
Crystal arthritis is one of the most commonly 
encountered musculoskeletal presentations in primary 
care. Most of these presentations are related to gout 
or calcium pyrophosphate deposition disease (CPPD), 
with patients treated for acute and chronic arthritis. 
Anti-inflammatory therapies are available for the 
management of acute gout flares and CPPD, and 
urate-lowering therapy for long-term gout management.  

C rystal arthritis is one of the most commonly encountered 
musculoskeletal presentations in primary care. It usually 
presents as an acute monoarthritis caused by the 
deposition of monosodium urate (MSU) monohydrate 

(gout) or calcium pyrophosphate (CPP) dihydrate crystals (acute 
CPP crystal arthritis, previously referred to as ‘pseudogout’) in 
articular and nonarticular structures. Basic calcium phosphate 
(hydroxyapatite) crystals have also been implicated in conditions 
including osteoarthritis, Milwaukee shoulder syndrome, calcific 
periarthritis and tendonitis. In this article, we review the clinical, 
diagnostic and management aspects of gout and calcium pyro­
phosphate deposition disease (CPPD). 
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KEY POINTS
•	Crystal arthritis, the deposition of crystals in the joints  

and soft tissues, typically present as gout and, less 
commonly, calcium pyrophosphate deposition disease 
(CPPD).

•	CPPD has multiple phenotypes, including acute CPP 
crystal arthritis (formerly known as pseudogout), chronic 
CPP crystal inflammatory arthritis, osteoarthritis with CPPD 
and asymptomatic chondrocalcinosis.

•	Demonstration of crystals in synovial fluid on polarising 
light microscopy is the gold standard for diagnosis but 
clinical features and imaging can assist.

•	Although pharmacotherapies are available to manage 
crystal arthritis, treatment remains suboptimal in 
Australia. 

•	Patient education and urate-lowering therapy (ULT) 
following a treat-to-target serum urate approach are 
essential in the management of gout. Flare prophylaxis is 
recommended in patients commencing ULT.

•	There are no disease modifying therapies for CPPD and 
anti-inflammatories are the current mainstays of 
treatment.
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Crystal arthritis
  continued 

Gout
Epidemiology of gout
In Australia, the community prevalence 
of gout in adults ranges between 2 and 
7%.1-4 The prevalence increases with age, 
is higher in men than in women and varies 
geographically and between ethnicities, 
with Māori and Pacific Islander people of 
New Zealand having the highest preva­
lence of gout globally.2,5,6 People of Māori 
and Pacific Islander background living 
in Australia are disproportionately 
affected by gout and have  higher rates of 
hospitalisation and emergency depart­
ment presentations.7 In addition to pain 
and disability, qualitative studies have 
shown the substantial social impacts of 
gout on patients and their families.8,9 In 
2019-20, gout-related health expenditure 
in Australia was almost $234 million, with 
hospital-related services accounting for 
55% of the total cost.10 Gout is also asso­
ciated with other medical conditions, 
including hypertension, dyslipidaemia, 

cardiovascular disease (CVD), diabetes, 
chronic kidney disease and obesity.11 

Despite effective treatments for gout 
being readily available, the condition con­
tinues to be undertreated. Australian 
studies have found that only 50% of people 
with gout were prescribed urate-lowering 
therapy (ULT) and adherence to therapy 
was suboptimal.3,4 Because of the profound 
disability, social impact and costs related 
to gout management, effective treatment 
at the primary care level remains the 
cornerstone of managing this condition.

Clinical presentation of gout
Gout presents as an intensely painful acute 
inflammatory arthritis (gout flare), usu­
ally involving a lower limb joint. The 
involvement of the first metatarsophalan­
geal joint (podagra) is most characteristic 
but there also can be involvement of the 
foot, ankle and knee as well as elbows, 
wrists, hands and periarticular structures 
(bursae, tendons, entheses). Upper limb 

involvement usually occurs in patients 
with longstanding and poorly controlled 
disease. Gout flares typically present as a 
monoarthritis; however, oligoarticular 
and polyarticular flares can occur in 
patients with poorly controlled disease 
which may also be accompanied by sys­
temic symptoms such as fever.

