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Giant-cell arteritis is an immune-mediated disease characterized
by granulomatous infiltrates in the wall of medium-size and large
arteries. The immunopathology consists of 2 components. Exces-
sive cytokine production (for example, of interleukin-1 and inter-
leukin-6) induces systemic inflammation with an exuberant acute-
phase response. In parallel, interferon-�, which is released by T
cells captured in the arterial wall, activates tissue-injurious mac-
rophages. In response to the immune injury, the artery generates
hyperplasia of the intima that leads to luminal occlusion and
subsequent tissue ischemia. Despite the systemic character of the
disease, distinct vascular territories are preferentially affected. On
the basis of the predominant involvement, clinical subtypes can be
distinguished: cranial giant-cell arteritis with ischemic complica-
tions in the eye, the face, and the central nervous system; large-
vessel giant-cell arteritis with occlusions in the subclavian or ax-
illary vessels; aortic giant-cell arteritis; giant-cell arteritis
presenting as an intense systemic inflammatory syndrome with

nonstenosing vasculitis; and “isolated” polymyalgia rheumatica
with myalgias, systemic inflammation, and subclinical vasculitis.
Temporal artery biopsy remains the diagnostic procedure of choice
to detect arteritis in cranial vessels. In other vascular territories,
giant-cell arteritis is most commonly diagnosed by vascular imag-
ing. Laboratory studies characteristically document the marked
elevations of nonspecific acute-phase reactants, such as C-reactive
protein and erythrocyte sedimentation rate. Cytokines, such as
interleukin-6, that induce the acute-phase reaction are currently
being explored as more sensitive biological markers of disease
activity. Corticosteroids are highly effective in suppressing sys-
temic inflammation, but they do not eliminate the immune re-
sponses in the vessel wall. In general, the clinical outcome of
giant-cell arteritis is excellent, and efforts must now concentrate
on tailoring therapies to the needs of the individual patient.
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Giant-cell arteritis, formerly called temporal arteritis or
granulomatous arteritis, is an inflammatory vascu-

lopathy that affects large and medium-size arteries. Arterial
lesions are composed of T cells and macrophages, often
arranged in granulomas. Vessel wall inflammation leads to
luminal occlusion and tissue ischemia. The vascular bed of
the cranial arteries is particularly susceptible, but the aorta
and its primary and secondary branches can be affected as
well. Tissue ischemia in the optic nerve, the masseter mus-
cles, and the posterior circulation of the central nervous
system is particularly important in causing the clinical
manifestations of this vasculitis. Involvement of the subcla-
vian and axillary arteries leads to upper-extremity ischemia,
and giant-cell arteritis and aortitis cause aortic dilatation
and aneurysm. Vessel wall inflammation almost always co-
exists with a syndrome of systemic inflammation. In poly-
myalgia rheumatica, a closely related entity, vessel wall in-
flammation is incomplete, and the systemic inflammation
is combined with myalgias of the neck, shoulder, and pel-
vic girdle. Giant-cell arteritis and polymyalgia rheumatica
frequently occur together in the same patient. Whereas the
diagnosis of giant-cell arteritis can be proven by temporal
artery biopsy, no pathognomonic test is currently available
for polymyalgia rheumatica.

Giant-cell arteritis is the most frequent primary vascu-
litis (1); the incidence is 15 to 25 per 100 000 in at-risk
populations. The disease is most prevalent in white per-
sons, particularly those of Scandinavian descent, and is rare
in Hispanic persons (2). Women are more susceptible than
men. The single most important risk factor is age. Suscep-
tible persons are usually older than 50 years of age, and
incidence rates increase with advancing age (3). Given that
the population in developed countries is increasingly get-
ting older, the number of people at risk can be expected to

double in the next 25 years. Granulomatous arteritis can
occur in individuals younger than 40 years of age; however,
it then manifests as Takayasu arteritis. In contrast to giant-cell
arteritis, Takayasu arteritis primarily targets the aorta and its
proximal branches, compromising blood flow to major or-
gans, such as the brain, the kidney, or entire extremities (4).

Advances in the understanding of the immunologic
events causing giant-cell arteritis have provided new oppor-
tunities for diagnostic testing and therapeutic interven-
tions. Studies of the nature and diversity of the pathogenic
immune response have established a conceptual framework
within which different clinical phenotypes may be identi-
fied. The goal is to develop reliable diagnostic procedures
that detect vasculitis in distinct vascular beds. Adaptation
of therapeutic management to the specific needs of indi-
vidual patients is on the horizon.

PATHOGENESIS

The molecular and cellular pathogenesis of medium-
and large-vessel vasculitis has recently been reviewed (5).
The clinical manifestations of giant-cell arteritis are a result
of 2 different immunopathogenetic processes (Figures 1
and 2). Inflammatory cells infiltrate the arterial wall and
cause structural damage that eventually leads to the vascu-
lar complications (Figure 1). In most patients, a syndrome
of systemic inflammation is also present (Figure 2), but the
systemic inflammatory response does not seem to be sim-
ply a spillover from the vascular lesions. The systemic and
the vascular components of giant-cell arteritis seem to have
different underlying pathomechanisms—the vascular
inflammation results from abnormal adaptive immune
responses, whereas the systemic inflammation bears the sig-
nature of an excessively activated innate immune system.
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The Innate and Adaptive Immune Systems
The immune system is composed of innate and adap-

tive branches, both involved in pathologic immune re-
sponses (6). Innate immunity is an ancient form of host
defense. It relies on mechanisms that are not specific for a
particular antigen or pathogen. Innate immune cells (neu-
trophils, monocytes or macrophages, and dendritic cells)
rely on the principle of pattern recognition. Through a set
of inherited receptors (such as Toll-like receptors), they
sense infection and tissue invasion by recognizing molecu-
lar patterns that are shared by many microorganisms and
dying cells (7). Upon stimulation, the innate immune sys-
tem induces the production of cytokines and generates in-
flammation. By contrast, adaptive immunity is highly spe-
cific for an immunogen and has the remarkable property of
memory. Adaptive immune responses are mediated by T
cells and B cells that possess antigen-specific receptors. The
enormous spectrum of the necessary antigen-specific recep-

tors is generated by random recombination of gene seg-
ments. To avoid self-reactivity and autoimmunity, self-
reactive T cells and B cells must be eliminated or sup-
pressed. The value of highly diverse and specific receptors
is obvious; however, adaptive immune responses are de-
layed because rare lymphocytes expressing the fitting recep-
tor are infrequent and must be expanded to eliminate of-
fending antigens (8, 9).

Innate and acquired immunity are highly intercon-
nected. Whereas the adaptive arm is superior in selectively
identifying and memorizing antigen, it depends on the in-
nate arm to find antigens in the tissue (to transport them
to lymphoid organs) and to prime T cells. Primed T cells
leave the secondary lymphoid organs, travel to peripheral
tissue, re-identify the antigen, and initiate effector func-
tions that eventually destroy the antigen and repair tissue
damage. These effector functions are often delegated to

Figure 1. Pathogenic mechanisms in the vascular lesions of giant-cell arteritis.

