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Although diagnosing gout generally is straightforward, atypical disease
may present a challenge if it is associated with unusual symptoms or
sites, discordant serum urate level, or mimics of gout. Dual-energy
computed tomography (CT) may be used to differentiate urate crys-
tals from calcium by using specific attenuation characteristics, which
may help diagnose gout. In patients with known tophaceous gout,
dual-energy CT may be used for serial volumetric quantification of
subclinical tophi to evaluate response to treatment. Given the utility
of dual-energy CT in challenging cases and its ability to provide an
objective outcomes measure in patients with tophaceous gout, dual-
energy CT promises to be a unique and clinically relevant modality in
the diagnosis and management of gout.
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Introduction
Gout is characterized by the inflammatory re-
sponse that results from the deposition of mono-
sodium urate crystals in soft tissues and joints.
Crystal deposition may lead to acute or chronic
arthropathy and the formation of gouty tophi,
nodular masslike aggregates of urate crystals (1).
Gout is the most common crystalline type of ar-
thropathy in the United States, and its incidence
and prevalence continue to increase (2). Establish-
ing a diagnosis of gout on the basis of clinical and
laboratory criteria is generally straightforward.
However, numerous cases have been described
with atypical manifestations, which may obscure or
delay clinical diagnosis and affect patient treat-
ment (3). With the inherent capabilities of dual-
energy computed tomography (CT), it is possible
to distinguish urate from calcific mineralization,
and dual-energy CT may be used in patients with
an unclear diagnosis or in excluding gout. In pa-
tients with confirmed gout, when quantification
of tophi is the desired outcome, it is important to
compare the ability of dual-energy CT to perform
volumetric analysis with that of other commonly
used techniques. In this article, we discuss dual-
energy CT techniques, present several cases in
which the use of dual-energy CT helped establish
a challenging clinical diagnosis, and demonstrate
the ability of dual-energy CT to objectively quan-

tify gouty tophus.

Dual-Energy CT
In dual-energy CT, two x-ray tubes with different
peak kilovoltages (80 and 140 kVp) are used to
simultaneously acquire two sets of images of the
desired anatomic region (Fig 1). Materials act dif-
ferently at different energies, depending on the ele-
ments of which they are composed (4). Compar-
ing the material-specific differences in attenuation
on the 80- and 140-kVp acquisitions allows differ-
entiation of the chemical compositions of scanned
tissues (5). Dual-energy CT has been used to
successfully differentiate renal stones that contain
uric acid from those that contain calcium or other
materials (6—-10), and the utility of this technique
has been extrapolated for its use in depicting gout.
Dual-energy CT may be used to differentiate uric
acid from calcium in musculoskeletal tissue, allow-
ing gouty urate crystals to be distinguished from
bone or dystrophic calcifications (Fig 2).

The ability of dual-energy CT to differentiate
between uric acid and calcium is highly advanta-
geous compared with radiography and routine di-
agnostic CT, at which urate crystals and calcium-
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Figure 1.
quisitions that are used in dual-energy
CT, in which 80- and 140-kVp x-ray tubes
simultaneously acquire data, a process that
reduces error from misregistration or pa-
tient movement.

Diagram shows the dual ac-

containing mineralizations often demonstrate
indistinguishable high attenuation. Furthermore,
the simultaneous acquisitions in dual-energy CT
eliminate misregistration artifacts and reduce
errors due to patient movement. Postprocessing
of dual-energy CT data yields color-coded cross-
sectional images. In addition, three-dimensional
(3D) surface-rendered models may be produced
and viewed 360° around any axis; these simple
and elegant models are ideal for conveying to-
phus burden and location to both clinicians and
patients (Fig 3).

