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Abstract 

Background: Gout is one of the common forms of inflammatory arthritis in the 

community. It is still under diagnosed and suboptimally managed in the 

population. The lack of proper outcome tools in the management of gout is one 

among the many reasons for the inadequate management. Ultrasound (US) in 

gout could potentially be used as an outcome tool as US is more sensitive than 

clinical examination for the detection of synovitis.  

Aims: This pilot study aimed to assess the burden of subclinical synovitis in 

acute and in intercritical gout. 

Methods: 30 subjects with gout according to American College of 

Rheumatology/ European League Against Rheumatism criteria were included. 

Each person was examined twice, once in the acute gout and once in the 

intercritical visit. At each visit, 52 joints were examined for tender and swollen 

joint count and for gray-scale (GS) and power Doppler (PD). Patient 

questionnaires assessing pain, gout severity, function and laboratory testing for 

uric acid, ESR, CRP, HsCRP were performed.  

Results: At the acute visit, the median tender and swollen joint count was one 

(IQR 1-2). The median joint count per patient with GS and/or PD≥2 was seven 

(IQR 5-14). The median number of joints with only US detected synovitis 

without clinical involvement was four (IQR 2-9). At the intercritical visit, the 

median tender and swollen joint count was zero (IQR 0-0). The median joint 

count per patient with GS and/or PD≥2 was six (IQR 4-11). The median number 

of joints with only US detected synovitis without clinical involvement was four 

(IQR 3-7). There were significantly (p-value <0.001) more joints swollen and 

tender at the acute visit (median joint count 1 (IQR 1-2) compared with the 

intercritical visit (median joint count 0 (0-0), but the number of joints with GS or 

PD signal were not different between the two visits. There was no difference in 

the patient reported outcomes between the two visits, except in gout pain 

severity which was significantly greater at the acute visit. Serum uric acid and 

hsCRP were not different between visits. As expected, ESR and CRP were 

significantly higher at the acute visit compared with the intercritical visit. When a 

small subset of patients with serum uric acid level ≤0.36mmol/L at both visits 

was compared against those with higher serum uric acid, there were no 
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differences in the amount of US detected synovitis, patient reported outcomes 

and biochemical markers of inflammation between two groups at both visits.  

Conclusions: This pilot study establishes the presence of subclinical synovitis 

in gout at both acute and intercritcal phases. Subclinical synovitis is common 

both at the acute and in the intercritical phases of gout. The amount of 

subclinical synvoitis does not significantly decrease with resolution of the acute 

attack. The long-term implications of untreated subclinical synovitis are not 

clear. The role of ultrasound in understanding gout, and its clinical utility 

requires further investigation. 
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1. Review of Literature 

1.1. Introduction 

Gout is one of the common inflammatory arthropathies in the community. Gout 

has been known to man since the 5th century BC. The pathophysiological 

aspects of the disease have been well understood and effective treatments are 

also in place, yet gout is still a poorly diagnosed and managed medical 

condition. The causes of suboptimal management of gout are multifactorial. 

Noncompliance with treatment is a major factor contributing to suboptimal 

management similar to that seen in other chronic medical conditions like 

hypertension, diabetes and dyslipidemia [1]. The difficulties in making a proper 

diagnosis and lack of proper education among primary care physicians and 

patients have also been reported as contributing factors in the suboptimal 

management of gout. However, a lack of outcome tools and disease 

assessment also have resulted in the inadequate management of gout. Uric 

acid as an outcome measure in the management of gout has limitations. The 

background of this thesis will address the definition, epidemiology, aetiology, 

pathogenesis, diagnosis, clinical presentation and natural history, 

consequences of untreated chronic gout, imaging tools available for diagnosis 

and monitoring and management of gout. The current gaps and issues in the 

management of gout will also be addressed and the potential for using 

ultrasound as an outcome tool in the management of gout will be evaluated. 

1.2. Definition of gout 
Gout is a metabolic disorder caused by deposition of monosodium crystals in 

articular and periarticular tissues as a result of chronically elevated uric acid 

levels above the saturation point of uric acid (hyperuricemia) [2]. Hyperuricemia 

has various definitions. Despite the importance of hyperuricemia in the 

pathogenesis of gout and given the growing body of evidence showing a 

probable relationship between hyperuricemia and cardiovascular/ chronic renal 

diseases, there appears to be no consensus in the definition of hyperuricemia. 

Hyperuricemia is defined as serum uric acid level (SUA) over 7.0 mg/dl 

(450mol/L) in men, and over 6.0 mg/dl (360mol/L) in women [3]. In clinical 

trials varying threshold levels of SUA have been taken to define hyperuricemia.  

In the preliminary classification criteria for gout, hyperuricemia was defined as 

SUA level above the mean plus two standard deviations from the mean for the 
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healthy population [4]. There was no difference in the level of SUA according to 

gender in this classification.  It has been recently proposed that SUA level 

above 0.36mmol/L could be defined as hyperuricemia because the 

crystalisation of uric acid begins at this level and the treatment guidelines 

targets this uric acid level [5, 6]. Gout and hyperuricemia have been associated 

with other metabolic conditions like hypertension, chronic kidney disease and 

cardiovascular diseases. 

1.3. Epidemiology 

Gout is becoming increasingly prevalent in the general population. Two large 

epidemiologic studies from the United States and New Zealand have reported a 

gout prevalence of 3.8% to 3.9% in the adult population, with increasing 

prevalence in the past two decades implying a growing public health burden [7, 

8]. A study by Kho et al. showed a rise in prevalence of gout in the UK general 

population from 1.52% to 2·5% and in the  incidence from 1.36 to 1.77  per 

1000 person-years in 2012 when compared with 1997 [9].There was a 64% 

increase in prevalence and 30% increase in incidence over this period [9]. The 

prevalence of gout is significantly higher in men (3.97%) than in women (1.05%) 

[9] and is the most common inflammatory arthritis among males [10]. However 

this gender difference diminishes after the age of 65 due to hormonal 

influences. Its prevalence rises with age [7] and is the most common 

inflammatory arthritis in the elderly population in the Western world. The 

increased prevalence is attributed to the increasing age of the population and 

also increases in the prevalence of co-morbidities that promote hyperuricemia 

including hypertension, obesity, metabolic syndrome, type 2 diabetes mellitus, 

and chronic kidney disease [11, 12]. Gout and hyperuricemia are significantly 

associated these risk factors. A study by Soriano et al. addressed the odds ratio 

(OR) of different risk factors associated with development of gout [13]. The 

different ORs were 3.0 for excessive alcohol intake (more than 42 units per 

week), 2.34 for obesity (body mass index >/ = 30 kg/m2), 2.48 for chronic renal 

impairment and 3.00 for current diuretic use and 3.72 with the use of 

cyclosporine [13]. For other medical conditions the multivariate ORs were 1.84 

for heart failure, 1.45 for hypertriglyceridemia and 1.12 for psoriasis [13]. The 

wide spread use of diuretics for treatment of cardiovascular diseases is also 

probably associated with the increasing prevalence of gout in the ageing 
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population. This was assessed in a retrospective population based case control 

study [14]. The highest risk was associated with the use of loop and thiazide 

diuretics with an OR of 4.65 with combined use of both diuretics. Gout is more 

common in certain populations due to genetic and environmental 

influences.Examples of this includes the Maori and Pacific island population 

[15]. An epidemiological study in New Zealand published in 1997, compared the 

current prevalence rate to what is reported in previous studies (from 1956 to 

1984) and showed a prevalence of 13.9% in Maori men which has risen from 

4.5-10.4% and 5.8% in European men which has risen from 0.7%-2.0% [15]. 

1.4. Hyperuricemia and cardiovascular disease 

There are conflicting results in the literature as to whether hyperuricemia is a 

risk factor for coronary artery disease (CAD) with some studies reporting uric 

acid as an independent predictor for CAD [16, 17] but others do not support a 

causal role of uric acid in cardiovascular disease or mortality [18-20]. A 

systematic review and meta- analysis of 26 studies showed only a marginal 

increase in coronary heart disease incidence and mortality [21]. Mechanisms 

postulated include release of reactive oxygen species and endothelial 

dysfunction as a direct effect of uric acid. A study by Krishnan et al. showed a 

significant association between uric acid and coronary artery calcification [22], 

which is a surrogate of CAD. In contrast, a large multicentre study by Neog et 

al. failed to show such an association [23]. Patients with hyperuricemia and gout 

often have several comorbidities, such as hypertension, chronic kidney disease, 

insulin resistance, and obesity, which complicate management and affect long-

term prognosis [24]. The extent to which CAD may be a direct consequence of 

hyperuricemia [particularly in the setting of asymptomatic hyperuricemia (AHU)] 

or related to comorbidities is still debated and further research is needed to 

clarify this association.  

1.4.1. Hyperuricemia and hypertension 

Multiple cohort studies have shown a consistent association between raised 

SUA and increased risk of incident hypertension. A systematic review and 

meta-analysis of 18 prospective cohort studies representing data from 55,607 

participants showed an increased risk of incident hypertension in hyperuricemic 

individuals (adjusted risk ratio=1.41; 95% CI 1.23 to 1.58) [25]. For 1 mg/dl 
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increase in serum uric acid level, the pooled risk ratio for incident hypertension 

after adjusting for traditional risk factors was 1.13 (95% CI 1.06 to 1.20) [25]. 

This effect was larger in younger subjects. In a study of rats treated with uricase 

inhibitor oxonic acid to induce hyperuricemia, hypertension was preventable 

with urate lowering therapy (ULT) or with withdrawal of oxonic acid [26], 

suggesting a direct role of uric acid in the development of hypertension. In this 

model, it is thought that uric acid mediated hypertension can be caused by 

hyperuricemia; hyperuricemia can also cause the development of salt-sensitive 

hypertension over time. Initially, endothelial dysfunction, oxidative stress, 

reduction in nitric oxide (NO) levels, results in the activation of rennin 

angiotensin system and subsequent microvascular changes (interstitial changes 

and renal arteriolopathy) in the kidneys in rats [26]. It is proposed that uric acid 

enters vascular smooth muscle cells and induces the production and 

elaboration of monocyte chemoattractant protein-1 and platelet derived growth 

factor [27]. This results in vascular smooth muscle proliferation and the 

thickening of arteriolar walls and the development of arteriolosclerosis [27-29]. 

These changes in the vessel wall structure cause reduced compliance, resulting 

in a shift in the pressure natriuresis and sodium-sensitive hypertension. After 

the development of microvascular lesions, sodium, not uric acid, is the dominant 

determinant of increased blood pressure. This is similar to the mechanism for 

salt sensitive hypertension in humans [30]. 

In view of the above observations, studies have been undertaken to investigate 

the effect of lowering SUA in the setting of newly diagnosed hypertension. A 

small randomised trial involving thirty adolescents showed marked improvement 

in blood pressure readings on allopurinol treatment [31, 32]. Other small studies 

involving adults have echoed these findings [31-33]. Obviously larger studies 

are needed to confirm these findings. Overall SUA, is considered to be a risk 

factor in the development of systemic hypertension, albeit potentially modifiable. 

1.4.2. Hyperuricemia and endothelial dysfunction  

Elevated SUA is associated with endothelial dysfunction. Intracellulary uric acid 

can cause reduction in NO bioavailability by different ways- by blocking uptake 

of L-arginine (which is NO synthase substrate) [34], stimulating L-arginine 

degradation via arginase [35], and by scavenging of NO from uric acid 

generated oxidants [36] or by uric acid itself. Endothelial dysfunction, has also 
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been shown in the hyperuricaemic rat, and early supplementation of L-arginine 

can prevent the systemic hypertension and renal haemodynamic effects in this 

model [37]. Hyperuricaemia is strongly associated with endothelial dysfunction 

in humans and lowering SUA with xanthine oxidase inhibitors is strongly 

associated with improvement in endothelial function [31]. 

The flow mediated dilatation (FMD), a method of measuring carotid or brachial 

artery dilatation before and after a period of inducible ischaemia, is a valid 

method for assessing endothelial function. In patients with cardiovascular risk 

factors, hyperuricemia is associated with impaired FMD in the brachial artery. 

The reasons for this may include inflammation and oxidative stress from 

hyperuricemia [38].  

1.4.3. Action of uric acid at a cellular level 

Uric acid has an antioxidant property in the extracellular environment. It reacts 

with variety of oxidants and has been found to protect vascular endothelial cells 

from oxidative stress. But when uric acid enters the cells it causes oxidative 

stress due to a decrease in the bioavailability of NO and this can be harmful to 

vascular smooth muscle and adipocytes [36, 39]. A study by Yu Ma et al. 

showed a new mechanism of uric acid induced endothelial dysfunction in 

human vascular endothelial cells due to oxidative stress as a result of activation 

of renin angiotensin system [40]. Uric acid levels above 6mg/dl can cause 

senescence and apoptosis of vascular endothelial cells [40]. Additionally, uric 

acid can increase the production of reactive oxygen species, up regulate the 

expression of angiotensinogen, angiotensin-converting enzyme and angiotensin 

II receptors and can increase the level of angiotensin II. 
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1.4.4. Uric acid and metabolic syndrome, diabetes and insulin 
resistance 

Hyperuricemia is a common finding in the metabolic syndrome. Hyperuricemic 

individuals without other features of the metabolic syndrome at baseline have 

found to have a higher odds ratio for developing the metabolic syndrome [41].  

Animal models have shown an association of hyperuricemia and development 

of hyperinsulinemia, hypertriglyceridemia, obesity and systolic hypertension 

[42]. Treatment of hyperuricemia with urate lowering drugs significantly 

improved these features [42]. In humans, insulin resistance has a key role in the 

development of metabolic syndrome and type 2 diabetes mellitus. Potential 

mechanisms include endothelial dysfunction caused by the increased uric acid 

level and the overproduction of reactive oxygen species. A recent population 

based body mass index (BMI) matched cohort study also indicated an 

increased risk for developing diabetes in gout subjects and  the risk of 

developing diabetes was much stronger in women compared to men with gout 

[43].  

1.4.5. Chronic inflammation and cardiovascular disease 

The risk of cardiovascular disease is increased in autoimmune disorders like 

rheumatoid arthritis (RA) and systemic lupus erythematosis independent of 

traditional cardiovascular risk factors [44, 45]. This is thought to be due to the 

presence of chronic Inflammation often seen in these diseases. Levels of 

tumour necrosis factor (TNF), interleukin-1 (IL-1), interleukin-6 (IL-6) are high in 

inflammatory disorders. Activated macrophages, cytokines and  T-lymphocytes 

play a role in plaque formation and in rupture of the plaque leading vessel 

occlusion and ischaemia [44]. Anti-inflammatory therapies targeting TNF and IL-

1 have been shown to reduce cardiovascular risk as inflammation improves 

[46]. Treatment with methotrexate in people with RA can also reduce 

cardiovascular risk, perhaps mediated through its anti-inflammatory effects [47]. 