Activated T cells and macrophages form granulomatous reactions in the arterial wall. T-cell triggering occurs in the adventitia, where the vasa vasorum
provide a port of entrance for inflammatory cells. Upon stimulation, T cells secrete interferon-� (IFN-�), a cytokine regulating effector functions of
macrophages recruited to the lesions. Recruited macrophages differentiate into distinct subsets of tissue-injurious effector cells and produce matrix
metalloproteinases and reactive oxygen intermediates. Macrophages and multinucleated giant cells also provide growth factors and angiogenic factors that
support the response-to-injury program of the artery. The artery’s reaction is maladaptive and leads to the formation of lumen-occlusive intimal
hyperplasia. DC � dendritic cell; GC � multinucleated giant cell; IL � interleukin; M � macrophage; MMP � matrix metalloproteinases; PDGF �
platelet-derived growth factor; ROI � reactive oxygen intermediates; T � T cell; VEGF � vascular endothelial growth factor.
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cells of the innate immune system, such as monocytes or
macrophages, and resident cells at the tissue site (10).

Surveillance of tissues for pathogens, emerging tumors,
and cellular breakdown products relies mostly on dendritic
cells (11–13). Dendritic cells are placed in strategic posi-
tions in the tissue and are phagocytic. Upon activation,
they become migratory and ferry antigens to the central
lymphoid organs where T cells have an opportunity to test
their antigen receptors for an exact fit. Recent data suggest
that dendritic cell activation and differentiation hold sem-
inal positions in the pathogenesis of giant-cell arteritis. In-
deed, dendritic cells positioned in the wall of medium-size
arteries emerge as the cellular link between a highly acti-
vated innate immune system, which causes the exuberant
systemic inflammatory disease of giant-cell arteritis, and
the formation of granulomas in the vessel wall (14). This
novel disease model of granulomatous vasculitis proposes a
stepwise process, beginning with the activation of innate
immunity and progressing to the loss of self-tolerance in
the artery. Persistent innate immune activation emerges as
the major cause of the systemic inflammatory syndrome,
whereas misguided adaptive responses mediate arteritis.

The Vascular Lesion
Vascular lesions of giant-cell arteritis are a conse-

quence of inappropriate activation of the adaptive immune
system, particularly T cells (15–17). As for many autoim-
mune diseases, infectious microorganisms have been sus-
pected as possible instigators. The spectrum ranges from
viral agents to bacterial organisms (for example, human
parainfluenza type I virus, parvovirus B19, herpesvirus,
chlamydia, and mycoplasma) (18–25). However, episodic
reports of microbial antigens in affected temporal arteries
have not been corroborated (26–28), and direct evidence
for an immune response directed against pathogens in the
vessel wall is lacking. It seems that the recruitment of mac-

rophages carrying antigens from former infections is a reg-
ular event in inflammatory lesions, but this may have no
role in initiating the disease process.

CD4� T cells and activated macrophages are the ma-
jor components of vessel wall infiltrates. Lymphocytes and
macrophages penetrate through all layers of the arterial
wall, but the primary immunologic injury occurs in the
adventitia (29). T cells seem to enter the artery through the
vasa vasorum and not from the main lumen. In the adven-
titial layer, T cells encounter stimulatory signals, expand
clonally (30, 31), and release cytokines, particularly inter-
feron-� (29). The major target cells for interferon-� are
macrophages, which are recruited into the vessel wall to
form the prominent granulomatous reaction. Stimulated
macrophages use a spectrum of effector pathways to medi-
ate structural damage in the artery (16, 17).

Two factors determine the course of the intra-wall in-
flammation: the type of T-cell differentiation (32) and the
cellular and matrix composition of the affected blood vessel
(16, 33). Intense stimulation of T cells with the production
of high concentrations of interferon-� in the tissue corre-
lates with marked intimal hyperplasia and tissue ischemia
(32). If T-cell differentiation in the vascular lesions is bi-
ased toward production of high levels of interleukin-2 and
low levels of IFN-�, the vasculitis evolves without luminal
occlusion. At the end of this spectrum of vascular inflam-
mation are patients with “isolated” polymyalgia rheumatica
who lack vasculitis by histomorphologic criteria but have
sufficient arterial infiltration of T cells and macrophages to
allow for the in situ detection of interleukin-2, interleu-
kin-1, and interleukin-6 transcripts (34).

Macrophages residing in different regions of the arte-
rial wall are committed to distinct effector mechanisms
(Figure 2) (35). In the adventitia, they specialize in the
production of proinflammatory cytokines that optimize T-

Figure 2. The systemic inflammatory response in giant-cell arteritis and polymyalgia rheumatica.

Vessel wall inflammation is preceded and accompanied by an intense acute-phase response. Circulating macrophages are activated and release interleukin
(IL)-1 and interleukin-6, critical inducers of a multiorgan reaction involving the liver, the central nervous system, the vascular system, the bone marrow,
and the immune system. Hepatic acute-phase reactants are useful in the laboratory diagnosis of giant-cell arteritis and polymyalgia rheumatica. The
systemic inflammatory response can exist in the absence of fully developed vasculitis, as in the case of polymyalgia rheumatica. CRP � C-reactive protein.
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cell stimulation. Macrophages in the smooth-muscle cell
layer of the tunica media focus on oxidative stress and the
production of matrix metalloproteinases (which are proba-
bly instrumental in the fragmentation of the internal elastic
lamina). Reactive oxygen intermediates induce lipid per-
oxidation and injury of smooth-muscle cells (36, 37). Fi-
nally, macrophages at the media–intima junction release
growth and angiogenic factors, including platelet-derived
growth factor (38) and vascular endothelial growth factor
(39), which regulate the process of intimal hyperplasia.

The immune assault elicits a response-to-injury pro-
gram in the artery (17). In one of the response patterns,
myofibroblasts are mobilized and migrate toward the lu-
men. They settle under the endothelial layer of the intima,
proliferate, and deposit extracellular matrix. As a result, the
arterial lumen is stenosed or occluded. There is no good
evidence that thrombotic occlusion plays a role in tissue
ischemia. Because some patients do not develop vascular
obstructions, it is likely that host risk factors determine the
pattern of arterial reaction to injury. It is important to note
that aneurysmal destruction of the vessel and hemorrhage
do not occur in the medium-size arteries targeted by giant-
cell arteritis (temporal artery, subclavian artery, and axillary
artery) but are restricted to the aorta (40, 41).

Recognizing that structural determinants of the arte-
rial wall modulate the course of inflammation has impor-
tance for the clinical approach toward patients with sus-

pected giant-cell arteritis. Disease in distinct vascular
territories, for example, the aortic arch and the temporal
artery, produces different pathologic conditions, necessi-
tates different diagnostic procedures, and may require spe-
cifically adapted therapeutic regimens (33).

