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ALCIUM PYROPHOSPHATE DEPOSITION (CPPD) DISEASE IS ARTHRITIS

caused by calcium pyrophosphate (CPP) crystals (Fig. 1). Until recently,

CPPD disease has been referred to as pseudogout. This term stems from an
early description of this disease in patients with an acute goutlike arthritis whose
synovial-fluid crystals were resistant to digestion by uricase and who thus did not
have gout.! Almost simultaneously, a case series was published of 27 patients in
Hungary who had chronic episodic inflammatory oligoarthritis affecting primar-
ily the knee.? These patients shared a radiographic finding that was characterized
by a “dense narrow band following the contour of the epiphysis” in the articular
cartilage, a finding that was termed chondrocalcinosis articularis (Fig. 2A and 2B).
These two early descriptions foreshadowed the broad range of clinical presenta-
tions that currently constitute CPPD disease.

Nomenclature issues have plagued CPPD disease since its original description.
Various cumbersome terms such as “calcium pyrophosphate dihydrate deposition
disease” achieved common use. In 2011, a group from the European League against
Rheumatism recommended that calcium pyrophosphate crystals be referred to as
CPP crystals, that the term “acute CPP crystal arthritis” refer to the acute inflamma-
tory arthritis that was formerly known as pseudogout, and that the term “chronic
CPP crystal arthritis” be used to denote other types of arthritis associated with CPP
crystals.® The term “chondrocalcinosis” refers to the common radiographic correlate
of CPPD disease and does not imply clinical arthritis. We use the term “CPP deposi-
tion” (CPPD) to refer to the presence of CPP crystals and the term “CPPD disease” to
include all the related clinical presentations.

CLINICAL PRESENTATION

Acute CPP crystal arthritis (or pseudogout) is the most widely recognized form of
CPPD disease. Patients typically present with the acute onset of monoarticular or
oligoarticular arthritis. The vigorous inflammatory response to CPP crystals mani-
fests as warmth, erythema, and swelling in and around the affected joint, and the
clinical picture is often indistinguishable from acute gouty arthritis or septic ar-
thritis. Along with other findings, the distribution of joint involvement may pro-
vide a helpful clue with regard to the presence of acute CPP crystal arthritis. The
knee is the most commonly involved joint, followed by the wrist; acute podagra in
the first metatarsophalangeal joint is rare. Systemic symptoms including fevers,
chills, and constitutional symptoms often occur with acute CPP crystal arthritis. In
contrast to the brief attacks of acute gouty arthritis that typically last for several
days to 1 week, acute attacks of CPPD disease may last for weeks to months.*
Chronic CPP crystal arthritis comprises several clinical phenotypes. Most affected
patients have a polyarticular form of arthritis that resembles osteoarthritis. This
osteoarthritis-like arthritis is usually distinguishable from typical osteoarthritis by
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Figure 1. Calcium Pyrophosphate Deposition (CPPD).

Rhomboid, birefringent calcium pyrophosphate (CPP) crystals are seen under polarizing light microscopy in this
sample of synovial fluid that was obtained from a patient with acute CPP crystal arthritis of the wrist (Panel A). The
hands of an elderly patient with CPPD disease show swelling in the left wrist and the third proximal interphalangeal

joint of the left hand (Panel B).

flares of inflammatory signs and symptoms and
by unusually severe articular damage. The involve-
ment of joints such as the glenohumeral joint,
the wrist, and the metacarpophalangeal joints,
which are not often affected by typical osteoar-
thritis, should lead one to suspect the presence
of CPPD disease (Fig. 1B). A rarer form of poly-
articular CPPD disease resembles rheumatoid ar-
thritis. Patients with this condition have persis-
tent inflammatory arthritis that affects large and
small joints. Flares in this phenotypic variant of
CPPD disease often involve joints sequentially,
and involvement is less symmetric than that seen
with rheumatoid arthritis. McCarty estimated that
the chronic degenerative polyarticular form of
CPPD disease accounts for roughly 50% of the
cases of CPPD disease, whereas acute CPP crys-
tal arthritis represents approximately 25% of the
cases.’

