(1.2 mg followed by hourly doses of 0.6 mg for 
6 h), with signifi cant less gastrointestinal tox-
icity of the lower dose [135].The EULAR con-
sensus guidelines also proposed lower doses 
of colchicine (a maximum of three tablets 
of 0.5 mg in the fi rst 24 h) for acute gout, to 
maintain effi cacy while reducing its debilitating 
side effects. Colchicine toxicity and its possible 
drug interactions remain a concern [136]; besides 
the acute gastrointestinal effects, myelotoxicity 
and myotoxicity after prolonged use as prophy-
lactic therapy may occur, most often in older 
patients with comorbidities [137]. Though fi nd-
ing the optimal dose is still a subject of research, 
doses of 0.5 mg twice (in older persons) or even 
three-times daily (lowering to once daily in case 
of renal or hepatic abnormalities) appear rea-
sonable. Schemes with more frequent dosages 
are obsolete and frequently lead to substantial 
toxicity: nausea, abdominal complaints, diar-
rhoea and vomiting. Colchine has recently been 
reviewed extensively elsewhere [136].

The problem of the management of ‘refrac-
tory’ gout infl ammation (often long-neglected 
and polyarticular) has only received anecdotal 
attention. A combination of a medium dose 
of systemic glucocorticoids and intra-articular 
glucocorticoid injection of the most severely 
infl amed joints is worth trying. In one of these 
‘unresponsive’ patients, anti-TNF-α has been 
reported to be effective [138]. MSU crystals trig-
ger IL-1 release, via innate immune pathways 
and the ‘infl ammasome’ complex. Based on this 
rationale, ten patients with acute diffi cult gout 
were successfully treated with the IL-1-inhibitor 
anakinra [139]. Before employing these therapeutic 
modalities at a larger scale, there is a need to better 
characterize persistent, poorly responsive gouty 
infl ammation and determine its response to more 
standard, well-known and cheaper therapies.

 Prophylaxis of recurrent 
gouty attacks
While MSU crystals remain in the joints, gouty 
patients may be stricken by gouty attacks; the 
aim of prophylactic treatment is to keep patients 
free of them. Attacks at the start of gout tend 
to be infrequent. In the absence of treatment 
the attacks tend to become more frequent, often 
more severe and can spread to previously unaf-
fected joints. The most appropriate time to start 
prophylactic treatment has not received critical 
attention. It should always be initiated at the 
time of the introduction of a urate-lowering drug 
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to try to avoid the acute attack that frequently 
accompanies this treatment. At times, a fi rst 
attack may not be followed by subsequent bouts 
for an extended period of time, and if hypo-
uricemic treatment is not started, prophylaxis 
may be withheld after discussion of the issue 
with the patient. When attacks have become fre-
quent and bothersome, SUA prophylaxis should 
be given along with SUA-lowering therapy. 

In an early trial, patients receiving 1.5 mg/day 
of colchicine with probenecid therapy showed a 
signifi cant decrease in the number of gout fl ares 
when compared with patients receiving only pro-
benecid [140]. A retrospective analysis also sug-
gests that the daily administration of 0.5–1.5 mg 
of colchicine in most cases avoids further attacks 
of infl ammation [141]. Colchicine likely works, 
at least in part, by settling the baseline subclini-
cal infl ammation of the gouty joints to a lower, 
more stable level [69], and also by inhibiting 
neutrophil adhesion by diminishing expression 
of E-selectin on endothelium [142]. The optimal 
length of prophylactic treatment after the ini-
tiation of hypo uricemic therapy remains unde-
fi ned. A recent report suggests that prophylaxis 
should last for at least 6 months (which is the 
total duration of that study) [143]; in this trial 
patients received 1.2 mg daily and in 40% of 
them, the dose had to be reduced due to diar-
rhea. Data from another trial demonstrate that 
2 months of prophylaxis is too short [85]. After 
initiation of SUA-lowering therapy gouty attacks 
may still occur until the joint is freed of crys-
tals, and we think that for complete avoidance of 
attacks, colchicine therapy should be maintained 
until complete dissolution of the crystals. On 
the other hand it has been noted that after pro-
longed successful SUA-lowering therapy gouty 
attacks became rarer [144,145]; this may relate to 
the decrease in concentration of MSU crystals 
in SF that results from SUA-lowering therapy 
[22]. These features would justify a reasonably 
short prophylaxis after stable and successful 
SUA-lowering therapy has been instituted. In 
our practice we have found that for the few 
patients who are intolerant even to small daily 
doses of colchicine, an every-other-day schedule 
can be attempted. In addition, a small dose of a 
NSAID, such as naproxen 250–500 mg daily or 
indomethacin 25 mg daily, may be an appropri-
ate alternative. Rare patients with long-standing 
severe gout may continue with gouty attacks 
despite prophylaxis with colchicine and a small 
dose of NSAID. For these patients a small dose 
of prednisone (5–7.5 mg/day) may be necessary 
some time after the initiation of SUA-lowering 