1.4.6. Hyperuricemia and chronic kidney disease 

Hyperuricemia is also significant risk factor for the development of chronic 

kidney disease (CKD) [48]. Hyperuricemia and the associated hyperuricosuria 

can cause intraluminal uric acid deposition in the collecting ducts of the nephron 

which can cause CKD [49]. Uric acid crystals have the capacity to adhere to 
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renal epithelial cells and can induce an acute inflammatory response. Apart 

from causing uric acid kidney stones, this has been shown to reduce glomerular 

filtration rate in animal studies [49]. Experimental studies show that 

hyperuricemia can cause depletion of NO levels and may cause endothelial 

dysfunction [50]. It has been shown in animal studies that experimental 

hyperuricemia can cause an afferent renal arteriolopathy and tubulointerstitial 

fibrosis in the kidney by activating the renin-angiotensin-aldosterone system 

[50, 51]. Uric acid also has been shown to activate the cytoplasmic 

phospholipase A2 and inflammatory transcription factor nuclear factor-K_B (NF-

K_B), leading to the inhibition of proximal tubular cellular proliferation in vitro 

[52].Other reported sequelae of hyperuricemia includes systemic cytokine 

production, such as TNF alpha and the local expression of chemokines, such as 

monocyte chemotactic protein 1 in the kidney and cyclooxygenase 2 (COX-2) in 

blood vessels [50]. Consistent with this experimental data, animal studies 

suggest that decreasing uric acid levels may slow CKD progression[53].  

A number of observational/cohort studies evaluated the association between 

hyperuricemia and development of CKD. The majority of the studies showed an 

independent association between hyperuricemia and an increased risk of 

incident CKD [54]. But other observational studies do not support this finding 

[55].  There is also conflicting information as to whether hyperuricemia causes 

CKD progression [53]. Hyperuricemia can predict progressive renal impairment 

in IgA nephopathy [56]. However, lowering SUA levels with allopurinol may slow 

down the progression of renal disease due to reduction in serum uric acid level 

[57].       
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1.5. Etiology and pathogenesis of gout 

1.5.1. Uric acid Homeostasis 

Uric acid is the end product of dietary and endogenous purine metabolism. Uric 

acid is a weak acid and at the physiological pH of 7.4 in the extracellular 

compartment, 98% of uric acid exists as urate [5]. Because of the 

predominance of sodium in the extracellular compartment, crystalised urate 

exists as monosodium urate (MSU) with a low solubility limit of 380 mmol/l [5]. 

When the SUA level exceeds 380 mmol/l, MSU crystalisation and deposition 

occurs. In non-primate animals, the uricase enzyme converts uric acid (UA) into 

allantoin, which is highly soluble. Because primates lack uricase, UA ac-

cumulates and crystallises above the physiological saturation threshold 

(approximately 380 mmol/l or 6.4 mg/dl) [5]. The crystalline uric acid (MSU) 

elicits an intense inflammatory response by release of interleukin- 1β (IL-1β) 

from monocytes and macrophages, causing severe painful inflammatory 

arthritis [5]. 

Uric acid is produced largely in the liver and to a small extent in the small 

intestine and its production depends on the amount of purine ingestion, de novo 

synthesis in cells and its degradation [5]. Increased cell turn over in certain 

disease like psoriasis, myelo and lymphoproliferative disorders can cause 

hyperuricemia.  The uric acid level can also increase with excessive alcohol or 

fructose consumption which causes increased formation of adenosine 

monophosphate (AMP), a precursor of UA (see Figure 1). Excretion of UA is 

mainly through kidney (75%) and the rest through gastrointestinal tract. Renal 

under excretion is the dominant mechanism of hyperuricemia in humans, with 

less than 10% being a result of increased production of UA. Uric acid exists 

predominantly as urate anion at physiological pH of 7.4. In the renal tubules, 

urate gets acidified and forms low solubility uric acid. There is more uric acid 

than urate in the urine (pH 5-6) [5]. About 90% of filtered urate through the 

kidneys gets reabsorbed through proximal convoluted tubules using specific 

anion transports like URAT1 (encoded by SLC22A12 gene) as the cell 

membrane is impermeable to the urate anion in the absence of specific 

transporters [5, 58]. The URAT 1 transporter is important in the treatment of 

gout as many of the drugs like losertan, probenecid and benzebromarone 
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inhibits this transporter. These agents act as uricosuric agents (see Figure1) [5]. 

Recently, a member of the glucose transporter family, GLUT9 which is a efflux 

transporter of urate from the renal tubular cells (encoded by SLC2A9) has been 

proposed to be a major regulator of the uric acid homeostasis [59].  
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Figure 1 Metabolic pathway of uric acid (Modified from [5]) 

GMP- Guanosine monophosphate, IMP- Inosine monophosphate, AMP- adenosine 

monophosphate, XO- Xanthine oxidase. 
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1.5.2. Relationship between hyperuricemia and development of 
gout 

Whilst hyperuricemia is a pre-requisite for the development of gout; only 10% of 

people with hyperuricemia will develop gout [5]. A large retrospective study 

looked at the relationship between SUA and new diagnosis of gout [60]. The OR 

of developing gout was 32 times higher in people with high SUA (≥7 mg/dL for 

men and ≥ 5.6 mg/dL for women) [60]. The prevalence of gout increased with 

increasing level of SUA [60] . Treatment of hyperuricemia with ULT markedly 

reduces clinical attacks of gout [6]. This is supportive of a direct causal 

relationship between raised SUA (hyperuricemia) and gout. 

1.5.3. Natural history of gout 

There are three stages reported in the development of gout [61]. First is the 

asymptomatic hyperuricemic (AHU) in which SUA is persistently above 

6.8mg/dL and MSU crystal deposition begins in this stage. Second is the acute 

intermittent gout caused by deposition of MSU crystals in joints and soft tissues. 

Acute gout can present as cellulitis, synovitis and tenosynovitis. Clinically this 

presents with sudden onset of intense pain associated with swelling, increased 

warmth and erythema of the affected region (the big toe most commonly). Other 

joints involved are inter-tarsal joints, ankles, knees, elbows, wrists and 

olecranon fossa in decreasing order [61]. Attacks are usually monoarticular but 

can also be polyarticular. Typically acute attacks occur at night and severity 

increases over the next 24 hours, with a natural history of slow resolution. 

However rapid resolution of symptoms can be achieved with the use of 

medications. The intense inflammatory response associated with an acute gout 

attack can cause fever, alteration in mental state (especially in elderly), 

leucocytosis, elevation in C reactive protein (CRP) and erythrocyte 

sedimentation rate (ESR). In between these episodes patients may remain 

symptom free (the intercritical phase).  This is not a totally inactive phase, as 

many patients and physicians think, because during this period uric acid 

continues to accumulate in articular and periarticular structures and causes joint 

destruction [61]. In the final stage of gout, known as chronic tophaceous gout, 

continued deposition of MSU crystals in joints leads to increased frequency of 

acute attacks resulting in progressive shortening of intercritical phase and is 

characterised by gradually escalating chronic arthritic pain. These 
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manifestations are often a consequence of uncontrolled hyperuricemia resulting 

from late recognition or suboptimal treatment. Continuous crystal deposition and 

inflammation can result in joint damage and deformities, even in the absence of 

acute attacks. This stage can result in the formation of large tophi which can 

limit joint function [61]. 

1.6. Factors associated with acute gout 

Many factors can raise or lower SUA levels. These can act as triggers for acute 

attacks of gout. These include dehydration, recent trauma, surgery, 

hospitalisation, certain foods and medications [62]. Dietary triggers include high 

intake of meat, alcohol (beer/spirits) and seafood [63, 64]. 

Sweetened soft drinks, fruit juice or fructose rich fruits (apples and oranges) are 

also well known triggers [62]. Medications commonly associated with increased 

risk of gout are diuretics, cyclosporine, aspirin and initiation of ULT [62]. 

Abdominal obesity and physical inactivity [65] are additional risk factors.  

1.7. Diagnosis of gout 

According to the EULAR (European League Against Rheumatism) guidelines 

published in 2006, a definitive diagnosis of gout requires identification of 

negatively birefringent needle shaped MSU crystals by polarised light 

microscopy in synovial fluid or tophus aspirates (Figure 2) [66]. It is not always 

possible to diagnose gout by identifying crystals and therefore an alternative 

diagnostic algorithm has been proposed with  a sensitivity of 97.3% and 

specificity of 95.6% when 4 of the following 8 criteria are met: (1) monoarthritis 

or oligoarthritis, (2) more than 1 attack of acute arthritis, (3) rapid progression of 

pain and swelling in less than 24 hours, (4) podagra, (5) erythema, (6) tophi, (7) 

unilateral tarsitis, and (8) hyperuricemia (> 7 mg/dL in men; > 6 mg/dL in 

women) [67]. Although these criteria are helpful, especially in the clinical setting, 

they do not rule out other serious causes of swollen and painful joints, such as 

septic arthritis. The EULAR and ACR (American College of Rheumatology) 

criteria for clinical diagnosis of gout are detailed in Table1. 

The diagnostic criteria also recommends that for typical presentations of gout 

(such as recurrent podagra with hyperuricemia) a clinical diagnosis alone is 

reasonably accurate but not definitive without crystal confirmation. Although a 

raised SUA level is a risk factor for the development of gout, this alone is not 
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sufficient to make the diagnosis of gout. Serum uric acid level could be normal 

in acute attacks of gout and therefore a normal or subnormal SUA cannot 

exclude a diagnosis of gout [66]. The differential diagnosis should include 

calcium pyrophosphate deposition disease (CPPD) or pseudogout, acute 

calcific periarthritis, septic arthritis, cellulitis, septic bursitis, haemarthrosis, other 

autoimmune arthropathies [62]. Whilst a thorough clinical history, examination 

and investigations will assist definitively diagnosing the condition, it is important 

to remember that gout can coexist with other conditions, such as RA and septic 

arthritis. Importantly, in a patient presenting with an acute inflammatory arthritis, 

joint aspiration, gram stain and culture should be considered [66]. 

1.8. Consequences of untreated chronic hyperuricemia/gout  

Untreated gout can lead to frequent flares of acute gout, development of tophi, 

joint destruction, deformities, decreased quality of life, decreased work 

productivity, increased morbidity, mortality and chronic pain [65]. It has been 

shown in multiple studies that gout and hyperuricemia are independent 

cardiovascular risk factors [68], [69]. A recent study has shown an increased 

mortality in people with tophaceous gout and in people with high baseline serum 

urate levels [70]. Untreated hyperuricemia and gout are also associated with 

nephrolithiasis and renal impairment [65].The number of acute flares is related 

to the serum uric acid level [71]. Moreover, the total health care expenditure and 

gout related costs are much higher in people with very high urate level 

compared with those that achieve target urate level [71]. 
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Table 1 Diagnostic criteria (ACR- American College of Rheumatology; 
EULAR- European League Against Rheumatism) 

ACR diagnostic criteria [72] EULAR guidelines [66] 
Presence of six of the following clinical, laboratory, and 
radiographic phenomena:  
More than one attack of acute arthritis  
Development of maximal inflammation within 1 day  
Attack of monoarticular arthritis  
Pain or swelling in first metatarsophalangeal joint  
Unilateral attack involving first metatarsophalangeal joint  
Unilateral attack involving tarsal joint  
Suspected tophus  
Hyperuricemia  
Asymmetric swelling within a joint on x-ray  
Subcortical cysts without erosions on x-ray  
Negative culture of joint fluid for microorganisms during 
attack of joint inflammation  
 

Rapid development of severe 
pain, swelling and tenderness 
which reaches maximum intensity 
with 6-12 hours 
Erythema 
Recurrent podagra with 
hyperuricemia 
Tophus 
X ay changes (asymmetric 
swelling and subcortical cysts 
without erosions) 
 
 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
  



21 
 

 

1.8.1. Pathogenesis of erosions in gout 

In the setting of hyperuricemia, urate crystals are usually deposited in the 

connective tissues, including cartilage, tendon sheath, synovial fluid and 

subcutaneous tissue. A gouty tophus is a foreign body granulomatous reaction 

to MSU crystals [73]. It consists of MSU crystals, mono and muti nucleated 

macrophages, plasma cells, mast cells, fibrocytes and foreign body giant cells 

[73]. Tophus can be intra-articular, peri-articular or extra-articular.  Interleukin 1 

(a proinflammatory cytokine) can contribute to granuloma formation in other 

granulomatous diseases like tuberculosis. As tophus formation is due to 

granulomatous reaction, IL-1 has been attributed to cause development of 

tophus and bony erosions [74]. Erosions are often found in association with 

tophus [75], which can erode into the bone likely via an IL-1 driven process [74]. 

A close relationship between subcutaneous tophi and bone damage on CT scan 

has been noted in gout [76]. Resorption of the bone caused by tophi in the 

subchondral bone produces classic “punched out” appearance of the erosion on 

conventional radiography. 

1.8.1.1. Cellular mechanism 

In a normal physiological state, there is a balance between bone resorption and 

bone formation. Bone resorption and erosions are caused by osteoclasts which 

are cells in the monocyte macrophage lineage. The differentiation of monocytes 

into osteoclasts depends on the presence of the receptor activator of NF-κB 

ligand (RANKL). The soluble decoy receptor osteoprotegerin (OPG) competes 

with RANK for RANKL. In chronic inflammatory diseases, osteoclastogenesis is 

preferentially activated due to RANKL. The RANK–RANKL pathway is important 

for bone remodelling under both physiological and inflammatory conditions [74]. 

In RA, joint destruction is characterised by destruction of articular cartilage and 

excessive bone resorption due to an imbalance between osteoblastic and 

osteoclastic activity [77]. Increased numbers of osteoclasts at the bone erosion 

site have been found in RA inflamed joints. This upsets normal bone 

homeostasis. Osteoclasts are essential in triggering inflammatory bone 

erosions. It has been shown that erosions are not formed when osteoclasts are 

effectively blocked, despite the presence of synovial inflammation[74]. 
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In gouty arthritis, local production of enzymes within the tophus which cause 

loss of bone and cartilage matrix may contribute to the development of 

erosions. Matrix metalloproteinases (MMPs) are implicated in erosion formation 

in unmineralised cartilage and osteoclasts are implicated in bone erosion 

formation [74]. The macrophages induces production of proinflammatory 

cytokine like TNF and MMP-2 in gouty tophus [74]. The osteoclasts-like cells 

are shown to be present within the tophi and at the interface between soft tissue 

and bone [78]. Peripheral blood monocytes taken from patients with severe 

erosive gouty arthritis have been shown to transform into osteoclast-like cells 

following stimulation with RANKL and M-CSF [74]. Patients with severe erosive 

gout had higher levels of RANKL and M-CSF [78]. Thus, MSU crystals can 

interact with stromal cells and may interfere with the RANKL–OPG balance and 

indirectly promotes osteoclastogenesis in gouty arthritis. The MSU crystals have 

also shown to inhibit osteoblastic viability and survival. In gouty arthritis excess 

osteoclastic activity and impaired osteoblastic activity leads to bone loss [74]. 

1.9. Management of gout 

Management of gout should be holistic and should include nonpharmacological 

and pharmacological therapy. Comorbid medical conditions should be managed 

appropriately. The aims of gout management are rapid and safe termination of 

acute attacks of gouty arthritis; protection against further attacks prior to and 

during urate lowering; and establishment and long-term maintenance of sub 

saturating serum urate levels that will eventually normalise the extracellular 

urate pool.  

There are no published studies demonstrating benefits of treating AHU. Life 

style advice and management of associated conditions are warranted [79]. 

1.9.1. Non-drug therapy 

Patient education is important in the management of gout. Patients should be 

informed about the disease, dietary triggers of acute attacks and the importance 

of compliance with long term ULT [80], [6]. Proper advice regarding weight loss 

if obese, reduced consumption of beer and spirits, sea food, sweetened 

beverages and avoidance of food high in purine (meat, high fructose sweetened 

corn syrup sodas, alcohol) during an attack, should be provided to patients [65], 

[6],[80]. The use of low fat or non-fat dairy products and vegetables should be 
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encouraged [6], [80]. Patients should also be informed about the risk of flares 

with commencement of ULT [6, 80].  

