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KEYWORDS Abstract Introduction: Gout is a form of inflammatory arthritis that is characterized by attacks of
Gouty arthritis; active synovitis related to the presence of monosodium urate (MSU) crystals in the joints and per-
Hyperuricemia; iarticular soft tissues.

Ultrasonography; Aim of the work: To establish the usefulness of ultrasonography (US) in diagnosing subclinical
Double contour sign gouty arthritis and to determine whether there are sonographic features that are characteristic of gout.

Patients andmethods: We studied 20 patients known to be gouty (group 1), 20 patients with asymp-
tomatic hyperuricemia (AH) (group 2) and 20 controls (group 3) in a cross sectional study. Demo-
graphic, clinical and serological data were evaluated. Knee and Ist MTP joints were assessed by
musculoskeletal (US) to detect subclinical gouty arthritis.

Results: Clinical gouty arthritis was found in only (20%) in (group 1), but subclinical gouty arthri-
tis had been found in (75%) in (groupl) and (25%) in (group 2). There were statistically significant
differences between the examined groups regarding the presence of double contour (DC) sign
(p < 0.001), joint effusion (p = 0.04), serum uric acid (SUA) level (p < 0.001), diuretics use
(p < 0.001), allopurinol use (p < 0.001), also it was found that only SUA was the risk factor for
the occurrence of the double contour (DC) sign (p = 0.03) and cut-off value of SUA was 9.1 mg/dl
above which DC sign was detected.

Conclusion: Ultrasonography (US) is a useful tool to detect subclinical gouty arthritis; also serves
as a non-invasive, bedside and non-ionizing tool.
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and Arthritis. Gout is one of the commonest forms of inflammatory arthritis.

The prevalence appears to be rapidly increasing worldwide [1]. It
: is mediated by the crystallization of uric acid within the
HLSEVIER Production and hosting by Elsevier joints [2]. Urate crystals are deposited predominantly in the
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superficial portions of the articular cartilage. These characteris-
tic cartilaginous deposits are not readily demonstrated with con-
ventional diagnostic imaging including roentgenography,
computed tomography (CT) or magnetic resonance imaging
(MRI) [3].

Gout occurs when too much uric acid builds up in the
blood and uric acid crystals precipitate in the cooler parts of
the body such as the joints of the feet. High levels of uric acid
may also build up as lumps under the skin called tophi or as
kidney stones. Uric acid is a waste product of the oxidation
of purines which are constituents of nucleic acids such as
DNA. Uric acid is normally excreted in the urine to maintain
a concentration of uric acid in the blood of approximately
4 mg/dl. When the concentration exceeds 7 mg/dl, crystals of
monosodium urate start to form in the tissues. This condition
is known as hyperuricemia [4].

Several British and American surveys have estimated the
prevalence of gout to be 2.6-8.4 per 1000 in adults, with the prev-
alence increasing with age to rates of 24 per 1000 in men and 16
per 1000 in women aged 65—74 years. Gout has a predilection for
the first metatarsophalangeal joint (1st MTPJ), with as many as
50-70% of first gout attacks occurring here [5].

The National Health and Nutrition Examination Survey
(NHANES) data from 2007 to 2008 showed a hyperuricemia
(serum urate >7 mg/dl) prevalence of 21.1% in men and
4.7% in women [6]. Most individuals with hyperuricemia,
however, do not develop gouty arthritis [7]. The reported
gouty arthritis prevalence in the 2007 to 2008 NHANES data
was 5.9% in men and 2% in women, with an overall preva-
lence of 3.9% (8.3 million adults) [6]. The risk of developing
gouty arthritis is dependent on the severity of hyperuricemia.
In the Normative Aging Study, healthy patients with serum ur-
ate levels >9 mg/dl upon entry into the study had a cumula-
tive incidence of acute flares that reached 22% after 5 years,
whereas those with serum urate levels <7 mg/dl had an annual
incidence of only 0.5% [8]. In another study, the 5-year prev-
alence of gouty arthritis was 30% in individuals with serum ur-
ate levels >10 g/dl [9].

