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Gout is a picturesque presentation of uric acid disturbance. It is the most well understood and described
type of arthritis. Its epidemiology is studied. New insights into the pathophysiology of hyperuricemia and
gouty arthritis; acute and chronic allow for an even better understanding of the disease. The role of
genetic predisposition is becoming more evident. The clinical picture of gout is divided into asymp-
tomatic hyperuricemia, acute gouty arthritis, intercritical period, and chronic tophaceous gout.
Diagnosis is based on laboratory and radiological features. The gold standard of diagnosis is identification
of characteristic MSU crystals in the synovial fluid using polarized light microscopy. Imaging modalities
include conventional radiography, ultrasonography, conventional CT, Dual-Energy CT, Magnetic
Resonance Imaging, nuclear scintigraphy, and positron emission tomography. There is remarkable pro-
gress in the application of ultrasonography and Dual-Energy CT which is bound to influence the diagno-
sis, staging, follow-up, and clinical research in the field. Management of gout includes management of
flares, chronic gout and prevention of flares, as well as management of comorbidities. Newer drugs in
the pharmacological armamentarium are proving successful and supplement older ones. Other important
points in its management include patient education, diet and life style changes, as well as cessation of
hyperuricemic drugs.
� 2017 Production and hosting by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Gout distinguished itself in the history of Homo sapiens since
time immemorial. It appeared in medical records very early in
the history of medical writing, and was also mentioned in the
biographies of many famous names. It was depicted as the fate of
a life of affluence as much as the challenge to a physician’s skill,
and truly it was. Modern ages witnessed remarkable progress in
managing gout. More recently, thanks to quantum leaps in molec-
ular biology, diagnostic modalities, and pharmacotherapy, we
enjoy deeper understanding of the disease and a more sophisti-
cated armamentarium.
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Gout is a systemic disease that results from the deposition of
monosodium urate crystals (MSU) in tissues. Increased serum uric
acid (SUA) above a specific threshold is a requirement for the for-
mation of uric acid crystals. Despite the fact that hyperuricemia is
the main pathogenic defect in gout, many people with hyper-
uricemia do not develop gout or even form UA crystals. In fact, only
5% of people with hyperuriceamia above 9 mg/dL develop gout.
Accordingly, it is thought that other factors such as genetic predis-
position share in the incidence of gout [1,2].

MSU crystals can be deposited in all tissues mainly in and
around the joints forming tophi. Gout is mainly diagnosed by iden-
tification of the pathognomonic MSU crystals by joint fluid aspira-
tion or in tophi aspirate. Early presentation of gout is an acute joint
inflammation that is quickly relieved by NSAIDs or colchicine.
Renal stones and tophi are late presentations. Lowering SUA levels
below deposition threshold either by dietary modification and
using serum uric acid lowering drugs is the main goal in manage-
ment of gout. This results in dissolution of MSU crystals preventing
further attacks [3,4].
Epidemiology

The general prevalence of gout is 1–4% of the general popula-
tion. In western countries, it occurs in 3–6% in men and 1–2% in
women. In some countries, prevalence may increase up to 10%.
Prevalence rises up to 10% in men and 6% in women more than
80 years old. Annual incidence of gout is 2.68 per 1000 persons.
It occurs in men 2–6 folds more than women.Worldwide incidence
of gout increases gradually due to poor dietary habits such as fast
foods, lack of exercises, increased incidence of obesity and meta-
bolic syndrome [5].
Pathogenesis of hyperuricemia

Urate is the ionized form of uric acid present in the body. Uric
acid is a weak acid with pH of 5.8. Urate crystals deposition in tis-
sues starts to occur when serum uric acid level rises above the nor-
mal threshold. Pathological threshold of hyperuricemia is defined
as 6.8 mg/dL [1,6].

Some factors may affect the solubility of uric acid in the joint.
These include synovial fluid pH, water concentration, electrolytes
level, and other synovial components such as proteoglycans and
collagen. SUA level in the body is determined by the balance
between its production either from purine intake in diet or
endogenous production by cellular turnover and its excretion by
the kidneys and GIT. Increased production of UA is responsible
for only 10% of cases of gout while the remaining 90% are caused
by its renal under-excretion [7].

Factors affecting SUA levels include age and gender. SUA is low in
children. After puberty, SUA levels start to increase to reach their
normal levels. In men, levels are higher than in women. However,
SUA levels in postmenopausal women increase to reachmen’s levels.
This explains why gout is usually a disease of middle aged and older
men, and postmenopausal women. Rarely, it may happen in children
and young adults in some rare inborn errors of purine metabolism.
These enzymatic defects result in increased SUA with consequent
production of UA crystals in kidneys and joints (Fig. 1) [8].

Overproduction of uric acid

Deficiency of enzymes involved in purine metabolism leads to
overproduction of UA. For example, Lesch-Nyhan syndrome is an
inborn error of metabolism resulting from deficiency of an enzyme
involved in UA metabolism named hypoxanthine–guanine phos-
phoribosyltransferase. It is a genetic X-linked recessive disorder
with varying degrees of severity according to the type of mutation.
The clinical picture of this disease involves neurological abnormal-
ities such as dystonia, chorea, cognitive dysfunction, compulsive
injurious behavior, self-mutilation and articular manifestations
(early onset gout) in addition to renal stones. If left untreated, it
may lead to tophi formation and renal failure [9].

Another enzymatic abnormality that causes gout in the young is
the superactivity of phosphoribosyl pyrophosphate synthetase. It is
an X-linked dominant inherited disorder. The syndrome has two
clinical forms, a severe early onset form in children and a mild late
juvenile or early adult onset form. Clinical picture includes neurolog-
ical abnormalities such as sensorineural hearing loss, hypotonia and
ataxia in the severe form. The mild form manifests as uric acid renal
stones and arthritis. However, these enzymatic disorders constitute
only less than 10% of cases of overproduction of urates [10].

Diet

Ingestion of foods rich in purines such as cooked or processed
food especially from animal and seafood origin is a key element
of increasing uric acid precursors. While foods rich in purine of
vegetable origin such as beans, lentils, mushrooms, peas, legumes,
and dairy products do not carry any risk on hyperuriceamia and
gout, thus, can be allowed in gout patients. Furthermore, foods rich
in vitamin C, low fat dairy products, plant oils such as olive, sun-
flower and soy were associated with reduced risk for hyper-
uriceamia and gout. Vitamin C was found to increase renal
excretion of uric acid so it can be used as a supplement during
management of gout [11,12].

Alcohol is a well-known risk factor for gout. Studies showed
that alcohol consumption is related to the amount consumed.
Additionally, the risk for gout and hyperuriceamia depends on
the type of different alcoholic drinks. For instance, beer is the worst
in increasing the risk for gout compared to liquor. While the lowest
risk among alcoholic drinks was for wine [11].

Endogenous urate production

Increased endogenous production of uric acid occurs in acceler-
ated cellular turnover such as in malignancies, heamatological and
inflammatory diseases. Also, increased purine production may
result from chemotherapy and tissue damage. Furthermore,
increased body weight and obesity leads to enhanced production
of uric acid aggravating the risk of hyperuriceamia. Leptin was
found to increase serum levels of urate. So, weight loss and exer-
cises are very useful in reducing SUA levels and gout risk [13–16].