therapy. New studies are looking at the possibil-
ity of using drugs that block IL-1 as prophylactic 
therapy, although its use would appear restricted 
to quite exceptional occasions.

 Dietary & lifestyle factors, 
& medication
Throughout history, gout has been popularly 
associated with overindulgence in alcohol and 
food associated with wealth [146]. In fact, the 
prevalence of gout has increased in recent decades 
in most countries [147], and the rise in developing 
countries has been at least partially related to a 
change from traditional to westernized diets [148]. 
Hyperuricemia and gout are so closely associated 
to the so-called metabolic syndrome that hyper-
uricemia has been considered as an element of the 
metabolic syndrome [149,150], where hyper uricemia 
results mainly from a decreased renal clearance 
of urate [151]. Any diagnosis of gout must there-
fore be followed by a thorough evaluation for the 
presence of other elements of the metabolic syn-
drome, namely high blood pressure, insulin resis-
tance, dyslipidemia and abdominal obesity, and 
attention to comorbid conditions is considered 
a key issue in recently published recommend-
ations on gout management [1]. In addition to 
being associated with the metabolic syndrome, 
gout has now been identifi ed as an independent 
cardiovascular risk factor, increasing the risk of 
myocardial infarcts [72,73], fatal coronary heart 
disease and the risk of death from cardiovascular 
causes [73]. The level of the association rises with 
an increasing severity of gout [74]. 

In hyperlipidemic patients a hypocaloric 
diet not only decreases lipid serum levels, but 
also serum urate levels through an increase in 
urate renal clearance [152]. No doubt the ben-
efi ts of appropriate lifestyle changes would go 
far beyond their effect on gout. The relation-
ship between lifestyle changes, diet and gout 
has recently been extensively reviewed [153–156]. 
In addition to the classic recommendations of 
reduced intake of purine-rich foods (such as 
anchovies, herring and organ meat) and alcohol 
(especially beer and spirits), sugar-sweetened soft 
drink consumption should be kept to a mini-
mum [157,158]. By contrast, diet soft drinks, cof-
fee or dairy products seem to have no effect, or 
even a slight benefi cial effect, on serum urate 
levels [159–161].

SUA-increasing medication
Diuretics, by reducing renal clearance of 
urate, may induce hyperuricemia and gout. 
Their recent introduction may trigger gouty 
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attacks [162]. On the other hand, in a controlled, 
community-based study on development of gout 
in patients receiving diuretics, gout was found 
to associate with the cardiovascular conditions 
for which the diuretics were prescribed, which 
associate to lower clearance of urate by the kid-
neys, as diuretics do, rather than to the diuretic 
itself [163]. In another study, however, odds ratios 
of recurrent gout attacks were 3.2 and 3.8 for 
use of thiazide and loop diuretics, respectively 
[162]. The association between diuretics and gout 
warrants further studies [164]. In addition to 
diuretics, decreased fractional excretion of urate 
can also be the result of the ingestion of drugs 
such as ciclosporin [24] and low-dose aspirin [25]. 
Other SUA-increasing drugs are mycophenolate 
mofetil, pyrazinamide, ethambutol, nicotinic 
acid and cytostatic agents [165].