The pain associated with gout can be 
described as stabbing, gnawing, burning 
or throbbing and reaches peak intensity in 
a short period of time (typically less than 
12 hours from symptom onset). This is 
accompanied by clinical features of inflam­
mation, including variable swelling, 
warmth and erythema at the affected site. 
The intensity of the pain can be severe, with 
marked limitation in function, difficulty 
walking and fear of even minimal contact. 
Without treatment, the flare typically 
settles within one to two weeks, followed 
by a pain-free asymptomatic period until 
another gout flare occurs. Most patients 
have recurrent flares that can lead to the 
development of tophi, chronic gouty arthri­
tis and structural joint damage; however, 
some patients may have a single gout flare 
without any further symptoms. Tophi 
present as subcutaneous nodules under 
the skin, typically occurring at the joints 
(Figure 1a), ears, olecranon bursae, finger 
pads, tendons (e.g. Achilles), often with 
overlying vascularity, and can vary in size 
and may discharge ‘chalk-like’ material. 
Joint deformity and damage are common 
in patients with tophaceous gout and, in 
the event of ulceration, can be complicated 
by superimposed infection. 

Risk factors for gout
The most important risk factor for gout 
is hyperuricaemia, with a concentration-
dependent relationship between serum 
urate levels and the risk of developing 
gout.12 Factors that contribute to hyper­
uricaemia include metabolic syndrome, 
medication use (particularly diuretics and 
ciclosporin) and chronic kidney disease.13 
Diet appears to have little effect on serum 
urate levels.14 However, high dietary 
intake of purine-rich foods, such as 

Figures 1a to c. Clinical presentation and investigations for an 89-year-old woman with moderate 
chronic kidney disease who presented with acute left middle finger pain. Examination revealed 
tender swelling of the left middle proximal interphalangeal joint with nontender swelling of the right 
ring and index proximal interphalangeal joints suggestive of tophi (a, top left). Dual-energy CT shows 
monosodium urate deposits (green) involving the left middle proximal interphalangeal and left index 
metacarpophalangeal joints consistent with gout (b, right). X-ray shows soft tissue swelling around the 
left middle and right index and ring proximal interphalangeal joints without erosions (c, bottom left). 
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seafood, red meat, alcohol (beer and spir­
its) and sugar-sweetened beverages (high 
in fructose corn syrup) are known to 
increase the risk of gout flares.15-17 Urate 
metabolism and excretion also differ 
between ethnicities, which may account 
for the high incidence of gout in people 
of Māori and Pacific Islander back­
ground.18 Evidence on the risk of gout in 
Aboriginal and Torres Strait Islander 
people is conflicting, with recent cohort 
studies challenging earlier data that sug­
gested a lower risk compared with the 
non-Indigenous population.19-21 

Pathophysiology of gout
The development of gout starts with 
hyperuricaemia, which is predominantly 
caused by a renal underexcretion of uric 
acid rather than overproduction. However, 
it is important to recognise not all patients 
with hyperuricaemia develop gout. In 
people with severe hyperuricaemia (serum 
urate level ≥0.60 mmol/L), less than half 
developed gout over the next 15 years.22 
The formation of MSU crystals occurs in 
some patients with hyperuricaemia and 
appears to be dependent on serum urate 
concentration or local joint factors, such 
as temperature, pH and concentration of 
sodium ions.23 Gout flares occur when 
MSU crystals activate the NLRP3 inflam­
masome, triggering a cascade of other 
proinflammatory cytokines and chemo­
kines. Advanced gout is characterised by 
chronic synovitis, joint damage and tophi, 
which represents a chronic, granuloma­
tous response to MSU crystals.24 

Diagnosis of gout
Although a diagnosis can be made on 
clinical and radiographic findings, polar­
ised light microscopy remains the gold 
standard for diagnosing gout.13 MSU crys­
tals in synovial fluid from a symptomatic 
joint or tophi appear as needle-shaped 
and are negatively birefringent under 
polarising light microscopy. The detection 
of MSU crystals can exclude the presence 
of infection (e.g. septic arthritis, cellulitis, 
septic bursitis, osteomyelitis), which is the 

most important differential diagnosis 
for gout. 

Blood tests
In the presence of typical symptoms and 
signs (e.g. podagra), gout can be diagnosed 
with a high level of confidence without the 
need for joint aspiration.25 Importantly, 
serum urate concentration is often normal 
during an acute gout flare and the level 
should be rechecked two to four weeks 
after resolution of the flare.26 Furthermore, 
hyperuricaemia alone is not sufficient to 
make a diagnosis of gout. 