Decreased excretion of uric acid

Two thirds of urate excretion occurs in the kidneys while the
rest is excreted through the gastrointestinal tract (GIT). Reduced
secretory function of the transporter ABCG2 leads to decreased
excretion of uric acid through the GIT resulting in rise of serum
levels of uric acid and enhanced renal excretion[7,17].

Uric acid crystals are not soluble so require specific membrane
transporters in order to cross cell membranes. Of these trans-
porters are the urate transporter/channel (URAT) mainly URAT1
and the organic anion transporters (OAT1 and OAT3) [7,18].

Renal excretion of uric acid is the end result of 4 phases. The
first phase is the passage of UA across the Bowman’s capsule
(glomerular filtration); followed by reabsorption of almost all
urates passing in the proximal tubules. The third phase involves
secretion of part of the reabsorbed UA ending with another reab-
sorption phase in the proximal tubules. The excreted UA is almost
10% of the filtered urate through Bowman’s capsule and the rest is
reabsorbed in the body (Fig. 2) [19].



Fig. 1. Pathogenesis of hyperuriceamia (perceived and designed by Dr. EL-Shahaly).

Fig. 2. Renal excretion of uric acid (perceived and designed by Dr. EL-Shahaly).
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Reduced renal excretion of urate is associated with some auto-
somal dominant disorders. Uromodulin is a gene that is expressed
in the thick ascending limb of the loop of henle. It is responsible for
regulating water permeability. Mutations of uromodulin gene
result in decreased fractional excretion of UA, which in turn
increases SUA [20].

URAT1 transports UA in the filtered fluid passing through the
proximal tubules into the tubulules by an active transport process.
Uricosuric drugs such as probenecid, benzbromarone and sulfin-
pyrazone decrease URAT1 activity, and consequently UA reabsorp-
tion in proximal tubules. On the other hand, drugs such as
pyrazinamide, nicotinate and lactate increase urate reabsorption
by acting on URAT1, moving UA from the lumen into the tubular
cells. They both increase glomerular filtration and tubular reab-
sorption of UA preventing its loss in urine and increasing UA levels
in serum [21].
Substances that affect URAT1 activity can both potentiate or
inhibit its activity according to their dose. For example, low doses
of aspirin have an anti-uricosuric effect while high doses have a
uricosuric effect. High dose aspirin inhibits URAT1, hence its urico-
suric effect. This process is called cis-inhibition of URAT1. The anti-
uricosuric effect is caused by trans-stimulation of URAT1 by aspirin
[22].

Genes responsible for uric acid regulation

SLC22A12 gene encodes for the transporter URAT1 present on
the apical membrane of renal tubules. SLC2A9 is another gene
involved in regulation of UA excretion. It encodes for a transporter
protein in the membrane of renal tubules. Polymorphism of both
genes results in decreased fractional excretion of UA leading to
increased SUA levels. ABCG2 is a gene transporter for UA in the
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proximal tubular cells of the kidney as well as in the GIT. SLC17A1,
SLC17A3 genes are important determinants of SUA levels acting as
membrane transporters in the kidenys. Other genes involved in
determination of SUA levels include SLC22A11, the glucokinase
regulatory protein (GCKR), Carmil (LRRC16A), and near PDZ
domain containing 1 (PDZK1) genes [23,24].
Pathogenesis of acute gouty arthritis

Deposition of UA crystals in the joint cavity is the triggering
cause of gout. These crystals initiate the inflammatory process by
being engulfed by synovial phagocytic cells leading to release of
lysosomal enzymes and production of inflammatory chemokines.
Another mechanism is that UA crystals change the stability of cell
membrane of phagocytic cells by direct crosslinkage with mem-
brane lipids and glycoproteins. This involves the triggering of G
protein, phospholipase A2, C and D, tyrosine kinase and other
kinases such as mitogen-activated kinases (ERK1/ERK2, p38) and
c-Jun N-terminal kinase. This interaction leads to increased IL-8
in phagocytes resulting in activation of neutrophils [25,26].

The pathogenesis of gouty arthritis involves initial activation of
monocytes and mast cells followed by neutrophils. Before the first
attack of gout and in the inter-critical period, macrophages engulf
UA crystals.Well-differentiatedmacrophages have the capability to
contain these crystals without inducing an inflammatory response.
While less-differentiated monocytes produce abundant amounts of
TNF, IL-1, IL-6 and IL-8 along with endothelial activation following
phagocytosis of urate crystals. Also, mast cells are key players in
inducingtheacutegoutyattackbyproducinghistamineandIL-1.This
results in increasingvascular permeability andvasodilatation. Inter-
estingly, it is thought that may even end the inflammatory phase by
engulfing the crystals and the inflammatory debris [26,27].

The chemotactic factors produced by monocytes and mast cells
and the local vasodilatation stimulates neutrophilic chemotaxis.
Also, endothelial cells activation further aggravates the inflamma-
tory response and migration of neutrophils. This leads to an influx
of neutrophils locally. Colchicine is thought to act by stopping the
acute attack throughchanging theaffinity of selectinsonendothelial
cells and neutrophils to inflammatory mediators and also by block-
ing theneutrophilic stimulation inducedbyendothelial cells [28,29].

Inside the synovium, the abundance of chemotactic factors such
as leukotrienes, platelet activating factor and interleukins mainly
IL-8 is responsible for 90% of neutrophils activation and exacerba-
tion of acute inflammation. Accordingly, targeting IL-8 can be
promising for stopping the acute attack of gout [26].

The acute attack of gout is usually self-limited. It resolves
within hours to few days of its beginning. This occurs by removal
and phagocytosis of crystals by macrophages, hence suppressing
cellular and chemokine activation. Also, macrophages clear the cel-
lular apoptotic remnants to help stop the inflammatory cascade.
Additionally, macrophages secrete TGF-b that eliminates IL-1,
another key player in enhancing the inflammatory process [30].

Anti-inflammatory cytokines play an important role in inhibit-
ing the inflammatory process. Other mechanisms involved in
terminating the acute attack include proteolysis of pro-
inflammatory cytokines, decreasing expression of receptors for
TNFa and interleukins on the surface of leukocytes. Vasodilatation
and increased vascular permeability is also important to allow
extravasation of macrophages into the synovial fluid to clear the
inflammatory area (Fig. 3) [30].
Pathogenesis of chronic gout

Chronicity is a feature of gout. It results from chronic inflamma-
tion that follows recurrent attacks of gout. Chronic gout manifests
by chronic synovitis, bony erosions, cartilage damage and tophi
formation. This can be explained by different mechanisms. Pres-
ence of urate crystals in the synovium leads to stimulation of chon-
drocytes to produce inflammatory cytokines, nitric oxide and
matrix metalloproteases resulting in cartilage damage [31,32].