In patients with the very first manifestations of gout, no
radiographic findings are present but for an increase in the soft
tissues. Typical plain radiographic features of chronic gout [10]
include visualization of tophi as soft-tissue or intraosseous
masses, and the presence of a nondemineralizing erosive
arthropathy with erosions that are well defined with sclerotic
or overhanging margins [11].

The joint space is usually preserved until late in the disease
and other features such as periosteal new bone formation,
extra-articular erosions, intraosseous calcifications, joint space
widening and subchondral collapse may be present [12—14].
Radiographic abnormalities are most frequently present in
the feet, particularly in the first metatarsal phalangeal joint.
Radiographic damage is a late feature of chronic gout,
typically occurring 15 years after the onset of the disease,
and is virtually always present in patients with subcutaneous
tophi [14].

Over the past several years, there has been a growing inter-
est in musculoskeletal ultrasound (US) in rheumatology. US
visualizes tissues as acoustic reflections. Crystalline material re-
flects US waves more strongly than the surrounding tissues,
such as unmineralized hyaline cartilage or synovial fluid. This
enables distinction of monosodium urate (MSU) crystal depo-
sition from the less echogenic surrounding soft tissues. MSU

crystals are found in the cartilage, tendon sheaths, synovial
fluid and subcutaneous tissue. US detects deposition of MSU
crystals on cartilaginous surfaces, as well as tophaceous mate-
rial and typical erosions. A hyperechoic, irregular band over
the superficial margin of the articular cartilage, described as
a double contour sign or icing, is found exclusively in gouty
arthritis [3] and represents crystalline precipitates of MSU.
In addition, the presence of hypoechoic to hyperechoic inho-
mogeneous material surrounded by a small anechoic rim, rep-
resenting tophaceous material and erosions adjacent to
tophaceous material on US, are suggestive of the diagnosis
of gouty arthritis. US is superior in detecting changes of gouty
arthritis compared with other imaging modalities (magnetic
resonance imaging, plain X-ray scans, computed tomography
and three-dimensional rendering imaging) [15].

In contrast to gout, calcium pyrophosphate crystals tend to
aggregate in the centre of both hyaline and fibrous cartilage. In
the hyaline cartilage, this material forms a layer that parallels
the bony cortex. Sonographically this appears as a hyperech-
oic, irregular line embedded in anechoic appearing hyaline car-
tilage. Chondrocalcinosis can thus be readily distinguished
from gout [16,17].

Recent studies into the pathophysiology of acute gout have
revealed that MSU, the crystalline form of uric acid, is recog-
nized by immune cells as a danger signal and can initiate an
inflammatory response. This response is orchestrated by the
intracellular pattern-recognition receptor NLRP3, which upon
exposure to MSU, forms a cytosolic multiprotein-complex
called the inflammasome, leading to the activation of cas-
pase-1. Caspase-1 then cleaves the highly pro-inflammatory
cytokines interleukin (IL)-1B and IL-18, leading to the secre-
tion of their biologically active forms and culminating in an
acute gouty attack [18].Aim of the present study was to evalu-
ate the diagnostic capability of ultrasonography in detecting
the subclinical gouty arthritis as a safe, easy and bedside diag-
nostic tool.

2. Patients and methods

2.1. Patients

Forty male patients were consecutively recruited from the
Rheumatology department, Cairo and Fayoum University
hospitals. Half of them were fulfilling the ACR diagnostic cri-
teria of gout [19], none of them had chronic tophaceous gout
and the other 50% had asymptomatic hyperuricemia (AH)
only, also 20 controls with matched age and sex were enrolled.

All subjects were asked to complete a questionnaire on
demographics and medication use. Serum uric acid was as-
sessed for all subjects.