The Systemic Inflammatory Responses
The systemic inflammatory component of giant-cell

arteritis is best described as an exuberant acute-phase re-
sponse. Acute-phase responses are systemic reactions to se-
vere stress and injury, including infection and tissue necro-
sis. Acute-phase responses are mediated by the innate
immune system and represent the most primitive of the
host immune defense mechanisms (42). Acute-phase re-
sponses are generated via a cascade of signals, with inter-
leukin-6 playing a critical role by stimulating the produc-
tion of acute-phase proteins in the liver (43, 44). Many
such hepatic acute-phase proteins are elevated in giant-cell
arteritis (45, 46). Circulating monocytes are a major source
of interleukin-6 (47). Their presence and state of activation
are not a consequence of vascular inflammation because
circulating monocytes in patients with polymyalgia rheu-
matica without identifiable vascular lesions are activated to
a similar extent (47). The mechanisms and sites of mono-
cyte or macrophage activation in giant-cell arteritis and
polymyalgia rheumatica are unknown.

Table 1. The Spectrum of Clinical Features in Giant-Cell Arteritis

Feature Manifestation

Manifestations related to vascular injury
Common features (30%–80% of patients)

Headaches No particular pattern; severe, sometimes throbbing; often localized
Scalp tenderness Often temporal; elicited by touching, grooming, or wearing glasses; temporal artery can be

thickened, tender, or nodular
Jaw claudication Elicited by prolonged talking or chewing

Less common features (�20% of patients)
Ocular symptoms Partial or complete visual loss, amaurosis fugax, or ocular motor deficit
Blindness Unilateral or bilateral; usually permanent
Painful dysphagia Sore throat
Respiratory symptoms Dry, nonproductive cough
Limb claudication Elicited by use of arms; combined with paresthesias
Absent or asymmetrical pulses
Asymmetrical blood pressure readings

Infrequent features (�5% of patients)
Ischemia of the central nervous system Typically vertebrobasilar insufficiency; imbalance; cortical blindness; confusion
Tongue claudication
Aortic regurgitation Dilatation of the proximal aorta
Myocardial infarction
Peripheral neuropathy
Deafness
Tissue gangrene Scalp, tongue, or extremities

Manifestations related to systemic inflammation
Common features (40%–100% of patients)

Intense acute-phase response Elevated erythrocyte sedimentation rate, C-reactive protein level, interleukin-6 level, levels of other
acute-phase proteins; elevated liver function test results; thrombocytosis

Anemia Normocytic, normochromic
Polymyalgia rheumatica Pain and stiffness in neck, shoulders, and pelvic girdle
Wasting syndrome Fever, anorexia or weight loss, malaise, night sweats, depression

Infrequent features (�20% of patients)
Peripheral synovitis Typically wrist
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Clinical Presentation and Classification
Giant-cell arteritis presents abruptly or insidiously in

persons older than 50 years. The spectrum of clinical man-
ifestations is broad (48–52), with features attributable to
systemic inflammation and to local complications of vas-
cular injury (Table 1). A recent meta-analysis (52) has ex-
amined the sensitivity and specificity of signs and symp-
toms in predicting a positive temporal artery biopsy result
(Table 2). This analysis confirmed that common clinical
features, such as headaches or elevated erythrocyte sedi-
mentation rate, are nonspecific. Jaw claudication and dip-
lopia, both related to vascular insufficiency, had some spec-
ificity, but they are encountered in only 10% to 30% of

patients. Of interest, synovitis on clinical examination was
associated with reduced likelihood of a positive biopsy re-
sult, emphasizing that joint inflammation and vasculitis
may be inversely related (53).

Physicians need to be familiar with the typical mani-
festations of giant-cell arteritis, such as headaches, blind-
ness, polymyalgia rheumatica, and elevated erythrocyte
sedimentation rate. The challenge lies in recognizing atyp-
ical cases that lack the more specific manifestations of vas-
cular insufficiency of cranial arteries or reflect vasculitis in
less frequently involved vascular territories. Clinical sub-
types can be distinguished on the basis of the type and
topography of vascular involvement. Such subtypes are
those in which cranial manifestations dominate, those
characterized by involvement of the aorta and its large
branches, those in which the clinical consequences are
mainly caused by systemic inflammation and not tissue
ischemia, and those characterized by “isolated” polymyalgia
rheumatica (Table 3). It is important to recognize that
disease subtypes share pathogenic principles and are not
mutually exclusive but are overlapping.

Cranial Arteritis
Most patients with giant-cell arteritis have arteritic le-

sions in the branches of the carotid arteries, such as the
superficial temporal, occipital, ophthalmic, and posterior
ciliary arteries, and in the vertebral arteries. The internal
and external carotid arteries can be affected. Characteristi-
cally, patients seek evaluation for headaches that are severe

Table 2. Specificity and Sensitivity of Signs and Symptoms in
Patients with Suspected Giant-Cell Arteritis*

Sign or Symptom Sensitivity
(95% CI)†

Positive Likelihood
Ratio (95% CI)‡

Jaw claudication 0.34 (0.29–0.41) 4.2 (2.8–6.2)
Diplopia 0.09 (0.07–0.13) 3.4 (1.3–8.6)
Prominent or enlarged temporal

artery
0.47 (0.40–0.54) 4.3 (2.1–8.9)

Synovitis 0.4 (0.2–0.7)
Headaches 0.76 (0.72–0.79) 1.2 (1.1–1.4)
Erythrocyte sedimentation rate 0.96 (0.93–0.97) 1.1 (1.0–1.2)

* Modified with permission from Smetana and Shmerling (52).
† Defined as the frequency in patients with biopsy-proven giant-cell arteritis.
‡ Defined as the frequency of the sign or symptom in patients with giant-cell
arteritis compared with the frequency in patients who had a negative result on
temporal artery biopsy.

Table 3. Characteristic Features and Diagnostic Approaches to the Different Subtypes of the Giant-Cell Arteritis Syndrome*

Feature or Diagnostic
Approach

Clinical Subtypes of Giant-Cell Arteritis

Cranial Arteritis Systemic Inflammatory
Syndrome with Arteritis

Large-Vessel Arteritis
or Aortitis

Isolated Polymyalgia
Rheumatica

Temporal artery biopsy
Morphology Granulomatous vasculitis Infiltrates of T cells and

macrophages
Often negative (�50%) Negative

Giant cells Often Infrequent Variable, if positive Negative
Intimal hyperplasia Often pronounced Infrequent Variable, if positive Negative
Cytokine concentration

in tissue
IFN-� High Low High, if positive Absent
IL-2 Low High High, if positive Present
IL-6 High Variable Variable Present
IL-1� High Variable Variable Present
PDGF High Low Not known Not known
VEGF High Low Not known Not known

X-ray angiography — — Stenosis or occlusion of primary and
secondary aortic branches

—

Aortic root dilatation or aneurysm
Digital subtraction

angiography
— — Stenosis or occlusion of subclavian

or axillary arteries
—

MR angiography — — Stenosis or occlusion of primary and
secondary aortic branches

—

Aortic root dilatation
Wall inflammation and edema

(sensitivity unknown)
Computed tomography — — Aortic aneurysm —

Aortic wall irregularities and
thickening

* IFN � interferon; IL � interleukin; MR � magnetic resonance; PDGF � platelet-derived growth factor; VEGF � vascular endothelial growth factor.
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and often refractory to analgesic therapy (48). Scalp ten-
derness should heighten the suspicion for giant-cell arteri-
tis. On examination, scalp arteries are often abnormal. Re-
duced blood flow can produce intermittent claudication of
the masseter and temporalis muscles, leading to the syn-
drome of jaw claudication, which is relatively disease-
specific (52) (Table 2). Infrequently, patients have isch-
emia of the tongue, face, or neck; facial swelling; or painful
dysphagia.

