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ABSTRACT

Academic and clinical settings have become increasingly interested in gout. This may be due to a number of
factors. Gout prevalence and hyperuricemia have increased in developed countries, increasing its burden.
According to recent literature, hyperuricemia is associated with gout and could also benefit cardiovascular health.
Imaging techniques can be used to assess the extent of crystal depletion and urate deposition before clinical
symptoms appear. As a treatment approach for various diseases, treating to target has become increasingly popular.
Different targets have been recommended depending on disease burden and treatment stage. Efforts should be
directed towards dissolving urate crystals in the tissues to prevent further symptoms and structural damage. It is
recommended that gout and its associated comorbidities be treated as early as possible. A new imaging technique
can also be used to assess the burden of urate deposition and the response to urate-lowering treatments. Urate

crystal deposits are the final strategic goal of healthcare for patients with taste disorders.

KEYWORDS: Gout, Uric acid, Urate crystals, Crystal deposition disease.

INTRODUCTION

Over the past few decades, hyperuricemia and gout have
become more prevalent in developed countries. The
potential benefits of early intervention for hyperuricemia
have been demonstrated in recent studies, particularly in
the case of gout. Before clinical manifestations of gout
occur, crystal deposition and subclinical inflammation
could be detected and treated more effectively. An
excess of serum uric acid (SUA) in joints leads to gout,
which is caused by long-term hyperuricemia.

Several stages of hyperuricemia have been identified by
recent research. Hyperuricemia increases the risk of
MSU crystal deposits, which can be detected using
ultrasound or dual-energy computed tomography
(DECT).™ Inflammatory flares are triggered by MSU
crystals that form on the cartilage surface and shed into
the joint space. It is possible for these crystals to interact
with cells within joint spaces once they have been
formed. The presence of MSU crystal deposits or tophi
may indicate chronic inflammatory responses caused by
hyperuricemia in chronic gouty arthritis or chronic gout.
In addition to the growth of deposits and comorbidities,
gout becomes even more difficult to treat, leading to the

As sUA levels remain high, gout develops into a chronic,
progressive disease. In order to manage gout, it is crucial
to treat MSU crystal deposits. The clinical symptoms of
gout can be alleviated by lowering SUA levels to 6 mg/dI
(360 Iml/L) to dissolve pathogenic MSU crystals.>® In
addition to damaging joints, kidneys, and the
cardiovascular system, chronic diseases should also be
taken seriously.

The prevalence of hyperuricemia and gout has increased
worldwide in recent years."! Cardiovascular mortality
increases during such epidemics due to adverse effects
on joint function, the utilization of health resources, and
the quality of life. Studies have shown that gout is an
independent cardiovascular risk factor® ", especially if it
is severe.l®! Gout patients are more likely to die from
cardiovascular diseases as a result. There is no doubt that
gout contributes significantly to the risk of
cardiovascular mortality despite the presence of
numerous associated comorbidities. Although NSAID
use may contribute to flares, inflammation and
hyperuricemia are deemed significant factors.

It was long believed that well-known cardiovascular risk

term "refractory gout." factors contributed to the association between
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asymptomatic  hyperuricemia and  cardiovascular
morbidity and mortality. As a result of adjusting for
associated traditional risk factors, hyperuricemia no
longer correlated with cardiovascular events in the
Framingham heart study.) The prevalence of
cardiovascular diseases associated with hyperuricemia
correlates with the frequency of asymptomatic
hyperuricemia. The increase in death rates was thought
to be due to comorbidities, not hyperuricemia itself.
Hyperuricemia and cardiovascular events have been

linked independently for the past few decades, although
the association is less pronounced than the one between
hyperuricemia and gout. Aside from hyperuricemia,
hypertension, heart disease, type 2 diabetes, kidney
disease, and chronic renal failure have also been linked
to hyperuricemia.’®*!  Thus, traditional statistical
adjustments for confounding variables will not be
accurate. The adjustment for hypertension makes no
sense if hyperuricemia directly contributes to
hypertension in hyperuricemia-related outcomes.