On the bone level, IL-1b and activation of receptor for nuclear
factor j B (RANK) and RANK ligand (RANK-RANKL) pathway are
key players in osteoclastogensis and the formation of bone erosions.
Gouty erosions are characterized by having overhanging edges and
partial preservation of joint space. Furthermore, osteoblasts release
pro-inflammatory cytokines leading to erosions and bone destruc-
tion in addition to compromising their own bone formation func-
tion. In the intercritical phase, there is persistent low-grade
inflammation in affected joints. The same cytokines responsible
for the acute flare up can be found at lower concentrations inbe-
tween attacks. Although chronicity may result even with the use
of uric acid lowering drugs and appropriate management of acute
flare ups, yet its incidence is lower compared to patientswith recur-
rent inappropriately treated attacks. Chronicity can be decreased by
long-term use of low dose anti-inflammatory agents such as colchi-
cine and lowering SUA to safe levels (<6 mg/dL) [32,33].

Increased uric acid excretion in urine is usually calculated by
the fractional excretion of urate compared to creatinine clearance.
Both urine and blood samples are taken at the same time. The for-
mula to calculate this parameter is [urine UA � serum Cr/serum UA
x urine Cr]. The normal fractional excretion of uric acid is 7–10%.
When it decreases, this reflects a reduction of uric acid excretion
resulting in increased serum urate level [34].

Interestingly, it appears that levels of SUA actually decrease
during the acute attack of gout. Furthermore, precipitation of an
attack is common following the introduction of allopurinol or
febuxostat without the prophylactic use of NSAID or colchicine.
Also, states with increased excretion of SUA such as during surgery
can trigger an acute gouty attack. Accordingly, it is assumed that
sudden reduction of SUA precipitates acute gout [35].

Although hyperuriceamia is the main cause of gout, uric acid
itself is an anti-oxidant that has a protective role on vascular
endothelium. So, the presence of uric acid is essential for vascular
integrity and homeostasis of human body’s functions. On the other
hand, some studies found that allopurinol, a xanthine oxidase inhi-
bitor used for treatment of hyperuriceamia and gout, has protec-
tive effects on vascular endothelial cells reducing cardiovascular
risk. What determines whether presence of uric acid is beneficial
or not is the type of tissue affected, whether it is intracellular or
extracellular and its concentration. [36,37].
Impact of systemic diseases on uric acid

Gout seems to affect osteoarthritic joints more often. This
observation shows that cartilage damage resulting from OA
induces formation of MSU crystals. Interestingly, UA crystals seem
to affect the cartilage from its outer surface. Oppositely, pseudo-
gout crystals appear inside the cartilage. Accumulation of UA crys-
tals in the joint results from decreased vascularity and
susceptibility of the synovial membrane to pass the crystals. Thus,
gout tends to affect peripheral joints such as the big toe [38].

Hypertension is known as a risk factor for hyperuricemia and
gout. Increased systemic blood pressure results in reduced
glomerular filtration rate leading to decreased glomerular blood
flow and decreased excretion of UA [34]. However, recent data sug-
gest that hyperuricemia leads to increased blood pressure and that
uric acid is a true modifiable risk factor for development of essen-
tial hypertension [39].

Diabetes mellitus (DM) is also a significant risk factor for hype-
ruriceamia and gout. Failure of oxidative phosphorylation



Fig. 3. Pathogenesis of acute gouty inflammation (perceived and designed by Dr. EL-Shahaly).

G. Ragab et al. / Journal of Advanced Research 8 (2017) 495–511 499
increases adenosine levels resulting in increased production of uric
acid and reduction of its renal excretion. Insulin treatment
increases SUA by increasing its renal reabsorption from renal
tubules. Metabolic syndrome is also associated with hyper-
uriceamia and gout [40].
Diagnosis

Clinical diagnosis

Asymptomatic hyperuriceamia
Gout undergoes 4 stages during its course starting with asymp-

tomatic hyperuriceamia. In this stage, patients have no symptoms
or signs and are usually accidentally discovered when measuring
SUA (serum level greater than 7 mg/dL). However, some patients
with hyperuriceamia may develop an acute gouty attack.

Acute gouty attack
Acute gouty attack is usually monoarthritic that peaks within

hours to severely inflamed joint with cardinal signs of inflamma-
tion including redness, hotness, tenderness, swelling and loss of
function. In large joints such as knees and ankles, skin signs are
infrequent, but swelling and pain can be intense.

Gout has a predilection for lower extremities such as the first
MTP, which is the commonest site for acute gout known as podagra
[41]. Other joints that can be affected are the tarsal and metatarsal
joints, ankles, knees, wrists, MCPs as well as interphalangeal joints
of the hands. Rarely, hip and shoulder joints can be involved. Ver-
tebral column involvement is extremely rare. Soft tissue inflamma-
tion may also occur including olecranon bursitis and Achilles
tendonitis [42].

Arthritis of more than one joint at the same time is not very
rare. It is more common in long-term untreated gout or in post-
menopausal women. Constitutional symptoms such as fever, head-
ache, and malaise can be present. In such case, the joint has to be
managed as septic arthritis until proven otherwise. Extreme cau-
tion should be taken when dealing with such cases, as septic arthri-
tis may happen in a gouty joint with the presence of MSU crystals.
On the other hand, gouty attack can be mild with low-grade
inflammation [43].

Intercritical period
When the acute attack settles down within hours to days fol-

lowing the introduction of colchicine or NSAIDs, patients enter into
a remission phase. This period is characterized by the absence of
symptoms. It may be interrupted suddenly by newer attacks if
proper treatment for hyperuriceamia has not been introduced. This
quiescent stage can be prolonged after the first attack. Without
proper treatment, however, attacks become more frequent and
more severe [44].

Chronic tophaceous gout
Untreated disease progresses into destruction of joints with for-

mation of palpable tophi. A tophus is a mass formed of large
amounts of accumulated crystals. It happens in chronic untreated
gout. It can be present around the joints in the ears, the subcuta-
neous tissue or the skin. It is a manifestation of chronicity and
uncontrolled disease. Macroscopically, tophi contain a white
chalky material. Tophi may lead to joint destruction and deformity.
Bony erosions may also occur as growing tophi extend to the bone.
Differentiation of tophi from other nodules such as rheumatoid
nodules, osteoarthritic Heberden’s and Bouchard’s nodules, lipo-
mas or is essential for further management. This can be easily done
by taking a simple needle biopsy that will showMSU crystals char-
acteristic of gout [45].

Clinical diagnosis of gout is widely used allover the world espe-
cially in developing countries where resources are limited. How-
ever, when clinical diagnosis has been compared to microscopic
diagnosis of crystals, it appeared to have low sensitivity and speci-
ficity [46].
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In certain circumstances with atypical presentation of gout such
as in multiple joint affection or atypical joint distribution, identifi-
cation of MSU is mandatory to differentiate gout from other diag-
noses. Elevated levels of SUA associated with typical joint
involvement such, as podagra is usually a straightforward diagno-
sis. However, according to the EULAR recommendations, synovial
fluid analysis is still advised to exclude other causes mainly septic
arthritis [47].