Treatment of acute attacks is usually with colchicine, non-steroidal anti-

inflammatory agents and corticosteroids either intra-articularly or orally. 

Corticosteroids are used when anti-inflammatories and or colchicine are either 

contraindicated or not helpful in settling acute attacks. Interleukin-1 blockers are  

available for the treatment of acute attacks resistant to steroid therapy [62], but 

these are not FDA approved for treatment of acute gout. The EULAR guidelines 

recommends colchicine prophylaxis (0.5-1mg/day) in the initial 6 months of ULT 

to prevent gout flares [81]. 

1.9.2. Treatment of hyperuricemia in gout. 

The correct diagnosis must be established prior to commencement of therapy. 

Indications for ULT according to ACR and EULAR guidelines include the 

presence of tophus, frequent attacks of acute gouty arthritis (≥ 2/year), chronic 

kidney disease (CKD), a past history of urolithiasis or radiographic changes of 

gout [81],[80]. Therapy should be titrated to achieve a target SUA level of 

<0.36mmol/L(<6mg/dL)  in all patients with gout and 0.30mmol/L (<5mg/L) in 

tophaceous gout [80]. The disappearance of urate crystals from synovial fluid, 

reduction in the acute flares and a reduction in the size of the tophi have been 

achieved by maintaining target urate level for at least 12 months [82]. The ULT 

should be continued without interruption during an acute attack. The traditional 

understanding has been not to initiate ULT until the acute attack resolves, 

however a recent randomised clinical trial showed no increase in recurrent 

flares when allopurinol was initiated during the acute flare of gout [83]. 

There are two main forms of therapy for hyperuricemia: inhibiting the production 

of uric acid (allopurinol and febuxostat) or increasing excretion of uric acid 

(probenecid and uricases) 

Allopurinol is the most commonly prescribed ULT in gout. It is a xanthine 

oxidase inhibitor (Figure1). Allopurinol is metabolised in the liver to oxypurinol 

which has longer half-life and is excreted through kidney. This metabolite gets 

accumulated in renal failure. Many people do not achieve target uric acid level 

with allopurinol therapy. Reasons for this include inappropriate dosing of 

allopurinol and less commonly due to intolerance [84] which is particularly true 
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in people with renal impairment [85]. Common adverse events are nausea, 

vomiting and diarrhoea. Very rarely development of allopurinol hypersensitivity 

syndrome (AHS) has been reported with its use especially in those with renal 

failure. This is characterised by rash, fever, eosinophilia, vasculitis, toxic 

epidermal necrolysis, hepatitis and progressive renal failure [80]. A low starting 

dose (100mg/day in any patient and 50mg/day in patients with CKD stage 4 or 

worse) reduces the chance of gout flares and decreases the risk of AHS [80]. 

Gradual dose escalation every 2-5 weeks to achieve target SUA is 

recommended [80].Testing for HLA–B*5801 (a risk factor for AHS) should be 

considered in select subgroups (Korean descent with stage 3 or worse CKD or 

of Han Chinese or Thai extraction irrespective of renal function) [80]. Allopurinol 

is the first line ULT in people with renal impairment and gout [81]. 

Febuxostat is approved for use as ULT in gout in people with intolerance to 

allopurinol or for those who develop AHS. It is a highly selective inhibitor of 

xanthine oxidase. It is metabolised in the liver and excreted in the stool (45%) 

and in the urine (49%). Therefore dose adjustment is not required in mild to 

moderate renal and hepatic impairment [86]. The drug has not been studied in 

patients with creatinine clearance <30mL/min [86]. Starting dose is 40mg/day 

which could be increased to 80 or 120mg/day to achieve target serum urate 

level.   Efficacy and tolerability of febuxostat is well established [86]. Febuxostat 

40-80mg had significantly better urate lowering efficacy than allopurinol 200-

300mg in the elderly (≥65 years) population [87]. The side effect profile is 

similar to allopurinol [86]. The risk of gout flares is similar to that with allopurinol 

[86]. 

1.9.3. Uricosuric agents 

Uricosuric agents (benzbromarone, probenecid, losartan and sulfinpyrazone) 

work by inhibiting URAT1 [5] (Figure 1). Probenecid is the commonly used 

uricosuric agent. It is contraindicated in people with urolithiasis and renal 

impairment (creatinine clearance < 50mL/min). The risk of renal stone formation 

during therapy is around 9–11% [80]. To minimise this risk, hyperhydration to 

maintain a good urine output is advised. In general, uricosuric agents are only 

suited in the low proportion of patients, who are under-excretors of uric acid and 

have good renal function and are intolerant or resistant to allopurinol. 
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1.9.4. Newer agents  

Recombinant uricases (rasburicase and pegloticase) are being used to rapidly 

and effectively reduce hyperuricemia. They catalyse the oxidation of uric acid to 

allantoin and thereby decrease SUA. Rasburicase has short half-life requiring 

repeated intravenous administration. Common side effects include allergic and 

anaphylactic reactions. Pegloticase is approved for treatment of chronic gout 

non responsive to conventional treatment [88]. This is less antigenic and has 

longer half-life than rasburicase. 

1.10. Noncompliance with treatment 

Gout is one of the few medical diseases where pathophysiology is well 

understood; yet it remains one of the most poorly treated common medical 

conditions. A study comparing medication non-adherence across seven 

common chronic conditions (including hypertension, osteoporosis and diabetes 

mellitus), found adherence was lowest with gout [1]. A nation-wide population 

study in the UK showed that among the patients with gout, only 48% were being 

consulted specifically for gout and of these only 38% received treatment with 

ULT [9]. Previously it has been found that factors contributing to the suboptimal 

management include poor knowledge among patients and physicians about the 

disease, difficulties in obtaining an accurate diagnosis, sub optimal 

management guidelines, lack of patient education, associated medical 

comorbidities and drug interactions [89]. Education of patients and physicians 

may improve compliance [89], as may the use of novel imaging modalities to aid 

diagnosis and disease monitoring.  

1.10.1. Imaging in gout 

Imaging can aid in establishing a definitive diagnosis when crystal identification 

is difficult. Imaging techniques that are used in gout include conventional 

radiography (CR), ultrasound (US), computed tomography (CT), dual energy 

computed tomography (DECT), magnetic resonance imaging (MRI) and nuclear 

medicine. Imaging tools like CT and MRI have helped in understanding 

mechanisms of structural damage in gout. 

1.10.2. Conventional radiography (CR) 

This has been used in gout for centuries. It is widely accessible and 

inexpensive. The findings for acute gout may include soft tissue swelling and/ or 
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effusion but these are nonspecific. In chronic gout, features on CR can 

differentiate gout from other inflammatory arthritidies. These changes include 

well defined, “punched-out” erosions with overhanging edges, soft tissue 

nodules (tophi), and asymmetric involvement [90]. The most  common site 

affected is 1st metatarsophalangeal (MTP) joint, followed by 5th MTP joint, 

midfoot, hand and wrist [91]. These CR changes are relatively specific in 

established gout, with a diagnostic specificity of 93% and diagnostic sensitivity 

of 31% using clinical diagnosis as the gold standard [92]. Radiographic changes 

may be delayed by 10-15 years after the onset of gout [91]. In the clinical 

setting, the low sensitivity of CR and the delay in developing radiographic 

changes means that CR has a limited role in the diagnosis or monitoring of this 

disease [90]. 

1.10.3. Computed Tomography (CT) 

Computer tomography is not commonly utilised in the clinical management of 

gout and has an associated risk from ionising radiation. Computed Tomography 

can be used to image tophi and can identify erosions. Tophi have specific 

density on the CT allowing them to be differentiated from other subcutaneous 

nodules and calcifications. Computed tomography can assess deep intra-

articular and intra-osseous tophi [93], which may be undetectable by clinical or 

ultrasound examination.  Computed tomography can also measure tophus 

volumes with excellent reproducibility [94].  

 Computer tomography can identify gouty erosions. Recent studies using CT 

have aided in the understanding of pathogenic processes involved in 

development of erosions. The erosions  in gout are closely related to tophi, 

suggesting that tophus infiltration may have a pathogenic role in the 

development of erosions in gout [95]. A strong association between erosions 

and new bone formation (sclerosis, osteophytes and spurs), has been 

demonstrated which suggests a relationship between bone resorption and new 

bone formation in gout [96]. 

1.10.4. Dual Energy Computed Tomography (DECT) 

Dual Energy Computed Tomography is a relatively new imaging technique in 

gout and is able to non-invasively detect MSU burden. In addition to identifying 

crystals, advantages include shorter scanning times, the ability to scan multiple 
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joints simultaneously and excellent reproducibility. This technology was 

developed to determine the chemical composition of renal stones and 

atherosclerotic coronary plaques, but has been recognised to have utility in the 

clinical setting of diagnosing and managing gout.  This technique relies on 

acquiring two data sets simultaneously through the use of 2 separate X-ray 

tubes producing differing energy levels [97].  Differences in attenuation are able 

to be identified and colour-coded, allowing material rich in calcium (high 

attenuation) to be differentiated from material rich in MSU crystals (low 

attenuation) [97].   

Mono sodium urate deposition can also be seen in joints, tendons, ligaments, 

and soft tissues. The DECT imaging can identify more tophaceous deposits 

than by physical examination. The most common sites involved on DECT are 

MTP joints (85%), knees (85%) and ankle (70%) followed by wrists (50%),MCP 

and elbows (40%) [98]. The most commonly involved tendon/ ligament site is 

the Achilles, followed by the peroneal tendons [99]. Dual energy CT imaging is 

useful in identifying subclinical urate burden, however it is associated with a 

radiation dose, and only small regions of the body can be examined at a time. 

The diagnostic sensitivity (78-100%) and specificity (93-100%) of DECT is 

excellent in well-established gout [100, 101]. False negative studies are seen 

generally in patients who are on ULT with SUA below the physiological 

saturation threshold, which may affected the burden of MSU deposits in these 

patients. Disease duration may also affect the sensitivity of DECT to detect 

gout, presumably related to the burden of deposited MSU crystals (the minimal 

detectable deposit size is 2mm) [102]. The diagnostic sensitivity of DECT is 

much less in new presentations. For example, in one small study of 14 subjects 

with acute, non tophaceous gout, DECT identified MSU deposits in 78% of 

subjects, but only 50% of subjects presenting with an inaugural attack[103].  

Thus, a negative DECT in the setting of an acute initial presentation of 

presumed gout is rather unhelpful to the clinician, as this is the situation where 

a clinical adjuvant tool is perhaps most needed.  

The reproducibility of DECT is very good [100]. Excellent inter-observer and 

intra-observer reproducibility have been demonstrated [104] for tophus volume. 

DECT is more reproducible than physical methods (callipers or tape 

measurements) in assessing tophus size [105].  The detection of MSU by DECT 



28 
 

has a similar sensitivity to the US detected double contour (DC) sign [106]. 

However, the sensitivity and specificity of DECT is effected by imaging 

protocols. A recent study in assessing tophi compared DECT imaging with  MRI 

scanning and found that result can vary depending on the software setting for 

DECT [107]. When images were reconstructed with two different parameter 

ratios for DECT imaging, MRI only correlated with one DECT image and the 

other DECT image did not identify any tophi. Therefore it is important to 

standardise software settings to minimise these errors. 

DECT may be responsive to change, with a reduction in the burden of MSU in 

response to treatment as demonstrated in multiple case reports [108, 109], 

however, as yet there has been no systematic validation of the responsiveness 

of this tool. 

1.10.5. Magnetic Resonance Imaging (MRI) 

Magnetic Resonance Imaging is an excellent imaging modality to image 

synovium, cartilage, soft tissue and bone, as it lacks radiation and has excellent 

contrast and resolution. However, limitations include high cost, availability, long 

scanning time, use of contrast, patient acceptability, and exclusion of those 

patients with aneurysm clips or pacemaker. MRI can demonstrate generic 

features of inflammatory arthritis, such as synovial thickening, effusion, bone 

erosions, and bone marrow edema (BME) in gout [110, 111]. MRI can 

demonstrate subclinical inflammation in asymptomatic joints in gout [112]. MRI 

is better than US and CR in detecting erosions [112]. A clue to the diagnosis of 

gout in the setting of generic inflammatory changes is that BME is uncommon 

and if present is often mild [113], the presence of extensive BME on MRI should  

raise the question of infection.  A retrospective review of patients with gout 

showed that severe BME on the MRI was much more common in gout plus 

osteomyelitis  than in uncomplicated gout [114].  

Tophi can have various appearances on MRI [115]. T1-weighted images 

characteristically show homogeneous, low to intermediate signal intensity and 

variable signal intensity on T2-weighted images depending on degree of 

hydration of the tophus and its calcium concentration. Heterogeneous, 

intermediate to low signal is the most common pattern on T2-weighted images. 

Tophi show intense gadolinium enhancement due to hyper vascular soft tissue 

and granulation tissue that surround tophi. MRI has been compared to DECT 
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scanning for tophus detection [113]. Compared with DECT, MRI had high 

specificity and moderate sensitivity for detecting tophi [116].  

The reproducibility of MRI scoring for assessment of erosion, tophus size, 

synovitis and bone oedema [113] was assessed and found that inter-observer 

reproducibility was high for scoring erosions and tophus size and was moderate 

for assessment of synovitis and bone oedema. Intra-observer reliability was 

very high for bone erosion, bone oedema, synovitis and tophus size. The 

sensitivity to change with treatment has not been published for any of the 

features on MRI in gout. Assessment of tophus size with MRI correlates well 

with that of US [82, 117]. Therefore one can assume that like US, MRI will be 

able to detect change in tophus size. Overall, MRI has a limited role in disease 

monitoring due to the high expense and limited availability. 

Whilst MRI is not a new imaging technique, recent investigations into MRI in 

gout, have altered our understanding of the disease, and how the pathogenesis 

differs from other inflammatory arthridities. For example, a recent study 

demonstrated that in contrast to RA, gout erosion were predicted by the 

presence of tophi, but not synovitis or BME [113].  

1.10.6. Nuclear Medicine 

Few systematic publications exist with regards to investigation of the validity of 

nuclear imaging in gout. Whilst bone scans have high sensitivity in detecting 

osseous abnormalities, the scintigraphic findings in gout are often non-specific. 

The current scientific literature has not shown white cell imaging to be useful in 

differentiating between infection and acute inflammatory phase of gout [118, 

119]. Case reports of positron emission tomography (PET) combined with 

computed tomography (CT)(PET/CT) in gout showed articular and peri articular 

FDG uptake [120, 121]. Soft tissue FDG uptake corresponding to tophi has also 

been reported [122]. These findings are not specific for gout. Like with MRI, this 

may be useful when gout presents in unusual body locations such as axial 

skeleton.  

1.10.7. Ultrasonography (US) 

Ultrasonography is being used increasingly in gout and can assist in both the 

diagnosis and monitoring of disease. Advantages of US over other imaging 

modalities include the ease of access, lack of ionising radiation and relatively 
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low cost.  Ultrasonography however has limitations, being reliant upon a good 

acoustic window to visualise a joint, and is generally less sensitive than MRI in 

detecting joint inflammation and structural changes. The major limitation is its 

operator-dependant nature.  

Generic signs of joint inflammation and damage identifiable by US include 

synovitis and erosions. More specific features of gout are also seen, such as 

the double contour sign (DC) and tophi. Whilst recent decades have seen the 

validity and clinical utility of US in the setting of RA extensively explored; there 

has been much less work specific to gout. Interpreting publications relating to 

US descriptions of gout are difficult due to a lack of internationally recognised 

descriptions and definitions of pathology seen in gout on US [123]. This is 

illustrated in the discussion of pathology in the paragraphs below. The 

OMERCT (Outcome measures in rheumatology clinical trials) ultrasonography 

group are working towards standardised definitions of pathology in gout, which 

should facilitate the development of this imaging modality as a clinical and 

outcome tool in gout in the future.  