Challenging Diagnoses
The gold standard for establishing a diagnosis of
gout is to determine whether monosodium urate
crystals are present in aspirated joint fluid or to-
phus. However, samples of joint fluid frequently
are not obtained; in these cases, disease manifesta-
tion, serum urate levels, and radiologic findings
are key to establishing a clinical diagnosis of gout
(11,12). Several criteria for diagnosis have been
developed over the years, including hyperuricemia,
the presence of tophi or urate crystals, acute onset
of painful monoarthropathy (especially at the first
metatarsophalangeal joint), response to colchicine,
and radiologic findings (13,14). With these criteria,
diagnosing gout generally is straightforward; how-
ever, it may be challenging in several settings, such
as in patients with an unusual clinical presentation
(eg, abnormal site, prolonged rate of onset, or poly-
arthropathy), an acute gouty attack with normal
serum urate levels, an active attack (rather than
a chronic sequela of disease), and hyperuricemia
with an inflammatory disease that imitates gout.
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Figure 3. Known tophaceous gout. (a) Photograph obtained at clinical examination of an index finger shows soft-
tissue swelling and deformity of the proximal interphalangeal joint. (b) Anteroposterior radiograph shows mineralized
tophus and classic periarticular “rat bite” erosions (circle) at the proximal interphalangeal joint of the index finger.
(c, d) Diagnostic CT (¢) and color-coded composition CT (d) images obtained with postprocessing techniques by
using data from dual-energy CT show uric acid deposits (green areas in d) within the tophus and at additional clini-
cally occult sites. These uric acid deposits are distinct from calcium-containing osseous structures (blue areas in d).
(e) Surface-rendered 3D CT image obtained with further postprocessing shows the anatomic relationship between the
uric acid—containing tophi (green areas) and osseous structures (white and purple areas).
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Figures 4, 5. (4) Patellar gout in an 87-year-old man with anterior knee pain, elevated serum uric acid level, no pain
in any other joints, and no history of gout. (a) Lateral radiograph shows a subtle lytic lesion in the upper pole of the
patella (arrow). (b) Sagittal fast spin-echo proton-density—weighted magnetic resonance (MR) image shows nonspecific
intermediate-signal-intensity soft tissue within the patellar lytic lesion, a finding that does not exclude malignancy, and
an area of abnormal signal intensity within and around the thickened distal quadriceps tendon, a finding consistent
with tendinosis. (¢) Sagittal color-coded dual-energy CT image shows urate deposition (green areas) in the periphery
of the lytic lesion, a finding consistent with gouty erosion. Urate deposition also is seen along the quadriceps tendon.
(d) Intraoperative photograph (anterolateral oblique view) shows gross urate deposition (arrows) along the quadriceps
tendon and overlying the patella. (e) Anterolateral 3D CT image, in oblique projection, shows the lytic patellar lesion
(arrowhead). Arrows = urate deposition. (5) Lumbar facet joint gout in an 82-year-old man with worsening lower back
pain and a longstanding history of hyperuricemia and tophaceous gout in the extremities. The patient received minimal
relief from multiple facet joint injections. (a) Sagittal CT image shows spondylosis of the lower lumbar spine, with disk
space narrowing and “vacuum phenomenon” at 1.4-5 and 1.5-S1 and advanced facet degenerative changes. A small
area of erosion with mineralization also is seen at the right L.5-S1 facet (arrow). (b) Sagittal color-coded dual-energy
CT image shows a small focus of urate (green area) at the right 1.5-S1 facet joint, a finding that corresponds to the area
of erosion seen at CT and is consistent with gout. The patient’s medical history revealed that his lumbar symptoms
worsened after colchicine therapy was discontinued because of toxicity.

may be mistaken for malignancy or infection. It
also may initially be overlooked if it is in an un-
usual location, such as the proximal appendicular
or axial skeleton, or in patients who initially pre-
sent with polyarthropathy (Fig 4-6). In such cases,
dual-energy CT provides a quick, noninvasive way
to identify deposition of monosodium urate crys-
tals and establish a diagnosis of gout, which may

Unusual Clinical Manifestation

In the most common clinical manifestation of
acute gout, rapid onset of a painful monoarthopa-
thy occurs in the distal appendicular skeleton,
often in the first metatarsophalangeal joint (po-
dagra), in a middle-aged man or a postmeno-
pausal woman. Atypical clinical manifestations
also are seen with increased frequency in certain

segments of the population, including the elderly
and patients who underwent organ transplantation
and those with a tumor, prostheses, and genetic
mutations (3). Gout with an atypical manifestation

reduce unnecessary delays in diagnosis and mini-
mize morbidity resulting from misdiagnosis (15).

Discordant Serum Urate Levels
As was previously mentioned, hyperuricemia is a
common clinical criterion used in the diagnosis
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Figure 6. Polyarthropathy in a 65-
year-old man with normal serum
urate level, normal serum uric acid
level, and swelling and pain of bi-
lateral wrists and ankles. Although
rheumatoid arthritis was suspected,
rheumatoid factor, anti—cyclic citrul-
linated peptide and antinuclear anti-
body test results were negative. The
most symptomatic joint was imaged.
(a) Coronal CT image shows ill-
defined mineralization in the lateral
aspect of the ankle mortise (circle).
(b) Three-dimensional model, in
posterior projection, shows the green
urate deposits, a finding that helps es-
tablish a diagnosis of gouty arthritis.

7a. . 8a. 8b.