Other less common clinical presentations of
CPPD disease have been described. CPP crystals are
commonly seen in spinal tissues, including inter-
vertebral disks and spinal ligaments.®” The crowned
dens syndrome is caused by the deposition of CPP
crystals around the C2 vertebra and manifests as
acute severe neck pain, fever, and high levels of
inflammatory markers.® This syndrome is often
confused with meningitis or sepsis. CPP crystals
have also been associated with a severely destruc-
tive arthritis that is similar to neurotrophic (Char-
cot’s) arthropathy.” Rarely, tumoral deposits of CPP
crystals occur in soft tissues, where they can cause
considerable tissue damage and may be mistaken
for cancers.”® In an unknown percentage of pa-

tients, chondrocalcinosis is present without clin-
ical arthritis. We believe that this condition rep-
resents a presymptomatic phase of clinical arthritis,
similar to that of hyperuricemia in gout, but the
proof of this will require further study.

PATHOGENESIS

Although the pathogenesis of CPPD disease is
not fully understood, the formation of CPP crys-
tals in the pericellular matrix of cartilage is the
essential first step in the disease process (Fig. 3).
CPP crystals rarely form in noncartilaginous tis-
sues.! Thus, the cells and highly specialized extra-
cellular matrix of cartilage are clearly conducive
to CPPD. For example, chondrocytes constitutively
generate pericellular exosome-sized vesicles,
termed “articular cartilage vesicles,” which serve as
important sites of crystal formation in cartilage
(Fig. 3).? Chondrocytes also produce high levels
of extracellular inorganic pyrophosphate, which
is critical to the formation of CPP crystals.”
Inorganic pyrophosphate plays a central role in
CPPD that is analogous to that of urate in gout
and may be a key therapeutic target. In cartilage,
most inorganic pyrophosphate is generated from
extracellular ATP.** ATP efflux and thus the levels
of inorganic pyrophosphate are critically regulat-
ed by the multipass membrane protein known as
ANKH (the human homologue of protein prod-
uct of the murine progressive ankylosis gene)."
ANKH may represent a therapeutic target in CPPD,
and existing drugs, such as probenecid, act as po-
tent antagonists of ANKH action in vitro."” Extra-
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the direction of the probe.

Figure 2. Imaging of Chondrocalcinosis in Patients with CPPD Disease.

Panel A shows a radiograph of a knee with meniscal chondrocalcinosis (arrow). Panel B shows a radiograph of a
wrist with chondrocalcinosis of the triangular cartilage (arrow). Panel C shows a radiograph of a hand with hooklike
osteophytes (arrows). Panel D shows an ultrasonographic image of a right knee, which was obtained with the trans-
ducer in the anatomical axial plane, with the knee flexed 90 degrees. The probe was pointed at the femoral cartilage
on the “V” of the patellar groove. Chondrocalcinosis is seen in the substance of the cartilage; the arrow indicates

cellular ATP is metabolized to inorganic pyrophos-
phate by enzymes with nucleoside triphosphate
pyrophosphohydrolase activity, such as ectonucle-
otide pyrophosphatase 1, whereas alkaline phos-
phatase and other pyrophosphatases degrade inor-
ganic pyrophosphate. In addition, growth factors,
cytokines, and some pharmacologic agents mod-
ulate the levels of inorganic pyrophosphate in
cartilage (Fig. 3)."

Once CPP crystals are generated, they medi-
ate tissue damage by means of multiple mecha-
nisms. They initiate inflammation by activating
components of the NLRP3 inflammasome’® and
by creating neutrophil extracellular traps.” Apart
from inducing inflammation, CPP crystals have

important direct catabolic effects on chondro-
cytes’® and synoviocytes,” eliciting the production
of destructive matrix metalloproteinases and pros-
taglandins. CPP crystal deposits in articular carti-
lage also alter the mechanical properties of car-
tilage, which may cause or accelerate joint damage
(Fig. 3, inset).?

PREVALENCE

Estimates vary, but CPPD disease appears to affect
4 to 7% of the adult population in Europe and the
United States.??* Unfortunately, our current un-
derstanding of the prevalence of CPPD disease is
based largely on radiographically detected chon-
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Figure 3. Pathophysiological Features of CPPD Disease.

