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    Abstract



Objectives To develop evidence-based recommendations for management of calcium pyrophosphate deposition (CPPD).





Methods A multidisciplinary guideline development group of 15 experts, representing 10 European countries, generated key propositions for management of CPPD using a Delphi consensus approach. For each recommendation research evidence was searched systematically. Whenever possible, the effect size and number needed to treat for efficacy and RR or OR for side effects were calculated for individual treatment modalities. Strength of recommendation was assessed by the European League Against Rheumatism visual analogue scale.





Results Nine key recommendations were generated, including topics for general management, treatment of acute attacks, prophylaxis against recurrent acute attacks and management of chronic symptoms. It was recommended that optimal treatment requires both non-pharmacological and pharmacological treatments. For acute CPP crystal arthritis, cool packs, temporary rest and joint aspiration combined with steroid injection are often sufficient. For prophylaxis or chronic inflammatory arthritis with CPPD, oral non-steroidal anti-inflammatory drugs with gastroprotective treatment and/or low-dose colchicine 0.5–1.0 mg daily may be used. Other recommendations included parenteral or oral corticosteroid for acute CPP arthritis in those unresponsive or unsuited to other measures, and low-dose corticosteroid, methotrexate or hydroxychloroquine for chronic inflammatory arthritis with CPPD. Asymptomatic CPPD requires no treatment. Strength of recommendations varies from 79% to 95%.





Conclusion Nine key recommendations for management of CPP crystal associated arthritis were developed using both research evidence and expert consensus. Strength of recommendations was provided to assist the application of these recommendations.
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Introduction

As discussed in Part I: Terminology and Diagnosis,1 calcium pyrophosphate deposition (CPPD) may present different clinical phenotypes, from asymptomatic chondrocalcinosis (CC) to acute calcium pyrophosphate (CPP) crystal arthritis and osteoarthritis (OA) with CPPD, which may be associated with chronic symptoms and functional impairment of varying severity. Because of this diversity the management of CPP-associated arthritis is challenging. Unlike gout, currently there is no specific treatment to eliminate CPP crystals. Management therefore focuses on symptomatic control for both the acute attacks and the chronic symptoms associated with CPPD. Treatment modalities used to control acute attacks in gout2 and to relieve pain and symptoms in OA3 are often used for symptomatic CPPD. However, evidence to support these treatments for CPPD has yet to be systematically evaluated.

Following the agreement of terminology and recommendations for diagnosis of CPPD, the European League Against Rheumatism (EULAR) CPPD Task Force developed nine key recommendations for management of CPPD using a combined systematic literature review and expert consensus approach.4



Methods

A Delphi exercise was used to reach consensus and a systematic literature review of research evidence was used to support the recommendations.1 Evidence was categorised according to Shekelle's level of evidence5 (table 1). Wherever possible, effect size (ES),6 number needed to treat (NNT) was estimated for efficacy,7 and RR or OR were calculated for side effects.8 Strength of recommendation was graded using the EULAR 0–100 mm visual analogue scale (VAS).9 ,10 All measures were reported with 95% CI unless otherwise specified.

View this table:	View inline
	View popup



Table 1 Level of evidence5






Future research agenda

After the propositions for management had been searched, reviewed and discussed, each participant submitted independently 10 propositions for future research. Consensus was again obtained using the Delphi technique.





Results

Of 78 initial propositions suggested by the task force members, nine were agreed after three anonymous Delphi rounds. Recommendations covered the following four domains: general, treatment for acute attacks, prophylaxis treatment and management of chronic CPPD with or without OA and other comorbidities (table 2).
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Table 2 LOE and SOR: order according to topic (general, acute attacks, prophylaxis and chronic CPPD management)




The systematic literature search yielded only 20 studies relevant for management of CPPD, including four randomised controlled trial (RCTs).11,–,13 After reading the abstracts, 13 met the inclusion criteria, including six studies for acute attacks,14,–,19 two for prophylactic treatment to prevent recurrent acute attacks20 ,21 and five for management of chronic CPPD11,–,13 ,22 ,23.


Optimal treatment of CPPD

The full recommendation is shown in table 2.

Although direct research evidence to support this recommendation is lacking, it is apparent that the management strategy will vary according to the clinical presentation. Asymptomatic CC does not require any treatment and is usually an age-related feature in the normal population.24 ,25 Acute CPP crystal arthritis, however, is extremely painful so a key management objective will be rapid relief of severe symptoms. In contrast, assessment of a patient during an intercritical period or when there is accompanying OA and chronic symptoms should lead to the development of an individualised long-term management plan to reduce symptoms and disability, to correct any modifiable adverse risk factor and to reduce structural progression.