Future perspective
The future for gouty patients largely depends on 
whether the best standards of management for 
gout are fi nally widely applied, since we already 
have excellent means for unequivocal diagnosis 

and very effective treatment in most patients. The 
situation of gout is unusual in medicine: while in 
other conditions considered severe a search for 
solutions is constant, and when found eagerly 
applied, in gout the solutions and recommenda-
tions already exist, but surprisingly their applica-
tion is hampered by current habits of practice. 
Gout is the result of MSU crystal deposit in joints 
and tissues, a consequence of hyperuricemia. The 
deposit is fully reversible by reducing SUA levles 
to normal values, often requiring lifelong treat-
ment. Such characteristics require an unequivo-
cal diagnosis, which is possible by MSU crystal 
identifi cation in synovial fl uid, a technique that 
requires previous training in techniques of arthro-
centesis and SF ana lysis. To gauge the magnitude 
of the MSU crystal deposit as a more direct means 
of determining the severity of gout is becoming 
feasible and may be an area of research in the near 
future. In addition, to better assess the impact 
of MSU crystal deposit and gout in the general 
health, and more specifi cally in atherosclerosis 
and its repercussions in the cardiovascular system, 
is an area open to research.
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Activity evaluation: where 1 is strongly disagree and 5 is strongly agree.

1 2 3 4 5

The activity supported the learning objectives.
The material was organized clearly for learning to occur.
The content learned from this activity will impact my practice.
The activity was presented objectively and free of commercial bias.

1. Which of the following statements about the diagnosis of gout is most accurate?

A Gouty arthritis can occur in the absence of monosodium urate crystals

B Over 90% of fi rst gouty attacks occur in the fi rst metatarsophalangeal joint

C Most patients with a serum uric acid (SUA) level above 9 mg/dl will develop gout within 
1 year

D The American College of Rheumatology (ACR) clinical criteria lack sensitivity in diagnosing 
primary gout

To obtain credit, you should fi rst read the jour-
nal article. After reading the article, you should 
be able to answer the following, related, mul-
tiple-choice questions. To complete the ques-
tions and earn continuing medical education 
(CME) credit, please go to http://cme.med-
scape.com/public/futuremedicine. Credit can-
not be obtained for tests completed on paper, 
although you may use the worksheet below to 
keep a record of your answers. You must be a 
registered user on Medscape.com. If you are 
not registered on Medscape.com, please click 
on the New Users: Free Registration link on the 
left hand side of the website to register. Only 
one answer is correct for each question. Once 
you successfully answer all post-test questions 
you will be able to view and/or print your cer-
tifi cate. For questions regarding the content of 
this activity, contact the accredited provider, 

CME@medscape.net. For technical assist-
ance, contact CME@webmd.net. American 
Medical Association’s Physician’s Recognition 
Award (AMA PRA) credits are accepted in the 
US as evidence of participation in CME activi-
ties. For further information on this award, 
please refer to http://www.ama-assn.org/ama/
pub/category/2922.html. The AMA has deter-
mined that physicians not licensed in the US 
who participate in this CME activity are eli-
gible for AMA PRA Category 1 Credits™. 
Through agreements that the AMA has made 
with agencies in some countries, AMA PRA 
credit is acceptable as evidence of participa-
tion in CME activities. If you are not licensed 
in the US and want to obtain an AMA PRA 
CME credit, please complete the questions 
online, print the certifi cate and present it to 
your national medical association.

Gout: new advances in the diagnosis and management of an old diseaseCME

2. SUA levels should be reduced to at least which of the following levels to clear 
crystals from joints?

A 10 mg/dl

B 8 mg/dl

C 6 mg/dl

D 4 mg/dl
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4. Which of the following statements about the treatment of gout-related 
infl ammation is most accurate?

A Among nonsteroidal anti-infl ammatory drugs (NSAIDs), only indomethacin has been 
demonstrated to be effective in the treatment of gout-related infl ammation

B Selective inhibitors of cyclo-oxygenase-2 are not effective in the treatment of gout

C Prednisone has been demonstrated to be similarly effective as naproxen in the treatment 
of gout-related infl ammation

D Colchicine should only be used in high doses in the treatment of gout-related 
infl ammation

3. Which of the following statements about the use of medications to reduce SUA levels 
is most accurate?

A Most patients receive adequate reductions in SUA levels with allopurinol 300 mg daily

B The dose of allopurinol should be reduced when the creatinine clearance is below 
50 ml/min

C Febuxostat should be avoided among patients with any degree of renal insuffi ciency

D Allopurinol promotes more side effects than febuxostat
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