Formation of tophi is a late clinical manifestation of gout
(Fig. 4), though it may develop early in the disease course. When
present, it can be a good indicator of gout. But still differentiation
from other arthritides associated with nodules needs to be
excluded before jumping to a definite diagnosis of gout [48].
Fig. 4. Chronic tophaceous gout: (a) hands, (b) ankle, (c) left greater toe (from the
private collection of the authors).
Laboratory diagnosis

Diagnosis of gout based on hyperuricemia is a common miscon-
cept among non-rheumatologists. Hyperuriceamia is usually
asymptomatic and does not necessitate the diagnosis of gout.
Among patients with SUA levels between 7 and 7.9 mg/dL only
0.09% will develop gout every year. As for patients with SUA
between 8 and 8.9 mg/dl, 0.4% out of themmay develop gout. With
hyperuriceamia above 9 mg/dl, only 0.5% of patients may get gout
[49].

Although hyperuriceamia is a characteristic feature of gout; it
should be noted that during gouty attacks, SUA might drop to nor-
mal levels. Hyperuricemia is a weak marker for gout diagnosis and
the disease might still be diagnosed even with normal serum levels
[50].

The gold standard of diagnosis is the identification of MSU crys-
tals in synovial fluid aspirate using polarized light microscopy. Bet-
ter diagnostic yields can be obtained when using compensator.
However, a regular light microscope can also be used for identifica-
tion of crystals and differentiating MSU from other crystals such as
calcium pyrophosphate dehydrate (CPPD) crystals. MSU crystals
are found in the synovial fluid in all stages of the disease; during
attacks, in the intercritical period or in chronic tophaceous gout
[51].

Samples should be examined as soon as possible; better within
6 h. Though, they can be examined within 24 h if kept refrigerated
at 4 �C. This is to avoid cellular dissolution and disappearance of
crystals. In order to examine a specimen, a small drop is placed
on a glass slide and covered with another, then placed under the
microscope [52].

Using simple light microscopy, UA crystals are needle-like in
shape, with different sizes. They can be seen clearly with 600�
magnification. More magnification allows identification of further
details. These can be easily distinguished from pseudogout (CPPD)
crystal, which are usually rhomboidal in shape. Size can be similar
to MSU crystals. Similar magnification to UA crystals ranging from
600� to 1000� can easily differentiate both crystals from each
other [52].

Using a polarized filter helps better detection of crystals and
birefringence. MSU crystals appear as shiny strong negatively bire-
fringent crystals against dark background. They appear yellow
when aligned parallel to the axis of red plate compensator. CPPD
crystals, on the other hand, show positive birefringence and appear
blue in color under the same circumstances [53].

Further analysis of synovial fluid should include leukocytic
count, chemistry, culture and sensitivity. In acute gout, synovial
fluid leukocytic count may exceed 50.000 cells/mL in some cases
mostly polymorphs. Chemistry reveals normal glucose levels con-
trary to septic arthritis, in which bacteria consume glucose leading
to low levels. Care should be taken to exclude septic arthritis in
gouty cases, as both may be present in the same joint. So, culture
and sensitivity along with gram stain is crucial to confirm the diag-
nosis [54].

Analysis of amount of uric acid in urine over 24 h is useful in
assessing the etiology of hyperuriceamia in gout patients. Urinary
uric acid of more than 800 mg/24 h indicates that such patients
have increased production of uric acid, thus they excrete a large
amount of uric acid. They require a drug that prevents uric acid
production such as xanthine oxidase inhibitors rather than a urico-
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Fig. 5. Three examples of Ultrasonography in gout. (a) Intraarticular tophus,
metatarsophalangeal joint; (b) Double contour sign; (c) Longitudinal image of
extensor digitorum longus (EDL) tendon showing markedly distended sheath with
synovial effusion, synovial hypertrophy and crystal aggregates (arrows) (Courtesy
of Dr. Adham Aboul-Fotouh, Kasr Alainy Teaching Hospital, Cairo University).
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suric agent. Renal function tests should be done regularly for such
patients due to the high risk for stone formation [55].

Radiological diagnosis

The significance of imaging in gouty arthritis cannot be overem-
phasized. It is extremely important for diagnosis and follow-up in
clinical practice. Also, its potential as an outcome measure in clin-
ical trials is growing. Recently, developments in the field of tech-
nology are influencing the staging, and even the type of gout
nomenclature.

Conventional Radiography (CR)
It is the most widely used method in clinical practice, however

in early stages of the disease it is not very helpful [56]. Radio-
graphic changes may be missed for a minimum of 10 years after
the first gouty attack [57]. During the early stages of gout, radio-
graphic images are usually normal or may show asymmetric soft
tissue swelling near the affected joints, but subtle early lesions
such as small erosions and tophi are difficult to detect [58].

In chronic tophaceous gout, the main radiographic features are:

(a) Tophi which are articular or periarticular soft tissue dense
nodules [59,60]

(b) MSU deposits in the cartilaginous part
(c) Joint space narrowing in advanced disease [61]
(d) Bone erosions are characteristic. They are well circum-

scribed intraarticular or juxtarticular lesions with overhang-
ing margins [62]. They result from the growth of tophi into
the bone, hence are usually seen near tophi [63].

(e) Periarticular osteopenia is usually absent and proliferating
bone can be seen mostly as irregular spicules [64]

(f) Calcified MSU deposits can penetrate in the bone; in severe
cases, they should not be confused with bone infarcts or
enchondromas. Radiography has low sensitivity (31%), how-
ever, its specificity is high (93%) [65].

CR is widely available, inexpensive, quick, and acceptable to
patients. Radiation hazard is small [66]. The CR Sharp-van de Hejde
scoring system for gout (SvdH-G), has been adapted from its RA
counterpart and modified. The gout version, includes scoring for
bone erosions as well as joint space narrowing with the distal
interphalangeal joints (DIPjs) added [67].

Ultrasound (US)
Recently, progress in US technology (machines, transducers,

techniques), encouraged its use by rheumatologists for the diagno-
sis and management of gout. In their excellent review, Nestrova
and Foder [68], listed the main indications for using US in
crystal-induced arthritis. These include detection of joint effusion
and synovitis, differentiating between active and inactive synovi-
tis, studying cartilage, describing bone contour for erosions and
osteophytes, evaluation of tendons, evaluation of crystal deposi-
tion, execution of US-guided procedures (diagnostic and/or thera-
peutic), monitoring disease evolution as well as being helpful for
the differential diagnosis with other arthritides (Fig. 5).

In gout US features can be either nonspecific or specific. Non-
specific features include:

(1) Synovial fluid

Synovial fluid varies from being totally anechoic to containing
aggregates of variable echogenicity. Aggregates of MSU microcrys-
tals can be detected as hyperechoic spots or bright stippled foci.
They tend to float in the joint space sometimes giving a snow-
storm appearance when applying gentle pressure on the skin sur-
face [69,70].

(2) Synovial proliferation and hypervascularization

The doppler mode can differentiate active from inactive syn-
ovial tissue by assessing its vascularity. This is essential for diagno-
sis and in monitoring the disease and its response to therapy [68].

(3) Bone erosions

These are defined in gout as ‘‘intra- and/or extra-articular dis-
continuity of the bone surface (visible in two perpendicular planes)
[71]. They are more likely found in patients who experience fre-
quent attacks, or who have long disease duration, and tophi [71].
US has a threefold sensitivity than CR in detecting erosions < 2 mm
(P < 0.001) [68]. There is, however, standardized US scoring system
for erosions in gout [68].