The formation of CPP crystals occurs in the articular cartilage pericellular matrix and is facilitated by extracellular vesicles known as ar-
ticular cartilage vesicles. Pyrophosphate (PP;) is generated from extracellular ATP and forms complexes with calcium to create CPP crys-
tals. Panel A of the box, upper right, lists the factors that are known to modulate levels of extracellular ATP and PP;, and Panel B the ex-
tracellular matrix factors that regulate the formation of CPP crystals. P2X indicates one class of purinergic receptors. CPP crystals induce
inflammation in the synovial space but also have adverse biomechanical consequences and direct catabolic effects on joint tissues ow-
ing to the production of prostaglandin E; and matrix metalloproteinases. These factors ultimately produce cartilage degeneration, as
shown by the CPP crystal deposit in cartilage in situ (inset). ANKH denotes human homologue of the protein product of the progressive
ankylosis gene, ENPP1 ectonucleotide pyrophosphatase 1, eP; extracellular phosphate ion, ePP; extracellular PP;, IGF-1 insulin-like
growth factor 1, iPP; intracellular PP;, and TGF-B transforming growth factor B.
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drocalcinosis rather than on clinically important
CPP crystal arthritis. The presence of chondro-
calcinosis probably identifies only approximately
40% of the patients with clinically significant
CPPD disease,” and chondrocalcinosis is particu-
larly difficult to visualize on radiography in pa-
tients with severe cartilage loss. Conversely, chon-
drocalcinosis, particularly in the fibrocartilage of
the knee, may occur in patients without arthritis
and can be composed of a non-CPP mineral, pri-
marily dicalcium phosphate dihydrate.?

RISK FACTORS AND ASSOCIATED
CONDITIONS

CPPD disease is clearly a disease of aging and is
rare in patients younger than 60 years of age.”!
In radiographic examinations that include the
knee, pelvis, and wrist, chondrocalcinosis is de-
tected in 44% of patients older than 84 years of
age; the prevalence doubles with each decade over
60 years of age.” Previous trauma to the joint is
also a strong risk factor for CPPD. This associa-
tion is best shown in the meniscus of the knee.
One study showed that decades after meniscec-
tomy, chondrocalcinosis developed in 20% of the
knees treated with surgery, as compared with only
4% of the contralateral knees not treated with
surgery.”

CPPD is often found in the context of osteo-
arthritis. There is some overlap in the clinical
presentations of CPPD disease and osteoarthritis,
so that diagnostic mimicry may explain some of
the association. Osteoarthritis and CPPD disease
are both relatively common with advanced age,
and thus co-occurrence by chance might explain
the association. However, because of the strong
evidence supporting a detrimental effect of CPP
crystals on articular tissues, it is certain that
CPP crystals worsen cartilage damage and likely
that they initiate such damage. The latter theory
is bolstered by studies of familial CPPD disease
in which crystal formation predates joint degen-
eration and by the co-occurrence of radiographic
and clinical features of CPPD disease and osteo-
arthritis in joints that are usually spared in os-
teoarthritis, such as the metacarpophalangeal,
radiocarpal, or glenohumeral joints (Fig. 2C).

A handful of metabolic conditions are well-
established risk factors for CPPD disease.” CPPD
disease results from a high ratio of inorganic pyro-
phosphate to phosphate ions in patients with hy-

pophosphatasia, a congenital syndrome that is
caused by low functional levels of alkaline phos-
phatase. Hyperparathyroidism is also clearly asso-
ciated with CPPD disease. Hyperparathyroidism
alters calcium metabolism, but the persistence of
CPPD disease years after the correction of hyper-
calcemia suggests a complex link between these
diseases.®® Hemochromatosis is also strongly as-
sociated with CPPD and may be caused by the in-
hibitory action of iron on pyrophosphatases® or
by high levels of parathyroid hormone in carti-
lage.** Hypomagnesemia is also an important risk
factor for CPPD disease,*** and CPPD disease with
the Gitelman’s variant of Bartter’s syndrome is
believed to stem from hypomagnesemia.** Mag-
nesium increases the solubility of CPP crystals
and acts as a cofactor for pyrophosphatases.>* As
many as 5% of patients with gout have CPP crys-
tals in their synovial fluid,® which supports the
hypothesis that these diseases share common
local and systemic risk factors. In patients young-
er than 60 years of age who present with CPPD
disease, testing and examination for all these as-
sociated metabolic diseases is indicated, because
arthritis may be the presenting symptom. We rec-
ommend iron studies, including measurement of
iron, transferrin, and ferritin levels, as well as
measurement of levels of serum calcium, alka-
line phosphatase, and parathyroid hormone.