Subjects were categorized as belonging to 1 of 3 groups: (1) gout
(those meeting ACR clinical criteria), (2) AH (no gout per ACR
clinical criteria, UA level > 6.9 mg/dl), and (3) control (no gout,
UA level <6.8 mg/dl). Informed consents were taken from the pa-
tients and the study was approved by the local ethics committee.

2.2. Exclusion criteria
1. Rheumatoid arthritis.

2. Seronegative spondyloarthritis.
3. Pseudo gout.
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4. Hemochromatosis.
5. History of severe trauma to the affected joint.
6. Malignancy.

2.3. US interpretation

All subjects subsequently underwent a structural musculoskel-
etal US evaluation of both knee joints (transverse suprapattel-
lar view of the femoral cartilage in maximal flexion) and both
Ist MTP joints (longitudinal dorsal and medial views) using a
12.5 MHz linear probe (Philips-ATL®, HDI 5000, Philips®,
Bothell, WA, USA).

US definitions described by the Outcome Measures in
Rheumatoid Arthritis Clinical Trials (OMERACT) Special
Interest Group were adopted for the study. Joint effusion
was recorded when anechoic or hypoechoic joint cavity widen-
ing was detected, while synovial hypertrophy was recognized
as the presence of abnormal hypoechoic or hyperechoic tissue
within the joint cavity. Additionally, hyperechoic enhance-
ment of the superficial margin of the hyaline cartilage was re-
garded as a surrogate of MSU crystal deposition (double
contour sign), whereas inhomogeneous tendon and/or enthe-
seal thickening and intratendinous hyperechoic bands defined
the presence of enthesopathy or tendinopathy. Erosion was
defined as a definite cortical interruption with a step-down
contour defect in both longitudinal and transverse views
[20].

Statistical analysis: Computer software package SPSS 15
was used in the analysis, for quantitative variables, mean (as
a measure of central tendency), standard deviation (as measure
of variability) were presented. Frequencies and percentages
were presented for qualitative variables. ANOVA test was used
to estimate differences in quantitative variables. Chi-square
and Fisher-exact tests were used to estimate differences in
qualitative variables. Logistic regression analysis was used, P
Value <0.05 is significant [21].

3. Results

Twenty male patients known to be gouty were examined in the
current study, with a mean age of 58.6 + 7.9 years and mean
disease duration of 6.4 & 2.3 years as well as 20 male patients
with asymptomatic hyperuricemia (AH) with a mean age of
59.5 & 6.7 years and 20 controls with matched age and sex
with a mean age of 57.4 + 6.2 years as shown in Table 1.

All of enrolled subjects gave history of knee osteoarthritis,
but clinically they had crepitus only, none of our patients had
tophi, renal stones or nephropathy, but five swollen and tender
Ist MTP joints were found in 4/20 (20%) of patients in (group
1) and absent in (group 2 and 3); but musculoskeletal US
examination revealed MSU deposition in 15/20 (75%) of pa-
tients in (group 1) and 5/20 (25%) in (group 2). X-ray exami-
nation of the affected joints revealed no specific radiographic
findings for gouty arthritis except a mild increase in the soft tis-
sues in 1st MTP joint as shown in Fig. 1.

Figure 1  Plain X-ray of the left foot showing soft tissue edema
of the first metatarsophalangeal joint (white arrow).

