“Crystalline material in joints reflects US waves stronger than the surrounding
tissues, such as unmineralized hyaline cartilage or synovial fluid, is very echogenic
on US and thus can be readily distinguished.”
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Gouty arthritis: overview

Gouty arthritis is the most common form of
inflammatory arthritis in the USA affecting
8.3 million US citizens [1]. Gouty arthritis is
caused by monosodium urate (MSU) crystal
deposition within joints and soft tissues result-
ing from hyperuricemia [2]. Above serum urate
(SU) levels of 6.8 mg/dl, MSU crystals fall out
of solution and deposit in joints and soft tis-
sues. MSU crystal deposition can lead to inflam-
mation and result in an acute gouty arthritis
attack manifesting as extreme pain, tenderness,
warmth, swelling, erythema, and loss of func-
tion of the affected joint or joints [3.4]. It has
recently become clear that during the intercriti-
cal period, when the patient is asymptomatic,
chronic inflammation is often present [s]. If
MSU crystal deposition and chronic inflamma-
tion persist, recurrent acute attacks may increase
in frequency and severity [4], and a chronic
destructive gouty arthritis characterized by dis-
figuring tophi, joint destruction and persistent
pain may ensue.

“Doppler US helped show that gouty
arthritis is frequently a chronic
inflammatory arthropathy.”

The increasing prevalence of gouty arthri-
tis worldwide contributes to the need to iden-
tify gouty arthritis patients early into their
disease. The current gold standard for estab-
lishing a definite diagnosis of gouty archritis
has been demonstrating the presence of MSU
crystals via needle aspiration of joint fluid or
tophaceous material (MSU crystal deposits)
and evaluation with polarizing microscopy
for MSU crystals. Conventional radiography
(CR) is not useful in detecting early MSU crys-
tal deposition in joints, and soft tissue radio-
graphs of joints affected by gouty arthritis are
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frequently normal; this is due to MSU crystals
being radiolucent. Only 45% of patients with
gouty arthritis have radiographic bone changes
suggestive of gouty arthritis [4]. Well-defined,
‘punched out’, periarticular erosions with over-
hanging edges are seen radiographically only
6-12 years after the initial acute gouty arthritis
attack [(6,7]. Thus, changes seen on CR indicate
the chronicity of the disease process. These
include normal mineralization, joint space
preservation, sharply marginated erosions with
sclerotic borders and overhanging edges, and
asymmetric polyarticular distribution.

Ultrasonography in gouty arthritis
Ulcrasonography (US) is as a promising new
imaging modality for gouty arthritis. Over the
past decade there has been a growing interest
in musculoskeletal ultrasonography (MSKUS)
imaging by rheumatologists (8.9]. US is a user-
and patient-friendly noninvasive imaging
modality to evaluate joints, periarticular tissue,
tendons, muscles, bursae and nerves. US lacks
radiation; is less costly than CT and MRI; has
high resolution; and has multiplanar imaging
capability. It is useful for US-guided procedures,
such as synovial fluid and tophi aspiration, as
well as synovial biopsies.

US has long been used to detect calcified
urolithiasis and gallstones. US visualizes tis-
sues as acoustic reflections. Reflection of ultra-
sound waves through the body tissues depends
on their composition and generates grayscale
US images in B-mode. The physics of US
makes it an imaging modality able to detect
crystalline material in soft tissues. Crystalline
material in joints reflects US waves stronger
than the surrounding tissues, such as unmin-
eralized hyaline cartilage or synovial fluid, is
very echogenic on US and thus can be readily
distinguished.
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Diagnosis of gouty arthritis