Acute attacks of CPPD disease often occur in
the context of acute illness or joint trauma or in
the postoperative period, particularly after para-
thyroidectomy® or hip-fracture repair.?” There are
no known dietary associations of CPPD disease.
Several medications may precipitate acute CPP
crystal arthritis. Although this association is some-
what controversial, the administration of intra-
articular hyaluronan preparations may induce
acute CPP crystal arthritis.?® Other possible as-
sociations include the use of loop diuretics,*
granulocyte—macrophage colony-stimulating fac-
tor,”* and pamidronate.*

Patients with CPPD disease may have other
subtle manifestations of dysfunctional tissue
mineralization, because inorganic pyrophosphate
is a potent regulator of normal and pathologic
mineralization. Lymphocytes and skin fibroblasts
from patients with familial CPPD disease show
high levels of inorganic pyrophosphate,* which
suggests a systemic disorder. Recently, Abhishek
et al. found that patients with nonfamilial chon-
drocalcinosis had lower cortical bone mineral
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density and higher rates of vascular and soft-
tissue calcification than those without chondro-
calcinosis.®

FAMILIAL CPPD

Although most CPPD disease is sporadic, multi-
ple kindreds with premature or extensive CPPD
have been described worldwide. CPPD disease
that occurs in patients younger than 60 years of
age should prompt inquiry about similarly af-
fected family members. Interestingly, the first
descriptions of CPPD disease in Hungary included
five patients with affected relatives.> Chondrocal-
cinosis develops in most affected patients before
the onset of clinical degenerative arthritis, a find-
ing that supports a causative role for CPP crystals
in joint damage.

Two genetic loci are associated with familial
CPPD. Mutations in the CCAL2 locus on chromo-
some 5p produce an autosomal dominant pattern
of inheritance (probably resulting from a gain of
function of the ANKH protein)** and provide ad-
ditional support for a key role of ANKH in the
pathogenesis of CPPD disease. The CCAL1 locus
on chromosome 8 has not yet been fully charac-
terized. Recently, a gain-of-function mutation in
the TNFRSF11B (osteoprotegerin) gene was de-
scribed in a family with early-onset osteoarthri-
tis and chondrocalcinosis.®

DIAGNOSIS

CPPD disease is underdiagnosed. It has been
shown that 20% of unselected patients who are
examined at the time of total joint replacement
for osteoarthritis of the knee have CPP crystals
in their synovial fluid.*® CPPD occurs at identical
rates in synovial-fluid samples and in tissue sam-
ples that are obtained during knee or hip replace-
ment due to osteoarthritis.?>*

CPPD disease is most accurately diagnosed by
the finding of positively birefringent, rhomboid-
shaped crystals in synovial fluid from the af-
fected joint (Fig. 1A). Birefringence is a property
of highly ordered material such as crystals in
which the double refraction of light results in
characteristic color changes with the movement
of the crystal in relation to the light source. Under
compensated polarizing light microscopy, which
is typically performed with a red filter, CPP crys-
tals appear blue when they are parallel to the

axis of the polarizer and yellow when they are
perpendicular. In contrast, monosodium urate
crystals appear yellow when they are parallel to
the axis of the polarizer and blue when they are
perpendicular. The identification of CPP crystals
can be difficult, because these crystals are small
and often show weak birefringence. Intracellular
and extracellular CPP crystals in synovial fluid
have equal significance. Cell counts in synovial
fluid can vary widely.

A single set of diagnostic criteria for CPPD dis-
ease, which was proposed by Ryan and McCarty,
has been published.** Until validated diagnostic
and classification criteria for CPPD disease are
available, it seems prudent to define definite CPPD
disease as the presence of CPP crystals in synovial
fluid or tissues with appropriate clinical findings.