The array of possible ophthalmic complications is
wide; ischemia anywhere along the visual pathway can
cause visual loss (54, 55). Most commonly, visual failure is
related to stenosis in the ophthalmic artery. Occlusion of
the posterior ciliary arteries leads to anterior ischemic optic
neuropathy (56). Visual loss is sudden and painless. One or
both eyes can be affected; in untreated patients, the risk for
loss of sight in the second eye approaches 50% (57). Warn-
ing symptoms of visual loss include amaurosis fugax,
posture-related visual blurring, and diplopia (58). Fundu-
scopic examination may reveal a pale edematous disc.
Sometimes, splinter hemorrhages at the disc margin or cot-
ton wool spots in the peripapillary region may be observed.

In patients with ischemic complications, morphologic
and molecular findings of the vascular lesions of temporal
arteries are those of intense intimal hyperplasia, luminal
obstruction, elevated tissue levels of interferon-� and inter-
leukin-1, and an abundance of platelet-derived growth fac-
tor–producing macrophages (32, 38).

Large-Vessel Arteritis or Aortitis
Formerly considered an infrequent pattern of giant-

cell arteritis, large-vessel arteritis affecting the subclavian
and axillary arteries is increasingly recognized (33). Ap-
proximately 50% of patients with giant-cell arteritis of the
subclavian or axillary arteries have negative temporal artery
biopsy results (33), emphasizing the compartmentalization
of the vasculitis. The diagnosis of large-vessel arteritis is
made by vascular imaging and not by biopsy (59, 60).
Symptoms associated with large-vessel vasculitis include
aortic arch syndrome with claudication in the arms, absent
or asymmetrical pulses and blood pressure readings, pe-
ripheral paresthesias, and, occasionally, tissue gangrene
(41). Lack of cranial symptoms (headaches, jaw claudica-
tion, or visual symptoms) may complicate the diagnostic
process. Temporal arteries, if positive for inflammation,
show a molecular fingerprint of high interleukin-2 tran-
scription (33).

Aortic involvement has been estimated to occur in
10% to 15% of patients, but, because of clinical silence,
this involvement may be more frequent (40, 61, 62). Man-
ifestations in the cranial vascular bed usually precede aor-
titis. The entire aorta can be affected, but complications
are often focused on the thoracic aorta. In contrast to cra-
nial giant-cell arteritis, which targets medium-size arteries,
aortitis does not lead to arterial obstruction; instead, it
leads to arterial dilatation and aneurysm formation. Clini-

cal consequences include aortic dissection, sudden rupture
of the aorta, and aortic valve insufficiency (40, 61). It is
not unusual for a diagnosis to be made from a vessel biopsy
in patients who undergo aneurysm repair but are not
known to have giant-cell arteritis. Histomorphologic fea-
tures of aortic giant-cell arteritis and Takayasu arteritis are
often indistinguishable (63). Risk factors that predispose
affected patients to aortic involvement have not been de-
termined. Because the outcome of aortic rupture is often
fatal, it is important to monitor patients for aortic wall
disease even several years after the initial diagnosis. Dilata-
tion of the aorta can be seen with chest radiography. Ear-
lier stages of aortitis are detected by computed tomography
(CT) or magnetic resonance imaging (MRI).

Systemic Inflammatory Syndrome with Arteritis
Arteritis can present without hyperplasia of the arterial

intima and without luminal stenosis. Accordingly, not all
patients develop manifestations of tissue ischemia. In pa-
tients who do, the systemic inflammatory syndrome often
dominates clinical manifestations. Fever of unknown ori-
gin and a wasting syndrome with progressive weight loss,
night sweats, and anorexia are the presenting symptoms
(49). The risk for visual loss may be less than that observed
in cranial arteritis. Temporal artery biopsy is the diagnostic
procedure of choice and should be performed even in the
absence of arterial tenderness or nodularity.

Polymyalgia Rheumatica
Polymyalgia rheumatica and giant-cell arteritis are

closely related entities. Polymyalgia rheumatica occurs in
the same population as giant-cell arteritis, is restricted to
the elderly, exhibits identical disease-risk genes (53, 64),
and has immune abnormalities and elevated acute-phase
responses similar to those of giant-cell arteritis (46). Typi-
cally, patients present with severe stiffness and pain in the
muscles of the shoulders and pelvic girdle. Passive range of
motion of large joints is maintained. Approximately 40%
of patients with arteritis have polymyalgia rheumatica;
about 10% of patients originally presenting with isolated
polymyalgia rheumatica have vasculitis on histologic exam-
ination (48), requiring a change in diagnosis to giant-cell
arteritis. In patients with giant-cell arteritis who are under-
going steroid withdrawal, muscle pain and stiffness are the
most frequent signs of flaring disease (65). The precise
localization of disease-initiating triggering of the immune
system in polymyalgia rheumatica is not known. It has
been suggested that patients with polymyalgia rheumatica
have bursitis of the shoulder and hip joints (66, 67). How-
ever, care must be taken to distinguish polymyalgia rheu-
matica from seronegative rheumatoid arthritis. Both dis-
eases occur in the elderly, cause shoulder pain and stiffness,
and promptly respond to corticosteroids. A recent study on
the diagnostic value of clinical findings in suspected giant-
cell arteritis found that synovitis was a negative predictor
for positive temporal artery biopsy (52). Genetic associa-
tions studies in polymyalgia rheumatica have been contro-
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versial (68–70), supporting the notion that the patients
with polymyalgia-like symptoms are heterogeneous with
respect to the underlying disease and may not always have
classic polymyalgia rheumatica. In the absence of robust
clinical measures and objective findings to establish the
diagnosis of polymyalgia rheumatica, the medical field
could benefit from genetic and molecular markers to be
sure that patients with a clinical presentation of muscle
pain and stiffness are properly assigned to either an under-
lying vasculitic syndrome or a rheumatoid arthritis–like
disease.

DIAGNOSTIC APPROACHES TO GIANT-CELL ARTERITIS

Laboratory Findings
Acute-phase proteins are easily detected in the serum

and are useful markers in giant-cell arteritis and polymyal-
gia rheumatica. Information is not available on whether
any particular acute-phase response test has higher diagnos-
tic value than others. Highly elevated erythrocyte sedimen-
tation rate generally triggers suspicion for giant-cell arteri-
tis, particularly in at-risk populations. C-reactive protein is
a dynamic acute-phase protein that, expectedly, is elevated
in most untreated patients (65). There is some evidence
that interleukin-6, being “upstream” of C-reactive protein
level and erythrocyte sedimentation rate, may be particu-
larly sensitive for detecting the disease-associated acute-
phase response (65).

As a result of the acute-phase response, hematopoiesis
decreases and patients may develop normocytic, normo-
chromic anemia. Thrombocytosis is a well-recognized fea-
ture, and abnormal results on liver function tests, particu-
larly elevation of alkaline phosphatase levels, are not
uncommon.