Structural damage

Inflammation

Figure 1: Hyperuricemia pathway.

Hyperuricemia  often  precedes hypertension in
prospectively followed human cohorts,'*? There have
been several studies demonstrating that urate-lowering
drugs reduce blood pressure in rats induced by
hyperuricemia, using different methods of causing
hyperuricemia.l**% Furthermore,  hyperuricemic
adolescents  with  prehypertension  or incipient
hypertension showed beneficial effects from urate-
lowering  medications  (ULMSs).***  Human
hyperuricemia has been linked to metabolic syndrome
and type 2 diabetes, and prospective studies have
indicated that hyperuricemia precedes the development
of diabetes.! Fructose-enriched diet rats who were
treated with urea-lowering interventions were corrected
from  hyperuricemia  and  hyperinsulinemia.*!
Hyperuricemia negatively impacts kidney function in
animal studies.™® Chronic kidney disease (CKD) is
associated with high levels of hyperuricemia in
humans!*®, and some renal conditions are associated with
poor outcomes.

Several randomized controlled trials have also suggested
that lowering SUA may improve renal outcomes in CKD
patients.”! In randomized controlled trials (RCTS),
lowering sUA did not reduce cardiovascular mortality.
Allopurinol consumption has been linked to lower rates
of myocardial infarction and mortality in retrospective
studies™'¥, especially if SUA is reduced below 6 mg/dL
with adequate doses.

Despite some ongoing controversies, hyperuricemia
remains an independent cardiovascular risk factor. The
treatment of asymptomatic hyperuricemia hasn't been
approved by any country, other than Japan, despite large

RCTs showing that wurate lowering improves
cardiovascular mortality.
GOUT AND THE ROLE OF IMAGING IN

CLINICAL MANAGEMENT: A NEW LOOK

The pathophysiological relationship between
hyperuricemia and the formation of urate crystals in
tissues can now be demonstrated through imaging
techniques, even before first clinical symptoms of gout
appear.’® When urate levels fall during treatment,
studies have shown they can be used to measure crystal
depletion by measuring crystal concentrations, but also
by measuring crystal depletion when percentages
decrease.

We are learning more about gout and developing new
treatments thanks to a variety of imaging modalities. In
the above description, MSU crystals are the main
component of gout, and the body's reaction to them
causes clinical symptoms. In order to assess MSU crystal
deposition, a wide range of imaging methods have been
studied, including ultrasonography and DECT. A 'double
contour' sign indicates the presence of MSU crystals
when they are found overlying the articular cartilage on
sonography.”? An MSU tophi consists of MSU
crystals enclosed by fibrovascular tissues.”**!! Tophi can
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also be detected by ultrasonography.” With a dual-
source DECT, a computerized tomography (CT)
technique, different attenuation patterns are analyzed to
determine if there are urate crystals in a material. Taste
urate can be visualized and measured using color-coding
and automatic volume measurement software

A few people with hyperuricemia who don't have clinical
symptoms of gout have been found to have MSU crystals
on ultrasonography, giving insight into the pathogenesis
of the disease. Hyperuricemia is frequently associated
with gout, but not everyone develops clinically apparent
gout.”™ It is therefore necessary to consider other factors
in influencing clinically apparent diseases as well.
Recent studies report that 17-42% of individuals with
mean serum urate concentrations of 8 mg/dL have
ultrasonographic features of MSU crystal deposition. In
most cases of crystal deposition on ultrasound, MSU
crystals are present.”®! The deposition of MSU crystals
probably occurs before clinical signs of the disease
become evident. In hyperuricemic patients with MSU
crystals on ultrasonography, it is not known whether this
can predict the presence of clinically obvious gout.?”%!
There are no interventions known to reduce image
features of MSU crystal deposits in individuals with
hyperuricemia and joint damage from gout, in addition to
reducing serum urate levels.