Figures 7, 8. (7) Acute tophaceous gout in a 46-year-old man with normal serum urate level. The patient developed
an acute episode of gout despite having taken the prescribed medications. (a) Posteroanterior radiograph shows vague
mineralization surrounding the first metatarsophalangeal joint and the second proximal interphalangeal joint. (b) Three-
dimensional model, in plantar projection, shows the mineralization, which corresponds to urate deposits (green areas)
and is consistent with classic tophaceous gouty arthritis. (8) Active gout in a 62-year-old man with normal serum urate
level and swelling and pain around the second digit. Although he had a remote history of gout, his serum uric acid level
was normal. (a) Sagittal CT image shows that the second digit flexor tendon is thickened, contains mineralization, and
is surrounded by inflammatory changes. (b) Sagittal color-coded dual-energy CT image shows green urate crystal
deposits along the flexor tendon, a finding consistent with gout-related tendinopathy.

of gout. Serum urate levels higher than 404.5 In patients with gout, serum levels vary with time
wmol/L (6.8 mg/dL) are above that of saturation and treatment, which may result in a continu-
and may lead to precipitation and deposition of ously shifting balance that leads to deposition of
urate crystals into joints and soft tissues (11). crystals or resuspension or resorption. Because
The normal range varies among laboratories, but dual-energy CT may directly depict urate crystal
usually there is an upper range of normal that is deposition, it is specifically used to evaluate for
above the level of urate saturation; thus, deposi- gout regardless of patients’ serum urate levels.
tion may be seen even at so-called normal urate Thus, dual-energy CT findings may easily con-
levels, and acute gouty attacks may occur in pa- firm a diagnosis of gout in patients with normal
tients with normal serum urate levels (16-18). serum urate levels or exclude it in patients with
Although hyperuricemia is the predominant risk hyperuricemia (Figs 7, 8) (20).

factor for gout, elevated serum urate levels do not
always lead to deposition of urate crystals (19).

Teaching
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Figure 9. Small component of active gout in a 62-year-old man with normal serum urate level, normal serum uric
acid level, a remote history of gout, and ankle pain and effusion. (a) Lateral radiograph of the ankle shows advanced
erosive or cystic changes, as well as degenerative changes, in the subtalar joint. (b) Sagittal CT image better shows the
erosive changes seen at radiography. Several small areas of associated mineralization also are seen. (¢) Color-coded
dual-energy CT image shows only a small focus of urate crystal deposition within the subtalar joint (arrow). The
remainder of the erosive change represents sequelae of remote gouty attacks.

Figure 10. Asymptomatic costochondral gout in
a 76-year-old man with rapid onset of polyarticular
arthropathy and a normal serum uric acid level. Be-
cause of limitations in positioning, the patient’s hand
and wrist were imaged on top of his chest. Sagittal
color-coded dual-energy CT image of the hand and
wrist shows tiny diffuse green foci of urate crystal
deposition, a finding consistent with gout. Because of
the way the patient is positioned, the asymptomatic b.
costochondral joints were incidentally imaged deep
to the hand and also demonstrate urate crystal depo-
sition (arrows).

Figure 11. Asymptomatic temporomandibular
joint gout in a 63-year-old woman with a family his-
tory of gout and pain in the cervical spine. (a) Color-
coded dual-energy CT image shows asymmetric
deposition of urate crystals in the right temporoman-
dibular joint (arrow), which was asymptomatic. No
gouty involvement was seen in the cervical spine.
(b) Three-dimensional model, in anterolateral pro-
jection, shows deposition of urate crystals in the right
temporomandibular joint.
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Figure 12. Osteomyelitis in a 64-year-old man with a known history of gout, swelling and pain in the second right
toe, and borderline high serum uric acid level. A new gouty attack was suspected. (a) Radiograph of the forefoot shows
soft-tissue swelling involving the second toe, with no osseous abnormalities. (b) Dual-energy CT image shows no urate
crystal deposition, a finding that excludes gout. (c) Long-axis T2-weighted fast spin-echo MR image shows an area of
abnormal signal intensity in the bone marrow and soft tissue of the distal second toe, a finding consistent with osteo-
myelitis. Osteomyelitis was confirmed at indium-111-labeled white blood cell scintigraphy (not shown).

Acute and Chronic Changes

Dual-energy CT may be used to correlate crys-
tal deposition with osseous changes. Classic os-
seous radiographic findings include well-defined
“punched out” periarticular erosions with over-
hanging edges, normal mineralization, relative
preservation of the joint spaces, and asymmetric
distribution that eventually becomes polyarticu-
lar. After an acute attack, classic osseous find-
ings take several years to manifest, so if these
findings are seen with no urate crystal deposi-
tion, they may be due to remote, currently inac-
tive gout, and alternative causes for acute-onset
arthropathy may be pursued (Fig 9) (21). It has
been suggested that the simultaneous presence
of osseous findings and urate crystals is indica-
tive of active gout superimposed with chronic
gouty change.