Imaging
If there is diagnostic uncertainty and when 
joint aspiration is unavailable or unfeasible, 
imaging, including ultrasonography 
and dual-energy CT (DECT) where avail­
able (Figure 1b), may aid the diagnosis. 
Conventional radiography (x-rays) may be 
used to determine structural damage in 
patients with advanced gout (Figure 1c). 
Findings of gout on ultrasound include 
a double contour sign (reflecting MSU 
crystal deposition on the surface of hyaline 
articular cartilage), tophi and aggre­
gates.27-29 Of note, the absence of MSU 
deposits on ultrasound or DECT does not 
exclude a diagnosis of gout, particularly in 
the early stages of disease. 

Management of gout
All patients diagnosed with gout should 
receive education about the condition. 
Modifiable risk factors for hyperuricaemia 
(e.g. metabolic syndrome) should be 
addressed and screening performed for 
associated comorbidities, including hyper­
tension, dyslipidaemia, CVD, diabetes and 
chronic kidney disease. Less emphasis 
should be placed on dietary modification 
and weight loss, as these have only been 
shown to have a modest effect on reducing 
serum urate levels, and most people with 
gout will not achieve their target serum 
urate level with dietary modification 
alone.30 

Pharmacological treatment can be 
divided into acute gout flare management 

and long-term gout management (i.e. 
ULT; Table 1). Lack of patient adherence 
to ULT remains the greatest barrier to 
effective treatment. 

Anti-inflammatory therapy for acute 
gout flare management
Early administration of anti-inflammatory 
therapy is recommended to reduce joint 
pain and inflammation. The choice of 
anti-inflammatory medication should 
consider the time since onset of the gout 
flare, the number and size of joints affected, 
patient comorbidities and previous patient 
experiences with anti-inflammatory 
medications.  Options include oral colchi­
cine, NSAIDs or corticosteroids (oral, 
intra-articular or intramuscular; Table 1). 
Importantly, during a gout flare, patients 
should not discontinue ULT if they are 
taking it, and health professionals should 
discuss the benefits of ULT in managing 
the underlying cause of disease and pre­
venting future flares and joint damage 
with the patient. Nonpharmacological 
therapies include the use of ice packs, tak­
ing rest and maintaining adequate 
hydration.31 

Urate-lowering therapy for chronic  
gout management 
The long-term management of gout 
involves continuous ULT prescribed at a 
dose that achieves MSU crystal dissolu­
tion. Management should follow a 
treat-to-target approach, and for most 
people with gout the recommended target 
serum urate level should be less than 
0.36 mmol/L. This target may be even 
lower (<0.30 mmol/L) in people with 
severe gout (tophi, frequent flares, chronic 
gouty arthritis). ULT is not indicated for 
people with asymptomatic hyperuricae­
mia.32,33 Patients initiating ULT often 
experience gout flares, therefore, flare 
prophylaxis should be considered in all 
patients commencing ULT. 

When to initiate urate-lowering therapy
ULT is strongly recommended for patients 
with gout who have frequent flares 
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(defined as two or more flares per year), 
tophi or radiographic evidence of joint 
damage. ULT is not required for patients 
who have had their first gout flare, but 
should be considered if these patients have 
marked hyperuricaemia (serum urate level 
≥0.54 mmol/L), uric acid nephrolithiasis 
or chronic kidney disease (stage 3 or 

greater).33 Allopurinol can be initiated 
during a gout flare, provided concurrent 
anti-inflammatory prophylaxis has also 
been commenced. This approach may 
improve adherence to ULT.34,35 Once ULT 
has been commenced, it should be con­
tinued lifelong. The cessation of ULT can 
also precipitate a gout flare. 

Urate-lowering therapy options
Allopurinol, a purine-based xanthine 
oxidase inhibitor, is the preferred first-line 
option for ULT. It is generally well toler­
ated but common side effects include 
gastrointestinal upset (nausea, vomiting, 
diarrhoea) and rash.13 Rarely, it can cause 
severe cutaneous reactions that are 

TABLE 1. PHARMACOLOGICAL MANAGEMENT OF GOUT

Medication Suggested approach Contraindications and clinical pearls

Acute gout flare – anti-inflammatory therapy

Colchicine •	 500 mcg twice daily
•	 Do not exceed 1.5 mg in 24 hours
•	 Consider dose reduction to 250 to 500 mcg daily in 

patients who develop diarrhoea

•	 Contraindicated with concurrent use of strong 
P-glycoprotein and/or CYP3A4 inhibitors (e.g. 
ciclosporin, clarithromycin) and in patients with 
moderate to severe renal impairment

NSAIDs •	 Use a short-acting NSAID such as indomethacin, 
ibuprofen, diclofenac, celecoxib and naproxen

•	 Contraindicated in patients with peptic ulcer disease, 
renal impairment, pregnancy, uncontrolled hypertension
or congestive heart failure