During intercritical periods, most gout patients are
completely asymptomatic, suffering from recurrent flares
of severe joint inflammation. MSU crystals have been
found in previously inflamed joints in people with gout
and persistent hyperuricemia.® When joints do not
appear acutely inflamed or during the intercritical period,
MSU crystal deposition is frequently demonstrated on
imaging.®Y These findings have led to increased
recognition of gout as a chronic disease caused by
accumulated MSU crystals, regardless of the presence or
absence of inflammation in the joints.

Additionally, advanced imaging methods, including
DECT, have shown MSU crystal deposition in gout
patients. Physical examination can detect only a fraction
of urate deposits using this technique.”? Similarly,
ultrasonography and DECT have been used to clarify
crystal deposit patterns, particularly in the periarticular
area. The first metatarsal dorsal cartilage, the patellar
tendon, the first metatarsophalangeal recess, the triceps
tendon, femoral condyle cartilage, quadriceps tendon,
and radiocarpal dorsal recess (35%) have been shown to
be highly depleted in MSU crystals by ultrasound.®? As
well as the 5th metacarpophalangeal
metacarpophalangeal, it rarely affects the dorsal or
palmar cartilage, as well as the elbow's posterior recess,
the deep infrapatellar bursa, the gastrocnemius-
semimembranosus bursa, and the palmar recesses of the
first and fifth metacarpophalangeals. People with
tophaceous gout commonly develop urate crystal
deposition in tendons as well as in bones.*! During a

physical examination, such tendon involvement can be
hard to detect.

Image studies have also linked MSU crystal deposition
with joint damage. A radiograph of a person with
advanced gout often shows erosion of the bones.
Furthermore, bone spurs and sclerosis are frequently
observed as well as narrowing of joint spaces.*¥ In
conventional CT and DECT studies, MSU crystals are
usually observed around areas of bone erosion caused by
structural joint damage due to urate deposition. In the
event of structural changes, urea-lowering therapy may
be indicated.?>*! According to recent studies, MSU
crystal  deposition contributes to joint damage,
emphasizing the importance of reducing crystal burden
before structural damage occurs.

As we gain a better understanding of the various methods
for treating gout, imaging is playing an increasingly
important role in clinical management. Based on a recent
meta-analysis comparing advanced imaging with
microscopic diagnosis, ultrasonography and DECT are
both useful for diagnosing gout; however, their
diagnostic accuracy is not perfect. A pooled sensitivity
and specificity of 0.83 and 0.76 were reported for the US
double contour sign, 0.65 and 0.80 for the US tophus,
and 0.87 and 0.84 for the DECT.F"! Despite advanced
imaging, microscopic diagnosis remains the gold
standard for gout diagnosis.®® A scan can also help
detect diseases complications such as nerve damage,
spinal problems, or structural joint dysfunction that
mimic the symptoms of acute flare-ups of gout. Consider
MRI bone marrow edema when considering possible
infection via magnetic resonance imaging (MRI) rather
than gout.*® DECT may not be widely used in most
clinical settings due to its high costs and ionizing
radiation associated with serial disease monitoring, but it
may be useful in certain clinical scenarios. Clinic
ultrasonography may benefit patients who do not adhere
to urate-lowering therapy and who have target serum
urate concentrations and ongoing symptoms.“®* It is
also possible to improve patient understanding of disease
by using ultrasonography and DECT during diagnostics
and follow-up. Gout is a chronic disease caused by the
deposition of MSU crystals, which may be visualized by
imaging methods, helping the patient to better
understand that serum urate must be reduced over the
long term, and crystals should be dissolved.