Conventional radiography provides important
support for the diagnosis of CPPD disease and
may assist in distinguishing CPPD disease from
other types of arthritis. Although chondrocalci-
nosis is the radiographic finding that is most
closely aligned with CPPD disease, it should not
be used as a sole diagnostic criterion in the ab-
sence of clinical arthritis. Other useful radiograph-
ic clues that assist in differentiating primary osteo-
arthritis from CPPD disease include the following:
hooklike osteophytes; axial skeletal involvement,
such as annulus fibrosis calcification, severe disk
degeneration with the vacuum phenomenon and
subchondral erosions, and the vacuum phenom-
enon of sacroiliac joints; radiocarpal- or patello-
femoral-predominant narrowing of the joint space;
subchondral cyst formation; severe articular de-
struction, such as subchondral collapse, bony frag-
ments, and microfractures; and tendon or fascial
calcifications, such as at the Achilles tendon,
plantar fascia, gastrocnemius, quadriceps, rotator
cuff, or triceps at the elbow or shoulder.

The increasing use of musculoskeletal ultra-
sonography in the clinic may aid in the diagno-
sis of CPPD disease. Chondrocalcinosis on ultra-
sonography appears as linear densities in the
hyaline cartilage or fibrocartilage (Fig. 2D). Al-
though some early studies touted the higher
sensitivity of ultrasonography as compared with
conventional radiography, it may be challenging
to differentiate between gout and CPPD disease
with ultrasonography.*®

Advanced imaging techniques may be useful to
detect CPPD disease in some contexts.* Computed
tomographic (CT) scanning accurately detects cal-
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cifications and is particularly useful in detecting
axial CPPD. Although magnetic resonance imag-
ing (MRI) is the preferred advanced imaging
method for the assessment of painful joints, in its
present iteration it is insensitive to tissue calcifi- vie No
cation. New imaging technologies, including v v

Is joint amenable to intraarticular
injection of glucocorticoid?

advanced MRI techniques, diffraction-enhanced Treat with Is treatment with
synchrotron imaging, and dual-energy CT, hold intraarticular colchicine
. . . . 49 injection of feasible?
promise for improved diagnostic accuracy. glucocorticoid
1
MANAGEMENT Y;S N{’
Acute CPP crystal arthritis is managed with strat- Treat with Is treatment with
egies that are aimed at reducing inflammation colchicine NSAID feasible:
and that are borrowed from therapies used for
acute gouty arthritis (Fig. 4). Intraarticular glu- Yes No
cocorticoids work well for patients with acute Y Y

Is treatment with
prednisone

CPP crystal arthritis, and this treatment is typi-
cally recommended as first-line therapy for joints feasible?
that are amenable to injection.* Oral colchicine

at a daily dose of 0.6 to 1.2 mg is used in patients ,—‘—‘
without clinically significant renal or hepatic im- Y;S N+°
pairment, and an optional loading regimen of E—

1.2 mg may be administered once. Some evidence prr:dar:i‘::ne
supports the efficacy of daily colchicine, given

prophylactically, to decrease the frequency of acute

Treat with NSAID

Treat with pain
medications or
interleukin-1
inhibitors
or joint lavage

attacks.”® Nonsteroidal antiinflammatory drugs
(NSAIDs), given at antiinflammatory daily doses
and preferably used along with gastroprotection,
may be effective for treating acute flares. Systemic
glucocorticoids are also frequently used in el-
derly persons, who are susceptible to CPPD, and
most experts agree that these agents are moder-
ately effective in reducing pain and inflammation
in patients with acute CPP crystal arthritis.’ Case
reports also support the effectiveness of systemic
interleukin-18 inhibitors in patients with acute
CPP crystal arthritis.>

For a patient with acute CPP crystal arthritis,
we use intraarticular glucocorticoids as a first-
line agent. If this intervention is not feasible, we
use new dosing recommendations for oral col-
chicine® or low-to-moderate doses of predni-
sone, depending on coexisting conditions.

Chronic CPP crystal arthritis is much more
difficult to manage than acute CPP crystal arthri-
tis (Fig. 5). Few controlled trials of any therapies
exist,>*> and all the current therapeutic strate-
gies are aimed at reducing inflammation. Unlike
the case with gout, in which long-term therapies
reduce the urate burden, no current disease-modu-
lating treatments are available for CPPD disease.