Synovitis on US is identified as synovial hypertrophy and effusion, with or 

without Doppler signal (suggestive of inflammation) [124]. Soft tissue changes 

seen in gout and AHU are listed in Table 2. Joint effusion, synovial hypertrophy 

and power Doppler (PD) signal are seen in any inflammatory joint disease 

including gout. In RA, US has been demonstrated to be sensitive and specific to 

the presence of these generic features, and able to detect subclinical disease 

[125]. Systematic review demonstrated ability of ultrasound to detect subclinical 

synovitis in patients with RA in clinical remission [126]. There was a strong 

association between ultrasound detected synovitis and risk of flare up of RA 

[126]. Power Doppler sonography detected significantly more inflamed joints 

than clinical examination in people with gout. Reliability, responsiveness to 

change and feasibility of US detected synovial pathologies have not been 

reported. 

In the setting of gout, the synovium may have an ultrasound appearance 

thought to be more suggestive of gout than other inflammatory arthritis.  

Reported descriptions include “bright stippled foci” and “hyper-echoic spots” 

“hyper-echoic cloudy areas” and a “snow storm” appearance, which are thought 

to be a result of MSU crystals in synovial fluid or tissue producing small bright 
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echoes [92, 127, 128]. Whilst these findings have generally been reported to be 

specific for gout and AHU, one study found that very small intra-articular hyper-

echoic spots were not specific for gout [128], and more recently a case 

controlled multicentre study found that “intra- articular or intra-bursal hyper-

echoic aggregates” were more commonly seen in gout, but are not specific for 

gout [129]. Additionally the “snowstorm” of synovial fluid, thought to be mobile 

crystals within the fluid described in acute gout [130] may not be specific for 

gout [131].  Recent exploratory studies in gout reports that synovitis is most 

commonly seen in the 1st MTP, knee, ankle, wrist and 2nd 

metacarpophalangeal (MCP) joints [132].  Other recent small studies in gout 

established the presence of subclinical synovitis in gout in both the acute and 

intercritical phase [133, 134]. Ultrasound has the potential to assess subclinical 

disease burden. The long term relevance of subclinical inflammation with 

regards to structural joint damage or comorbidities is uncertain. 
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Table 2 Summary of studies detailing soft tissue changes in gout and AHU 
[123] 

Author Description of 
US Pathology Results Reproducibility 

Inter-reader 

Thiele [135] 
(2007) 

Fluid collections Present in 74% gout MTP and 73% control MTP 
joints NR 

PD signal Present in 9% of gout MTP and 0% control MTP 
joints NR 

Wright [128] 
(2007) 

Joint effusion Gouty joints -71%, disease controls - 64%, healthy 
controls -13%( p <0.01) UC 

Synovial 
hypertrophy 

Gout- 87%, disease controls-64%, healthy 
controls- 6% (p gout vs healthy controls<0.01). No 
correlation between clinical examination US 
detected synovial effusion or hypertrophy 

UC 

Hyper-echoic 
spots 

12% in gout, 14% in disease controls, 13% in 
healthy controls UC 

Power Doppler 18% in gouty joints and 16% of disease controls 
and none in healthy joints. UC 

Schueller-
Weidekamm [134] 
(2007) 

Joint effusion In 5/19 gout NR 

Power Doppler 
signal 

PD score ≥ 2, in 14/19 gout subjects (p < 0.001), 
clinical acute gout only seen in 6/14 ( p<0.001) NR 

Rettenbacher [92] 
(2008) 
 
 

Bright stippled 
foci 

Present in 80% gout, 25% controls. 
Diagnostic sensitivity  80% specificity 75% NR 

Hyper-echoic 
soft-tissue 
areas 

Present in 79% gout, 5% controls. 
Diagnostic sensitivity 79% specificity 95% NR 

Hypo-echoic 
streaks 
between and 
around hyper-
echoic areas 

Present in 80% gout, 51% controls. 
Diagnostic sensitivity 80%, specificity 49% NR 

Puig [136] (2008) PD signal Increased vascularity within or around tophi in 23% 
of AHU NR 

Carter [112] 

(2009) 

Synovial 
pannus 

Symptomatic joints - 48% by MRI and 4% by US 
(p=0.0003) κ = 0.25 

Soft tissue 
oedema 

Symptomatic joints - 11% by MRI and 0% by US 
(p=0.24) κ=0 

Filippucci [137] 
(2010) 

Joint effusion Gout 35% and CPPD 37%. In 36.5% by US and 
25.5% clinically NR 

Synovial 
hypertrophy Gout 16% and  CPPD 15% NR 

Intra-articular 
PD signal Gout 8% and CPPD 4% NR 

Filippucci  [138] 

(2010) 

Joint effusion 
Inflamed joints by clinical examination 4.3% and by 
US 13.8%. Dorsal view of MTP joints identified 
more inflamed joints compared to volar (117 vs12) 

NR 

Synovial 
hypertrophy In 7.9% joints. NR 
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Table 2: Summary of studies detailing soft tissue changes in gout and AHU (Contd.) 

 

Author Description of 
US Pathology Results Reproducibility 

Inter reader 

Pineda [139] 
(2011) 

Joint effusion 
1st MTPJ- 52% in HU vs 24% in controls (p < 
0.0001).  Knees - 7% in HU vs 1.9% in controls, p 
= NS 

NR 

Inhomogeneous 
tendon and/or 
entheseal 
thickening with 
intra-tendinous 
hyperechoic 
(enthesopathy/ 
tendinopathy) 

Enthesopathy seen in  12% in AHU vs. 2.9%in 
controls; p = 0.01 
Tendinopathy seen in 6% AHU and 0% controls. 
 

NR 

Intra-tendinous 
tophi 6%in AHU vs. 0% of controls; p = 0.01 NR 

Power Doppler  No PD signal was present  in AHU or controls in 
any region NR 

De Miguel [127] 
(2012) 

Hyperechoic 
cloudy area 

Seen in 9/26 asymptomatic hyperuricemic 
individuals 
In combination with double contour sign, the 
sensitivity and specificity for MSU crystals were 
100% and 88.2% respectively. 
 
 

UC 

Sn:sensitivity; Sp:specificity; CD: Colour Doppler; PD: Power Doppler; CPPD: calcium 

pyrophosphate dehydrate; US: ultrasound; MRI: magnetic resonance imaging; NR: not reported; 

NS: nonsignificant; HU: hyperuricemia; NU; normouricemia; AHU: asymptomatic hyperuricemia; 

UC: unclear. 
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Ultrasound detected erosions in the setting of gout are found most commonly in 

the first MTP joint (especially medial surface), and MCP joints [128,135, 138]. 

First MTP erosions are more characteristic of gout than other inflammatory 

arthritidites [128]. Erosions may be found in previously asymptomatic MTP 

joints [140], they are commonly seen adjacent to  tophi, and they may display 

Doppler signal [128]. In gout, US is more sensitive to erosions than CR, 

particularly smaller erosions [128]. When US was compared with MRI in 

detecting erosions, MRI detected significantly more erosions than US. 

Ultrasound detected erosions in gout are more common in subjects with longer 

disease duration, increased frequency of attacks and the presence of US 

detected tophi. Ultrasound detected erosions, when used as a diagnostic test 

for gout, have been demonstrated to be moderately specific (69%) but not 

sensitive[141]. Responsiveness of US to erosions has not been reported. Inter-

reader reliability assessing erosion was found to be excellent [112, 128]. 

Feasibility is not reported in any of the studies. 

The DC sign is a hyper-echoic irregular band over the articular cartilage due to 

the deposition of MSU crystals, best seen on the dorsal side of the MTP joints 

[138]  and femoral condyles[129]. The DC sign has been reported to be specific 

(but not sensitive) to AHU and gout [139,141, 142].  The sensitivity and 

specificity of the DC in diagnosing gout is estimated to be 43.7% and 99%, 

respectively. However a recent study examining subjects with gout and controls, 

found the DC sign in controls [142], The reported serum urate in the group 

ranged from 2.3-7.6 mg/dl, so some of the control cohort presumably had  AHU. 

Other explanations include differences in methodology, joints examined, the 

demographics of the population, or that US is a user dependant technique, and 

that the cartilage interface may produce an artefact that may be mistaken for a 

double contour.  The validity of the DC sign in gout has not been compared with 

other imaging modalities [140], however in AHU, the majority of joints with US-

detected DC sign and/ or  hyper-echoic cloudy area demonstrated  MSU 

crystals on joint aspirate [127]. The responsiveness of US to cartilage changes 

in gout has been demonstrated by the disappearance of the DC sign in 

response to ULT [143]. Inter-reader reliability assessing the DC sign was 

reported in gout and AHU [144] and was found to be excellent. Feasibility has 

not been reported. 
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Tophi are typical clinical features of gout, and have been variably described in 

US studies [127,128,139, 144-146]. Tophi can be seen in various locations such 

as within the joint, bursae, in relation to the tendons, ligaments and in other soft 

tissues. Various descriptions of tophi are referred to in the literature, including 

“hyper-echoic heterogeneous soft tissue deposit with or without post echoic 

shadowing”, ”iso-echoic/hyper-echoic nodular deposits”, “bright spots” and 

“hyper-echoic areas”. A recent study reported that common intra-articular sites 

for tophaceous deposits include the first MTP joint, radiocarpal joint, midcarpal 

joint and the knees [129]. The most common tendinous locations for tophi were 

the patellar and triceps tendon followed by the quadriceps and Achilles tendons. 

Tophi were present on US in 50% of people with gout and they are more 

common in subjects with a higher uric acid or subjects not on ULT.  A significant 

number of people with AHU are also reported to have tophi [139]. Tophi can be 

present equally in clinically affected and unaffected MTP joints in gout [144]. 

Construct validity of US to assess tophi was examined using MRI as the 

standard. Ultrasound compared well against MRI, detecting more tophi in one 

study [112] (nonsignificant) and detecting 90% of the lesions reported to be 

tophi by MRI in another [82]. Criterion validity is reported, with 83% of detected 

tophi sampled demonstrating MSU crystals on histology [117]. 

Responsiveness was addressed in only one study, demonstrating a reduction in 

size of tophi as measured by US in 20 of the 38, and resolution in 9 out of 38 

tophi detectable by US in response to ULT [117]. The majority of subjects who 

demonstrated a reduction in tophi had uric acid level <6 mg/ml.  Inter-observer 

and Intra-observer reliability (inter-occasion) was reported to be very good for 

US detected tophi [123]. Feasibility has not been reported in any of the studies. 

Naredo et al. tested the diagnostic value of US by extensively systematically 

examining a large number of joints, including cartilage, bursae, ligaments and 

tendons in subjects with gouts and controls [129]. The study focused on US 

signs relatively specific for gout, such as the DC sign and hyper-echoic 

aggregates, and aimed to determine the optimal combination of pathologies and 

locations to assist in the diagnosis of gout. The results demonstrate that 

imaging the radiocarpal joint and the patella and triceps tendon for evidence of 

hyper-echoic aggregates, and the first metatarsal, talar and second metacarpal 

or femoral cartilage for the DC signs produced a sensitivity of 84.6% and 
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specificity of 83.3%. The specificity of individual lesions, such as the DC sign, 

was not as high in this study as reported in other studies; however the presence 

of hyper-echoic aggregates in both the patella and triceps tendon were highly 

specific for gout in this study.  

In summary, US does add to the diagnostic certainty, but should be considered 

as an adjuvant to the history, examination and biochemical findings. Ultrasound 

certainly could be used as an outcome tool to monitor disease and to assess 

subclinical disease burden. 

1.11. Persisting inflammation in untreated gout 

Inflammation persists in partially treated and in untreated gout. Study by 

Pascual et al. showed that in untreated gout, MSU crystals persists in 

previously involved and uninvolved knee joints in intercritical phase [147]. 

Synovial fluid aspirate from the knee joints in the intercritical phase also showed 

increased white cell count with predominant polymorphonuclear leucocytosis 

[147]. Increased cell count was present in the joints with MSU crystals. This 

suggests the presence of ongoing inflammation in intercritical stage. A Study by 

Schueller-Weidekamm et al. has also shown persistent inflammation in joints 

with ultrasound [134]. A total of 8 out of 14 chronic gout patients had PD score 

of 2 or more but in only four of them clinically had flare up at the time of US 

examination. A recent study by Grainger et al. also showed elevated levels of 

serum chemokine (C-C motif) ligand 2 (CCL2) (which is a monocyte 

chemoattractant) and circulating CD14 (+) monocytes in people with gout (in the 

intercritical phase) and in AHU compared with normouricemic individuals [148]. 

This also suggests that SUA plays a role in mediating monocyte trafficking. 

Increased level of CCL2 and circulating monocytes have been associated with 

increased cardiovascular risk [149]. Monocytes play a key role in plaque 

formation in atherosclerotic disease. Increased levels of CCL2 and circulating 

monocytes induced by hyperuricemia may help to explain the possible 

increased cardiovascular risk seen in gout and AHU [148]. 

1.12. Outcome tools in gout 

The lack of validated outcome tools that can be used in gout studies has been 

highlighted by the Outcome Measures in Rheumatology (OMERACT) gout 

special interest group [150]. Outcome domains in the studies of chronic gout 



37 
 

include serum uric acid level, acute gout attack, tophus burden, activity 

limitation, pain, health related quality of life and patient global assessment [151]. 

Treatment success in gout depends on maintaining target uric acid levels at 

target for prolonged periods. Therefore serum uric acid could be used as a 

biomarker and outcome tool in chronic gout studies. Serum uric acid is 

endorsed as a biomarker by the OMERACT group, as it fulfils the OMERACT 

criteria to be used as a biomarker [152]. The assay for uric acid measurement is 

internationally standardised and widely available. The assay for uric acid is 

reproducible.  

Other important clinical and patient centred end points in chronic gout are 

reduction in the number of flares, regression in the size of the tophi, 

disappearance of the urate crystal from the synovial fluid, radiographic damage 

and quality of life. Uric acid has been shown to be a surrogate for clinical 

outcomes in gout including reduction in the number of flares, reduction in the 

size of the tophi and disappearance of MSU crystals from the joints. However, 

studies have not shown an association between uric acid and radiographic 

damage. No consistent relationship between uric acid level and health related 

quality of life/ function has been shown [153], however these assessments were 

done at  relatively short follow ups (6- 12 months) [153]. Additionally, SUA has 

not been demonstrated to be a good predictor of cardiovascular outcomes in 

gout cohorts [152] 

Other outcome tools that can be used are inflammatory markers; ESR and 

CRP. These are elevated in acute/ chronic infections and in inflammatory 

conditions. As gout is an inflammatory condition, ESR and CRP will be elevated 

but these are not specific for gout. These tests are widely available.  

Ultrasound is a potential outcome tool which could be used in gout. As 

discussed above ultrasound is a valid, reliable, responsive tool to detect 

synovitis.   

Gout is poorly controlled and poorly controlled gout has long term health 

implications including cardiovascular disease, chronic kidney disease, joint 

damage and deformities, poor quality of life, increased morbidity and mortality. 

Current outcome tools, including serum uric acid level, ESR and CRP are 

inadequate for proper management of gout. Successful treatment depends on 

maintaining target serum uric acid level. The majority of community health 
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practitioners do not titrate ULT to achieve target uric acid levels as 

recommended, often treating acute attacks and failing to initiate preventative 

therapy to avoid long term complications. Better understanding of the disease, 

and additional outcome tools may assist clinicians in the diagnosis and 

management of gout.  