Fig. 6. DECT of a gouty patient showing two views of MSU deposits (in red) in the
tibialis posterior tendon (from the private collection of prof. Bardin.
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Articular cartilage ‘‘double contour Sign” (DCS)
DCS is very specific for gout. It is defined as abnormal hypere-

choic band over the superficial margin of the articular hyaline car-
tilage, independent of the angle of insonation and which may be
either irregular or regular, continuous or intermittent and can be
distinguished from the cartilage interface sign [71].

DCS is reported in acute flare-up in clinically uninvolved joints,
and in patients with asymptomatic hyperuricemia [68]. False-
positive results have also been reported [72,73]. Threle and Sch-
lesinger demonstrated that DCS can disappear when SUA levels
were lowered to 6 mg/dl for 7 months or more [74].

MSU deposits (Tophi and Aggregates)

i- A tophus is a circumscribed, inhomogeneous, hyperechoic,
and/or hypoechoic aggregation (that may or may not gener-
ate posterior acoustic shadow), which may be surrounded by
a small anechoic rim. Aggregates are heterogeneous hypere-
choic foci that maintain their high degree of reflectivity even
when the gain setting is minimized or the insonation angle
is changed and which occasionally may generate posterior
acoustic shadow.

ii- Tophi have been also described by US as ‘‘wet sugar clumps”
with an oval or irregular shape [75].

iii- Intra-articular and intrabursal tophi have been defined as
heterogeneous hyperechoic (relative to subdermal fat)
aggregates with poorly defined margins with or without
areas with acoustic shadowing within the synovial recesses
or bursae, respectively [76].

Doppler US can distinguish between active/hot tophi and inac-
tive/cold ones based on their doppler signal [68]. Tophi can directly
be measured by US using special calipers. There is good sensitivity
to change associated with ULT [77]. US is feasible as it can be per-
formed in the clinic and there are no radiation hazards involved.
The time required for scanning, however may be significant and
training costs may be considerable [66].

Conventional CT (CCT)
CT is characterized by excellent resolution and high contrast,

hence it is the best technique for the assessment and characteriza-
tion of crystal arthropathies [61].

CCT is not helpful in the diagnosis of acute gout as it can’t detect
inflammation, synovitis, tenosynovitis and osteitis. This handicap
is however, more than counterbalanced by its role in chronic gout.
It is able to detect erosions better than Magnetic Resonance Imag-
ing (MRI) or CR [78]. These are described as well defined, punched
out lytic bone lesions, with sclerotic overhanging edges [79].

The specificity of CCT for the assessment of tophi exceeds that
of US or MRI [80]. CT of tophi has been confirmed microscopically
by identifying MSU crystals [66]. Its measurement of tophi has also
been compared to physical exam using Vernier calipers [81,82].
Tophi, soft tissue, intra-articular as well as intra-osseous ones
appear as soft tissue masses with well described attenuation,
making it easier to distinguish them from other soft tissue lesions
[79–83].

CCT can help to monitor disease burden and response to ther-
apy [81], but has the disadvantage of radiation exposure [84,85].

Dual-Energy CT (DECT)
The introduction of this new imaging technique opened a new

horizon. It allows the differentiation of deposits based on their dif-
ferent X-ray spectra. It applies the concept that the attenuation of
tissues depends on their density, atomic number as well as the
photon beam energy [86]. Like CCT, it can detect damage but does
not help in inflammation. It is superior to all other available imag-
ing technologies in its ability to identify all urate deposition in the
area imaged [66] (Fig. 6).

DECT can offer a quick, non-invasive method to visualize MSU
crystals, soft tissue changes, and early erosions at high-
resolution, even before CR. This, particularly, helps in the differen-
tial diagnosis from pigmented villo-nodular synovitis, psoriasis,
and septic arthritis which can share clinical features with gout
[87]. DECT is highly accurate in detecting MSU crystals in joints,
tendons, ligaments and soft tissues and can be used to identify sub-
clinical gout with high specificity [79]. It, however, misses crystal
deposition on the surface of cartilage, a feature US can detect as
the DCS [88].

There are many causes of false negatives; lower density of tophi
due to lower crystal concentrations, small size of tophi or crystals
(less than 2 mm.) or technical parameters [89–91]. On the other
hand, false-positive results were described around nail beds, in
the skin, in regions of metal artifacts and in severe OA [89–92].

DECT is not widely available, which limits its application for
clinical and research purposes. Its costs are equivalent or higher
than CCT and it entails radiation exposure [66].

MRI
MRI features of arthritis are those of nonspecific inflammation,

synovial thickening, effusion, erosion, and bone marrow edema.
Tophi show homogenous T1 signal intensity (low to intermediate)
and heterogeneous T2 signal intensity (variable low to intermedi-
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ate), depending on the degree of its hydration and classification
[93].

MRI role is limited because of expense and limited availability.
It is, however, useful for evaluation of gout at unusual sites. The lit-
erature abounds with case reports in the axial skeleton [94–99], or
presentation as spondyloarthritis [100,101], carpal tunnel syn-
drome [102,103], crown dens syndrome [104], paraspinal abscess
[105], or intra-abdominal mass [106]. The diagnosis in these
reports was made by MRI, which was occasionally combined with
other modalities.

Nuclear scintigraphy
Nuclear Scintigraphy is rarely used for evaluation. Positive

results are often found incidentally when a study is performed
for other indications.

Positron emission tomography (PET)
Case reports of (PET/CT) in gout showed articular and periartic-

ular FDG (18 F-fluoro-2-deoxy-D-glucose) uptake. Soft tissue FDG
uptake identifying tophi has also been reported. This can be helpful
when gout presents at unusual locations [93].

Major advances in the imaging of gout took place in the last
decade. Despite this, it is currently unknown which, if any, imaging
techniques can provide valid outcome measures for clinical studies
in gout [66]. It has been advocated that multiple imaging modali-
ties need to be further developed for use as outcome measures in
chronic gout as different modalities have relevance and potential
for different domains [107].

Dalbeth and Choi [108] proposed a roadmap to improve upon
the current generation of global outcomes and their associated out-
comes in gout. To refine the disease stages they suggested prospec-
tive studies of individuals with hyperuricemia and gout, using
advanced techniques such as US and DECT. They also proposed
the development of novel prognostic markers and gout-specific
disease activity indices beyond SUA levels including new applica-
tions of advanced imaging (US, DECT and potentially MRI) [108].

Management

Gout appears as the best-understood and most manageable
rheumatic disease. Lifelong lowering of uricemia under specific
targets allows dissolving the pathogenic crystals and suppressing
disease manifestations. However, therapeutic failure is frequent
[109] and has led to the production of recommendations [110–
112]. Failure is often due to poor adherence to urate-lowering
drugs ULD [113], underlining the need for patient and physician
education.

Management of flares

Gout flare medications include colchicine, Non-Steroidal anti-
inflammatory Drugs (NSAIDs) and steroids, which can be taken
together in severe cases and are most efficient when taken early
after the flare onset (Fig. 7). This has led the European League
against Rheumatism (EULAR) panel to recommend that patients
be educated to auto medicate [112].