N ENGLJ MED 374,26

Figure 4. Management Strategy for Acute CPP Crystal Arthritis.

A treatment is considered to be feasible if it is not associated with unac-
ceptable side effects. NSAID denotes nonsteroidal antiinflammatory drug.

For patients with monoarticular or oligoarticular
large-joint involvement, repeated intraarticular
injections of glucocorticoids may control symp-
toms. The daily use of oral colchicine at a low
dose (0.6 to 1.2 mg) may be useful in reducing
the frequency of acute attacks.’® Alternatively,
NSAIDs may produce similar beneficial effects if
that they do not cause bothersome side effects.
Low-dose systemic glucocorticoids may be neces-
sary to control pain and inflammation in patients
in whom colchicine or NSAIDs are ineffective or
are associated with unacceptable side effects. Some
data support the use of hydroxychloroquine in
patients with CPPD disease.>

In an uncontrolled trial, methotrexate at doses
of 5 to 10 mg per week showed a clinically sig-
nificant benefit in patients with chronic CPP
crystal arthritis.® However, a recent randomized,
controlled trial involving similar patients who were
assigned to methotrexate, administered subcuta-
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Is joint amenable to intraarticular
injection of glucocorticoid?

Yes No
Treat with Is treatment with
intraarticular colchicine feasible?
injection of
glucocorticoid
1
Yes No
Treat with Is treatment with
colchicine, NSAID feasible?
0.6-1.2 mg/day
Yes No
Treat with Is treatment with
NSAID plus prednisone
proton-pump feasible?
inhibitor
Yes No
Treat with Is treatment with
prednisone, hydroxychloroquine
<10 mg/day feasible?
Yes No
Treat with Is treatment with
hydroxychloroquine, methotrexate
200-400 mg/day feasible?
Yes No
Treat with Treat with
methotrexate, interleukin-18
10-25 mg/wk inhibitor or
combination
therapy
-
Treatment failure
-
[

Figure 5. Management Strategy for Chronic CPP Crystal Arthritis.

Combination therapy may include various combinations of colchicine, prednisone, methotrexate, and hydroxychlo-
roguine.

neously at a dose of 15 mg per week, or placebo interleukin-183 inhibitors in patients with chronic
showed no difference between the drug and pla- CPP crystal arthritis, and further long-term stud-
cebo.”® Methotrexate was associated with few side ies of these agents are warranted.

effects in these patients and remains an option for We use a trial-and-error approach for the treat-
selected patients in whom other therapies have ment of patients with chronic CPP crystal arthritis,
failed. Anecdotal evidence supports the use of and we often combine low doses of several different
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medications. In patients in whom intraarticular
glucocorticoid therapy does not control symptoms
or in whom oral colchicine or NSAIDs do not pro-
vide adequate relief, we use low-dose (5 to 10 mg
daily) oral prednisone. If there are no contraindica-
tions and low-dose prednisone alone is not ade-
quate to control symptoms, we may try various
combinations of colchicine, hydroxychloroquine,
and weekly methotrexate. Interleukin-183 inhibitors
can also be used in patients with refractory disease.

It is important to remember that CPPD disease
can be a presenting sign of hyperparathyroidism,
hypophosphatasia, hemochromatosis, or hypo-
magnesemia. Screening is indicated for these
conditions, particularly in patients younger than
60 years of age who present with CPPD disease.

Ultimately, joint replacement may be necessary
in patients with CPPD disease. Current evidence
shows similar outcomes of knee and hip replace-
ment in patients with osteoarthritis and in those

FUTURE DIRECTIONS

Approximately 55 years after the initial descrip-
tion of CPPD disease, this common form of ar-
thritis has garnered little attention in the medical
community. Diagnostic challenges result in under-
diagnosis, but most important, there is a paucity
of specific and effective therapies for affected
patients. Although no proven disease-modulating
agents are available, we can improve outcomes
in patients by the careful diagnosis of CPPD
disease with the use of a thorough analysis of
synovial fluid and the initiation of appropriate
treatment strategies.

No potential conflict of interest relevant to this article was
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Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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with CPPD disease.”
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