As discussed, markers of persistent inflammation (persisting leukocytosis in 

synovial aspirate, raised ESR, CRP, and ultrasound evidence of synovitis) are 

present in intercritical gout, which may be accompanied by subclinical levels of 

synovitis. Ultrasound has reliably demonstrated the presence of subclinical 

synovitis in RA in clinical remission [126], however the burden of subclinical 

synovitis in gout has not been well established. It is important to determine the 

burden of subclinical synovitis in acute and intercritical gout and to investigate 

the relationship between subclinical synovitis, uric acid and inflammatory 

markers. This pilot study is designed to assess the burden of subclinical 

disease in both acute and intercritical gout. 

  



39 
 

2. Hypothesis and Aims 

2.1. Overall Study Hypotheses: 

Ultrasonography will demonstrate evidence of subclinical joint 

inflammation in joints which are considered normal clinically (where 

ultrasound detected synovial hypertrophy and effusion with a semi 

quantitative score of greater than 1 and/or PD signal >1 in both the acute 

and intercritical phases).  

2.2. Aims  

           To undertake a pilot study to assess 

1. Whether ultrasonography can demonstrate subclinical joint inflammation 

in gout. 

2. The burden of subclinical synovial inflammation in gout, during an acute 

attack. 

3. The burden of subclinical synovial inflammation in gout, during an 

intercritical period. 

4. The burden of inflammation as assessed by CRP, ESR and HsCRP 

during an acute attack, and during an intercritical period. 
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3. Patients and Methods 

In this pilot study, 30 subjects with gout according to ACR/EULAR criteria 

participated from two tertiary hospitals in Perth (Royal Perth Hospital and Sir 

Charles Gairdner Hospital). The inclusion criteria included a diagnosis of gout 

based on clinical presentation according to EULAR/ACR criteria [66, 72]. 

Patients were excluded if they had other inflammatory joint disorder, such as 

RA. The study was conducted in accordance with the Declaration of Helsinki 

and was approved by the local Human Research Ethics Committee (HREC). 

Informed consent was obtained from all patients before study enrolment. 

Subjects were examined twice, during the acute and the intercritical visits. The  

acute visit occurred during a period of acute gout as defined by the presence of 

swelling of an affected joint, redness of an affected joint, marked tenderness of 

an affected joint and maximum pain within 4 -12 hours) [154]. The intercritical 

visit was during a period of intercritical gout, defined as the absence of 

symptoms of acute gout for at least 4 weeks prior to the study visit. The order of 

the visits was dictated by their clinical status at the time of recruitment, and 

either the acute or intercritical visit may have been the first visit chronologically.    

3.1. Clinical evaluation 

This included patient demographics, medical history of other comorbid 

conditions and medications, history of gout, and tophus burden and evidence of 

other joint diseases. Clinical examination  was performed by a physician and 

included joint examination to assess swollen and tender joints according to  

OMERACT for studies examining gout [155], assessment of body mass index 

(BMI) and examination for the presence of other forms of arthritis. 

Questionnaire included physician global visual analogue scale (VAS) on a scale 

of 0-10cm with 10 being the worst. Patients completed questionnaires of pain 

and function during both study visits recommended by the OMERACT for 

studies examining gout [155] including the pain visual analogue scale, gout 

severity VAS, global health VAS and health assessment questionnaire (HAQ) 

on a scale of 0-10cm with 10 being the worst.  During both study visits 

assessment included measurement of BMI, tender and swollen joint count 

examination (number of joints which are both tender and swollen were 

counted), ultrasound examination and laboratory testing were performed. A total 

of 52 joints were examined in each patient. A joint was considered to be 
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clinically active if it was both tender and swollen at the time of examination.  

Laboratory tests conducted included full blood picture (FBP), urea & electrolytes 

(U&Es), C-reactive protein (CRP), high sensitivity CRP (HsCRP), erythrocyte 

sedimentation rate (ESR) and serum urate levels. 

3.2. Ultrasound (US) assessment:  

The US examination was performed during both study visits on an Esaote 

mylab 70 XVG, with linear array probes 4-13, and 6-18 MHz. Two patients who 

only attended the acute visit had their US done on a Toshiba viamo, with probe 

12MHz. Each patient underwent B mode gray-scale (GS) and power Doppler 

US examination of 52 peripheral joints by a physician experienced in 

rheumatological ultrasonography who was blinded to the clinical, laboratory and 

radiographic findings. The joints examined included bilateral shoulders, elbows, 

wrists, MCP1-5, 1st IP (hand), PIP 2-5, DIP 2-5, knees, ankles, midfoot, MTP 1-

5, 1st IP (foot). Bilateral US examination of all joints  included longitudinal and 

cross sectional images according to published guidelines [156]. Scanning 

protocols used for different joints are as follows: 

  Shoulder joint: anterior transverse scan in neutral and in maximum 

internal rotation, anterior longitudinal scan in maximum internal rotation, 

lateral longitudinal scan in neutral position and in maximum internal 

rotation and posterior transverse scans were performed.  

 Elbow joint: anterior transverse and longitudinal scan, posterior 

transverse and longitudinal scan, lateral and medial longitudinal scans. 

 Wrist: transverse and longitudinal view in the dorsal and volar sides.  

 MCP, PIP and DIP joints: dorsal longitudinal and transverse views. 

  Knee joint: suprapatellar longitudinal/transverse scan and medial/lateral 

longitudinal scans were performed with the knee joint in 30o flexion 

(patient supine).    

 Ankle joint: anterior, perimalleolar medial longitudinal/transverse scans, 

perimalleolar lateral longitudinal/transverse scans 

 MTP joints: dorsal longitudinal and transverse views, lateral scans were 

done for the 1st and 5th MTP joints. 
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Joints were assessed for synovial hypertrophy and effusion according to 

OMERACT definitions [157] and scored according to OMERACT 

recommendations on a 0-3 semi quantitative scale [158].  B mode and PD 

examination were recorded for each joint. B-mode synovitis (GS) scoring will be 

evaluated using a four point  scale from 0 to 3 [159] with the following subjective 

definitions for each category: grade 0 (absence of synovial thickening), grade 1 

(mild synovial thickening), grade 2 (moderate synovial thickening),and grade 

3,(marked synovial thickening). Power Doppler synovitis scoring was also 

evaluated using a four-grade scale from 0 to 3 with following definitions for each 

category: grade 0 (absence of signal, no intra-articular flow), grade 1(mild, one 

or two vessels signal (including one to two confluent vessel), grade 2 (moderate 

confluent vessels (>grade 1) and less than 50% of normal area) grade 3 

(marked vessels signal in more than half of the synovial area). 

For the purpose of this study, a joint was considered inflamed if the GS and/ or 

PD score was ≥2.  

A post hoc subset analysis in those with normal uric acid levels (≤0.36mmol/L) 

at both visits was performed separately. In this study, normal uric acid has been 

defined as the serum uric acid level of ≤0.36mmol/L at both visits and high uric 

acid level when the serum uric acid level of >0.36mmol/L at any visit. 

The reliability of this sonographer in detecting synovitis has been reported in 

multiple publications [160-164]. 
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3.3. Statistical analysis 

Currently, there is a lack of information regarding the burden of synovitis as 

determined by ultrasound in gout, both during the acute and the inter-critical 

period.  Hence this study is a preliminary and observational study to generate 

pilot data from which larger studies could be powered and local HREC 

regulations limit pilot studies to 30 patients.  

No imputation was made for missing data. The statistical analysis was carried 

out using SPSS 20 software package. Analysis was undertaken on subjects 

where both clinical and US data were collected. Baseline data was summarised 

using mean (±SD) (for continuous data) or median (IQR) for ordinal data. The 

data was descriptive, assessing the presence of subclinical synovitis (including 

distribution and degree) during both acute and inter-critical period of gout. In 

addition, other descriptive analyses was performed to examine the presence of 

subclinical synovitis as detected by US in an acute attack, including the 

distribution and degree of synovitis both in the acute and intercritical visits. 

Descriptive data of clinically active joints are presented.  

The specific hypotheses was tested using χ2 to compare joints with US 

detected synovitis (defined as either GS and/or PD a score of ≥2) to joints 

considered both tender and swollen clinically. 

Biochemical variables and patient questionnaires at both visits were compared 

using an independent sample t-test. 

A subset of subjects with normal uric acid were compared with those having 

higher levels at both time points. Independent sample t-test was used to assess 

patient questionnaires and biochemical markers between these two groups at 

acute and intercritical visits. 

For ordinal results, non-parametric statistics were used. For repeated 

measures, such as comparing intercritical visit with acute visit, the Wilcoxon 

signed rank test was used. For comparing data between groups (those with 

normal uric acid at visits against others) Mann Whitney-U test was used.  
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4. Results 

4.1. Demographic details 

Thirty subjects with gout were recruited (27 male, 3 female) from May 2010 till 

January 2012. The demographics of the study subjects are presented in Table 
3. Twenty four subjects attended both visits, with 27 attending the acute visit 

and 27 attending the intercritical visit. Three subjects who attended the 

intercritical visit could not attend the acute visit as they did not experience acute 

attack of gout during the study period. Three subjects, who attended the acute 

visit, declined to attend the intercritical visit. The mean age in the study group 

was 63.60 years. Mean disease duration was 7.25 years. Mean BMI was 24.73 

(kg/m2). Subjects reported that the most commonly affected joints in the past 

have been the 1st MTP joint (in 80% of subjects), ankles (in 80% of subjects) 

and knees (56.67%). The majority (25 out of 30 subjects) reported experiencing 

an acute attack of gout in the 3 months preceding the initial study visit. 

Medications (are listed in Table 4) used for treatment of gout at the initial study 

visit included allopurinol (86.67%), colchicine (76.67%), NSAIDs (56.67%), 

intermittent oral steroids (40.00%) and probenecid (3.33%). The most 

commonly reported co-morbidities were hypertension (56.67%), dyslipidemia 

(50%), renal impairment (46.67%) and cardiovascular disease (50%). 
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Table 3  Demographics and clinical characteristics of the study cohort 
[N=30] 

Age in years [mean (±SD)] 63.60 (16.02) 

Ethnicity  

Caucasian [number (%)] 
Asian [number (%)] 

 

26 (86.67%) 

4 (13.33%) 

BMI (kg/m2) [mean (±SD)] 24.73 (9.70) 

Duration of Gout (years ) [mean (±SD)] 7.23 (7.43)  

Duration of attacks in days [number of subjects (%)] 

One day  

Two days 

Three days 

Seven days 

Fourteen days 

Thirty days 

 

2 (6.67%) 

3 (10.00%) 

4 (13.33%) 

17 (56.67%) 

2 (6.67%) 

2 (6.67%) 

Frequency of attacks [number of subjects (%)] 

Weekly  

Monthly 

Quarterly 

Six monthly 

Yearly 

 

1 (3.33%) 

10 (33.33%) 

9 (30%) 

6 (20%) 

4 (13.33%) 

MSU crystals identified [number of subjects (%)] 19 (63.33%) 

Prior joints affected [number of subjects (%)] 

Great toe 

Other toes  

Ankle 

Knee  

Wrist  

Hands 

  

24 (80.00%) 

7 (23.33%) 

24 (80.00%) 

17 (56.67%) 

7 (23.33%) 

12 (40.00%) 

Co-morbid medical conditions [number of subjects (%)] 

Hypertension 

Dyslipidaemia  

Renal impairment  

Ischaemic heart disease 

Congestive cardiac failure 

Diabetes mellitus  

Atrial fibrillation  

Renal stones 

 

17 (56.67%) 

15 (50.00%) 

14 (46.67%) 

9 (30.00%) 

6 (20.00%) 

5 (16.67%) 

5 (16.67%) 

0 (0.00%) 

N: total number of study subjects; BMI: body mass index; MSU: monosodium urate 
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Table 4 Medications used at the initial visit, N=30 

Medications Number (%) 

Allopurinol 26 (86.67%) 

Probenacid 1 (3.33%) 

Colchicine 23 (76.67%) 

NSAIDs 17 (56.67%) 

Intra-articular steroid 8 (26.67%) 

Oral steroids 12 (40.00%) 
N: total number of study subjects; NSAIDs: non-steroidal anti-inflammatories 

 

4.2. Clinical, ultrasound, laboratory and patient reported outcome 
findings 

4.2.1. Acute visit  

During the acute visit, the median number of “clinically active” joints was 1(IQR 

1-2). The clinical and ultrasound characteristics are presented in Table 5. The 

most common clinically active joints were ankle and 1st MTP (n=9 subjects 

each) (Table 6). The median number of joints with PD ≥2 was 5 (3-11). The 

median number of joints with GS ≥ 2 was 5 (4-12). The median number of joints 

with GS and/or PD ≥2 was 7 (5-14). Median number of joints with US detected 

synovitis (GS and/or PD ≥2) without any clinical involvement was 4 (2-9) (see 

Table 5). The most common inflamed joints on US were the 1st MTP (n=30), 

knee (n= 17), wrist (n=17) and 2nd MCP (n=16) (see Table 6).There was a total 

of 59 tender and swollen joints at the acute visit. Out of these 49 (83%) joints 

showed US detected synovitis (either GS≥2 and/or PD≥2) which means clinical 

examination was false positive in the rest. If we use US as the gold standard to 

detect synovitis, clinical examination missed synovitis in majority of joints 

including shoulders, ankles, elbows, wrists, MCP, MTP and PIP joints (Table 6). 

The ultrasound findings at the acute visit examination of the 1st MTP joint has 

shown in Figure 2. The patient reported outcome measures and biochemical 

markers at the acute visit are presented in Table 7.  
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Figure 2  Acute visit examination of 1st metatarsophalangeal joint 
showing gray-scale and power Doppler grade 3 but the joint was not 
tender or swollen 

 

4.2.2. Intercritical visit 

During the intercritical visit, the median number “clinically active” joint count was 

0 (IQR 0-0). One of the most common affected joint was ankle (n=2) (see Table 

6). The median number of joints with PD ≥2 was 4 (IQR 3-7), GS≥2 was 5 (IQR 

3-11) and with GS≥2 and/or PD ≥ 2 was 6 (IQR 4-11) (see Table 5). The 

median number of joints with ultrasound detected inflammation without any 

clinical involvement was 4 (IQR 3-7). The most common inflamed joints on US 

were 1st MTP (n=21), wrist (n= 17), 2nd MCP (n=17) and knee (n=14) (see 

Table 6). The ultrasound examination findings of GS and PD synovitis at the 

intercritical visit are shown in Figures 3, 4, 5 and 6. The most commonly 

involved joints, and the distribution of power Doppler synovitis across the (0-3) 

scale are presented in Figure 7, to provide an example of the distribution of the 

degree of synovial inflammation. If US is used as the gold standard to detect 

synovitis, clinical examination missed synovitis in majority of joints including 

MTP, MCP, wrist, elbow, knee and the ankle joints (Table 6). The patient 

reported outcome measures and biochemical markers at the intercritical visit 

are presented in Table 7.  

 

Metatarsal 
head 
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Figure 3 Intercritical visit examination of 2nd metacarpophalangeal joint 
showing gray-scale grade 1 and power Doppler grade 1 but the joint was 
not tender or swollen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Intercritical visit examination of 2nd metacarpophalangeal joint 
showing gray-scale grade 2 and power Doppler grade 2 but the joint was 
not tender or swollen. 
 