Subclinical Disease

Monosodium urate crystals have been detected in
aspirates from asymptomatic joints in which there
is no inflammation. Despite the lack of clinical
features, the presence of urate crystals is consid-

ered diagnostic of gout (22,23). Similarly, dual-
energy CT may depict subclinical urate crystal
deposition at other asymptomatic sites that have
been included in the imaging field, which helps
establish a diagnosis of gout and enables initia-
tion of treatment before irreversible joint dam-
age occurs (Figs 10, 11) (24). In asymptomatic
patients, identification of urate crystals also may
lead to earlier recognition and treatment of un-
derlying hyperuricemia, a condition that has been
associated with increased cardiovascular risk and
metabolic syndrome (25-30).

Mimics of Gout

Septic arthritis and osteomyelitis (Fig 12),
pseudogout (calcium pyrophosphate deposition
disease), and rheumatoid arthritis are common
mimics of gout (31). Less often, malignancy,
other arthritides (Fig 13), and tendinopathy
(Fig 14) also may clinically imitate gout. Be-
cause of their overlapping symptoms and labora-
tory markers, inflammatory processes may be
difficult to distinguish clinically, and they may
be even more challenging to differentiate in

Teaching
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a. b.

Figure 13. Tendinopathy in a 70-year-old man with hyperuricemia, a history of podagra, and acute pain and swell-
ing posterior to the heel. Gouty involvement was suspected. (a) Sagittal CT image shows abnormal thickening of the
Achilles tendon (arrowhead), a finding consistent with tendinosis. Ill-defined mineralization also is seen at the dorsal
aspect of the talonavicular joint (circle). (b) Sagittal color-coded dual-energy CT image shows no urate crystal deposi-
tion in the region of the distal Achilles tendon, a finding that excludes gout-related tendinopathy. Here, the distal
Achilles tendon mineralization seen at CT is actually part of the calcium-containing calcaneal spur. However, the
green mineralization at the dorsal talonavicular joint does represent urate crystal deposition, a finding indicative of
tophaceous gout in unsuspected nearby areas.

a. b. c.

Figure 14. Osteoarthritis in a 52-year-old man with hyperuricemia, a history of tophaceous
gout, and pain and swelling of the first metatarsophalangeal joint. Acute gout recurrence was
suspected. (a) Radiograph shows subtle asymmetric soft-tissue swelling around the medial
first metatarsophalangeal joint, with no evidence of erosion or mineralization. (b) Long-axis
CT image shows soft-tissue swelling around the medial aspect of the first metatarsophalangeal
joint (oval), with mild medial joint space narrowing (arrow) and early osteophyte formation.
(c) Color-coded dual-energy CT image shows no urate crystal deposition, a finding that
excludes gout. These findings are most consistent with osteoarthritis.
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Figure 15. Concurrent gout with myositis and cellulitis in a 63-year-old man with a history of gout, normal serum
uric acid level, elevated white blood cell count, marked soft-tissue swelling, and pain around the elbow. Septic arthritis
was suspected, but no joint fluid could be aspirated. (a) Axial T2-weighted fat-saturated fast spin-echo MR image
shows extensive subcutaneous edema around the posterior elbow, with abnormal signal intensity within the musculature
of the extensor and posterior flexor compartments (arrows) at the level of the radial head, findings that are consistent with
cellulitis and myositis. (b) CT image shows several foci of mineralization around the posterior elbow. (¢) At color-coded
dual-energy CT, the foci of mineralization are found to contain urate crystals, a finding consistent with gout. Although
either gout or cellulitis alone could have produced the patient’s symptoms, the combination of dual-energy CT and
MR imaging helped establish a diagnosis of concurrent gout and myositis with cellulitis. The patient began antibiotic and
antigout therapy, with a presumably better response than if he had been treated for a single disease process.

patients with hyperuricemia or known gout else-
where in the body. In such cases, dual-energy
CT findings may be valuable in excluding urate
crystal deposition, and they have been shown to
help distinguish gout from inflammatory mimics
such as psoriasis, rheumatoid arthritis, pseu-
dogout, and pigmented villonodular synovitis
(24). In addition, if the degree of inflammatory
change seems out of proportion to the amount
of crystal deposition identified at dual-energy
CT, a concurrent disease process may need to
be considered in addition to gout (Fig 15).