Erythrocyte sedimentation rates are not elevated in all
patients (71, 72). In a recent study, 24% of patients with
biopsy-proven giant-cell arteritis had normal erythrocyte
sedimentation rates before starting corticosteroid therapy
(65). In these cases, the C-reactive protein level may be
helpful. Nonetheless, a normal erythrocyte sedimentation
rate or C-reactive protein level does not exclude the diag-
nosis of giant-cell arteritis, and a temporal artery biopsy
should be performed in cases of suspected vasculitis.

Tissue Examination
A definite diagnosis of giant-cell arteritis requires his-

tomorphologic examination of arterial tissue. Considering
the lack of specificity of the clinical and laboratory markers
and the not trivial therapeutic implications of prolonged
corticosteroid therapy, histologic confirmation of the diag-
nosis should be sought whenever possible. Temporal artery
biopsy has a high diagnostic yield and associated risks are
low. Because vascular inflammation is discontinuous, arte-
rial specimens of sufficient size (2 to 3 cm) are needed
(73–76). Optimally, frozen sections from the first temporal
artery are inspected, and, if they do not reveal inflamma-
tory infiltrates, the contralateral side is biopsied.

A critical clinical issue is the question of treating pa-
tients with corticosteroids before biopsy. Retrospective
studies and animal experiments suggest that vascular le-
sions are rather resistant to therapy (77, 78). In patients at
risk for visual loss, therapy should not be postponed while
waiting for the biopsy. However, it is possible that vascular
inflammation is reduced in response to high doses of ste-
roids, causing false-negative findings in cases of mild arteri-
tis. The preferred strategy, therefore, is to perform a biopsy
without delay and before therapy.

Histomorphology of inflamed temporal arteries dem-
onstrates panarteritis, with lymphocytes and macrophages
often concentrated in the media and at the media–intima
junction (79). Multinucleated giant cells are present in ap-
proximately 50% of cases but are not required to make the
diagnosis of giant-cell arteritis. When present, they have a
tendency to be grouped along the fragmented internal elas-
tic lamina. It is now clear that inflammatory infiltrates
limited to the adventitia can be the only histologic finding
and that not all patients have full-blown panarteritis (80).

Infrequently, other types of arteritides are found in the
temporal artery (81–83). Fibrinoid necrosis, rarely en-
countered in giant-cell arteritis, is a helpful clue to consider
panarteritis nodosa or one of the antineutrophil cytoplas-
mic autoantibody–related vasculitides. Correlation with
clinical symptoms and the pattern of organ involvement
are critical in making the distinction between giant-cell
arteritis and other vasculopathies.

Imaging
Imaging procedures are playing an increasingly impor-

tant role in the evaluation of patients with giant-cell arteri-
tis (Table 3). In patients with large-vessel giant-cell arteritis
and negative temporal artery biopsy results, imaging is cen-
tral in making the correct diagnosis. Typical lesions are
smoothly tapered, both at the leading and trailing ends
(59). The distal subclavian, any portion of the axillary, and
the proximal part of the brachial artery are sites of predi-
lection (33, 41). Evaluation of the carotid and vertebral
arteries is important in patients with clinical evidence for
cerebral ischemia (59). Vasculitic involvement of the intra-
cranial arteries is not a feature of giant-cell arteritis.

In addition to conventional x-ray angiography and
digital subtraction angiography, CT and MRI have
emerged as fast and reliable methods to assess vessel anat-
omy and luminal status. Each method provides different
information on stenosis, occlusion, dilatation, aneurysm,
and wall irregularity, and each has its unique advantages
(59, 60). Both CT with contrast enhancement and certain
MRI sequences have the potential to also provide data
about the vessel wall (thickness and perivascular inflamma-
tory changes) and may have utility in estimating disease
burden and activity. This question, however, has not been
examined in appropriately designed studies.

Giant-cell arteritis aortitis leads to dilatation and an-
eurysm formation, which can be detected by CT and MRI.

ReviewGiant-Cell Arteritis and Polymyalgia Rheumatica

www.annals.org 16 September 2003 Annals of Internal Medicine Volume 139 • Number 6 511



High-resolution CT may be optimal to detect irregularities
and thickening of the aortic wall (84). Disadvantages of
this technique include nephrotoxicity of the contrast media
and limitations of axial, coronal, and sagittal imaging.
Three-dimensional MR angiography is the noninvasive
method of choice to assess neck and aortic arch branch
vessel pathology due to its capability for oblique plane im-
aging. It has been suggested that T2-weighted MR images
are particularly helpful in determining wall thickness. Mag-
netic resonance imaging may be capable of detecting wall
edema, a parameter potentially important in monitoring
response to therapy. The major caveat of this technique is
that no studies have been performed to prospectively cor-
relate histomorphology, laboratory parameters of active
vasculitis, and clinical signs of ongoing vascular disease
with imaging findings. The sensitivity of MRI is unknown;
patients with unequivocal signs of disease activity can lack
wall thickening or edema on MRI. A recent study by Tso
and colleagues (85) in patients with Takayasu arteritis has
cast doubt on the reliability of T2-weighted MRI as a mea-
sure of disease activity.

TREATMENT OF GIANT-CELL ARTERITIS

Giant-cell arteritis can be effectively treated with cor-
ticosteroids. Almost all patients respond to initial doses of
1 mg/kg body weight of prednisone. Whether higher doses
can prevent visual loss in patients with impending ischemia
is not known. An equally important question that awaits
examination in properly designed clinical trails relates to
the impression that not all patients require initial doses of
60 mg of prednisone but that some patients could be ap-
propriately managed with doses as low as 20 to 30 mg/d
(86, 87). Promptness of the response of giant-cell arteritis
to corticosteroids within 24 to 48 hours is often quoted as
characteristic, but protracted clinical responses are possible.
After response to initial therapy, corticosteroid doses are
titrated to lower levels. The tapering schedule depends on
the residual clinical activity, but reduction of daily doses by
10% to 20% every 2 weeks has been a useful guideline.

However, careful monitoring of clinical and laboratory
signs of disease activity is necessary. Evidence suggests that
the likelihood of vascular complications is low once corti-
costeroid therapy has been initiated (88). Accordingly, in
prospective studies, most episodes of disease exacerbation
were those of polymyalgia rheumatica and constitutional
symptoms (65, 89).

Traditionally, corticosteroid tapering has relied on lab-
oratory markers of acute-phase responses (erythrocyte sed-
imentation rate and C-reactive protein level). Erythrocyte
sedimentation rate seems to be relatively insensitive for de-
tecting reactivation of disease during steroid withdrawal.
Interleukin-6 remains elevated in many patients during
treatment, and it may be the most sensitive biological
marker for the acute-phase response (65, 90). Its use in
clinical practice as a guide for corticosteroid tapering needs
to be formally tested.