Table 1 Demographics, clinical and laboratory data and management strategy of the study groups.
Gouty patients AH patients Control group P value
(group 1) (20 patients) (group 2) (20 patients) (group 3) (20 subjects)
Clinical and demographic data
Age (mean = SD) 58.6 £ 7.9 59.5 £ 6.7 574 + 6.2 0.6
Arthritis in 1st MTP joints No. (%) 5/40 (12.5%) 0 (0%) 0 (0%) 0.3
Laboratory data
SUA (mean + SD) 113 + 1.8 83+ 15 45409 <0.001""
Serum creatinine (mean = SD) (mg/dl) 0.7 £ 0.3 0.6 = 0.2 04 +0.2 0.4
Ultrasonography data
No. (%) of patients with double contour sign. 15 (75%) 5 (25%) 0 (0%) <0.001""
No. (%)of patients with joint effusion 9 (45%) 3 (15%) 0 (0%) 0.04"
Treatment received
No. (%)of patients on diuretics 12 (60%) 4 (20%) 2 (10%) 0.001""
No. (%)of patients on allopurinol 12 (60%) 3 (15%) 0 (0%) 0.001""
No. (%) of patients on colchicine 13 (65%) 7 (35%) 0 (0%) 0.06

Ist MTP: first metatarsophalangeal, SUA: serum uric acid.
* Significantly different at p < 0.05.
™ Is significantly different at p < 0.001.
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Figure 2 US longitudinal view of the knee joint; showing the
double contour (DC) sign (white arrow).

Figure 3  US longitudinal view of the knee joint; showing the
double contour (DC) sign (white arrow).

Figure 4 US longitudinal view of first metatarsophalangeal
joint; showing joint effusion (white arrow).

Double contour sign as shown in Figs. 2 and 3 and effusion
as shown in Fig. 4 were detected by US and the results were
shown in Table 1, but neither joint erosion nor tophi were de-
tected by US. Also it was found that, the cut-off value for SUA
above which the DC sign was detected was 9.1 mg/dl. On cor-
relating the presence of the double contour sign to age, SUA
and intake of diuretics, it was found that only SUA was the

Table 2 Shows that serum uric acid is the only risk factor for
occurrence of DC sign.

P value Odds ratio 95.0% C.I.
Age 0.6 1.1
SUA 0.03" 11.6 0.9-1.3
Diuretics intake 0.7 1.8

* Significantly different at p < 0.05.

risk factor of the occurrence of the double contour sign as
shown in Table 2. Also SUA level was significantly higher in
patients with AH with DC sign in relation to patients with
AH and without DC sign (10.5 £ 1.3 mg/dl and
7.6 £ 0.6 mg/dl, respectively) (p = 0.005).

4. Discussion

In the present study clinical gouty arthritis was found in (20%)
of patients known to be gouty and absent in patients with AH;
but musculoskeletal US examination revealed DC sign in
(75%) of gouty patients and in (25%) of patients with AH
who showed significantly higher SUA level; this matched the
results of Puig et al. (2008), who examined lower extremity
joints of AH patients by US and found DC sign in the knee
hyaline cartilage and the first metatarsophalangeals, also
emphasized that US changes suggestive of gouty arthritis were
found in 25% of hyperuricemic individuals. These changes
were found exclusively in the hyperuricemic individuals but
not in their control group of normouricemic individuals [22].
Also the results in the present study coincides with the results
of a previous study that enrolled 50 male subjects, their knee
and 1st MTP joints were assessed by musculoskeletal ultra-
sound to detect the “double contour” sign as an evidence of
MSU crystal deposition. They found the DC sign in 29% of
AH subjects [23].

We found the double contour sign exclusively in patients
with hyperuricemia especially with SUA level >9.1 mg/dl
(P < 0.001). This band had a slightly irregular surface; that
was not seen in control patients. This sonographic finding
was consistent with older histopathological studies that
showed a particular predilection for uric acid to crystallize
on the surface of the hyaline cartilage [3]. This could be ex-
plained by the fact that; chondroitin sulphates and phosphati-
dylcholine, constituents of the hyaline cartilage, have been
reported to foster crystallization of uric acid in vitro [24].

The results of Neogi (2008), emphasized upon the useful-
ness of urate-lowering treatment in patients with clinical man-
ifestations of hyperuricemia such as gouty arthritis, but in
patients with AH it is still the object of several controversies
[25]. This could in part be related to the limited evidence about
the subclinical musculoskeletal involvement in asymptomatic
individuals with hyperuricemia [26]. In the present study, US
detected double contour sign and joint effusion in cases of
AH, this may increase the need for use of the urate lowering
therapy in this group of patients.