As with gout and OA, treatment should be individualised according to patient characteristics, risk factors and comorbidities. Because CPPD predominates in the older patient, care must be taken when advising drug treatments. For example, the use of non-steroidal anti-inflammatory drugs (NSAIDs) should be carefully considered according to the benefit and relative risk.3 ,26

To optimise management, education is essential as this allows patient involvement in decision-making. This is a core aspect of patient-centred care, where both care provider and receiver understand the disease characteristics, available treatment options and the pros and cons of these treatments.




Treatment for acute CPP crystal arthritis

There is no RCT evidence for the non-drug treatment modalities recommended in this proposition. Nevertheless, the use of ice or cool packs and temporary rest was strongly supported by expert opinion and in part is extrapolated from some evidence for these treatments for other causes of acute synovitis, including gout.2 ,27,–,29 Similarly, although joint aspiration and/or intra-articular injection of long-acting glucocorticosteroids (GCS) is very commonly used to treat monoarticular or oligoarticular attacks of acute CPP crystal arthritis, there are no controlled trials, either of efficacy or dose requirement, in acute CPP crystal arthritis and the evidence to support the use of this treatment is predominantly based on clinical expertise and evidence in gout.2 Standard/usual precautions should be applied relating to GCS injection.30




NSAID and colchicine

The evidence to support the use of either oral NSAIDs or oral colchicine for acute CPP crystal arthritis is mainly extrapolated from evidence relating to treatment of acute attacks of gout.2 Evidence for gout suggests that colchicine is effective at relieving symptoms of acute crystal synovitis. However, using traditional regimens (1 mg loading dose followed by 0.5 mg every 2 h until development of side effects) the incidence of marked side effects is 100%,31 therefore a lower-dose regimen (0.5 mg up to three to four times daily with or without loading dose of 1 mg) is recommended, predominantly based on expert opinion.2 The length of treatment depends on the symptom relief and side effects. Although one uncontrolled hospital case series has showed the efficacy of intravenous colchicine in seven patients with acute CPP crystal arthritis,16 this route of delivery is no longer used in most countries owing to the high risk of serious toxicity (and even fatality).

In contrast to the sparse evidence for efficacy, there is abundant evidence about side effects from the use of NSAIDs (eg, gastrointestinal bleeding, cardiovascular events, renal impairment)26 and colchicine (eg, diarrhoea).2 These side effects greatly restrict the use of these agents, especially in older people who often have chronic renal impairment and other comorbidity that increases the likelihood of toxicity or drug interaction.




Steroids

The management of acute CPP crystal arthritis can be difficult in the older person, and in those with comorbidity and contraindications to NSAIDs or colchicine. Intra-articular GCS are particularly useful and safe for the treatment of acute monoarticular or oligoarticular microcrystalline synovitis. Oral GCS, parenteral GCS and corticotrophin (adrenocorticotrophic hormone (ACTH)) are useful alternative treatment modalities for patients with polyarticular attacks.

One small non-RCT was undertaken in patients with acute crystal-induced arthritis (n=27) to compare the efficacy of a single intramuscular injection of 7 mg betamethasone (n=10), a single intravenous injection of 125 mg methylprednisolone (n=7) and diclofenac 150 mg a day for 3 days then 75 mg a day for 3 days (n=10).18 Patients in the GCS groups were either contraindicated or intolerant of NSAIDs. The number needed to treat (NNT) to obtain at least 50% improvement for the GCS injection groups compared with the diclofenac group was significant on day 1 (NNT=3, 95% CI 2 to 16), but not on days 3, 6 and 15, suggesting that the GCS may be more effective at gaining quick control of severe pain. No significant difference was found between intravenous and intramuscular injections. However, this was a non-randomised trial and patients in the GCS groups differed from patients in the diclofenac group in response to NSAIDs, so these results need to be confirmed. GCS treatment was well tolerated apart from one patient with profuse sweating and another with hot flushes within a few hours of injection. This is supported by an uncontrolled trial in which all patients (n=14), including 12 who were contraindicated to NSAIDs, had at least 50% clinical improvement on a VAS after one or two intramuscular injections of triamcinolone acetonide 60 mg within 14 days without any significant side effect.19

A retrospective cohort study was undertaken in 38 patients with acute gout (n=33) or CPP crystal arthritis (n=5) who were treated with parenteral ACTH. Parenteral ACTH 40 or 80 units was given intravenously, intramuscularly or subcutaneously three times. A total of 43 acute attacks were treated, all resolved in an average of 4.2 days. Although mild hypokalaemia, hyperglycaemia, fluid retention and rebound arthritis occurred as adverse effects, none was severe and all were easily controlled. The study suggests that ACTH may be a safe and effective treatment for acute gout and acute CPP crystal arthritis.




