CALCIUM PYROPHOSPHATE DEPOSITION (CPPD) DISEASE
PATHOGENESIS
The deposition of CPP crystals in articular tissues is most common
in the elderly, occurring in 10–15% of persons age 65–75 years and
30–50% of those >85 years. In most cases, this process is asymptomatic
and the cause of CPPD is uncertain. Because >80% of patients are >60
years and 70% have preexisting joint damage from other conditions, it
is likely that biochemical changes in aging or diseased cartilage favor
crystal nucleation. In patients with CPPD arthritis, there is increased
production of inorganic pyrophosphate and decreased levels of pyrophosphatases in cartilage extracts. Mutations in the ANKH gene, as
described in both familial and sporadic cases, can increase elaboration
and extracellular transport of pyrophosphate. The increase in pyrophosphate production appears to be related to enhanced activity of
ATP pyrophosphohydrolase and 5′-nucleotidase, which catalyze the
reaction of ATP to adenosine and pyrophosphate. This pyrophosphate
could combine with calcium to form CPP crystals in matrix vesicles
or on collagen fibers. There are decreased levels of cartilage glycosaminoglycans that normally inhibit and regulate crystal nucleation.
High activities of transglutaminase enzymes also may contribute to the
deposition of CPP crystals.
Release of CPP crystals into the joint space is followed by the phagocytosis of those crystals by monocyte-macrophages and neutrophils,
which respond by releasing chemotactic and inflammatory substances
and, as with MSU crystals, activating the inflammasome.
A minority of patients with CPPD arthropathy have metabolic
abnormalities or hereditary CPP disease (Table 395-2). These associations suggest that a variety of different metabolic products may
enhance CPP crystal deposition either by directly altering cartilage or
by inhibiting inorganic pyrophosphatases. Included among these conditions are hyperparathyroidism, hemochromatosis, hypophosphatasia, hypomagnesemia, and possibly myxedema. The presence of CPPD
arthritis in individuals <50 years old should lead to consideration of
these metabolic disorders (Table 395-2) and inherited forms of disease, including those identified in a variety of ethnic groups. Genomic
DNA studies performed on different kindreds have shown a possible
location of genetic defects on chromosome 8q or on chromosome 5p
in a region that expresses the gene of the membrane pyrophosphate
channel (ANKH gene). As noted above, mutations described in the
ANKH gene in kindreds with CPPD arthritis can increase extracellular
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Table 395-2 C onditions Associated with Calcium Pyrophosphate
Crystal Deposition Disease
Aging
Disease-associated
Primary hyperparathyroidism
Hemochromatosis
Hypophosphatasia
Hypomagnesemia
Chronic gout
Postmeniscectomy
Gitelman’s syndrome
Epiphyseal dysplasias

pyrophosphate and induce CPP crystal formation. Investigation of
younger patients with CPPD should include inquiry for evidence of
familial aggregation and evaluation of serum calcium, phosphorus,
alkaline phosphatase, magnesium, iron, and transferrin.
CLINICAL MANIFESTATIONS
CPPD arthropathy may be asymptomatic, acute, subacute, or chronic
or may cause acute synovitis superimposed on chronically involved
joints. Acute CPPD arthritis originally was termed pseudogout by
McCarty and co-workers because of its striking similarity to gout.
Other clinical manifestations of CPPD include (1) association with
or enhancement of peculiar forms of osteoarthritis; (2) induction of
severe destructive disease that may radiographically mimic neuropathic arthritis; (3) production of chronic symmetric synovitis that is
clinically similar to rheumatoid arthritis; (4) intervertebral disk and
ligament calcification with restriction of spine mobility, the crowned
dens syndrome, or spinal stenosis (most commonly seen in the
elderly); and (5) rarely periarticular tophus-like nodules.
The knee is the joint most frequently affected in CPPD arthropathy.
Other sites include the wrist, shoulder, ankle, elbow, and hands. The
temporomandibular joint may be involved. Clinical and radiographic
evidence indicates that CPPD deposition is polyarticular in at least twothirds of patients. When the clinical picture resembles that of slowly
progressive osteoarthritis, diagnosis may be difficult. Joint distribution
may provide important clues suggesting CPPD disease. For example,
primary osteoarthritis less often involves metacarpophalangeal, wrist,
elbow, shoulder, or ankle joints. If radiographs or ultrasound reveal
punctate and/or linear radiodense deposits within fibrocartilaginous
joint menisci or articular hyaline cartilage (chondrocalcinosis), the
diagnostic likelihood of CPPD disease is further increased. Definitive
diagnosis requires demonstration of typical rhomboid or rodlike crystals (generally weakly positively birefringent or nonbirefringent with
polarized light) in synovial fluid or articular tissue (Fig. 395-2). In the
absence of joint effusion or indications to obtain a synovial biopsy,
chondrocalcinosis is presumptive of CPPD. One exception is chondrocalcinosis due to CaOx in some patients with chronic renal failure.
Acute attacks of CPPD arthritis may be precipitated by trauma.
Rapid diminution of serum calcium concentration, as may occur in
severe medical illness or after surgery (especially parathyroidectomy),
can also lead to attacks.
In as many as 50% of cases, episodes of CPPD-induced inflammation
are associated with low-grade fever and, on occasion, temperatures as
high as 40°C (104°F). In such cases, synovial fluid analysis with microbial cultures is essential to rule out the possibility of infection. In fact,
infection in a joint with any microcrystalline deposition process can
lead to crystal shedding and subsequent synovitis from both crystals
and microorganisms. The leukocyte count in synovial fluid in acute
CPPD can range from several thousand cells to 100,000 cells/μL, with
the mean being about 24,000 cells/μL and the predominant cell being
the neutrophil. CPP crystals may be seen inside tissue fragments and
fibrin clots and in neutrophils (Fig. 395-2). CPP crystals may coexist
with MSU and apatite in some cases.
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and in Asians expressing HLA-B*5801. The most serious side effects
include life-threatening toxic epidermal necrolysis, systemic vasculitis, bone marrow suppression, granulomatous hepatitis, and
renal failure. Patients with mild cutaneous reactions to allopurinol
can reconsider the use of a uricosuric agent, undergo an attempt
at desensitization to allopurinol, or take febuxostat, a new, chemically unrelated specific xanthine oxidase inhibitor. Febuxostat is
approved in the United States at 40 or 80 mg once a day and does
not require dose adjustment in mild to moderate renal disease.
Pegloticase is a pegylated uricase, now available for patients who
do not tolerate or fail full doses of other treatments. It is given intravenously usually at 8 mg every 2 weeks and can dramatically lower
serum uric acid in up to 50% of such patients. New uricosurics are
also undergoing investigation.
Urate-lowering drugs are generally not initiated during acute
attacks but after the patient is stable and low-dose colchicine has
been initiated to decrease the risk of the flares that often occur
with urate lowering. Colchicine anti-inflammatory prophylaxis in
doses of 0.6 mg one to two times daily should be given along with
the hypouricemic therapy until the patient is normouricemic and
without gouty attacks for 6 months or as long as tophi are present.
Colchicine should not be used in dialysis patients and is given in
lower doses in patients with renal disease or with P glycoprotein or
CYP3A4 inhibitors such as clarithromycin that can increase toxicity
of colchicine.
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