US may aid in the diagnosis of acute and chronic
gouty arthritis. US was found to be a reliable,
noninvasive method for diagnosing gouty arthri-
tis [10]. Histopathological studies found crystalli-
zation of MSU crystals on hyaline cartilage to be
the hallmark of gouty arthritis [11). Such deposi-
tion on the surface of hyaline cartilage, together
with microtophi, represent the earliest changes
of gouty arthritis [12]. We found several specific
US diagnostic features suggestive of gouty arthri-
tis [10]. These included: a hyperechoic, irregular
band over the superficial margin of the articu-
lar cartilage, described as a double contour sign
(icing), in 92% of gouty joints and in none of the
controls (p < 0.001). The icing was found exclu-
sively in gouty arthritis, and hypoechoic to hyper-
echoic, inhomogeneous material surrounded by
a small anechoic rim, representing tophaceous
material, was seen only in gouty joints and in
none of the controls (p < 0.001). Erosions were
seen in 65% of metatarsophalangeal joints and
in 25% of MCP joints. Wright ¢ al. found US
changes suggestive of gouty arthritis were found
in metatarsophalangeal joints [13] not previously
affected by an acute gouty arthritis attack. In
this study, US aided in the diagnosis of gouty
arthritis by identifying US features suggestive
of gouty arthritis in clinically silent joints. In
yet another study comparing US to CR [14], US
was found to be more sensitive than CR but less
specific. CR was found to have a sensitivity of
31% (32/102) and a specificity of 93% (55/59)
in showing features of gouty arthritis versus US
that had a sensitivity of 96% (98/102) and a
specificity of 73% (43/59) in showing features
of gouty arthritis. Thus, US was more sensitive
in detecting bony erosions in gouty arthritis
when compared with CR. Another study [15]
comparing the use of MRI, high-resolution CT,
CR and 3D rendering in patients with crystal
proven gouty arthritis found US to be superior
in detecting changes of gouty arthritis compared
with MR, CR, CT and 3DR imaging. CR, MRI
and CT scanning were less helpful in diagnosing
radiological changes secondary to gouty arthritis,
and therefore led to inappropriate referrals and
procedures. Thus, US holds great promise in
diagnosing gouty arthritis since joint aspiration
can be challenging.

Doppler US in gouty arthritis

The Doppler technique detects the movement
of red blood cells in vessels. Color Doppler US
detects the direction of the blood flow with con-
trasting colors and power Doppler US encodes
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the ‘power’” of the blood flow in the vessel.
During acute gouty arthritis attacks the fibrov-
ascular matrix vessels will be engorged leading
to a positive color and power Doppler signal.
In addition to the inflammation during the
acute attack. It has recently become apparent
that there is ongoing inflammation in chronic
tophaceous gouty arthritis inbetween attacks,
when the patient is usually asymptomatic. We
found [15] persistent inflammatory changes in
more than half of asymptomatic tophaceous
gouty arthritis patients. Tophi and their sur-
rounding anechoic corona were associated with
erosion formation in gouty arthritis. Doppler US
helped show that gouty arthritis is frequently a
chronic inflammatory arthropathy.

Response to treatment

Serial US images can help assess a treatment
response to anti-inflammatory therapy or urate-
lowering therapy. Tophus size can be measured
using US and can be repeated at repeat patient
visits [16]. Changes in tophus size can be observed.
Most of the tophi that showed change in maxi-
mal diameter or volume were in patients with
proper control of SU level, although changes
were also rarely observed in patients with higher
SU levels.

MSU deposition on the hyaline cartilage too
can be sensitive to change eatly into the treat-
ment with urate-lowering therapy [17]. The dou-
ble contour sign was seen in all gouty arthritis
patients. Disappearance of the double contour
sign was influenced by urate-lowering drugs
once SU levels remain <6 mg/dl for 7 months
or more. In patients who achieved SU levels of
<6 ml/dl, this sign had disappeared at follow-up.
By contrast, disappearance of the double contour
sign was not seen in patients who maintained an

SU level of 7 mg/dl.

A glance into the future

The advances in US imaging of gouty arthritis
joints suggest future exciting possibilities. These
include diagnosing gouty arthritis, understand-
ing the role of inflammation, as well as possibly
serving as a tool to screen a population at risk
for preclinical gouty arthritis. In addition, US
can be used to assess early damage from gouty
arthritis and as an outcome measure of success
of anti-inflammatory treatment given for acute
gouty arthritis as well as an outcome measure
of the success of urate-lowering drugs in reduc-
ing joint damage and monitoring response to
therapy. Future studies are needed to further
assess the role of US in gouty arthritis.
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