Colchicine
When taken within 12 h after flare onset, 1.8 mg (1.2 mg then

0.6 mg one hour later) of colchicine has been shown to be as effec-
tive as the traditional higher doses [114]. In clinical practice this
drug appears as much less efficient when given long after the flare
onset. The EULAR and American College of Rheumatology (ACR)
have restricted the use of colchicine to patients presenting within
12 and 24 h of flare onset respectively.
Practitioners should keep in mind that colchicine has a narrow
therapeutic toxicity window and can be very toxic when used
inappropriately. Gastrointestinal intolerance (diarrhea, nausea, or
vomiting) is common. It is usually the first feature of colchicine
toxicity and should lead to dose reduction or interruption. Further
toxicity includes neutropenia and multi-organ failure, which can
be lethal. The maximum daily dose has been recently reduced to
2 mg (in divided doses) in France.

Renal failure decreases colchicine excretion. Doses should be
limited to 0.5–0.6 mg/d in patients with moderate renal insuffi-
ciency (eGFR from 30 to 60 mL/min) and to 0.5–0.6 mg every 2
or 3 days in those with eGFR from 15 to 30 mL/min. Colchicine is
contra-indicated in CKD stage 5 patients (eGFR < 15 mL/min or
dialysis).

Doses should also be reduced in patients with hepatic failure, as
the drug is predominantly eliminated through the hepato-biliary
system. Inhibitors of cytochrome P450 3A4 or P glycoprotein
increase plasma concentration and toxicity of colchicine. The doses
of colchicine should be reduced to 0.3 mg every 3 days when
cyclosporine, ketokonazole, erythromycin, retronavir are co-
prescribed and to 1.2 mg every 3 days when diltiazem or ver-
apramil are used [115]. The French regulatory agency contraindi-
cates co-prescription of macrolide antibiotics and colchicine,
even though azythromycin has been found to have no pharmacoki-
netic interaction with colchicine. Muscle toxicity, including rhab-
domyolysis has been reported with the concomitant use of
colchicine and statins, especially in renal failure patients [116].
Nerve and muscle toxicity can be observed in long term low dose
colchicine users who have kidney transplant or chronic kidney dis-
ease CKD, usually with 30 mL/min of eGFR or less [117]. This tox-
icity is usually slowly reversible after drug cessation and requires
CK monitoring.

NSAIDS
NSAIDs or COXIBs are used at the maximum authorized dose,

with proton inhibitors when indicated. Their efficacy is largely
accepted, even though no placebo controlled trial has been per-
formed. Early prescription allows reducing administered doses.

Steroids
Oral prednisone, at a daily dose of 30 mg/d for 7 days has been

shown to be effective [118–120] and is recommended by the ACR
and EULAR panels as potential first line therapy in the manage-
ment of gout flares [111,112]. However steroids can worsen hyper-
tension and diabetes [121] and are, in our view, best indicated in
patients contra indicated for NSAIDs or colchicine (i.e. CKD
patients). Co-prescription of a small dose (0.5–1 mg/d) of colchi-
cine, when not contraindicated, may avoid rare inflammation
relapses after steroid cessation. Open studies also suggest that
ACTH can relieve gouty inflammation [122].

Intra-articular steroid injections appear as very efficient and are
recommended by both the ACR and the EULAR in the management
of mono or pauci-articular flares, despite the lack of randomized
clinical trials (RCT).

IL-1 blockers
Open studies of the IL-1 receptor antagonist anakinra [123,124]

support its off-label use in patients resistant or contraindicated to
NSAIDs, colchicine and steroids. Canakinumab, a long lasting anti-
body to IL-1 beta, has been approved by the European Medical
Agency, following 2 RCT trials against intramuscular triamcinolone
acetonide [125]. The EULAR recommends considering IL-1 blockers
for the management of gout flares in patients with frequent flares
contraindicated to NSAIDs, colchicine and steroids (oral or inject-
able). Current infection is a contra indication [112].



Fig. 7. EULAR recommendation for the management of flares in patients with gout [112].
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Uricemia targets

To obtain MSU crystal dissolution, SUA should be lowered to
values which are under the MSU saturation point. Both the ACR
and the EULAR indicate that the SUA target is below 6 mg/dL in
all gouty patients and below 5 mg/dL in severe gout patients, to
allow more rapid dissolution of the crystal load. Hyperuricemia
must be routinely checked by measuring SUA levels [110–112].
This approach has been recently challenged by the American Col-
lege of Physicians (ACP) who recommended to treat gout to control
symptoms rather than to target an uricemia level [126]. The main
reason for this GP guideline is the present lack of rigorous treat to
target trial. Such a trial is underway in New-Zealand and should
definitively settle the issue. However, numerous clinical and
pathophysiological data already tell us that lowering uricemia
under the saturation point is the best and most reliable way to con-
trol gout symptoms in the long run, and that prescribing ULTs
without checking that uricemia is lowered enough is a frequent
cause of gout treatment failure. This ACP guideline therefore
appears, in our view, as detrimental and should not be followed.
Patient education
As already emphasized above, patient education is key to gout

management success, as shown by a preliminary study that
explored the effect of a predominantly nurse-delivered education
program. Following this program, 98 of 103 included patients
had their uricemia at target after one year of allopurinol treatment,
in sharp contrast with what is usually observed [127]. Information
should be given on the pathophysiology of the disease, its relation-
ship with uricemia, its curable nature, uricemic targets to be
reached, the life-long nature of urate-lowering treatment, the
importance to treat flares early, the mechanisms of ULD-induced
flares and ways to prevent them. Patient education takes time
and must frequently be repeated, but it is a mandatory tool to
achieve success in long-term gout management.
Diet and life style changes
Following epidemiologic demonstration of the influence of

these lifestyle factors on the risk of gout, EULAR and ACR recom-
mended weight loss in obese patients; avoidance of beer (including
non-alcoholic), spirit, and sugar sodas; restriction of meat and sea-
food intake; and increased intake of skimmed-milk products,
together with enhanced physical activity [110–112]. Very scarce
evidence however supports the efficacy of these changes. Small
and short term controlled studies showed that milk decreased uri-
cemia and that weight loss associated with moderate calorie/car-
bohydrate restriction, and increased proportional intake of
protein and unsaturated fats were found to have a beneficial effect
on serum urate and lipoprotein levels [16,128].

Diet modification appears to be less effective than ULD to con-
trol hyperuricemia. However, combining both is very successful in
management of chronic gout. Furthermore, to allow moderate SUA
reduction, lifestyle changes, exercises and most importantly loss of
weight are important tools to control the metabolic syndrome and
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cardiovascular diseases associated with gout [129,130]. Diet mod-
ification aiming to correct hypertension or metabolic syndrome
have been shown to lower uricemia [131,132].

Targeting SUA is a key component of gout treatment, which
allows, when properly done in the long run, disappearance of dis-
ease features [133].

Cessation of hyperuricemic drugs
Attempts should be made to stop drugs that increase uricemia.