 
 

Metatcarpal 
head 

Metacarpal 
head 
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Figure 5 Intercritical visit examination of 1st metatarsophalangeal joint 
showing gray-scale and power Doppler grade 3 and the joint was tender 
but not swollen. 

 

Figure 6 Intercritical visit examination of 1st metatarsophalangeal joint 
showing gray-scale grade 2 and power Doppler grade 3 but the joint was 
not tender or swollen. 
  

Metatarsal 
head 

Metatarsal 
head 
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4.2.3. Comparison between visits 

As expected, significantly more tender and swollen joints were present at the 

acute visit (p value <0.001) (Table 5). More joints were found to be inflamed by 

ultrasound than clinically at both visits. There was no statistical difference in the 

number of joints with active synovitis using ultrasound at the intercritical visit 

compared with acute visit despite higher swollen and tender joint count at the 

acute visit (Table 5).  

4.2.4. Visual analogue scale 
The physician global visual analogue scale and patient reported gout pain visual 

analogue scale were significantly higher at the acute visit compared with inter-

critical visit as expected (p value <0.001) (Table 7).  As expected, significantly 

higher HAQ score was noted at the acute visit (p value 0.018). Global health 

and gout severity scores did not differ significantly between two visits (Table 7).  

4.2.5. Laboratory data 

Laboratory results showed a significant reduction in ESR and CRP readings at 

the intercritical visit when compared to the acute visit. The HsCRP reading was 

numerically lower at intercritical phase, but this did not reach statistical 

significance. There was no significant difference in serum uric acid level 

between two visits (Table 7). 

4.2.6. Relationship between clinical and ultrasound examination at 
all visits 

There was a significant relationship between the categorical variables of US 

detected synovitis and clinically active joints (χ2=219.87, df=1, p<0.001) (Table 

8).  

4.2.7. Degree of change in ultrasound detected inflammation from 
acute visit to intercritical visit 

Total number of joints with US detected joint inflammation at the acute visit are 

detailed in Tables 9, 10 &11. The degree of change in US detected synovitis at 

the intercritical visit is also shown in those tables.  In the acute visit, there were 

a total of 34 joints with GS grade 3, of those 12 joints had GS grade 3, eight 

joints had GS grade 2, five joints had GS grade1 and nine joints had GS grade 

0 in the intercritical visit examination (Table 9). Similarly, the degree of PD 
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synovitis at the intercritical visit is detailed in Table 10. A total of (40.96%) joints 

had persistent PD grade 2 and 3 at the intercritical visit. When joints with GS 

and/or PD ≥2 were assessed, at the acute visit, 236 joints were found to have 

US detected synovitis and at the intercritical visit, a total of 203 joints had US 

detected synovitis (Table 11). 

 
Table 5  Clinical and US findings in acute and intercritical visits 

Variable Acute Visit (n=27 

subjects) 

Median (IQR) 

Intercritical Visit 

(n=27 subjects)  

Median (IQR) 

P value 

(Wilcoxon 

signed rank 

test) 

Tender and 

swollen joint count 
1 (1-2) 0 (0-0) <0.001 

Number of joints 

per subject with PD 

≥2 

5 (3-11) 4 (3-7) 0.059 

Number of joints 

per subject with GS 

≥2  

5 (4-12) 5 (3-11) 0.732 

Number of joints 

per subject with GS 

≥2 and/or PD≥2 

7 (5-14) 6 (4-11) 0.264 

Number of joints 

per subject GS ≥2 

and/or PD≥2 but 

not clinically 

4 (2-9) 4 (3-7) 0.540 

US: ultrasound: MTP: metatarsophalangeal joint; PD: power Doppler; GS: gray- scale.  
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Table 6  Joint involvement, as detected clinically, by gray-scale 
ultrasonography and by power Doppler ultrasonography 

 Acute visit  Intercritical visit  
 Joints 
examined 

Clinically 
active 
joint    
(defined 
as 
tender 
and 
swollen) 
n (%) 

US 
detected 
gray- 
scale 
synovitis       
(score 
>/= 2) n 
(%) 

US detected 
power 
Doppler 
signal 
(score >/= 2) 
n (%) 

Clinically 
active 
joint    
(defined 
as 
tender 
and 
swollen) 
n (%) 

US 
detected 
gray-scale 
synovitis 
(score >/= 2 
) n (%) 

US detected 
power 
Doppler 
signal 
(score >/= 2) 
n (%) 

Ankle  10(18.52) 17(31.48) 19(35.19) 2 (3.70)  8 (14.81) 8 (14.81) 
2nd DIP 0 2 (3.77) 2 (3.77) 0 3 (5.66) 3 (5.66) 
3rd DIP 0 4 (7.41) 2 (3.70) 0 1 (1.85) 1 (1.85) 
4th DIP 0 2 (3.70) 0 0 1 (1.85) 0 

5th DIP 0 1 (1.85) 0 0 0 0 
Elbow  2 (3.70) 8 (14.81) 10(18.51) 0 7(12.96) 7 (12.96) 
1st IP ( foot) 0 4 (8.69) 6 (13.04) 0 5 (12.8) 3 (7.7) 
Knee 6 (11.11) 13(24.07) 16 (29.63) 0 13 (24.07) 14 (25.92) 
MCP 1 2 (3.70) 5 (9.26) 8 (14.81) 0 8(14.81) 5 (9.25) 
MCP 2 3 (5.66) 14(26.41) 16 (30.19) 1 (1.88) 19 (35.85) 17 (32.07) 
MCP 3 3 (5.56) 11(20.37) 11 (20.37) 1 (1.85) 7 (12.96) 9 (16.66) 
MCP 4 0 6 (11.11) 8 (14.81) 0 4 (7.41) 2 (3.70) 
MCP 5 0 4 (7.40) 6 (11.11) 0 6 (11.11) 5 (9.26) 
Mid foot 5 (9.25) 8 (14.81) 14(25.93) 0 8 (14.81) 8 (14.81) 
MTP 1 9 (17.65) 30(55.55) 30 (55.55) 0 25 (49.01) 21 (41.17) 
MTP 2 4 (7.41) 16(29.63) 8 (14.81) 0 17 (31.48) 6 (11.11) 
MTP 3 4 (7.41) 9 (16.67) 6 (11.11) 0 14 (25.96) 5 (9.25) 

MTP 4 3 (5.56) 9 (16.67) 3 (5.56) 0 11 (20.37) 3 (5.56) 

MTP5 3 (5.56) 2 (3.70) 4 (7.40) 0 5 (9.25) 5 (9.25) 
IP 1 ( hand) 0 4(7.40) 3 (5.56) 0 10 (18.52) 2 (3.70) 
PIP 2 3 (5.66) 7 (13.21) 6 (11.32) 0 3 (5.66) 1 (1.88) 
PIP 3 2 (3.70) 5 (9.26) 4 (7.41) 0 4 (7.41) 2 (3.70) 
PIP 4 0 3 (5.56) 2 (3.70) 0 1 (1.85) 1 (1.85) 
PIP 5 0 3 (5.56) 3 (5.56) 0 1 (1.85) 0 
Shoulder 0 1 (1.85) 3 (5.56) 0 0 1 (1.85) 
Wrist 1 (1.85) 16(29.63) 17(31.48) 0 18 (33.33) 17 (31.48) 

DIP: distal interphalangeal joint; IP: interphalangeal joint; MCP: metacarpophalangeal joint; 
MTP: metatarsophalangeal joint; PIP: proximal interphalangeal joint. 
The maximum number possible value at each joint is 54 ( i.e. 27 subjects attended each visit, 
and have 2 ankles, 2 knees etc.), however some joints were un-assessable due to large tophi or 
amputation, subjects were missing joints. Therefore in the following joints, the maximum number 
possible was reduced, 2nd PIP= 53, 2nd MCP=53, 2nd DIP=53, 1st MTP=51, and 1st IP (foot) =39 
in the intercritical visit and 1st IP (foot) =46 in the acute visit. Additionally, the IC cohort and 
acute cohort were slightly different, as only 27 of a possible 30 attended each visit, which 
explains the different numbers at the IC and acute visit for a specified joint region.   
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Table 7 Patient reported outcome measures and Laboratory results in 
acute and intercritical visits 

Variable Acute Visit 
Mean (±SD) 

Intercritical Visit 
Mean (±SD) 

P-value* 
 

Physician Global VAS 

(from 0-10 cm) 

5.72 (1.90) 2.81 (1.86) <0.001 

Patient reported gout 

pain VAS (from 0-10 

cm) 

5.57 (2.73) 0.91 (1.98) <0.001 

Patient reported gout 

severity VAS (from 0-

10 cm) 

5.85 (2.71) 5.25 (2.60) 0.284 

Patient reported 

global health VAS 

(from 0-10 cm ) 

4.15 (2.33) 3.59 (2.30) 0.156 

Health Assessment 

Questionnaire 

1.12 (0.78) 0.56 (0.73) 0.018 

ESR (mm/hr) 35.08 (29.74) 21.70 (22.75) 0.031 

CRP (mg/L) 36.95 (47.63) 8.88 (10.76) 0.013 

Serum uric acid 

(mmol/L) 

0.44 (0.14) 0.64 (1.20) 0.405 

HsCRP (mg/L) 18.93 (21.21) 8.32 (10.24) 0.054 

Serum creatinine 

(µmol/L) 
124.59 
(60.24) 138.52 (77.40) 0.171 

VAS: visual analogue scale; HsCRP: high sensitivity C reactive protein; CRP: C reactive protein; 
ESR: erythrocyte sedimentation rate, *independent samples t test. The normal range for ESR is 
1-20mm/hour, CRP is <5.0mg/L, HsCRP is <0.10mg/L for our laboratory.  
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Table 8 Relationship between clinical and ultrasound detected joint 
inflammation 

  Number of  tender 
and swollen joints 

 
Total 

Pearson Chi-
Square 

  No Yes  
 
*Value=219.87 
df=1 
p<0.001 
 
 
 

Number 
of joints 
with GS 
and/ or 
PD≥2 

No 2397 
(89.20%) 

22 
(0.82%) 

2419 
(90.02%) 

Yes 226 
(8.41%) 

42 
(1.56%) 

268 
(9.97%) 

Total 2623 
(97.62%) 

64 
(2.38%) 

2687 

*Continuity corrected, GS: gray-scale; PD; power Doppler; df: degree of 

freedom. 

Table 9 Change in the degree of gray-scale synovitis from acute visit to 
intercritical visit 

 
 
Acute visit 
gray-scale 
grade (0-3) 

                  Intercritical gray-scale grade (0-3) Total 
number of 
joints 

 0 1 2 3  
0 668 100 55 10 833 
1 122 48 36 0 206 
2 44 43 51 12 150 
3 9 5 8 12 34 

 
Table 10 Change in the degree of power Doppler synovitis from acute visit 
to intercritical visit 

 
 
Acute visit 
Power 
Doppler 
grade (0-3) 

                  Intercritical Power Doppler grade (0-3) Total 
number of 
joints 

 0 1 2 3  
0 896 34 40 9 979 
1 41 6 3 6 56 
2 66 12 37 15 130 
3 28 5 12 13 58 

Table 11 Change in the degree of gray-scale and/or power Doppler 
synovitis from acute visit to intercritical visit 

 
 
 

 
 

Number of joints with 
GS and/or PD≥2  
Intercritical visit 

 
Total 

  No Yes 
Number of 
joints with GS 
and/or PD≥2 
acute visit 

No 
 

894 93 987 

Yes 126 110 236 

Total 1020 203 1223 
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4.3. Characteristics of people with normal uric acid at both visits 
compared with those with higher uric acid levels. 

There were five subjects who had SUA≤0.36mmol/L at both visits. There was 

no significant difference in the number acute gout attacks in those with normal 

SUA against others in the 12 months prior to inclusion this in study (Table 12). 

At the acute visit examination, they had a median clinically active joint count of 

one. The median joint count with GS and/or PD ≥2 was eight. The median joint 

count with only US detected synovitis (GS and/or PD ≥2) without clinical 

inflammation was eight (Table 13). At the intercritical visit examination, these 

five subjects had zero median clinically active joint count. The median joint 

count with GS and/or PD ≥2 was six. The median joint count with only US 

detected synovitis (GS and/or PD ≥2) without clinical inflammation was also six 

(Table 17). There was no significant difference in the number of joints with US 

detected synovitis between those with normal SUA and those with high SUA at 

both visits (Table 13 and 17). Acute visit clinical and ultrasound findings in 

people with normal SUA level at both visits have been shown in Table 14 and 

Intercritical visit clinical and ultrasound findings in Table 18. 

When people with normal uric acid (≤0.36 mmol/L) at both visits (n=5) were 

compared with those with higher (>0.36mmol/L) uric acid levels, there were no 

significant differences in patient reported pain, gout severity, global health and 

physician global assessment between two groups either at acute or at 

intercritical visits. Similarly, no significant differences were found in ESR, 

HsCRP, number of tender and swollen joints and ultrasound detected synovitis 

between the groups at acute or intercritical visits (Table 13, 15, 16 and 17). 

There were three subjects who attended the intercritical visit, noted that they did 

not experience a flair of their gout during the duration of the study (April 2010-

January 2012)) and hence were not seen for an acute visit. Ultrasound 

evaluation of those three subjects in the intercritical visit showed GS≥2 in 11 

joints and PD≥2 in 9 joints, demonstrating that despite in the absence of clinical 

symptoms over the entire study period US detected synovitis was present. 

These joints were 1st, 2nd, 3rd and 5th MTPs, knee, ankle, wrist, 1st (thumb), 2nd 

(index finger) MCP and 1st IP (thumb). 
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Table 12 Table comparing acute visit characteristics of people with normal 
SUA (n=5) at both visits against those with higher SUA (n=25) 
Demographics 

 
 
Variable 
 
 
 

Normal 
serum uric 
acid at both 
visits 
 

Elevated 
serum uric 
acid at 
least one 
visit.  

P-value 

BMI kg/m2  [Mean (±SD)] 26.27 (±3.39) 
24.42 

(±10.55) 
*0.485 

Percentage of people on Allopurinol (Chi Square) 80% 52% 0.337 

Reports an out in the 3 months prior to the first 

study visit 

Yes 

No 

 

 

4 

1 

 

 

21 

4 

0.48 

Frequency of acute attacks  

Weekly 

 
 (1/25)  

Monthly 

 
1/5 9/25 N/A 

Quarterly 

 
(2/5) (7/25)  

Six monthly (2/5) (4/25)  

Yearly  (4/25)  

SUA: serum uric acid; SD: standard deviation; BMI: body mass index,* independent sample t 

test. 
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Table 13 Comparing acute visit clinical and ultrasound findings of people 
with normal SUA (n=5) at both visits against those with higher SUA (n=25) 

Variable 
Normal uric acid 
level at both visits 
Median (IQR) 

Elevated serum 
uric acid at least 
one visit 
Median (IQR) 
 

P-value 
(Mann 
Whitney- 
U test) 

Tender and swollen joint count 1 (0-2)  1(1-2) 0.186 

Number of joints with GS≥2 7 (5-18) 5 (3-11) 0.257 

Number of joints with PD≥2 
 
8 (4-16) 
 

  5 (3-11) 0.524 

Number of joints with GS and /or 
PD≥2 8 (5-24) 7 (5-13) 0.447 

Number of joints involved only by 
US (either GS and or PD ≥2) and 
not clinically 

8 (5-22)    6 (3-9) 0.208 

SUA: serum uric acid; GS: gray-scale; PD: power Doppler; US: ultrasound; IQR: inter quartile 

range.  