Prophylaxis

In contrast to gout it is less evident whether prophylactic treatment with NSAIDs or low-dose colchicine is effective.2 One uncontrolled trial was undertaken to determine the prophylactic efficacy of low-dose colchicine.20 Ten patients with recurrent acute attacks of CPP crystal arthritis were followed up for 1 year after receiving oral colchicine 0.6 mg twice daily. Thirty-two episodes of acute arthritis were recorded in the year (3.2% per year) before the start of the drug and only 10 after taking the drug (1% per year) (p<0.001). Ninety per cent of the patients benefited from the drug. The study suggests that oral colchicine may be efficacious as a prophylactic agent in recurrent acute attacks of CPP crystal arthritis. Whether NSAIDs have similar clinical effect remains to be investigated. If NSAIDs or colchicine are used for this purpose their potential side effects need to be carefully considered.2 ,26




Treatment for concurrent OA

It was agreed that the treatment of OA with CPPD should follow the same treatment objectives as for OA:

	▶ Educating patients about the nature of the disorder and its management;

	▶ Reducing joint pain and stiffness;

	▶ Maintaining and improving joint mobility;

	▶ Reducing physical disability and handicap;

	▶ Improving health-related quality of life;

	▶ Limiting the progression of joint damage.



Over 50 treatment modalities are currently available for management of OA including non-pharmacological, pharmacological and surgical treatments. Evidence for clinical effectiveness and cost effectiveness has been systematically reviewed.26 ,32 The management of OA with CPPD should follow evidence-based recommendations that have been developed by EULAR9 ,33 ,34 and other organisations3 ,35 according to the patient need, availability of the treatment, clinical effectiveness and cost effectiveness of the treatment and affordability by the individual or healthcare system. Concurrence of CPPD with OA might be associated with an increased inflammatory component and a different prognosis with respect to rate of clinical and radiographic progression36 ,37 but the repertoire of treatments remains basically the same as that for OA. Special caution should be taken when using intra-articular high molecular weight hyaluronan since it might induce acute attacks.32 ,38




Treatment for chronic CPP crystal inflammatory arthritis

There is no specific RCT evidence for NSAIDs in chronic CPP crystal inflammatory arthritis. The recommendation for NSAIDs is largely based upon research evidence obtained for management of gout2 and OA.26 As NSAIDs cause gastrointestinal bleeding26 they are recommended in combination with gastroprotective agents such as proton pump inhibitors, especially in patients with a high risk of side effects (eg, older patients) or for those who need long-term use of these agents.3 ,35

One double-blind, placebo-controlled RCT has been undertaken for low-dose colchicine (0.5 mg twice daily for 8 weeks then as required until 20 weeks) in knee OA with persistent inflammation caused by CPPD (n=39).13 The NNT of the clinical response (>30% pain reduction on VAS) over placebo was 2 (95% CI 1 to 4) at 4 months and 4 (–13 to 2) at 5 months. Side effects (eg, dyspepsia) were minor and not statistically significant (RR=2.11, 95% CI 0.76 to 5.86) and no marked diarrhoea was documented.13

One uncontrolled trial examined the treatment effect of low-dose methotrexate (MTX, 5–10 mg/week) in five patients with chronic symptoms and recurrent acute CPP crystal arthritis who were resistant to common treatments. The mean follow-up time with MTX was 50.4 months (range 6–81 months). All patients reported an excellent clinical response, with marked improvement within a mean period of 7.4 weeks. A significant decrease in pain intensity (p<0.0001), swollen and tender joint counts (p<0.0001) and frequency of attacks was observed. No significant side effects were reported. This study suggests that MTX may be a valuable treatment for severe CPPD that is refractory to conventional treatment, and a larger trial of MTX treatment is now underway.