Corticosteroids •	 Consider intra-articular injection if a single joint is 
involved

•	 Reserve oral corticosteroids for patients with a severe 
flare or those intolerant to NSAIDs or colchicine

•	 Prednisolone 15 to 20 mg daily is generally sufficient; 
consider higher doses in more severe cases

•	 Contraindicated in patients with poorly controlled 
diabetes, active or uncontrolled infection, peptic ulcer 
disease, uncontrolled heart failure or uncontrolled 
hypertension

•	 Use with caution in people with a history of psychosis

Chronic gout – urate-lowering therapy

Allopurinol
(first line)

•	 Start at 100 mg daily or 50 mg daily in patients with 
moderate CKD (stage 3 or more)

•	 Then increase the daily dose by 50 to 100 mg every 
4 weeks until the target serum urate level is achieved

•	 Maximum dose is 900 mg daily 

•	 Contraindicated in patients who are HLA-B*5801 
positive, have prior allergic reaction or intolerance to 
allopurinol, and with concurrent administration of 
azathioprine/mercaptopurine

•	 Most side effects occur in the first three months
•	 If a skin rash develops, allopurinol must be stopped 

immediately and the patient reviewed for possible 
allopurinol hypersensitivity syndrome

Febuxostat
(second line)

• Start at 40 mg daily 
• Then increase dose by 40 mg every 4 weeks until the 

target serum urate level is achieved
• Maximum dose is 80 mg daily

•	 Use with caution in patients with a history of 
cardiovascular disease, peripheral vascular disease or
diabetes mellitus with evidence of microvascular and 
macrovascular complications

•	 Contraindicated with concurrent administration of 
azathioprine/mercaptopurine

Probenecid •	 Start at 250 mg twice daily for 4 weeks
•	 Then increase dose to 500 mg twice daily 
•	 Then increase the daily dose by 500 mg every 4 weeks 

until the target serum urate level is achieved 
•	 Maximum dose is 2 g daily

•	 Contraindicated in patients with moderate renal
impairment (eGFR <30 mL/min/1.73m2) or
nephrolithiasis

Gout flare prophylaxis

Colchicine •	 Colchicine 500 mcg daily for 3 to 6 months if renal 
function normal

•	 Where possible, avoid NSAIDs and oral corticosteroids

•	 Contraindicated in patients with moderate renal
impairment (eGFR <30 mL/min/1.73 m2), nephrolithiasis 

•	 Monitor renal function, full blood count and creatinine 
kinase level every 3 months

Abbreviations: CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HLA = human leucocyte antigen.
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strongly associated with the HLA-B*5801 
allele, which is often seen in Southeast 
Asian (Han Chinese, Korean, Thai) and 
African American populations.36 Where 
available, genetic testing is recommended 
for at-risk individuals and, if the HLA-
B*5801 allele is present, allopurinol is 
contraindicated.33 Allopurinol should be 
started at a low dose and gradually 
increased until the target serum urate is 
achieved:32,33

• for patients with normal renal
function – initially 100 mg daily and
increased by 100 mg increments
every month

• for patients with an estimated
glomerular filtration rate (eGFR)
below 60 mL/min/1.73m2 – initially
50 mg daily and increased by 50 mg
increments every month.
The average allopurinol dose required 

to reach serum urate concentrations below 
0.36  mmol/L is about 400 mg daily and 
the maximum dose approved in Australia 
is 900 mg daily.37 Allopurinol is PBS listed 
for chronic gout. 

Febuxostat, a nonpurine xanthine 
 oxidase inhibitor, is the second­line option 
for ULT in people with gout who are 
 unable to tolerate allopurinol.33 The initial 
dose of febuxostat is 40 mg daily, gradually 
increased by 40 mg increments every 
month until the target serum urate is 
achieved. The maximum dose approved 
in Australia is 80 mg daily. Febuxostat is 
PBS listed for chronic gout in patient with 
medical contraindication, documented 
hypersensitivity or intolerance to allopu­
rinol. Recently, two large randomised 
controlled trials, CARES (Cardiovascular 
Safety of Febuxostat and Allopurinol in 
Patients with Gout and Cardiovascular 
Morbidities) and FAST (Febuxostat versus 
Allopurinol Streamlined Trial), examined 
the relationship between xanthine oxidase 
inhibitors and  CVD.37,38 The CARES 
study found  febuxostat was associated 
with a higher risk of all­cause and cardio­
vascular mortality compared with 
 allopurinol in  people with established 
CVD. This led to the recommendation 

that febuxostat should be avoided in 
patients with prior CVD. However, the 
CARES trial was criticised for its study 
design and high drop-out rate, with only 
45% of patients completing all trial visits. 
In contrast, the FAST study found no dif­
ference in CVD outcomes between allop­
urinol and febuxostat. However, only 33% 
of the participants in the FAST study had 
a prior history of CVD and the study 
excluded patients with a CVD event within 
the past six months. Although the results 
from FAST were reassuring, the use of 
febuxostat in patients with prior CVD 
should be considered on an individual 
basis. 