Double contour sign represents SUA crystal deposition in
the hyaline cartilages [24]. As confirmation of the presence of
MSU in the hyaline cartilage, Thiele and Schlesinger (2010),
demonstrated the disappearance of the double contour sign
in patients with gout successfully treated with urate-lowering
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agents who had maintained SUA levels below 6 mg/dl for at
least 7 months [27]. This may strengthen the need for treatment
necessity in asymptomatic individuals with hyperuricemia and
indisputable US features of MSU crystal tissue deposition such
as the double contour sign or the presence of tophi [25].

In the current work diagnostic US detected double contour
sign in (75%) and in (25%) of gouty arthritis and AH patients
respectively, which was highly suggestive for the articular
deposition of monosodium urate crystals, depending on the re-
sults of Wright et al. (2007) and Gutierrez et al. (2009), who
emphasized that double contour sign had been described solely
in gout [28,29]. Despite the fact that; demonstrating the pres-
ence of MSU crystals in aspirated joint fluid or tophus is con-
sidered the gold standard [30].

In conclusion; ultrasonography which is bedside, easy and a
safe radiological tool, can detect MSU deposition in patients
with AH, which necessitates the use of urate lowering drugs.

5. Conflict of Interest
The authors have no conflict of interest.

References

[1] Zaka R, Williams CJ. New developments in the epidemiology and
genetics of gout. Curr Rheumatol Rep 2006;8:215-23.

[2] Choi HK, Curhan G. Gout: epidemiology and lifestyle choices.
Curr Opin Rheumatol 2005;17:341-5.

[3] Thiele R, Schlesinger N. Diagnosis of gout by ultrasound.
Rheumatology 2007;46:1116-21.

[4] Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G.
Purine-rich foods, dairy and protein intake, and the risk of gout in
men. N Engl J Med 2004;350:1093-103.

[5] Wright SA, Filippucci E, McVeigh C, Grey A, McCarron M,
Grassi W, et al. High-resolution ultrasonography of the first
metatarsal phalangeal joint in gout: a controlled study. Ann
Rheum Dis 2007 July;66(7):859-64.

[6] Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuri-
cemia in the US general population: the National Health and
Nutrition Examination Survey 2007-2008. Arthritis Rheum
2011;63:3136-41.

[7] Zhang W, Doherty M, Pascual E, Barskova V, Guerne PA, Jansen
TL, et al. EULAR evidence based recommendations for gout.
Part I: diagnosis. Report of a task force of the standing committee
for international clinical studies including therapeutics (ESCISIT).
Ann Rheum Dis 2006;65:1301-11.

[8] Campion EW, Glynn RJ, DeLabry LO. Asymptomatic hyperuri-
cemia. Risks and consequences in the normative aging study. Am
J Med 1987;82:421-6.

[9] Agudelo CA, Wise CM. Crystal-associated arthritis. Clin Geriatr
Med 1998;14:495-513.

[10] Nakayama DA, Barthelemy C, Carrera G, Lightfoot RW,
Wortmann RL. Tophaceous gout: a clinical and radiographic
assessment. Arthritis Rheum 1984;27:468-71.

[11] Perez-Ruiz F, Dalbeth N, Urresola A, de Miguel E, Schlesinger N.
Imaging of gout: findings and utility. Arthritis Res Ther
2009;11:232.

[12] Resnick D, Broderick TW. Intraosseous calcifications in topha-
ceous gout. AJR Am J Roentgenol 1981;137:1157-61.

[13] Watt I, Middlemiss H. The radiology of gout. Clin Radiol
1975;26:27-36.