A 6-month double-blind, placebo-controlled RCT investigated the treatment effect of hydroxychloroquine in 36 patients with chronic inflammatory arthritis with CPPD. The NNT for clinical response was 2 (95% CI 1 to 7). Clinical response rate was defined as the percentage of patients with more than 30% reduction of joint count for swelling and tenderness. No significant side effects were observed.12 Animal studies suggest that blockade of the NLRP3 (cryopyrin) inflammasome interleukin 1β pathway may offer a new treatment strategy for crystal-associated arthritis.39 This has been piloted in a non-randomised, crossover RCT in 10 patients with gout and a significant reduction of pain and clinical improvement was observed.40 Further large-scale RCTs in gout and other crystal-associated arthritis are needed.

No data for low-dose GCS was found, and the recommendation is supported by expert opinion alone.

Although not recommended, intra-articular injection of radiocolloid (yttrium-90) has been studied in patients with symptomatic knee OA plus CPPD in one small double-blind, placebo-controlled RCT.11 Significant improvement was observed for pain (NNT=2, 95% CI 1 to 3, defined as number of knees with pain reduction ≥1 grade on a 1–3 scale), global response (NNT=2, 95% CI 1 to 7, defined as knees with ≥3 grade response on a 0–5 scale) and stiffness (ES=0.79, 95% CI 0.04 to 1.53, stiffness in minutes). As this is the only study of radiosynovectomy for OA plus CPPD the usefulness of such treatment is unclear. Recurrent haemarthrosis is an occasional clinical problem, especially in older patients with OA plus CPPD affecting the shoulder, and radiosynovectomy is sometimes used in this situation, though in the absence of any supporting trials.




Treatment for other comorbidities

Patients with CPPD are three times more likely to have primary hyperparathyroidism than patients without CPPD (OR=3.03, 95% CI 1.15 to 8.02) and haemochromatosis and hypomagnesaemia also predispose to CPPD.1 Conversely, patients with primary hyperparathyroidism may have an increased risk of acute attacks of CPP arthritis.41 ,42 In patients with such predisposing conditions, treatment of their comorbidity is obviously required, though whether treatment of such comorbidity affects the outcome of CPPD-associated arthritis is unclear. Corresponding treatment guidelines have been published for some of these comorbidities.2 ,43 ,44 The management of comorbidities for CPPD should follow the treatment guidelines for these conditions.




Treatment for asymptomatic CPPD

Unlike the situation with urate crystals in gout, at present there is no definitive treatment to prevent formation or enhance dissolution of CPP crystals in affected joints or tissues. In vitro studies, however, have shown that magnesium can solubilise CPP crystals and has inhibitory effects on nucleation and growth of these crystals.45 The possibility that magnesium supplementation might influence CPP crystals in vivo is suggested by the precipitation of acute CPP crystal arthritis following lavage of joints with magnesium sulphate46 and by the reported benefit of magnesium replacement treatment in a patient with hypomagnesaemia and CC.47 One small double-blind, placebo-controlled RCT has been undertaken in 38 patients with symptomatic knee OA plus CPPD.23 However, despite possible clinical benefits (eg, pain reduction) there was no reduction in radiographic CC in those receiving magnesium compared with those given placebo.

High inorganic pyrophosphate levels appear central to CPP crystal formation and there is considerable interest, but no relevant data, on the possibility of using other pharmacological agents (such as probenecid,48 polyphosphates,49 phosphocitrate50) to modulate pyrophosphate levels and influence CPP crystal formation and dissolution, either by local intra-articular or systemic administration. At present, however, this remains only a theoretical possibility.




Future research agenda

After four rounds of the Delphi exercise, three topics were highlighted for future research in the management of CPPD:

	Basic studies are required to better elucidate the mechanism of CPPD and the effects of CPP crystals on joint tissues.

	The value of biological agents, in particular interleukin 1 inhibitors, in the treatment both of acute and chronic CPP crystal inflammatory arthritis merits investigation.

	The value of MTX in the treatment of chronic CPP crystal inflammatory arthritis needs to be evaluated.







Discussion

CPP crystal-associated arthritis is one of the most common forms of inflammatory arthritis.51 Currently, no evidence-based treatment guidelines are available. This is the first attempt to develop evidence-based recommendations for the management of CPPD. Only four published RCTs have been identified. The majority of the recommendations are supported mainly by expert opinion together with research evidence extrapolated from studies relating to the management of gout, based on the control of similar clinical symptoms and the use of the same analgesics in these two conditions.2 However, unlike the situation with urate crystals, much of the pathogenesis of CPPD remains unclear and there are no pharmacological options to influence CPP crystal formation and dissolution, so treatment of CPPD is restricted to symptomatic control.