To date, the evidence is not convincing that other
immunosuppressive agents have an immunosuppressive ef-
fect that is similar or superior to that of corticosteroids.
Controversial data have been reported on the steroid-spar-
ing effect of methotrexate (89, 91, 92). A large double-
blinded study showed similar relapse rates in patients
treated with prednisone alone or with prednisone plus
methotrexate (91). In a small study, 16 of 19 patients
treated with prednisone and 9 of 20 patients treated with
prednisone plus methotrexate had relapses (89). The lack
of efficacy of immunosuppressant agents other than corti-
costeroids is remarkable and distinguishes giant-cell arteri-
tis from other autoimmune syndromes. A possible expla-
nation lies in the multidimensional nature of the giant-cell
arteritis syndrome. Symptoms of systemic inflammation
are exquisitely responsive to corticosteroids; their anti-in-
flammatory action in the vascular lesions is less impressive.
Doses equivalent to 4 mg/kg/d of prednisone were re-
quired to achieve partial suppression of the vessel wall in-
flammation in an experimental model of giant-cell arteritis
(78). Combination of distinct therapeutic principles will be
necessary to adequately suppress systemic inflammation
and eradicate vessel wall lesions.

A recent study in an experimental model of giant-cell
arteritis suggests that acetylsalicylic acid has anti-inflamma-
tory effects, particularly in the suppression of interferon-�
production in the artery (93). Recommendations for doses
of acetylsalicylic acid necessary to capture the anti-inflam-
matory effect in patients have not been developed. Because
patients with giant-cell arteritis were found to have in-
creased risk for ischemic cardiovascular disease (94), which
would possibly be aggravated by a procoagulant state re-
lated to systemic inflammation, the antiplatelet action of
acetylsalicylic acid could also be beneficial.

As we move forward in the attempt to identify specific
and sensitive markers of disease activity and to search for
steroid-sparing therapies, it is important to reappraise our
therapeutic goals (Table 4). Although the paradigm that
the disease burns out after 2 to 4 years may not always hold

Table 4. Key Considerations in the Therapeutic Management of
Giant-Cell Arteritis

Prognosis is excellent. Life expectancy is normal (giant-cell arteritis) or
prolonged (polymyalgia rheumatica) in treated patients. Many patients no
longer receive therapy after 2 years.

Corticosteroids are the mainstay of treatment; no conclusive evidence for
steroid-sparing effect of other immunosuppressants.

Adjunctive therapy should include bone-saving measures.
Systemic inflammatory responses and symptoms of polymyalgia rheumatica

are highly sensitive to corticosteroids; vascular lesions, driven by adaptive
immune responses, seem relatively resistant to immunosuppression.

In the chronic phase of the disease, most patients are clinically stable,
although there is laboratory evidence of smoldering disease.

Vascular complications are infrequent after the initiation of corticosteroid
therapy; some patients may develop aortic aneurysm, but the number of
patients at risk for this complication and the responsiveness of aortitis to
therapy are unclear.
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up, steroid treatment frequently can be discontinued. Pa-
tients with giant-cell arteritis have the same life expectancy
as the general population, and patients with polymyalgia
rheumatica may survive even longer, suggesting that cur-
rent therapeutic regimens are quite successful (95, 96). The
risk for vascular complications in treated patients seems to
be low (65, 88). Evaluation with highly sensitive methods
indicates that both the vascular lesion and the systemic
inflammation persist at a low grade (65, 78). It could be
argued that eradication of both components of the disease
requires highly aggressive and risky interventions in pa-
tients that do well with traditional management. Indeed,
the most frequent relapse manifestations of giant-cell ar-
teritis in the chronically treated patient are symptoms of
polymyalgia rheumatica, which are highly responsive to
low doses of corticosteroids (increase of the prednisone
dose by 2 to 5 mg/d). Another, and certainly less frequent,
consequence of chronic giant-cell arteritis is the formation
of aortic aneurysms (40). The proportion of patients at
risk, the temporal delay required for significant aortic dam-
age to occur, and the responsiveness of aortic wall destruc-
tion to therapeutic intervention are not known.

Steroid-induced osteopenia has been considered a ma-
jor issue (97). Recent studies reported a nonsignificant re-
duction in bone mineral density of 0.2% over a 2-year
study period while patients received cumulative corticoste-
roid doses of 4 to 5 g (98). The use of appropriate bone-
saving therapeutic measures (99, 100) should be common
practice in the management of giant-cell arteritis (Table 4).

From the Mayo Clinic, Rochester, Minnesota.

Note: A discussion of the molecular and cellular biology of vasculitis can
be found in Weyand CM, Goronzy JJ. Medium- and large-vessel vascu-
litis. N Engl J Med. 2003;349:160-9.

Grant Support: By grants from the National Institutes of Health (R01
AI44142, R01 AR42527, R01 EY11916, R01 HL 63919, R01
AG15043, and R01 AR41974) and by the Mayo Foundation.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: C.M. Weyand, MD, Mayo Clinic,
Guggenheim 401, 200 First Street SW, Rochester, MN 55905; e-mail,
weyand.cornelia@mayo.edu.

Current author addresses are available at www.annals.org,

References
1. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini
EH, et al. Estimates of the prevalence of arthritis and selected musculoskeletal
disorders in the United States. Arthritis Rheum. 1998;41:778-99. [PMID: 9588729]
2. Hunder GG. Epidemiology of giant-cell arteritis. Cleve Clin J Med. 2002;69
Suppl 2:SII79-82. [PMID: 12086271]
3. Machado EB, Michet CJ, Ballard DJ, Hunder GG, Beard CM, Chu CP, et
al. Trends in incidence and clinical presentation of temporal arteritis in Olmsted
County, Minnesota, 1950-1985. Arthritis Rheum. 1988;31:745-9. [PMID:
3382448]
4. Johnston SL, Lock RJ, Gompels MM. Takayasu arteritis: a review. J Clin

Pathol. 2002;55:481-6. [PMID: 12101189]

5. Weyand CM, Goronzy JJ. Medium- and large-vessel vasculitis. N Engl J Med.
2003;349:160-9. [PMID: 12853590]

6. Medzhitov R, Janeway CA Jr. Innate immunity: impact on the adaptive
immune response. Curr Opin Immunol. 1997;9:4-9. [PMID: 9039775]

7. Barton GM, Medzhitov R. Toll-like receptors and their ligands. Curr Top
Microbiol Immunol. 2002;270:81-92. [PMID: 12467245]

8. Delves PJ, Roitt IM. The immune system. First of two parts. N Engl J Med.
2000;343:37-49. [PMID: 10882768]

9. Delves PJ, Roitt IM. The immune system. Second of two parts. N Engl
J Med. 2000;343:108-17. [PMID: 10891520]

10. Janeway CA Jr, Medzhitov R. Innate immune recognition. Annu Rev Im-
munol. 2002;20:197-216. [PMID: 11861602]

11. Banchereau J, Steinman RM. Dendritic cells and the control of immunity.
Nature. 1998;392:245-52. [PMID: 9521319]

12. Kelsall BL, Biron CA, Sharma O, Kaye PM. Dendritic cells at the host-
pathogen interface. Nat Immunol. 2002;3:699-702. [PMID: 12145651]

13. Steinman RM, Nussenzweig MC. Avoiding horror autotoxicus: the impor-
tance of dendritic cells in peripheral T cell tolerance. Proc Natl Acad Sci U S A.
2002;99:351-8. [PMID: 11773639]

14. Krupa WM, Dewan M, Jeon MS, Kurtin PJ, Younge BR, Goronzy JJ, et al.
Trapping of misdirected dendritic cells in the granulomatous lesions of giant cell
arteritis. Am J Pathol. 2002;161:1815-23. [PMID: 12414528]

15. Savage CO, Harper L, Holland M. New findings in pathogenesis of antineu-
trophil cytoplasm antibody-associated vasculitis. Curr Opin Rheumatol. 2002;14:
15-22. [PMID: 11790991]

16. Weyand CM, Goronzy JJ. Arterial wall injury in giant cell arteritis. Arthritis
Rheum. 1999;42:844-53. [PMID: 10323439]

17. Weyand CM. Vasculitis: A dialogue between the artery and the immune
system. In: Hoffman GS, Weyand CM, eds. Inflammatory Diseases of Blood
Vessels. New York: Marcel Dekker; 2002:1-12.