[14] Barthelemy CR, Nakayama DA, Carrera GF, Lightfoot Jr RW,
Wortmann RL. Gouty arthritis: a prospective radiographic
evaluation of sixty patients. Skeletal Radiol 1984;11:1-8.

[15] Thiele RG, Anandarajah AP, Tabechian D, Schlesinger N.
Comparing the use of ultrasonography magnetic resonance
imaging conventional radiography high-resolution CT scanning
and 3-dimensional rendering in patients with crystal proven gout
[abstract]. Ann Rheum Dis 2008;67(Suppl. (I1)):248.

[16] Bjelle AO. Morphological study of articular cartilage in pyro-
phosphate arthropathy. (Chondrocalcinosis articularis or calcium
pyrophosphate dihydrate crystal deposition diseases. Ann Rheum
Dis 1972;31:449-56.

[17] Reginato AJ, Schumacher HR, Martinez VA. The articular
cartilage in familial chondrocalcinosis. Light and electron micro-
scopic study. Arthritis Rheum 1974;17:977-92.

[18] Guarda G, Yazdi C, Marthe D, Stefan K. Acute Gout: The
Inflammasome. Curr Rhematol Rev Num 2 May 2011;7:132-40.

[19] Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DL, Yu
T. Preliminary criteria for the classification of the acute arthritis of
the primary gout. Arthritis Rheum 1977;20:895-900.

[20] Wakefield RJ, Balint PV, Szkudlarek M, Filippucci E, Backhaus
M, D’Agostino MA, et al. Musculoskeletal ultrasound including
definitions for ultrasonographic pathology. J Rheumatol
2005;32:2485-7.

[21] Dawson B, Trapp RG. Basic and clinical biostatistics. 3rd ed.
Mcgraw-Hill Inc.; 2001.

[22] Puig JG, de Miguel E, Castillo MC, Rocha AL, Martinez MA,
Torres RJ. Asymptomatic hyperuricemia: impact of ultrasonog-
raphy. Nucleosides Nucleotides Nucleic Acids 2008;27:592-5.

[23] Howard RG, Pillinger MH, Gyftopoulos S, Thiele RG, Swear-
ingen CJ, Samuels J, et al. Reproducibility of musculoskeletal
ultrasound for determining monosodium urate deposition: con-
cordance between readers. Arthritis Care Res (Hoboken) 2011
October;63(10):1456-62.

[24] Burt HM, Dutt YC. Growth of monosodium urate monohydrate
crystals: effect of cartilage and synovial fluid components on
in vitro growth rates. Ann Rheum Dis 1986;45:858-64.

[25] Neogi T. Asymptomatic hyperuricemia: perhaps not so benign? J
Rheumatol 2008;35:734-7.

[26] Rouault T, Caldwell DS, Holmes EW. Aspiration of the asymp-
tomatic metatarsophalangeal joint in gout patients and hyperu-
ricemic controls. Arthritis Rheum 1982;25:209-12.

[27] Thiele RG, Schlesinger N. Ultrasonography shows disappearance
of monosodium urate crystal deposition on hyaline cartilage after
sustained normouricemia is achieved. Rheumatol Int
2010;30:495-503.

[28] Wright SA, Filippucci E, McVeigh C, Grey A, McCarron M,
Grassi W, et al. High-resolution ultrasonography of the first
metatarsal phalangeal joint in gout: a controlled study. Ann
Rheum Dis 2007;66:859—-64.

[29] Gutierrez M, Filippucci E, Salaffi F, Grassi W. The current role of
ultrasound in the assessment of crystal-related arthropathies.
Reumatismo 2009;61:216-21.

[30] McCarty DJ, Hollander JL. Identification of urate crystals in
gouty synovial fluid. Ann Intern Med 1961;54:452-60.



	Role of diagnostic ultrasonography in detecting  gouty arthritis
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Exclusion criteria
	2.3 US interpretation

	3 Results
	4 Discussion
	5 Conflict of Interest
	References