In addition to the lack of research evidence, there are number of other limitations to these recommendations. First, they were proposed before the tailored literature search was undertaken, therefore only the perceived key issues of management are covered. Second, there is no treatment algorithm for the recommended treatments, and users should apply the recommendations according to individual patient characteristics. Furthermore, CPPD may be associated with a number of metabolic conditions and these require management in their own right according to existing guidelines or recommendations which are not reviewed here.

In summary, the EULAR CPPD Task Force has developed recommendations for the management of CPPD based on expert consensus and the systematic literature review of current available research evidence. The objectives of management are to relieve symptoms and to prevent acute attacks. Disease-modifying treatments have yet to be developed. Research evidence to support the recommendations is sparse and further clinical trials in CPPD are needed.

Acknowledgments

The authors thank the European League Against Rheumatism for financial support, Helen Richardson for co-ordination, Joanna Ramowski and Amanda Moody for assistance with the literature search and data collection and Daniel McWilliams for help in data analysis.


References
	↵	Zhang  W, 
	Doherty  M, 
	Bardin  T, 
	et al

. EULAR recommendations for calcium pyrophosphate crystal associated arthritis. Part I: Terminology and diagnosis. Ann Rheum Dis 2010.



	↵	Zhang  W, 
	Doherty  M, 
	Bardin  T, 
	et al.
	EULAR Standing Committee for International Clinical Studies Including Therapeutics.

. EULAR evidence based recommendations for gout. Part II: Management. Report of a task force of the EULAR Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 2006;65:1312–24.
OpenUrlAbstract/FREE Full Text


	↵	Zhang  W, 
	Moskowitz  RW, 
	Nuki  G, 
	et al

. OARSI recommendations for the management of hip and knee osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. Osteoarthr Cartil 2008;16:137–62.
OpenUrlCrossRefPubMedWeb of Science


	↵	Dougados  M, 
	Betteridge  N, 
	Burmester  GR, 
	et al

. EULAR standardised operating procedures for the elaboration, evaluation, dissemination, and implementation of recommendations endorsed by the EULAR standing committees. Ann Rheum Dis 2004;63:1172–6.
OpenUrlFREE Full Text


	↵	Shekelle  PG, 
	Woolf  SH, 
	Eccles  M, 
	et al

. Clinical guidelines: developing guidelines. BMJ 1999;318:593–6.
OpenUrlFREE Full Text


	↵	Cohen  J

 Statistical Power Analysis for the Behavioral Sciences. Hillsdale, NJ: Lawrence Erlbaum Associates 1988.



	↵	Cook  RJ, 
	Sackett  DL

. The number needed to treat: a clinically useful measure of treatment effect. BMJ 1995;310:452–4.
OpenUrlFREE Full Text


	↵	Kleinbaum  DG, 
	Kuppler  LL, 
	Morgenstern  H

 Epidemiologic Research – Principles and Quantitative Methods. Chichester, UK: John Willey & Sons, Inc, 1982.



	↵	Zhang  W, 
	Doherty  M, 
	Arden  N, 
	et al

. EULAR evidence based recommendations for the management of hip osteoarthritis: report of a task force of the EULAR Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 2005;64:669–81.
OpenUrlAbstract/FREE Full Text


	↵	Roddy  E, 
	Zhang  W, 
	Doherty  M, 
	et al

. Evidence-based clinical guidelines: a new system to better determine true strength of recommendation. J Eval Clin Pract 2006;12:347–52.
OpenUrlCrossRefPubMedWeb of Science


	↵	Doherty  M, 
	Dieppe  PA

. Effect of intra-articular yttrium-90 on chronic pyrophosphate arthropathy of the knee. Lancet 1981;2:1243–6.
OpenUrlPubMedWeb of Science


	↵	Rothschild  B, 
	Yakubov  LE

. Prospective 6-month, double-blind trial of hydroxychloroquine treatment of CPDD. Compr Ther 1997;23:327–31.
OpenUrlPubMed


	↵	Das  SK, 
	Mishra  K, 
	Ramakrishnan  S, 
	et al

. A randomized controlled trial to evaluate the slow-acting symptom modifying effects of a regimen containing colchicine in a subset of patients with osteoarthritis of the knee. Osteoarthr Cartil 2002;10:247–52.
OpenUrlCrossRefPubMedWeb of Science