Probenecid, a uricosuric medication, 
is prescribed for patients who are intol­
erant or nonresponsive to allopurinol and 
can be used as monotherapy or in combi­
nation with a xanthine oxidase inhibitor. 
However, probenecid is contraindicated 
in people with a history of nephrolithiasis 
and it has reduced efficacy in those with 
renal impairment.32 In patients who are 
nonresponsive to xanthine oxidase inhib­
itors, referral to a rheumatologist is recom­
mended for consideration of uricosuric 
medications. 

Flare prophylaxis and urate-lowering 
therapy
Patients with gout should be prescribed 
concomitant flare prophylaxis at ULT 
initiation and until the target serum urate 
level is achieved.32,33 This is usually for a 
duration of three to six months, but may 
be longer in patients with frequent flares 
or advanced gout. Colchicine is the pre­
ferred prophylactic as it has a better safety 
profile compared with NSAIDs or corti­
costeroids. However, NSAIDs or cortico­
steroids (e.g. naproxen 500 mg daily or 
prednisone 5 mg daily) may be appropriate 
for patients who are intolerant to colchi­
cine, but careful monitoring is required 
with consideration of relevant patient 
comorbidities. Every patient with gout 
should have an action plan for future  
gout flares that allows them to initiate 
treatment as soon as possible.

Adjuncts to urate-lowering therapy and 
new therapies
Medications, including fenofibrate, losar­
tan and sodium-glucose cotransporter-2 
inhibitors, have been shown to have a mod­
est urate lowering effect.39-41 New anti- 
inflammatory therapies include the inter­
leukin-1 beta inhibitors anakinra and 
canakinumab. Anakinra is approved by 
the TGA and is indicated for use in mod­
erate to severe cryopyrin associated peri­
odic syndromes (CAPS); canakinumab 
was recently approved by the US Food and 
Drug Administration but is not approved 
by the TGA. Both are used off-label for 
severe gout, although their use is limited 
by cost and availability. Pegloticase, a 
pegylated recombinant uricase adminis­
tered as a fortnightly intravenous infusion, 
shows promise as an option for patients 
with refractory gout; however, it is not 
approved for use in Australia.42 

Future directions for gout 
management
Despite highly effective therapy, gout remains 
undertreated. An Australian study found 
only 22% of patients achieved a serum urate 
concentration below 0.36 mmol/L over a five 
year period.4 Nurse- and pharmacist-led 
gout management programs with protocol­
ised ULT have been shown to be more 
effective than traditional doctor-led models 
of care and highlight the importance of 
education and the provision of time to allow 
exploration of patient concerns and barriers 
to treatment.43,44 Telehealth appointments 
and gout-specific phone apps may also 
improve self-management.45 

Calcium pyrophosphate 
deposition disease
An overview of CPPD
CPPD has an estimated prevalence of 
between 5 and 7% according to radio­
graphic studies from the UK and US.46,47 
However, the prevalence of CPPD in the 
Australian population is unknown. 

The term ‘pseudogout’ was adopted 
following initial descriptions of CPP 
crystals found in synovial fluid of people 
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with episodes of acute monoarthritis 
typical of gout but with normal serum 
urate levels.48 However, further studies 
demonstrated the presence of CPP crystals 
in other musculoskeletal conditions, with 
the subsequent description of ‘pseudo-
osteoarthritis’ and ‘pseudo-rheumatoid 
arthritis’ in the literature.49 To reduce 
confusion and improve consistency of 
descriptive terms for this disease, CPPD 
is now used as an umbrella term which 
includes acute CPP crystal arthritis 
(formerly known as pseudogout), chronic 
CPP crystal inflammatory arthritis, 
osteoarthritis with CPPD and asympto­
matic chondrocalcinosis.50 There can 
be  considerable overlap across these 
phenotypes.