18. Wagner AD, Gerard HC, Fresemann T, Schmidt WA, Gromnica-Ihle E,
Hudson AP, et al. Detection of Chlamydia pneumoniae in giant cell vasculitis and
correlation with the topographic arrangement of tissue-infiltrating dendritic cells.
Arthritis Rheum. 2000;43:1543-51. [PMID: 10902759]

19. Bonnet F, Morlat P, Delevaux I, Gavinet AM, Parrens M, Bernard N, et al.
A possible association between Chlamydiae psittacci infection and temporal arteri-
tis. Joint Bone Spine. 2000;67:550-2. [PMID: 11195320]

20. Rimenti G, Blasi F, Cosentini R, Moling O, Pristera R, Tarsia P et al.
Temporal arteritis associated with Chlamydia pneumoniae DNA detected in an
artery specimen. J Rheumatol. 2000;27:2718-20. [PMID: 11093461]

21. Elling P, Olsson AT, Elling H. Synchronous variations of the incidence of
temporal arteritis and polymyalgia rheumatica in different regions of Denmark;
association with epidemics of Mycoplasma pneumoniae infection. J Rheumatol.
1996;23:112-9. [PMID: 8838518]

22. Duhaut P, Bosshard S, Dumontet C. Giant cell arteritis and polymyalgia
rheumatica: role of viral infections. Clin Exp Rheumatol. 2000;18:S22-3.
[PMID: 10948753]

23. Mitchell BM, Font RL. Detection of varicella zoster virus DNA in some
patients with giant cell arteritis. Invest Ophthalmol Vis Sci. 2001;42:2572-7.
[PMID: 11581201]

24. Gabriel SE, Espy M, Erdman DD, Bjornsson J, Smith TF, Hunder GG.
The role of parvovirus B19 in the pathogenesis of giant cell arteritis: a preliminary
evaluation. Arthritis Rheum. 1999;42:1255-8. [PMID: 10366119]

25. Nordborg C, Nordborg E, Petursdottir V, LaGuardia J, Mahalingam R,
Wellish M, et al. Search for varicella zoster virus in giant cell arteritis. Ann
Neurol. 1998;44:413-4. [PMID: 9749614]

26. Helweg-Larsen J, Tarp B, Obel N, Baslund B. No evidence of parvovirus
B19, Chlamydia pneumoniae or human herpes virus infection in temporal artery
biopsies in patients with giant cell arteritis. Rheumatology (Oxford). 2002;41:
445-9. [PMID: 11961176]

27. Regan MJ, Wood BJ, Hsieh YH, Theodore ML, Quinn TC, Hellmann
DB, et al. Temporal arteritis and Chlamydia pneumoniae: failure to detect the
organism by polymerase chain reaction in ninety cases and ninety controls. Ar-
thritis Rheum. 2002;46:1056-60. [PMID: 11953984]

28. Salvarani C, Farnetti E, Casali B, Nicoli D, Wenlan L, Bajocchi G, et al.

ReviewGiant-Cell Arteritis and Polymyalgia Rheumatica

www.annals.org 16 September 2003 Annals of Internal Medicine Volume 139 • Number 6 513



Detection of parvovirus B19 DNA by polymerase chain reaction in giant cell
arteritis: a case-control study. Arthritis Rheum. 2002;46:3099-101. [PMID:
12428256]
29. Wagner AD, Bjornsson J, Bartley GB, Goronzy JJ, Weyand CM. Interfer-
on-gamma-producing T cells in giant cell vasculitis represent a minority of tissue-
infiltrating cells and are located distant from the site of pathology. Am J Pathol.
1996;148:1925-33. [PMID: 8669478]
30. Weyand CM, Schonberger J, Oppitz U, Hunder NN, Hicok KC, Goronzy
JJ. Distinct vascular lesions in giant cell arteritis share identical T cell clonotypes.
J Exp Med. 1994;179:951-60. [PMID: 8113687]
31. Martinez-Taboada V, Hunder NN, Hunder GG, Weyand CM, Goronzy
JJ. Recognition of tissue residing antigen by T cells in vasculitic lesions of giant
cell arteritis. J Mol Med. 1996;74:695-703. [PMID: 8956156]
32. Weyand CM, Tetzlaff N, Bjornsson J, Brack A, Younge B, Goronzy JJ.
Disease patterns and tissue cytokine profiles in giant cell arteritis. Arthritis
Rheum. 1997;40:19-26. [PMID: 9008596]
33. Brack A, Martinez-Taboada V, Stanson A, Goronzy JJ, Weyand CM. Dis-
ease pattern in cranial and large-vessel giant cell arteritis. Arthritis Rheum. 1999;
42:311-7. [PMID: 10025926]
34. Weyand CM, Hicok KC, Hunder GG, Goronzy JJ. Tissue cytokine patterns
in patients with polymyalgia rheumatica and giant cell arteritis. Ann Intern Med.
1994;121:484-91. [PMID: 8067646]
35. Weyand CM, Wagner AD, Bjornsson J, Goronzy JJ. Correlation of the
topographical arrangement and the functional pattern of tissue-infiltrating mac-
rophages in giant cell arteritis. J Clin Invest. 1996;98:1642-9. [PMID: 8833914]
36. Rittner HL, Hafner V, Klimiuk PA, Szweda LI, Goronzy JJ, Weyand CM.
Aldose reductase functions as a detoxification system for lipid peroxidation prod-
ucts in vasculitis. J Clin Invest. 1999;103:1007-13. [PMID: 10194473]
37. Rittner HL, Kaiser M, Brack A, Szweda LI, Goronzy JJ, Weyand CM.
Tissue-destructive macrophages in giant cell arteritis. Circ Res. 1999;84:1050-8.
[PMID: 10325242]
38. Kaiser M, Weyand CM, Bjornsson J, Goronzy JJ. Platelet-derived growth
factor, intimal hyperplasia, and ischemic complications in giant cell arteritis. Ar-
thritis Rheum. 1998;41:623-33. [PMID: 9550471]
39. Kaiser M, Younge B, Bjornsson J, Goronzy JJ, Weyand CM. Formation of
new vasa vasorum in vasculitis. Production of angiogenic cytokines by multinu-
cleated giant cells. Am J Pathol. 1999;155:765-74. [PMID: 10487834]
40. Evans JM, O’Fallon WM, Hunder GG. Increased incidence of aortic aneu-
rysm and dissection in giant cell (temporal) arteritis. A population-based study.
Ann Intern Med. 1995;122:502-7. [PMID: 7872584]
41. Klein RG, Hunder GG, Stanson AW, Sheps SG. Large artery involvement
in giant cell (temporal) arteritis. Ann Intern Med. 1975;83:806-12. [PMID:
1200525]
42. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to
inflammation. N Engl J Med. 1999;340:448-54. [PMID: 9971870]
43. Mortensen RF. C-reactive protein, inflammation, and innate immunity. Im-
munol Res. 2001;24:163-76. [PMID: 11594454]
44. Streetz KL, Wustefeld T, Klein C, Manns MP, Trautwein C. Mediators of
inflammation and acute phase response in the liver. Cell Mol Biol (Noisy-le-
grand). 2001;47:661-73. [PMID: 11502073]
45. Andersson R, Malmvall BE, Bengtsson BA. Acute phase reactants in the
initial phase of giant cell arteritis. Acta Med Scand. 1986;220:365-7. [PMID:
3099544]
46. Roche NE, Fulbright JW, Wagner AD, Hunder GG, Goronzy JJ, Weyand
CM. Correlation of interleukin-6 production and disease activity in polymyalgia
rheumatica and giant cell arteritis. Arthritis Rheum. 1993;36:1286-94. [PMID:
8216422]
47. Wagner AD, Goronzy JJ, Weyand CM. Functional profile of tissue-infiltrat-
ing and circulating CD68 � cells in giant cell arteritis. Evidence for two compo-
nents of the disease. J Clin Invest. 1994;94:1134-40. [PMID: 8083354]
48. Hunder GG, Valente RM. Giant cell arteritis: Clinical aspects. In: Hoffman
GS, Weyand CM, eds. Inflammatory Diseases of Blood Vessels. New York:
Marcel Dekker; 2002:425-41.
49. Calamia KT, Hunder GG. Giant cell arteritis (temporal arteritis) presenting
as fever of undetermined origin. Arthritis Rheum. 1981;24:1414-8. [PMID:
7317119]
50. Evans JM, Hunder GG. Polymyalgia rheumatica and giant cell arteritis.