This is mainly the case with antihypertensive drugs. Thiazide and
loop diuretics increase uricemia by an average of 0.65 and
0.96 mg/dL respectively (134). Beta-blockers, non-losartan ARBs
and ACE inhibitors have also been associated with an increased risk
of gout (135) and increased uricemia. Calcium channel inhibitors
and losartan should be privileged. In cardiac failure, spironolac-
tone, which has no effect on uric acid (136) can be advised when
possible. Cardio-protective aspirin modestly increases uricemia
and replacement by clopidogrel can be considered.

Urate lowering drugs (ULDs)
Indications

Indications for ULD have increased over the years following bet-
ter awareness of potential adverse effects of hyperuricemia on the
cardio-vascular system and that long standing gout associates with
comorbidities and large MSU deposits which will make crystal dis-
solution more difficult. According to the recent EULAR recommen-
dations, ULDs are indicated in severe gout or when associated with
uric acid lithiasis as traditionally, but also in patients with cardio-
vascular or renal comorbidities, or with high (>8 mg/dL) uricemia
or young age (<40 years), as these are likely to have frequent
attacks. In patients with a definite diagnosis of gout, the EULAR
advises to discuss with the patient the indication of ULD as soon
as after the first flare [112].

General principles
The initiation of ULDs is associated with an increased risk of

gout flares due to crystal mobilization: schematically, when they
start to dissolve, deposits become more fragile and crystals can
shed into the joint space and trigger inflammation. This should
be explained to the patient and the risk should be reduced by pro-
gressive titration of ULDs and prescription of low dose (0.5–1 mg/
d) of colchicine or NSAID (e.g. naproxen 250 mg/d) as a prophylaxis
against ULD-induced gout flares in patients with no contraindica-
tions to these drugs [110,112,134]. Prophylaxis is usually indicated
during the first 6 months of ULD prescription. It may be prolonged
in tophaceous gout in which complete dissolution of crystal depos-
its takes a longer time. Interestingly long term low dose colchicine
has been shown to be cardio-protective [135], an additional benefit
for gouty patients who are known to be at increased cardiovascular
risk [136].

Even after obtaining whole crystal dissolution, uricemia should
be kept lifelong under 6 mg/dL, to avoid recurrence of crystal for-
mation and flares. Uricemia should be checked every 6 months in
the long run [110,137], to encourage patient’s adherence to ULD
and avoid increases of uricemia above the target, due to new med-
ication or weight gain. Gout must therefore be considered as a
chronic disease and the frequent misconception of considering
gout as the archetype of an acute disease should be combated
through education of patients and doctors.

Lack of adherence to ULD is the main cause of gout manage-
ment failure. Gout is the worst chronic disease in term of treat-
ment adherence [138]. This is probably due to the lack of
explanation and prevention of the ULD-induced flares, the percep-
tion of gout as an acute disease, which would only require flare
management, and the lack of proper patients’ information. Patient
education is a key toll to increase management success.
Allopurinol
Allopurinol is an oral xanthine oxidase inhibitor, first intro-

duced to the clinic in the sixties. Allopurinol is a purine, which is
rapidly converted into its active metabolite, oxypurinol, by the
xanthine oxidase enzyme. Xanthine accumulation has been seldom
reported to cause urinary xanthine stone [139] which can be fully
prevented by sufficient fluid intake. In addition to inhibiting xan-
thine oxidase, oxypurinol inhibits the synthesis of purines, a mech-
anism that requires the intervention of the enzymes hypoxanthine
guanine phosphoribosyl transferase and phosphoribosyl pyrophos-
phate synthetase and is not observed when these enzymes are
deficient. Excretion of oxypurinol is mainly through the kidney
and is decreased by renal failure and increased by uricosurics. Dose
requirements to reach uricemia targets are increased by body
weight increase and diuretic use [140]. ABCG2 loss of function
polymorphism decreases its urate-lowering effect [141].

Because oxypurinol has a long half-life, allopurinol can be pre-
scribed once a day. The urate-lowering effect is dose dependent.
Over the world, allopurinol is prescribed at the dose of 300 mg/d
or less in more than 90–95% of gouty patients [142]. At the daily
dose of 300 mg, allopurinol used to bring uricemia to less than
6 mg/dL in nearly every gouty patient when the drug was initially
launched [143]. But this has now largely changed, possibly because
gouty patients’ uricemia and weight have substantially increased
since the sixties: recent studies have shown that only a minority
of patients receiving 300 mg/d of allopurinol reached the desirable
uricemia target (<6 mg/dL) [144–146].

The maximal approved daily dose of allopurinol is 800 or
900 mg/d according to countries and in, patients with normal renal
function, increasing the dose above 300 mg/d is often necessary to
attain the uricemia target [147]. Allopurinol and other xanthine
oxidase inhibitors should not be prescribed with azathioprine
and 6-mercaptopurine, as xanthine oxidase is involved in the
metabolism of these drugs.

Allopurinol is usually well tolerated. Abdominal discomfort,
nausea and diarrhea, liver [148] or bone marrow toxicity [149],
acute interstitial nephritis [150] are very rare early side effects
which can be part of the allopurinol hypersentivity syndrome;
gynecomastia and peripheral neuropathy [151] have been
observed, very rarely, during long-term allopurinol treatment.
Patients should be told that cutaneous side effects may develop
during the 2 or 3 first months of treatment and should lead to
immediate, life-long, allopurinol cessation. They include benign
maculo-papular rash, reported in 2–4% of allopurinol initiators,
and life- threatening severe skin reactions which can take the form
of an acute generalized exanthematous pustulosis [152], toxic epi-
dermolysis/Steven Johnson syndrome [153] or Drug Related Eosi-
nophilia with Systemic Symptoms (DRESS) syndrome [154]. The
incidence of these severe skin reactions has been estimated at
0.7 [95%CI0;5–9.9] per 1000 allopurinol initiators-years in the
USA [155], but they are more frequent in Asia, due to more com-
mon genetic predisposition [156].

Risk factors include recent (<3 months) allopurinol initiation,
use of allopurinol for asymptomatic hyperuricemia, female gender
[156], a history of skin reaction to allopurinol, HLA⁄B-5801 car-
riage [157,158], high initial dose [159] and renal failure [160,161].

In Taiwan, where both the frequency of the allele and related
relative risk are high, HLA⁄B-5801 typing allows preventing major
skin reactions by avoiding allopurinol prescription in carriers of the
allele [162] and the ACR recommends to genotype patients from
Han, Korean and Thai ancestries before prescribing allopurinol
[110].

In Caucasians and Japanese, the association exists but the risk
allele is very rare and most of the patients who developed serious
skin reactions did not carry the allele so that genotyping is seldom
used. It is important to start allopurinol at a low dose (50-100 mg/
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d) to be progressively increased every 2–4 weeks until the
targeted uricemia is obtained, as recommended by the EULAR
[112]. Lack of titration has been associated with severe skin reac-
tion [159].

The impact of renal function on allopurinol dosage is debated.
The ACR does not follow the traditional guideline, still imple-
mented by most regulatory agencies, that is to reduce the maxi-
mum allopurinol dose according to the creatinine clearance, but
recommends increasing allopurinol until the target is reached,
with no limitation in CKD patients [110]. Reasons for this are that
adjustment of allopurinol according to creatinine clearance seldom
allows proper control of uricemia in patients with renal failure
[163] and small series have not shown an increased incidence of
severe reactions in patients with allopurinol progressively titrated
above the authorized dose [164].