Clinical presentations of CPPD
Acute CPP crystal arthritis 
The most commonly recognised presenta­
tion of CPPD is acute CPP crystal arthritis, 
which typically presents as a monoarticu­
lar or oligoarticular arthritis. This usually 
manifests with pain, stiffness, erythema 
and swelling developing over a few hours, 
and can be indistinguishable from gout 
or septic arthritis. Systemic symptoms, 
including headache, neck pain and fever 
(estimated to affect 50% of people with 
CPPD), can also occur.51 

In contrast to acute flares of gout, which 
typically resolve within several days to one 
week, acute CPP crystal arthritis may per­
sist for weeks, is usually less painful and 
slower to reach peak intensity. Most epi­
sodes are self-limiting and resolve within 
one to three weeks. The most commonly 
involved joint is the knee, followed by the 
wrist but may also involve the ankle, 
elbow, toe, shoulder and hip. Rarely, CPP 
crystals can deposit in the spine, symph­
ysis pubis, the temporomandibular joint, 
tendons and bursae.52 CPPD in the cervi­
cal spine can also cause crowned dens 
syndrome, a rare cause of acute neck 
pain.53 Most episodes of acute CPP crystal 
arthritis develop spontaneously but can 
be precipitated by trauma or intercurrent 
illness. 

Osteoarthritis with CPPD and 
asymptomatic chondrocalcinosis
CPPD is often seen in the context of 
osteoarthritis as the prevalence of both 
conditions increases with age. However, 
relative to patients with osteoarthritis 
alone, those with osteoarthritis and CPPD 
tend to have more intense pain, joint ten­
derness and systemic symptoms, including 
fever. Additionally, osteoarthritis with 
CPPD has a different distribution of 
affected joints, including isolated involve­
ment of the wrist, elbow, shoulder or ankle, 
which is not seen in osteoarthritis alone.54 
Asymptomatic chondrocalcinosis occurs 
in patients with radiographic evidence of 
CPPD on incident x-rays but with no 
apparent clinical symptoms.

Chronic CPP crystal inflammatory 
arthritis
This form of CPPD has several clinical 
phenotypes, with polyarticular involve­
ment resembling osteoarthritis and, rarely, 
rheumatoid arthritis. The osteoarthritis 
phenotype is characterised by flares of 
inflammatory symptoms and signs but can 
affect joints less commonly involved in 
typical osteoarthritis, including the gleno­
humeral, wrist and metacarpophalangeal 
joints.55 The rheumatoid arthritis pheno­
type usually involves large and small joints; 
however, unlike typical rheumatoid arthri­
tis, is usually less symmetrical. Chronic 
CPP crystal inflammatory arthritis is more 
frequently seen in younger patients (age 
<50 years) with a familial predisposition 
to CPPD.55  

Risk factors for CPPD
Risk factors for CPPD include increasing 
age, previous joint injury or surgery, a his­
tory of gout, a family history of CPPD and 
endocrine and metabolic conditions. The 
risk of CPPD increases with age, and 
beyond the age of 60 years, the likelihood 
of developing CPPD doubles with every 
decade.56 CPPD may be more common in 
women, with a recent study finding women 
were twice as likely to have acute CPP 
crystal arthritis.57 People under 50 years 

of age diagnosed with CPPD should be 
screened for conditions including haemo­
chromatosis, hyperparathyroidism, hypo­
magnesaemia and hypophosphatasia, and 
a detailed family history taken to establish 
a potential familial predisposition to this 
disease.58-60 There are no known dietary 
associations with CPPD.55

Pathophysiology of CPPD
The pathways by which deposition of CPP 
crystals cause joint inflammation and dam­
age are not fully understood. Chondrocytes 
produce high levels of extracellular inor­
ganic pyrophosphate, which is crucial to 
the formation of CPP crystals and may 
explain why CPP crystals are rarely found 
in noncartilaginous tissues.61 In cartilagi­
nous tissues, ANKH membrane proteins 
regulate inorganic pyrophosphate produc­
tion from extracellular adenosine triphos­
phate.62 Mutations in the ANKH membrane 
protein gene have been implicated in famil­
ial CPPD.52 Inorganic pyrophosphate binds 
to calcium to form CPP crystals in the 
cartilage and synovium of joints. CPP crys­
tals activate the NLRP3 inflammasome 
(similar to gout) and generate destructive 
matrix metalloproteinases and altered 
cartilage mechanics, which initiates 
inflammation and joint damage.63,64

Diagnosis of CPPD
CPPD can be difficult to diagnose on his­
tory and clinical examination alone 
because it presents similarly to gout, septic 
arthritis and other forms of inflammatory 
arthritis. It is important to establish the 
number and site of the affected joints, the 
characteristics of the symptoms, any pre­
cipitating factors, relevant comorbidities 
and family history. When possible, a joint 
aspirate should be obtained and sent for 
microscopy, culture and crystal analysis. 
This is particularly important in an acute 
monoarthritis to exclude septic arthritis, 
although CPPD can occur concurrently 
with infection. The gold standard for 
definitive diagnosis of CPPD is the iden­
tification of positively birefringent, rhom­
boid or rod-shaped crystals on polarised 
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light microscopy.55 MSU crystals may also 
be present, and the patient may require 
treatment for both gout and CPPD. 