	↵	Maldonado  MA, 
	Salzman  A, 
	Varga  J

. Intravenous colchicine use in crystal-induced arthropathies: a retrospective analysis of hospitalized patients. Clin Exp Rheumatol 1997;15:487–92.
OpenUrlPubMedWeb of Science


	↵	Spilberg  I, 
	Berney  S

. Colchicine and pseudogout. Arthritis Rheum 1979;22:427–8.
OpenUrlCrossRefPubMedWeb of Science


	↵	Tabatabai  MR, 
	Cummings  NA

. Intravenous colchicine in the treatment of acute pseudogout. Arthritis Rheum 1980;23:370–4.
OpenUrlCrossRefPubMedWeb of Science


	↵	Ritter  J, 
	Kerr  LD, 
	Valeriano-Marcet  J, 
	et al

. ACTH revisited: effective treatment for acute crystal induced synovitis in patients with multiple medical problems. J Rheumatol 1994;21:696–9.
OpenUrlPubMedWeb of Science


	↵	Werlen  D, 
	Gabay  C, 
	Vischer  TL

. Corticosteroid therapy for the treatment of acute attacks of crystal-induced arthritis: an effective alternative to nonsteroidal antiinflammatory drugs. Rev Rhum Engl Ed 1996;63:248–54.
OpenUrlPubMed


	↵	Roane  DW, 
	Harris  MD, 
	Carpenter  MT, 
	et al

. Prospective use of intramuscular triamcinolone acetonide in pseudogout. J Rheumatol 1997;24:1168–70.
OpenUrlPubMedWeb of Science


	↵	Alvarellos  A, 
	Spilberg  I

. Colchicine prophylaxis in pseudogout. J Rheumatol 1986;13:804–5.
OpenUrlPubMedWeb of Science


	↵	Chollet-Janin  A, 
	Finckh  A, 
	Dudler  J, 
	et al

. Methotrexate as an alternative therapy for chronic calcium pyrophosphate deposition disease: an exploratory analysis. Arthritis Rheum 2007;56:688–92.
OpenUrlCrossRefPubMedWeb of Science


	↵	Trostle  D, 
	Schumacher  HR

. Probenecid therapy of refractory CPPD deposition disease. Arthritis Rheum 1999;42:539.
OpenUrl


	↵	Doherty  M, 
	Dieppe  PA

. Double blind, placebo controlled trial of magnesium carbonate in chronic pyrophosphate arthropathy. Ann Rheum Dis 1983;42:106–7.
OpenUrlFREE Full Text


	↵	Felson  DT, 
	Anderson  JJ, 
	Naimark  A, 
	et al

. The prevalence of chondrocalcinosis in the elderly and its association with knee osteoarthritis: the Framingham Study. J Rheumatol 1989;16:1241–5.
OpenUrlPubMedWeb of Science


	↵	Neame  RL, 
	Carr  AJ, 
	Muir  K, 
	et al

. UK community prevalence of knee chondrocalcinosis: evidence that correlation with osteoarthritis is through a shared association with osteophyte. Ann Rheum Dis 2003;62:513–18.
OpenUrlAbstract/FREE Full Text


	↵	Zhang  W, 
	Moskowitz  RW, 
	Nuki  G, 
	et al

. OARSI recommendations for the management of hip and knee osteoarthritis, part I: critical appraisal of existing treatment guidelines and systematic review of current research evidence. Osteoarthr Cartil 2007;15:981–1000.
OpenUrlCrossRefPubMedWeb of Science


	↵	Landewe  RB, 
	Gunther  KP, 
	Lukas  C, 
	et al

. EULAR/EFORT Recommendations for the diagnosis and initial management of patients with acute or recent onset swelling of the knee. Ann Rheum Dis 2010;69:12–19.
OpenUrlAbstract/FREE Full Text


	↵	Schlesinger  N, 
	Detry  MA, 
	Holland  BK, 
	et al

. Local ice therapy during bouts of acute gouty arthritis. J Rheumatol 2002;29:331–4.
OpenUrlAbstract/FREE Full Text


	↵	Schlesinger  N

. Response to application of ice may help differentiate between gouty arthritis and other inflammatory arthritides. J Clin Rheumatol 2006;12:275–6.
OpenUrlCrossRefPubMedWeb of Science