Table 14 Acute visit clinical and ultrasound findings in people with normal 
SUA (≤0.36mmol/L) at both visits 

 
 
 
Number 
 
 
 
 

Tender and 
swollen joint 
count 

Number of 
joints with 
GS≥2 

Number of 
joints with 
PD≥2 

Number of 
joints with GS 
and or PD≥2 

Number of 
joints with GS 
and or PD≥2 
without 
clinical 
inflammation 

1 0 7 8 8 8 
2 1 5 5 5 4 
3 1 15 10 18 17 
4 0 4 2 5 5 
5 2 20 22 29 27 

 SUA: serum uric acid; GS: gray-scale; PD: power Doppler. 

 

  



58 
 

Table 15 Comparing acute visit patient reported outcomes and laboratory 
findings in people with normal SUA (n=5) at both visits against those with 
higher SUA (n=25) 

Variables 
 

Normal uric acid 
level at both visits 
Mean (±SD) 

 
Elevated serum uric 
acid at least one 
visit. Mean (±SD) 
 

P-value* 

Physician global assessment 

(from 0-10cm) 
5.18 (±2.67) 5.85 (±1.74) 0.619* 

Patient reported gout pain 

(from 0-10cm) 
4.92 (±2.73) 5.71 (±2.78) 0.580* 

Patient reported gout severity 

(from 0-10cm) 
4.34 (±3.27) 6.20 (±2.53) 0.286* 

Patient reported global health 

(from 0-10cm) 
4.34 (±1.55) 4.11 (±2.51) 0.794* 

HAQ 1.2 (±0.41) 0.40 (±0.58) 0.695* 

CRP mg/L 13.66 (±23.74) 42.24 (±50.43) 0.080 

ESR mm/hr 21.80 (±15.96) 38.24 (±31.62) 0.122 

HsCRP mg/L 2.44 (±1.30) 20.99 (±21.66) 0.255 

Serum creatinine (µmol/L) 119.77 (±60.24) 145.80 (±62.10) 0.394 

SUA: serum uric acid; SD: standard deviation; HAQ: Health Assessment Questionnaire; CRP: c 

reactive protein; ESR: Erythrocyte Sedimentation Rate; HsCRP: high sensitivity CRP: GS: gray-

scale; PD: power Doppler, *independent sample t test. 
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Table 16 Table comparing intercritical visit characteristics of people with 
normal SUA at both visits against those with higher SUA 

Variable Normal uric acid 
level at both 
visits 
(n=5) 

High uric acid 
levels at any visit 
(n=25) 

P-value 

Physician global 

assessment VAS (0-

10 cm) Mean (±SD) 
4.34 (±1.55) 4.11 (±2.51) 

 

0.342* 

Patient reported pain 

VAS (0-10 cm) 
Mean (±SD) 

0.12 (±0.27) 1.09 (±2.15) 

 

0.621* 

Patient reported 

gout severity VAS 

(0-10 cm) Mean 

(±SD) 

4.82 (±3.58) 5.35 (±2.43) 

 

1.00* 

Patient reported 

global health VAS 

(0-10 cm) Mean 

(±SD) 

1.80 (±2.24) 3.97 (±2.18) 

 

0.326* 

HAQ 

Mean (±SD) 1.25 (±1.00) 0.40 (±0.58) 
 

0.131* 

CRP mg/L 

Mean (±SD) 3.50 (±4.85) 10.10 (±11.43) 
 

2.02* 

ESR mm/hr 

Mean (±SD) 
10.00 (±14.62-
14.91) 

14.00 (±8.50-
33.00) 

 

1.00* 

HsCRP mg/L 

Mean (±SD) 0.23 8.77 (±10.34) 
 

1.00* 

Serum creatinine 

(µmol/L) Mean 

(±SD) 

143.80 (±57.87) 137.32 (±82.28) 0.841* 

SUA: serum uric acid; SD: Standard deviation; HAQ: Health Assessment Questionnaire; CRP: 

C reactive protein; ESR: Erythrocyte sedimentation rate; HsCRP: High sensitivity CRP; * 

Independent sample t test. 
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Table 17 Table comparing intercritical visit clinical and ultrasound 
characteristics of people with normal SUA at both visits against those 
with higher SUA 

Variable Normal uric acid 
level at both 
visits 

(n=5) 

High uric acid 
levels at any visit 

(n=25) 

P-value 

Number of tender 

and swollen joints 

(Median IQR) 
0 (0-0) 0 (0-0) 

 

0.786# 

Number of joints 

with GS≥2  

(Median IQR) 
5 (4-10) 5 (3-12) 

 

1.000# 

Number of joints 

with PD≥2  

(Median IQR) 
3 (0-5) 4 (3-8) 

 

0.165# 

Number of joints 

with GS and /or 

PD≥2 (Median IQR) 
6 (4-11) 6(4-12) 

 

0.832# 

Number of joints 

with GS and /or 

PD≥2 and not 

clinically  

(Median IQR) 

6 (4-11) 6 (4-12) 

 

 

0.832# 

SUA: serum uric acid; IQR: Interquartile range; SD: Standard deviation; GS: gray-scale; PD: 

power Doppler; # Mann Whitney-U test. 
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Table 18 Intercritical visit clinical and ultrasound findings in people with 
normal SUA (≤0.36mmol/L) at both visits 

Patient 
Number 

Tender 
and 
swollen 

Number 
of 
joints 
with 
GS≥2 

Number 
of 
joints 
with 
PD≥2 

Number 
of 
joints 
with GS 
and or 
PD≥2 

Number of 
joints with 
GS and or 
PD≥2 
without 
clinical 
inflammation 

1 0 5 3 6 6 
2 0 2 0 2 2 
3 0 12 6 15 15 
4 0 7 0 7 7 
5 0 5 4 5 5 

SUA: serum uric acid; GS: gray-scale; PD: power Doppler 

4.4. Correlation of serum uric acid with other variables 

4.4.1. Acute visit 

Serum uric acid level did not correlate with any of the variables including tender 

and swollen joint count, GS or PD synovitis, laboratory parameters like ESR, 

CRP and hsCRP, physician global VAS, HAQ and patient reported outcomes 

which included gout pain, gout severity and global health visual analogue scale. 

4.4.2. Intercritical visit 

Except for CRP (r=0.472, p=0.015), SUA level did not correlate with tender and 

swollen joint count, GS or PD synovitis, laboratory parameters like ESR and 

hsCRP, physician global VAS, HAQ and with patient reported outcomes which 

included gout pain, gout severity and global health visual analogue scale. 

4.4.3. All visits 

Serum uric acid level did not correlate with any of the above measured 

variables when both acute and intercritical visits were combined (Table19). 
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Table 19 Correlations of SUA with other variables in combined acute and 
intercritical visits 

Variables Pearson correlation r 
(two tailed significance, 
p value) 

Physician global assessment *0.008 (0.953#) 

Patient reported pain *0.177 (0.204#) 

Patient reported gout severity *0.060 (0.67#) 

Patient reported global health *-0.113 (0.419#) 

HAQ *0.010 (0.943#) 

CRP *-0.054 (0.701#) 

ESR *-0.058 (0.685#) 

HsCRP *-0.108 (0.532#) 

Number of tender and swollen joints *-0.052 (0.712#) 

Number of joints with GS≥2 *0.264 (0.056#) 

Number of joints with PD≥2 *0.263 (0.057#) 

Number of joints with GS and /or 

PD≥2 

*0.225 (0.106#) 

Number of joints involved only by US 

(GS and/or PD ≥2) and not clinically 

*0.266 (0.055#) 

SUA: serum uric acid; HAQ: health assessment questionnaire; CRP: c reactive protein; ESR: 

erythrocyte sedimentation rate; HsCRP: high sensitivity CRP; GS: gray-scale; PD: power 

Doppler; US: ultrasound, * Pearson correlation r, # p value. 
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 Figure 7 Histograms showing the distribution of PD synovitis: grade 0-3 
in bilateral wrists, 1st MTP and 2nd MCP joints (IC: intercritical; PD: power 
Doppler; MTP: metatarsophalangeal joint; MCP: metacarpophalangeal 
joint). 
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5. Discussion 

This longitudinal pilot study establishes 

1) The presence of subclinical synovitis detected by ultrasound in gout. 

2) Subclinical synovitis was common in our cohort of gout subjects, both 

in the acute and intercritical phases.  

3) The amount of subclinical synvoitis does not significantly decrease 

with resolution of the acute attack 

Other studies have also confirmed the presence of subclinical synovitis in a 

variety of joints at different time periods in gout but what is novel about this 

study is that all subjects in the study were systematically followed through the 

acute and intercritical phases and demonstrated that there was no significant 

difference in the level of subclinicial inflammation between the acute and 

intercritical periods, as assessed by US or biochemistry. 

5.1. Acute gout 

In this study, it has been demonstrated that in acute gout, ultrasound can detect 

synovitis in joints that are not clinically involved (subclinical synovitis in the 

acute phase). If US is used as the gold standard technique to detect synovitis in 

acute gout, clinical examination commonly missed synovitis (except in few 

subjects) in the 2nd MTP and wrist joints, but also several other joints in our 

cohort (Table 6). In our study, for every subject examined at the acute visit, 

there were more joints involved by ultrasound than by clinical examination. 

Ultrasound may be more sensitive tool than clinical examination to detect 

subclinical synovitis in acute gout.  

Our findings are consistent with previous studies which have also shown that 

US is more sensitive than clinical examination for detecting synovitis in gout. In 

a study by Filippucci et al. in acute gout, clinically detected inflammation was 

present in 25% of the knee joints but US was able to detect signs of synovitis in 

36% of the knee joints [137, 138].  This study results are consistent with 

previous study results in gout and suggest that ultrasound is likely to be more 

sensitive than clinical examination in detecting synovial inflammation as has 

been well established in osteoarthritis (OA) and RA [165]. This study 
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establishes the presence of subclinical synovitis in acute gout and can be 

detected by ultrasound. 

In acute gout, US was able to detect synovitis in all of the clinically inflamed 

joints except in two joints in our study. The clinical examination was falsely 

positive in the elbow joints of two subjects where there was no US detected 

synovitis. Even in the ankle and 1st MTP joints, which were the most common 

clinically involved joints, US was able to detect synovitis in more number of 

subjects. This study shows that ultrasound can be used to detect subclinical 

synovitis, and is likely a more sensitive technique to detect synovitis in acute 

gout both in clinically symptomatic and asymptomatic joints.  

5.1.1. Distribution of US detected synovitis in this cohort 

This study found a predilection of US detected synovitis for lower limb joints in 

our study cohort. This is not unexpected as gout predominantly involves joints in 

the feet and the knees. Previous US studies in chronic gout preferentially 

examined MTP, midfoot and knee joints for synovitis.  Studies predominantly 

assessed joint effusion, synovial hypertrophy and PD signal in gout [137, 138]. 

There was no difference in the degree of US detected synovitis between gout 

and other inflammatory arthritis in the 1st MTP joints [128]. Filippucci et al. [166] 

examined feet in 50 chronic gout patients and found that most common joints to 

show US signs of inflammation were 1st MTP, 2nd MTP and talo-navicular joints 

in descending order [166]. One recent study assessed joints which flared within 

three months prior to the study commencement and these joints included 1st 

MTP and knee [167]. They found PD signal in all of the 16 joints examined 

[167]. Another study examined MTP joints 1-5, ankle, knee, MCPs, elbow and 

wrists joints in forty chronic gout patients for joint effusion, synovial hypertrophy, 

synovial hypertrophy with PD signal [168]. Joint effusion and synovial 

hypertrophy were commonly found in MTPs, knee followed by wrist joints but 

synovial hypertrophy together with PD signal was commonly found in 1st MTP, 

knee and wrist joints [168]. Even in AHU without gout there was US detected 

synovitis (synovial fluid/hypertrophy) in the 1st MTP as well as in the knee joints. 

This study included 50 patients with raised SUA level of ≥7 on two separate 

occasions [139]. The lower limb joints were preferentially selected to do the 

ultrasound examination in this study.  The rest of the joints were not examined. 

Therefore, it is hard to know whether there is a predilection for the lower limb 
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joints in AHU but one might presume so.  In summary, our study results and the 

literature review suggests the predominance of lower limb involvement in gout 

in both acute and intercritical stages. 

5.1.2. Subclincial synovitis in rheumatic conditions 

Subclicnial synovitis has previously been demonstrated in other rheumatic 

conditions. In patients with RA, in clinical remission, US was able to detect 

synovitis. A recent systematic review of 19 studies which included 1618 such 

patients, showed presence of GS synovitis in 82%, GS synovitis without PD in 

40%, both GS and PD signal in 43% and absence of GS and PD signal in 16% 

patients [126].  Once again, in several studies in RA showed the presence of 

US detected subclinical synovitis in clinical remission.  

Studies in AHU have also shown signs of synovitis on US without any tender 

and/or swollen joints [127]. When US examination looking for synovitis was 

performed in 100 1st MTP joints and knee joints in subjects with AHU, it was 

found that 52% of the 1st MTP joints and 7% of the knee joints had evidence of 

synovitis. There was no PD signal present in either of the joints examined [139]. 

Another study in AHU involving 35 patients also showed the presence of 

increased vascularity using PD technique in the knee and ankle joints in one 

fourth of the patients [136]. Therefore, published studies in AHU also suggest 

the presence of subclinical synovial inflammation detected by ultrasound. 

5.2. Subclincial synovitis in Intercritical Gout 

Biochemical markers of inflammation (ESR and CRP) were significantly 

elevated in the acute visit as expected. The HsCRP value was also higher in 

acute visit when compared to intercritical visit but this did not reach statistical 

significance. The mean value of all three biochemical markers of inflammation 

was higher than the upper limit of normal range for the laboratory at both visits. 

Elevated inflammatory markers in the intercritical visit would suggest the 

presence of subclinical inflammation. 

Similarly to what was found in acute gout, in intercritical gout, subclinical 

synovitis was common in this study. If US is used as the standard technique to 

detect synovitis in intercritical gout, clinical examination commonly missed 

synovitis, especially in the  1st MTP, 2nd MTP, wrist and 2nd MCP joints, but was 

documented to miss synovitis in all joint regions. In this cohort, there was a total 
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of 4 (median joint count per patient was zero) joints found to be “clinically 

active” in the intercritical visit and yet a total of 61 joints (median joint count per 

patient was 6.0) had US detected synovitis. This demonstrates that US can 

detect subclinical synovitis.  

Subclinical synovitis in the intercritical phase has been shown in previous 

studies by Schueller-Weidekamm et al. [134] and Wright et al. [128]. Schueller-

Weidekamm et al. [134] examined wrist, finger joints and MTP joints and  

showed that 8 out of the 14 chronic gout patients had PD score of 2 or more but 

only four of those patients had a flare up at the time [134]. Wright et al. [128] 

found joint effusion (in 71%), synovial hypertrophy (87%) and PD signals (43%) 

in the 1st MTP joints in chronic gout patients in the intercritical phase. But only 

50% of these joints had tenderness clinically [128]. Similarly, Filippucci et al. 

[166] examined joints in the feet in chronic gout patients in the intercritical 

phase and found that US was able to detect more inflamed joints when 

compared to clinical examination. Once again, our results and the published 

data suggest the presence of subclinical synovitis in the intercritical phase in 

chronic gout. 

Previous studies have also looked at the presence of subclinical synovitis in the 

intercritical phase which is consistent with our findings, but what is different 

about this study is that the design of the study is to address specifically the 

amount of subclinical synovitis in both acute and in the intercritical stages of 

gout by following up the same patients longitudinally. None of the previous 

studies have undertaken ultrasound on 52 joints twice in each patient. This 

study confirms the presence of subclinical synovitis both in the acute and in the 

intercritical phase in gout. 