Blood tests
Patients with CPPD may show leuko­
cytosis on a full blood count and their 
C-reactive protein levels may be elevated. 
Renal function should be assessed to 
determine whether NSAIDs are contrain­
dicated. Serum urate levels can be elevated 
in 20% of patients with CPPD and, 
although a normal result may reduce the 
likelihood of gout, testing should be 
repeated when the patient is asympto­
matic. In younger patients (aged <55 years) 
with suspected CPPD, parathyroid hor­
mone, calcium, phosphate, magnesium 
and iron levels should be assessed to screen 
for metabolic conditions.    

Imaging
In cases where obtaining synovial fluid is 
challenging, plain radiography, ultrasonog­
raphy and DECT may be helpful to identify 
CPPD. The characteristic finding on radi­
ography is chondrocalcinosis, which 
appears as punctate or linear opacities in 
the fibrocartilage or hyaline articular car­
tilage regions. (Figure 2).65 If radiology is 
performed, x-rays should include the wrists 
and the pelvis (anteroposterior view) in 
addition to the knees, as x-rays of knees 
alone may miss CPPD. The absence of 
chondrocalcinosis on x-ray does not 
exclude CPPD.50

Ultrasound and CT imaging can be 
useful in patients with atypical symptoms 
or rare presentations. Ultrasound has been 
shown to be more sensitive but less specific 
for identifying CPP crystals and can also 
be used to guide joint aspiration.66 CT 
can be used to diagnose CPPD deposition 
in the spine and neck (crowned den syn­
drome). DECT is able to distinguish 
between CPP and MSU crystals but may 
not be readily accessible.67 

Management of CPPD
In contrast to gout, there are currently no 
effective disease-modifying therapies that 

reduce or remove CPP crystals in joints. 
Furthermore, treatment is not indicated for 
patients who have asymptomatic chondro­
calcinosis. In patients with CPPD secondary 
to an underlying metabolic condition (e.g. 
haemochromatosis, primary hyperparathy­
roidism), treatment should focus on cor­
recting the underlying condition. The 
management of CPPD can be divided into 
treatment of acute CPP crystal arthritis and 
chronic CPP crystal inflammatory arthritis. 
In patients with osteoarthritis with CPPD, 
management should follow clinical guide­
lines for osteoarthritis.68

Acute CPP crystal arthritis
Nonpharmacological management 
includes use of ice packs and taking rest. 
Joint aspiration may temporarily reduce 
pain due to reduction in the fluid volume 
within the joint. Pharmacological man­
agement can be localised or systemic. 
Localised therapy in the form of an 
intra-articular corticosteroid injection 
can be effective in reducing symptoms in 
those with a single joint affected. 

Systemic therapy includes oral NSAIDs, 
colchicine or oral corticosteroids, the 
choice of which will take into consideration 
patient age, renal function, comorbidities 
and the risk of adverse effects (Table 2). 
Recently, the first randomised controlled 

trial comparing colchicine with oral pred­
nisone for the management of acute CPP 
showed that both had equivalent short-
term efficacy and safety profiles.69 The 
duration of treatment of systemic therapies 
usually depends on symptom relief and 
adverse effects. Concomitant proton pump 
inhibitor therapy should be considered for 
patients prescribed NSAIDs for gastric 
protection. Where it is deemed appropriate 
and safe, low dose colchicine may be 
effective in reducing the frequency of 
episodes in patients with recurrent acute 
CPP crystal arthritis.70

Chronic CPP crystal inflammatory 
arthritis
Because of the lack of disease-modifying 
therapies and limited clinical trials on 
targeted treatments for chronic CPP crystal 
inflammatory arthritis, management is 
primarily directed towards reducing 
inflammation. Individual patient factors 
need to be considered before the long-term 
prescription of NSAIDs, low dose colchi­
cine (0.5 to 1 mg daily) or low dose oral 
corticosteroids. Long-term use of these 
medications requires ongoing patient 
monitoring for adverse effects and drug 
toxicity. Patients taking regular colchicine 
should undergo routine monitoring of 
renal function, a full blood count (for 