IMPORTANCE OF TARGET TO TREATING
HYPERURICEMIA IN GOUT

A number of diseases, including diabetes, hypertension,
hyperlipidemia, and rheumatoid arthritis, have become
increasingly popular with T2T strategies in recent years.
Hyperuricemia in gout can also be treated based on the
actual clinical stage of the disease, as well as for long-
term management. Gout 'cure' requires dissolving MSU
crystals completely®®? and preventing new crystals from
forming once the crystal burden has been removed.*¥ In
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order to achieve strategic objectives, tactical movements
or interventions are made.

The importance of educating gout patients and providing
them with appropriate information is crucial when
dealing with gout patients.[*”! In this way, adherence is
improved, withdrawal of treatment is prevented, and lost
follow-up is reduced. Clinics may encounter problems if

they invest time in diagnosis, education, and
information. 4
It is highly recommended that anti-inflammatory

prophylaxis be used prior to or at the start of urate-
lowering therapy (ULT), generally lasting 6-12 months,
to prevent acute flares of inflammation, although the
doses and medications vary greatly from country to
country.>*! It is also important to provide instructions
on how to handle acute episodes of inflammation despite
adequate prophylaxis in urate-lowering therapy.

Gout can be cured by reducing sUA levels to target
levels." Through this approach, the crystallization
mechanism of MSU is inverted, which is
pathophysiologically sound. In addition to the targets
that have been identified, there are also stages of
treatment™,  beginning with dissolving pre-formed
crystals and stopping the formation of new crystals.
These targets can vary depending on the amount of
deposition'*”! or the progression of the disease.*"!

The concept of treating to target SUA, which means that
for all patients with taste, the level of SUA in plasma
should be at least 6 mg/dl (360 Imol/L) for the long
term.>®! Achieving this minimal target has been shown
to reduce flare-ups and tissue deposits.*® However,
based on the recommendations of the European League
Against Rheumatism (EULAR) in 2006?, the American
College of Rheumatology (ACR) recommends that
patients with extensive MSU crystal deposition on either
clinical examination or imaging studies should target a
level of SUA lower than 5 mg/dl (300 Imol/L)™!, since
lower SUA levels result in quicker tissue reduction.!%4!

Throughout life, SUA levels should remain subsaturated.
Nevertheless, the guidelines and recommendations
previously cited do not address the question of whether
these targets should be maintained after the last MSU
crystal disintegrates since the ULT has been adequate for
a very long time, since long before the last MSU crystal
disintegrates. After long-term treatment, some patients
may not require ULMs because they may show
subsaturating levels of Sua.™ Hence, the urate-lowering
process consists of two phases: the first is a concentrated
urate-lowering phase to dissolve the MSU crystals
completely. It is followed by a lifelong lowering of SUA
below saturation over the remainder of the patient's life.
Cleanliness is more important than maintaining it.[*”

It is recommended that ULMs be prescribed to gout
patients with a definite diagnosis of gout. Using these

guidelines, prescribing ULMs starts from a different
clinical point. It is recommended to begin treatment with
xanthine-oxidase inhibitors as a monotherapy. If the
desired initial SUA is not achieved, uricosuric
medications can be added or considered as monotherapy.
Additionally, allopurinol and probenecid®™ and
allopurinol and benzbromarone®® reduced sUA further,
and these compounds are especially useful for dissolving
tophi. Lesinurad has also been shown to work well when
combined with allopurinol and febuxostat.**!

CONCLUSION

In addition to increasing hyperuricemia and gout, MSU
crystal deposition and subclinical inflammation are
increasingly detected before gout shows clinical
symptoms. Several studies have found that gout and
hyperuricemia lead to adverse cardiovascular outcomes,
although the reason for this association is unclear. The
use of ultrasonography and DECT to evaluate the
presence and extent of MSU crystal deposition and the
effectiveness of urate-lowering therapy is particularly
useful. It is important to remember that targeted urate-
lowering therapy can effectively and rapidly dissolve
MSU crystal deposits, therefore, it would be a mistake to
ignore a treatable condition. A growing number of
medications have been developed in recent years to
achieve such a goal.
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