The presence of subclinical inflammation in the joints is supported by the 

persistently elevated ESR, CRP, HsCRP and serum uric acid level in the 

intercritical phase in this study and elevated chemokine levels in the intercritical 

phase in the previous studies [148]. This suggests that the US findings are likely 

to be real. 

The relevance of this subclinical synovitis in gout is not clear yet. Relationship 

between persistent hyperuricemia and increased cardiovascular risk is also not 

clear cut. The increased cardiovascular risk associated with chronic 

inflammatory disorders is well known. Likewise it is possible that persistent 
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subclinical synovitis in gout could potentially increase cardiovascular risk. There 

are no published studies in this field as yet. It is also well known that in RA and 

other inflammatory arthritidies, synovitis causes erosions and joint destruction 

[169]. Bone erosion in gout is likely due to tophus and not synovitis [113]. Once 

again it is not clear whether subclinical synovitis contributes to joint damage in 

gout. Persistent subclinical synovitis may contribute to patient reported outcome 

as the patient reported outcome apart from gout pain VAS did not change at the 

intercritical visit. It is important to note that serum urate does not correlate with 

US detected synovitis or patient reported outcome. 

5.3. Relationship between clinical and US detected inflammation 

The US detected more joints with inflammation when compared to clinical 

examination. But the Chi Square test showed a significant relationship between 

two categorical variables (p<0.001). Majority of joints did not have inflammation 

on clinical examination and also on ultrasound. Only very few joints with clinical 

inflammation also had inflammation on ultrasound. There was significant 

relationship between clinical and ultrasound examination. 

5.4. Relationship between acute and intercritical phases of gout. 

In this study, no difference was demonstrated in the amount of US detected 

synovitis between the acute and intercritical phases. This has not been 

demonstrated in the published literature relating to gout. Tables 8, 9 and 10 

show a trend towards lower level of synovitis. More than half of the joints with 

PD grade 3 at the acute visit had resolution of synovitis at the intercritical visit. 

Less than a third of joints with grade 3 synovitis had persisting grade 3 

inflammation at the intercritical visit. When the variables were dichotomised to 

the presence or absence of inflammation at the acute and intercritical visit, there 

were no significant differences between the two visits. 

Our cohort consisted of subjects with long standing sub optimally treated gout. 

Whilst the majority of study population were on allopurinol but the dose was 

likely inadequate given the frequency of acute attacks and persistent 

hyperuricemia. If the uric acid level had been suppressed, synovitis may have 

been suppressed. 

It is also important to note that the median SUA was above the target level 

recommended by the EULAR/ACR guidelines at both visits in the majority [6, 
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72]. It is known that synovitis in gout is secondary to uric acid crystals and it is 

likely that in this cohort persistent synovitis is a result of persisting uric acid 

deposition in joints. In support of this, Naredo et al. found evidence of urate 

deposition in the wrists, MTP1, MCP 2, knee and talar dome, which is similar to 

the joints most affected by synovitis in this cohort, the MTP1, MCP2, wrist and 

knee[129].  

The reported frequency of acute gout attacks in this study cohort was monthly in 

33% and quarterly in another 33% of patients, with median flare duration of one 

week. This cohort included poorly controlled gout patients as evidenced by 

persistent hyperuricemia and frequent acute attacks of gout. However, the 

international guidelines (ACR) for management of gout and treat to target level 

of uric acid were published after this data was collected. Therefore the uric acid 

level of ≤0.36mmol/L may not have been the target level for all the clinicians in 

this cohort. It is well known that in the community, the target uric acid level is 

not often met. So this cohort actually reflects what is going on in the gout 

population in the community as well. However, as it is known that the 

pathogenesis of synovial inflammation in gout is a reactive process secondary 

to uric acid deposition and that elevated SUA levels are the main risk of 

developing gouty arthritis, it may be hypothesised that persistent subclinical 

synovitis may be due to persistent hyperuricemia.  

In this study, very few people had uric acid level within the target range at both 

visits (five subjects with normal SUA). Even in those patients there was US 

detected synovitis, but we do not have access to historical biochemistry to be 

certain of the duration that their uric acid was supressed. This may be one 

reason for persistence of synovitis in those with target serum urate level. This is 

consistent with a recent hospital based cross sectional study which included 

forty patients with chronic gout in the intercritical stage and 5 patients had acute 

attack at the time of examination [168]. Out of forty patients, 13 had SUA level 

of <360 mol/L and the rest had higher values of SUA. There was no mention of 

the duration of normouricemia in this study. There was no difference in US 

detected joint effusion, synovial hypertrophy and synovial hypertrophy with PD 

signal  between those patients with uric acid level below the target 

value(<360mol/L) or those above [168].  

5.5. Normal SUA level did not equate to the absence of synovitis.  



70 
 

Ultrasound detected subclinical synovitis was present even in people with 

normal uric acid at two different time points. Additionally, there was no 

correlation between serum urate and US detected synovitis or biochemical 

markers of inflammation. These findings suggest that serum urate may not be a 

good surrogate of levels of joint inflammation, and as joint inflammation is likely 

a reflection of the systemic urate load, US may be a better surrogate of total 

body urate load than serum urate.  There is currently no way to assess total 

body urate load, and hence serum urate is used as a surrogate. Persistent 

synovitis is hypothesised to be due to persistent hyperuricemia. Uric acid does 

not predict joint damage and it is a poor predictor of cardiovascular risk [170]. 

Even though serum uric acid level is used as an outcome tool in the 

management of gout today, this may not be ideal given these findings. 

So far none of the published studies have looked into the resolution of 

previously demonstrated synovitis on US with adequate ULT in gout. But it is 

reasonable to assume that with adequate prolonged ULT, ultrasound is likely to 

be sensitive to the resolution of synovitis. In rheumatoid arthritis, US has been 

shown to be responsive to therapy with either improvement or disappearance of 

synovitis [171]. So if there had been a reduction in synovial inflammation due to 

a reduction in SUA, then we would have expected US to show it. But in our 

cohort, a reduction in SUA was not seen as evidenced by the lack of statistical 

difference in the SUA between two visits. Interestingly, the levels at which SUA 

must be suppressed to in order for inflammation to completely resolve is 

uncertain. It is also uncertain how long the uric acid level has to be suppressed, 

before the disappearance of synovitis on US. Previous studies in tophaceous 

gout have shown disappearance/partial resolution of tophi in people who 

maintained SUA of <6mg/dl (<0.36mmol/L) with ULT for twelve months [82]. 

Disappearance of double contour sign has also been shown with achieving 

persistent normouricemia of <6mg/dl (<0.36mmol/L)[143]. It is important to note 

that there were only 5 patients with  gout flare included in this study [143]. In the 

three patients who achieved normouricemia for 8-18 months, had complete 

resolution of the DC sign. In one patient, the SUA level was 7.4mg/dl on follow 

up at 3 months and there was only partial resolution of DC sign. One patient 

who had higher level of SUA had persistence of DC sign on follow up in one 

year. This is preliminary data, one small study and yet to be replicated. 
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Reliability of double contour is not established nor is there a definition or scoring 

system for double contour.  Future studies are needed to demonstrate 

responsiveness of ultrasound to treatment in well controlled gout. 

Historically there are mainly three stages of gout that is described. These are 

asymptomatic hyperuricemia (AHU), intermittent gout (acute and intercritical 

gout) and chronic tophaceous gout. The MSU crystal deposition starts in the 

AHU phase as shown by the ultrasound studies [123] and arthroscopic 

studies[172]. In those with asymptomatic MSU deposits, acute gout can occur 

with solubilisation of these preformed crystals under certain conditions like ULT, 

acute infections, surgery and with alcohol intake [2]. This is not in accordance 

with the current thinking which is that acute gout is due to MSU crystal 

formation. It could be argued all gout is tophaecous and given the findings of 

this thesis, inflammation persists in the intercritical phase. This may have 

implications in the way clinicians and patients view this disease and also 

manage it, as currently ULT is not recommended until patients have ≥ 2 attacks 

a year, however chronic subclinical inflammation may be present in the 

intercritical periods which may be causing harm. 

 

 

Figure 8 Three phases in gout (MSU: monosodium urate) 

6. Study Limitations 

This study has limitations. The sample size was small, only 24 subjects 

completed both acute and inter-critical visits. As this is a pilot study, local ethics 

limited the number of subjects in the study to 30. 

It is possible that this study underestimated US detected synovitis as only those 

joints with GS and or PD ≥2 were included as inflamed on ultrasound. The 

threshold for synovitis was deliberately set high, to exclude changes that might 

be a result of OA, given the age of the cohort and the literature shows that OA 

has only low levels of synovitis [173]. It is possible that the synovitis we were 

measuring was not due to gout. It is possible that the synovial inflammation that 

Asymptomatic 
MSU deposits 

Acute gout flares Chronic gout 
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was demonstrated was not a direct result of gout, as synovitis is nonspecific. 

However Occam’s razor would suggest it is, as we accept the patient cohort 

were old and could be prone to OA, but the high threshold for synovitis (GS 

and/ or PD≥2) should exclude most OA given published reports of US detected 

synovitis in OA largely report that it is usually low grade (<2), in particular it is 

rare for a PD signal of 2 or more [160].   

We did not examine other features of US detected uric acid deposition like 

double contour sign, tophaceous deposits, cloudy synovial fluid etc. This may 

be important to assess as US could potentially be used as a surrogate of total 

body urate burden. However the hypothesis was to focus on inflammation. 

Given the inflammation is likely directly related to urate, this deserves further 

investigation. There is no widely accepted US definition for tophi. Likewise there 

is no definition or scoring system present for double contour sign.  

In the small subset of patients with normal SUA at both visits (n=5), we do not 

have access to historical biochemical samples to see their duration of 

normouricemia. Given that the inflammation is likely directly related to urate, this 

would have been interesting, and deserves further investigation. We do realise 

that the number of patients with normal serum uric acid at both visits was small. 

We did not examine other features of ultrasound detected uric acid deposition 

like tophus and double contour sign. This will be important to assess if we 

consider ultrasound to be a surrogate of total body urate burden. However, the 

hypothesis of this study was to focus on inflammation. 

It is also possible that some of the PD signal seen within the joint capsule was 

vascularity associated within an intra-articular tophus, rather than actual 

vascularity within the synovium. Some of the joints imaged appeared to have 

heterogeneous hyper-echoic signal within the joint, which may have been tophi, 

however it is difficult to know whether this possible tophaceous material was 

intra-articular or intra-synovial. The hypothesis was to focus on inflammation 

within the joint. Therefore, it is reasonable to consider PD signal within an intra-

articular tophus as contributing to joint inflammation, and the possible 

consequences of bone erosion and cardiovascular morbidity. 
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7. Future directions 

The relevance of subclinical synovitis is not clear. It is unclear whether the 

presence of subclinical synovitis in gout can predict a clinical flare up. This has 

been shown in RA where the presence of PD signal can warn clinical flare up of 

the disease [174] or radiographic progression [175]. This could be the case with 

gout as well but there are no published studies which addressed this issue. 

Tophi cause erosions in gout but subclinical synovitis correlates with 

hyperuricemia and therefore this can in theory indirectly contribute to 

development of erosions and bony deformities.  

There are no published literature demonstrating the disappearance of synovitis 

in well treated gout. Current understanding of pathophysiology in gout supports 

the notion that persistent hyperuricemia is the likely cause for persistent 

subclinical synovitis. As in RA, it is reasonable to assume that ultrasound can 

demonstrate resolution of synovitis in well treated gout. Future studies are 

needed to determine the target SUA level and the duration of adequate ULT to 

demonstrate the disappearance of subclinical synovitis. In particular given that 

this study only was able to examine 5 patients with target uric acid at two time 

points, further work to investigate the findings of this study in a larger cohort 

with target serum acid, over longer periods of time needs undertaking.  

Epidemiological studies have shown a possible association between 

gout/hyperuricemia and cardiovascular disease. The relationship between 

subclinical synovitis in gout and cardiovascular disease is not clear. There are 

no published studies in this field. The role of uric acid in increasing CCL2 and 

circulating monocyte levels in hyperuricemic state has been discussed earlier in 

this thesis. It is well known that persistent inflammation in autoimmune diseases 

like systemic lupus erythematosus, RA and spondyloarthritis causes an 

increased risk of cardiovascular disease independent of traditional 

cardiovascular risk factors [176, 177]. Similarly, it is possible that persistent 

subclinical synovitis can increase the cardiovascular risk. It would also be 

interesting to assess any reduction in the cardiovascular risk with the use of 

adequate ULT and with the resolution of subclinical synovitis. 
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In this study there was persistence of subclinical synovitis in people with normal 

uric acid at two time points. Serum uric acid level did not correlate with 

ultrasound findings, biochemical markers of inflammation or with patient 

reported outcomes. Serum uric acid may not be a reflection of total body urate 

load. Ultrasound could potentially be used as an outcome tool in the 

management of gout. 

Observational studies have shown an association between hyperuricemia and 

chronic kidney disease (CKD). It is not clear whether hyperuricemia is the cause 

or complication of CKD [178]. It appears that uric acid may have a role in 

progression of kidney disease [179]. Small studies have shown slowing of the 

CKD with allopurinol [180]. As persistent subclinical synovitis is hypothesised to 

be due to increased total body urate, this could have an association with 

progression of CKD. It may be that subclinical synovitis could be used as a 

surrogate for total body urate burden. Further studies are needed to explore this 

association. 

It has been demonstrated that in AHU, subclinical synovitis is present. It is 

reasonable to conduct further studies to look at the incidence of gout in those 

with persistent synovitis against others who do not. This may allow us to argue 

for commencement of ULT in AHU in that group who are at a risk of developing 

gout if there is persistent synovitis. According to the current guidelines, apart 

from lifestyle interventions, no pharmacotherapy is indicated for AHU. Clearly, 

these management decisions can only be taken after having good quality 

studies to support these ideas.  
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8. Conclusions 

The hypothesis of this study was: 

Assessment of the burden of subclinical synovitis both in the acute and in the 

intercritical visits. 

     The aims were to undertake a pilot study to assess 

1. Whether ultrasonography can demonstrate subclinical joint inflammation 

in gout. 

2. The burden of subclinical synovial inflammation in gout, during an acute 

attack. 

3. The burden of subclinical synovial inflammation in gout, during an 

intercritical period. 

4. The burden of inflammation as assessed by CRP, ESR and HsCRP 

during an acute attack, and during an intercritical period. 

 

This study has shown:  

1. Ultrasound detected subclinical synovitis is present both in the acute 

visit and in the intercritical periods of gout. 

2. Subclinical synovitis is common in the acute and in the intercritical              

periods of gout. 

3. Patients with normal serum uric acid at both visits have persistence of 

subclinical synovitis. 

4. Serum uric acid levels do not correlate with subclinical synovitis, patient 

reported outcomes and biochemical markers of inflammation. 

5. Biochemical markers of inflammation are persistently elevated in the 

acute and intercritical visits. 

Ultrasound detected subclinical synovitis was present even in people with 

normal uric acid which suggests that serum uric acid may not be a true 

reflection of total body urate. Therefore newer outcome tools like ultrasound 

may need to be considered in the routine management of gout. We do not know 

at present how long patients with hyperuricemia will need to be treated for 
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subclinical synovitis to resolve. The long term implications of subclinical 

synovitis in gout in terms of joint integrity, cardiovascular and renal outcomes, 

morbidity and mortality are not known. Further larger studies are needed to 

answer many of these questions.  
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