Figure 2. X-ray of an 81-year-old woman who presented with acute right knee pain and swelling 
showing bilateral knee chondrocalcinosis and a moderate right knee effusion. Aspiration of the right 
knee confirmed the presence of calcium pyrophosphate crystals under polarised light microscopy.
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leucopenia and thrombocytopenia) and 
creatine kinase levels (colchicine-induced 
myotoxicity). There is some evidence for 
the use of the immunomodulator metho­
trexate in patients with chronic CPP crystal 
inflammatory arthritis that is refractory to 
NSAIDs; however, a rheumatologist review 
is recommended before considering these 
options.71 

Progressive joint damage can result 
from both chronic CPP crystal inflamma­
tory arthritis and recurrent acute CPP 
crystal arthritis, and can occur in combi­
nation with osteoarthritis. Therefore, where 
appropriate, patients should be considered 

for joint replacement surgery, taking the 
same approach as for patients with osteo­
arthritis alone. Similar to gout, two recent 
studies have shown a significant association 
between CPPD and CVD, with research 
on this relationship ongoing.72,73 

Future directions for CPPD research
To facilitate future research across this  
heterogeneous disease, the American Col­
lege of Rheumatology and European 
Alliance of Associations for Rheumatology 
have developed the first validated classifi­
cation criteria for symptomatic CPPD.74 In 
addition, the Outcome Measures in 

Rheumatology (OMERACT) group have 
developed CPPD Core Domain Sets to help 
define the important outcomes to be meas­
ured in future clinical trials.75 There is 
considerable interest in therapies that may 
lead to CPP crystal dissolution, with his­
tone deacetylase inhibitors recently shown 
to downregulate CPP crystal formation in 
human articular chondrocytes.76  

Conclusion 
Gout and CPPD are the most common 
forms of crystal arthritis encountered in 
primary care. Confirmation of MSU or 
CPP crystals in synovial fluid using polar­
ising light microscopy remains the gold 
standard for diagnosis but clinical history 
and imaging may be of assistance. Man­
agement of gout includes treatment of the 
acute flare and ULT. Anti-inflammatory 
therapies are the mainstay of treatment for 
CPPD as, currently, there are no disease 
modifying therapies available.�   MT
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TABLE 2. PHARMACOLOGICAL MANAGEMENT OF CALCIUM PYROPHOSPHATE 
DEPOSITION DISEASE (CPPD)

Medication Suggested approach Contraindications and clinical pearls 

Acute CPP crystal arthritis 

Colchicine •	 500 mcg twice daily
•	 Do not exceed 1.5 mg in 24 hours 
•	 Consider dose reduction to 

250 to 500 mcg daily in patients 
who develop diarrhoea

•	 Contraindicated with concurrent use 
of strong P-glycoprotein and/or 
CYP3A4 inhibitors (e.g. ciclosporin, 
clarithromycin) and in patients with 
moderate to severe renal impairment

NSAIDs •	 Use a short-acting NSAID such 
as indomethacin, ibuprofen, 
diclofenac, celecoxib and 
naproxen

•	 Contraindicated in patients with
peptic ulcer disease, renal 
impairment, pregnancy, 
uncontrolled hypertension, 
congestive heart failure

Corticosteroids •	 Consider intra-articular injection 
if a single joint involved

•	 Reserve oral corticosteroids 
for patients with a severe flare 
or those intolerant to NSAIDs or
colchicine

•	 Prednisolone 15 to 20 mg daily
is sufficient; consider higher
doses in more severe cases 

•	 Contraindicated in patients with
poorly controlled diabetes, active
or uncontrolled infection, peptic 
ulcer disease, uncontrolled heart 
failure, uncontrolled hypertension

•	 Use with caution in people with a 
history of psychosis

Chronic CPP crystal inflammatory arthritis

Colchicine •	 Colchicine 500 mcg daily if renal 
function normal

•	 Contraindications as per acute 
CPP crystal arthritis

•	 Monitor renal function, full blood 
count and creatinine kinase level 
every 3 months

NSAIDs •	 Low-dose NSAIDs in patients 
who are unable to tolerate 
colchicine

•	 Contraindications as per acute 
CPP crystal arthritis

•	 Seek rheumatologist referral

Corticosteroids •	 Low dose prednisolone in 
patients who are unable to 
tolerate colchicine

•	 Contraindications as per acute 
CPP crystal arthritis

•	 Seek rheumatologist referral
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