	↵	Cardone  DA, 
	Tallia  AF

. Joint and soft tissue injection. Am Fam Physician 2002;66:283–8.
OpenUrlPubMedWeb of Science


	↵	Ahern  MJ, 
	Reid  C, 
	Gordon  TP, 
	et al

. Does colchicine work? The results of the first controlled study in acute gout. Aust N Z J Med 1987;17:301–4.
OpenUrlCrossRefPubMedWeb of Science


	↵	Zhang  W, 
	Nuki  G, 
	Moskowitz  RW, 
	et al

. OARSI recommendations for the management of hip and knee osteoarthritis: part III: Changes in evidence following systematic cumulative update of research published through January 2009. Osteoarthr Cartil 2010;18:476–99.
OpenUrlCrossRefPubMedWeb of Science


	↵	Jordan  KM, 
	Arden  NK, 
	Doherty  M, 
	et al

. EULAR Recommendations 2003: an evidence based approach to the management of knee osteoarthritis: Report of a Task Force of the Standing Committee for International Clinical Studies Including Therapeutic Trials (ESCISIT). Ann Rheum Dis 2003;62:1145–55.
OpenUrlAbstract/FREE Full Text


	↵	Zhang  W, 
	Doherty  M, 
	Leeb  BF, 
	et al

. EULAR evidence based recommendations for the management of hand osteoarthritis: report of a Task Force of the EULAR Standing Committee for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 2007;66:377–88.
OpenUrlAbstract/FREE Full Text


	↵National Collaborating Centre for Chronic Conditions. Osteoarthritis: National Clinical Guideline for Care and Management in Adults. London: Royal College of Physicians, 2008.



	↵	Doherty  M, 
	Dieppe  P, 
	Watt  I

. Pyrophosphate arthropathy: a prospective study. Br J Rheumatol 1993;32:189–96.
OpenUrlCrossRefPubMed


	↵	Ledingham  J, 
	Regan  M, 
	Jones  A, 
	et al

. Factors affecting radiographic progression of knee osteoarthritis. Ann Rheum Dis 1995;54:53–8.
OpenUrlAbstract/FREE Full Text


	↵	Reichenbach  S, 
	Blank  S, 
	Rutjes  AW, 
	et al

. Hylan versus hyaluronic acid for osteoarthritis of the knee: a systematic review and meta-analysis. Arthritis Rheum 2007;57:1410–18.
OpenUrlCrossRefPubMedWeb of Science


	↵	Torres  R, 
	Macdonald  L, 
	Croll  SD, 
	et al

. Hyperalgesia, synovitis and multiple biomarkers of inflammation are suppressed by interleukin 1 inhibition in a novel animal model of gouty arthritis. Ann Rheum Dis 2009;68:1602–8.
OpenUrlAbstract/FREE Full Text


	↵	Terkeltaub  R, 
	Sundy  JS, 
	Schumacher  HR, 
	et al

. The interleukin 1 inhibitor rilonacept in treatment of chronic gouty arthritis: results of a placebo-controlled, monosequence crossover, non-randomised, single-blind pilot study. Ann Rheum Dis 2009;68:1613–17.
OpenUrlAbstract/FREE Full Text


	↵	White  JC, 
	Brandt  FB, 
	Geelhoed  GW

. Acute pseudogout following parathyroidectomy. Am Surg 1988;54:506–9.
OpenUrlPubMedWeb of Science


	↵	Geelhoed  GW, 
	Kelly  TR

. Pseudogout as a clue and complication in primary hyperparathyroidism. Surgery 1989;106:1036–41, discussion 1041–2.
OpenUrlPubMedWeb of Science


	↵	Tavill  AS

 American Association for the Study of Liver Diseases; American College of Gastroenterology; American Gastroenterological Association. Diagnosis and management of hemochromatosis. Hepatology 2001;33:1321–8.
OpenUrlCrossRefPubMedWeb of Science


	↵AACE/AAES Task Force on Primary Hyperparathyroidism. The American Association of Clinical Endocrinologists and the American Association of Endocrine Surgeons position statement on the diagnosis and management of primary hyperparathyroidism. Endocrine Practice 2005;11:49–54.
OpenUrlCrossRefPubMed


	↵	Cheng  PT, 
	Pritzker  KP

. The effect of calcium and magnesium ions on calcium pyrophosphate crystal formation in aqueous solutions. J Rheumatol 1981;8:772–82.
OpenUrlPubMedWeb of Science