The EULAR recommends to keep limiting allopurinol dose
according to the creatinine clearance and to use alternative drugs
when this fails to reach uricemia targets [112].

Febuxostat
Febuxostat is an oral, once a day, non-purine xanthine oxidase

inhibitor, which is available as 40 and 80 mg tablets in the USA
and 80 and 120 mg tablets in Europe. At the doses of 80 and
120 mg/d, the maximum doses approved in the USA and Europe
respectively, febuxostat is a more potent ULD than allopurinol
300 mg/d [144,145]. Because of its mixed renal and hepatic meta-
bolism, the drug can be prescribed with no dose reduction in
patients with moderate renal failure. Recent small studies have
suggested that efficacy and safety is maintained in patients with
creatinine clearance below 30 mL/min [165]. Because the drug
inhibits xanthine oxidase, febuxostat should not be co-prescribed
with azathioprine or 6-mercaptopurine.

Side effects to febuxostat include rare and early liver or kidney
hypersensitivity reactions, and benign skin rashes which have been
reported in about 5% of patients during phase 3 trials. Serious cuta-
neous reactions have been very rarely reported [166]. Skin reactions
to febuxostat appear as slightly more frequent in patients with pre-
vious cutaneous intolerance to allopurinol; the increased risk does
not result from cross-reactivity but from the increased likelihood
for any known allergic patient to develop skin reaction to another
drug [167]. In phase 3 studies, cardiovascular side effects and mor-
tality were numerically increased in the febuxostat-treated as com-
pared to the allopurinol-treated patients. This has led the European
agency to recommend caution in prescribing febuxostat in patients
with a history of heart disease and to ask for a postlicensing cardio-
vascular safety trial comparing febuxostat to allopurinol, the results
of which are still pending [168].

ACR considers febuxostat as a first line ULD [110], whereas for
EULAR, the drug is indicated in patients intolerant or refractory
to allopurinol. Dose titration is recommended to reduce ULD-
induced flares, even though there is no evidence that this improves
febuxostat tolerance [112].
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Uricosurics
Uricosurics lower uricemia by increasing uric acid output in the

urine. Therefore they expose the patients to the risk of uric acid
stone, which is worse at the onset of treatment. When uricemia
has decreased, uricuria and the risk become lower, as uricuria also
decreases. They should not be administered as a monotherapy in
patients with a history of uric acid stone or hyperuricuria and
should be taken with abundant water intake; the urinary pH
should also be checked and kept above 6 to decrease the concen-
tration of uric acid in urine, which governs the risk of lithiasis.
Except for lesinurad, uricosurics can be used alone; they are now
most often used in combination with xanthine oxidase inhibitors,
when these fail to obtain the uricemia targets.

Probenecid has been the first commercialized ULD [169] and was
at first a very popular drug. When allopurinol became available, pro-
benecid was much less used because it had to be given in divided
doses and required high fluid intakes and adjustment of the urine
pH. In addition, probenecid, which was first developed to decrease
the renal excretion of penicillin, could interfere with the excretion
of other organic acid drugs and gastro-intestinal or cutaneous intol-
erance were fairly common. It has been recently confirmed to be a
decent ULD, including those patients with moderate kidney involve-
ment and remains one of the therapeutic options in patients intoler-
ant or refractory to allopurinol [170]. The initial dose is 250 mg twice
daily, which can be weekly increased up to 1 g twice daily. Larger
doses expose to major central nervous system toxicity.

Sulfinpyrazone is not universally available. This uricosuric drug
is usually given twice daily at the total daily doses of 200–400 mg,
progressively attained. Side effects include gastrointestinal intoler-
ance, skin rashes, platelet aggregation impairment and rare bone
marrow toxicity.

Benzbromarone is a powerful uricosuric drug, which is used
once a day at a dose of 100–200 mg/d. [147,171,172]. Following
reports of severe liver toxicity, the drug has been retrieved from
Europe, where it can still be prescribed on a named patient basis,
but is still largely used in Asia. The uricosuric property is largely
retained in renal failure patients [172].

Lesinurad is selective URAT1 inhibitor which has been recently
approved at the dose of 200 mg/d in the USA and Europe, as an
add-on therapy to xanthine oxidase inhibitors when these failed
to lower uricemia down to the suitable target [173,174]. Serum
creatinine elevations have been observed, which although most
often transient, require renal function monitoring.

Fenofibrate, atorvastatin and losartan are non-licensed urico-
surics which can be used to treat gout comorbidities or in associa-
tion with xanthine oxidase inhibitors [175,176].

Urate oxidases. Rasburicase is a short-life IV uricase, which is
approved for the management of tumor lysis syndrome. Its non-
licensed use has been reported in tophaceous gout [177]. Pegloti-
case is a PEGylated uricase which has been approved, in the USA
and Europe, for the management of severe gout, refractory to oral
ULDs, and is commercially available in the USA. The drug is admin-
istered by IV infusions of 8 mg every 2 weeks and has been shown
to be very effective [178]. Antibodies develop at high titers in about
half of the patients, leading to loss of uricemia response and to an
increased risk of serious infusion reactions. It is therefore recom-
mended to measure uricemia in the 24 h preceding every planned
reinfusion and to stop the drug if uricemia is not decreased. No
other ULD should be prescribed concomitantly to keep this warn-
ing signal (Fig. 8).

Management of comorbidities

Cardiovascular and renal diseases, the metabolic syndrome
should be screened and properly treated in gouty patients, and
smoking cessation should be advised to decrease mortality [112].
In order to help lowering SUA levels, hypertension treatment
should favor losartan and calcium channel inhibitors, statins or
fenofibrate should be used in dyslipidemic patients, insulin lower-
ing drugs should be privileged in type 2 diabetic patients. The
recently introduced SGLT2 inhibitors also have interesting urate
lowering effects [179].
Conclusions and future perspectives

To understand gout, and consequently to manage it, has been a
challenge to the skill of physicians along the history of medicine.
Advances in this field that took the shape of continuous progress,
have recently witnessed quantum leaps. We enjoy a deeper insight
into the disease pathogenesis. We can rely on more sophisticated
diagnostic modalities, and most importantly, we have at our dis-
posal, a wider array of therapeutic options to deal with it.

Gout has been considered the nemesis of longevity. That
gloomy outlook is exemplified in Lord Byron’s [180] (1788–1824)
reflections on old age: ‘‘They kindly leave us, though not quite
alone; but in good company- the gout or the stone”

We are now entitled to a more optimistic view that we owe to
modern science.

The future agenda in the field is likely to address the following
issues:

1- Intensive studies in genomics and proteomics. These further
our understanding of disease predisposition and susceptibil-
ity to drug adverse effects. They also offer potential thera-
peutic breakthroughs.

2- Investigating the possible role of the microbiome in gout
parallel to its metabolic counterparts.

3- Attempts to standardize international medical approaches
regarding gout; outcome measures, staging and
management.

4- Emphasis on patient and physician education. This is a
highly cost-effective approach.
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