Quantification of Gouty Tophus
In patients with chronic gout, quantification of
tophi and documentation of regression are im-
portant monitoring measures, with the ultimate
goal to prevent joint destruction (32). Common
methods of evaluation include clinical assessment
(counting the number of tophi and measuring
them with a tape measure or calipers), radiogra-
phy, ultrasonography (US), CT, and MR imaging.
Clinical measurements are limited to tophi that
are subcutaneously visible or palpable and do not
reflect the entire tophus burden. In addition, re-
producibility may be affected by factors such as
anatomic location, size, and observer experience
(33). Although late osseous findings are well-

depicted at radiography, tophi are not always vis-
ible, and if they are, their margins may be difficult
to delineate and evaluate for interval change (21).
Conventional CT and MR imaging have improved
sensitivity and specificity for detection and quanti-
fication of tophi; however, both modalities require
that users manually delineate tophus margins for
volumetric calculations (34-36). US is able to de-
pict both subcutaneous and intraarticular tophi,
but it is operator-dependant, and tophus measure-
ments usually are limited to a few index lesions
(37). Unlike these modalities, dual-energy CT is
inherently able to distinguish urate crystal deposits
from surrounding structures, and it provides sen-
sitive and specific volumetric quantification with
no user variability (5). The overall tophus burden
or volume of uric acid deposition may be calcu-
lated for individual lesions, joints, or the entire
scanned area. Its ability to quantify tophi without
significant user variability makes dual-energy CT
an ideal tool for evaluating even small changes in
tophus burden, and it may be used to document
response to treatment for purposes of daily prac-
tice or clinical trials (Fig 16) (38).
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Figure 16. Determination of change in tophus burden at serial dual-energy CT. Images were obtained 6
weeks apart. Visually, the changes in tophus burden are difficult to compare because of differences in position-
ing and the small amount of change present. Serial dual-energy CT images with volumetric analysis show a
tophus burden with a volume of 10.78 cm?® (a) and 9.95 cm? (b), findings that represent an 8.3% decrease in
tophus burden, a change that corresponds to medical treatment and an interval drop in serum urate level,

from 624.6 to 493.7 umol/L (10.5 to 8.3 mg/dL).

Summary
A diagnosis of gout is generally straightforward
and is usually reached by evaluating clinical,
laboratory, and radiologic findings. By using
specific attenuation characteristics to differenti-
ate urate crystals from calcium, dual-energy CT
may be helpful when the diagnosis is unclear,
as in cases of atypical clinical manifestations,
discordant levels of serum urate, or in differen-
tiating an acute attack from chronic changes.
Dual-energy CT also helps exclude gout in pa-
tients with inflammatory mimics, regardless of
serum urate level or history of gout. In patients
with known tophaceous gout, dual-energy CT
may depict subclinical tophi so that treatment
may be initiated before irreversible joint dam-
age occurs, and it provides sensitive and specific

volumetric quantification of tophi without sig-
nificant user variability. Moreover, dual-energy
CT provides a way to share tophus burden with
clinicians and patients in an elegant and simple
3D model. Because of its utility in challeng-

ing cases and its ability to provide an objective
outcomes measure in patients with tophaceous
gout, dual-energy CT promises to be a unique
and clinically relevant modality for the diagnosis
and management of gout.
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Page 1366
Comparing the material-specific differences in attenuation on the 80- and 140-kVp acquisitions allows dif-
ferentiation of the chemical compositions of scanned tissues (5).
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Because dual-energy CT may directly depict urate crystal deposition, it is specifically used to evaluate
for gout regardless of patients’ serum urate levels. Thus, dual-energy CT findings may easily confirm a
diagnosis of gout in patients with normal serum urate levels or exclude it in patients with hyperuricemia
(Figs 7, 8) (20).
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After an acute attack, classic osseous findings take several years to manifest, so if these findings are
seen with no urate crystal deposition, they may be due to remote, currently inactive gout, and alterna-
tive causes for acute-onset arthropathy may be pursued (Fig 9) (21).
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Similarly, dual-energy CT may depict subclinical urate crystal deposition at other asymptomatic sites
that have been included in the imaging field, which helps establish a diagnosis of gout and enables initia-
tion of treatment before irreversible joint damage occurs (Figs 10, 11) (24).
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The overall tophus burden or volume of uric acid deposition may be calculated for individual lesions, joints,
or the entire scanned area. Its ability to quantify tophi without significant user variability makes dual-energy
CT an ideal tool for evaluating even small changes in tophus burden, and it may be used to document re-
sponse to treatment for purposes of daily practice or clinical trials (Fig 16) (38).