	↵	Bennett  RM, 
	Lehr  JR, 
	McCarty  DJ

. Crystal shedding and acute pseudogout. An hypothesis based on a therapeutic failure. Arthritis Rheum 1976;19:93–7.
OpenUrlPubMedWeb of Science


	↵	Runeberg  L, 
	Collan  Y, 
	Jokinen  EJ, 
	et al

. Hypomagnesemia due to renal disease of unknown etiology. Am J Med 1975;59:873–81.
OpenUrlCrossRefPubMedWeb of Science


	↵	Ho  AH, 
	Johson  MD, 
	Kingsley  DM

. Role of the mouse ank gene in control of tissue calcification and arthritis. Science 2000;289:165–70.
OpenUrl


	↵	Cini  R, 
	Chindamo  D, 
	Catenaccio  M, 
	et al

. Dissolution of calcium pyrophosphate crystals by polyphosphates: an in vitro and ex vivo study. Ann Rheum Dis 2001;60:962–7.
OpenUrlAbstract/FREE Full Text


	↵	Wierzbicki  A, 
	Cheung  HS

. Molecular modeling of inhibition of crystals of calcium pyrophosphate dihydrate by phosphocitrate. J Mol Struct (Theochem) 1998;454:287–97.
OpenUrlCrossRef


	↵	Salaffi  F, 
	De Angelis  R, 
	Grassi  W

. Prevalence of musculoskeletal conditions in an Italian population sample: results of a regional community-based study. I. The MAPPING study. Clin Exp Rheumatol 2005;23:819–28.
OpenUrlPubMedWeb of Science






View Abstract
  


  
  



  
      
  
  
    Footnotes
	

Funding Financial support was received from the European League Against Rheumatism.


	

Competing interests None.

	

Provenance and peer review Not commissioned; externally peer reviewed.






  


  
  



  
        Linked Articles

    
  
  
    	RecommendationsEuropean League Against Rheumatism recommendations for calcium pyrophosphate deposition. Part I: terminology and diagnosis

W Zhang
M Doherty
T Bardin
V Barskova
P-A Guerne
T L Jansen
B F Leeb
F Perez-Ruiz
J Pimentao
L Punzi
P Richette
F Sivera
T Uhlig
I Watt
E Pascual


Annals of the Rheumatic Diseases 2011; 70 563-570   Published Online First:  07 Jan 2011. doi: 10.1136/ard.2010.139105 







  


  
  



  





  


  
  



  
        Read the full text or download the PDF:

    
  
  
    
  
    
  
    
    
      
        
  
      
  
  
      


  
  



      

    


    
      
        
  
      
  
  
    Subscribe  


  
  



      

    

    
    
      
        
  
      
  
  
    Log in   


  
  



  
      
  
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



      

      
    

    
    
      
        
  
      
  
  
      


  
  



      

    

  
  
   
    
    
    
      
        
  
      
  
  
    
  
      
  
     
          

          

          

          

          




  


  
  



      

    

  
  
   
  


  



  

          

        


        
        
      

    

   

 


    
    
      
          
    

    
  
    
  
    
  
      
  
  
    	
	

  


  
  



  



  



  

      

    

  
    
    
      
          
    

    
  
    
  	Content	Latest content
	Current issue
	Lay summaries
	Archive
	Browse by collection
	Most read articles
	Top cited articles
	Responses


	Journal	About
	Editorial board
	Sign up for email alerts
	Subscribe
	EULAR textbooks
	Thank you to our reviewers


	Authors	Instructions for authors
	Submit an article
	Editorial policies
	Open Access at BMJ
	BMJ Author Hub


	Help	Contact us
	Reprints
	Permissions
	Advertising
	Feedback form





  



  

      
            
        
            
    

    
  
    
  
    
  
      
  
  
    	 RSS
	 Twitter
	 Facebook
	 SoundCloud
	 YouTube

  


  
  



  



  



  

        
      

          

  
      
    
      
    

    
      
        	Website Terms & Conditions
	Privacy & Cookies
	Contact BMJ


        
        Cookie Settings
        
        Online ISSN: 1468-2060Print ISSN: 0003-4967

        © European Alliance of Associations for Rheumatology, EULAR 2023. Published by BMJ. All rights reserved.

      

    

  
      
    
        
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

    

  

  
  