Rheum Dis Clin North Am. 2000;26:493-515. [PMID: 10989509]

51. Levine SM, Hellmann DB. Giant cell arteritis. Curr Opin Rheumatol. 2002;
14:3-10. [PMID: 11790989]

52. Smetana GW, Shmerling RH. Does this patient have temporal arteritis?
JAMA. 2002;287:92-101. [PMID: 11754714]

53. Weyand CM, Hicok KC, Hunder GG, Goronzy JJ. The HLA-DRB1 locus
as a genetic component in giant cell arteritis. Mapping of a disease-linked se-
quence motif to the antigen binding site of the HLA-DR molecule. J Clin Invest.
1992;90:2355-61. [PMID: 1469092]

54. Tovilla-Canales JL. Ocular manifestations of giant cell arteritis. Curr Opin
Ophthalmol. 1998;9:73-9. [PMID: 10387340]

55. Ghanchi FD, Dutton GN. Current concepts in giant cell (temporal) arteritis.
Surv Ophthalmol. 1997;42:99-123. [PMID: 9381374]

56. Mangat HS. Retinal artery occlusion. Surv Ophthalmol. 1995;40:145-56.
[PMID: 8533103]

57. Birkhead NC, Wagener HP, Schick RM. Treatment of temporal arteritis
with adrenal corticosteroids: Results in 55 cases in which lesion was proven at
biopsy. JAMA. 1957;163:821-7.

58. Liu GT, Glaser JS, Schatz NJ, Smith JL. Visual morbidity in giant cell
arteritis. Clinical characteristics and prognosis for vision. Ophthalmology. 1994;
101:1779-85. [PMID: 7800356]

59. Stanson AW. Imaging findings in extracranial (giant cell) temporal arteritis.
Clin Exp Rheumatol. 2000;18:S43-8. [PMID: 10948761]

60. Atalay MK, Bluemke DA. Magnetic resonance imaging of large vessel vas-
culitis. Curr Opin Rheumatol. 2001;13:41-7. [PMID: 11148714]

61. Evans JM, Bowles CA, Bjornsson J, Mullany CJ, Hunder GG. Thoracic
aortic aneurysm and rupture in giant cell arteritis. A descriptive study of 41 cases.
Arthritis Rheum. 1994;37:1539-47. [PMID: 7864947]

62. Mohan N, Kerr G. Aortitis. Curr Treat Options Cardiovasc Med. 2002;4:
247-254. [PMID: 12003723]

63. Gravanis MB. Giant cell arteritis and Takayasu aortitis: morphologic, patho-
genetic and etiologic factors. Int J Cardiol. 2000;75 Suppl 1:S21-33; discussion
S35-6. [PMID: 10980333]

64. Weyand CM, Hunder NN, Hicok KC, Hunder GG, Goronzy JJ. HLA-
DRB1 alleles in polymyalgia rheumatica, giant cell arteritis, and rheumatoid ar-
thritis. Arthritis Rheum. 1994;37:514-20. [PMID: 8147928]

65. Weyand CM, Fulbright JW, Hunder GG, Evans JM, Goronzy JJ. Treat-
ment of giant cell arteritis: interleukin-6 as a biologic marker of disease activity.
Arthritis Rheum. 2000;43:1041-8. [PMID: 10817557]

66. Pavlica P, Barozzi L, Salvarani C, Cantini F, Olivieri I. Magnetic resonance
imaging in the diagnosis of PMR. Clin Exp Rheumatol. 2000;18:S38-9. [PMID:
10948759]

67. Cantini F, Salvarani C, Olivieri I, Niccoli L, Padula A, Macchioni L, et al.
Shoulder ultrasonography in the diagnosis of polymyalgia rheumatica: a case-
control study. J Rheumatol. 2001;28:1049-55. [PMID: 11361188]

68. Dababneh A, Gonzalez-Gay MA, Garcia-Porrua C, Hajeer A, Thomson W,
Ollier W. Giant cell arteritis and polymyalgia rheumatica can be differentiated by
distinct patterns of HLA class II association. J Rheumatol. 1998;25:2140-5.
[PMID: 9818656]

69. Reviron D, Foutrier C, Guis S, Mercier P, Roudier J. DRB1 alleles in
polymyalgia rheumatica and rheumatoid arthritis in southern France. Eur J Im-
munogenet. 2001;28:83-7. [PMID: 11251689]

70. Weyand CM, Hunder NN, Hicok KC, Hunder GG, Goronzy JJ. HLA-
DRB1 alleles in polymyalgia rheumatica, giant cell arteritis, and rheumatoid ar-
thritis. Arthritis Rheum. 1994;37:514-20. [PMID: 8147928]

71. Salvarani C, Hunder GG. Giant cell arteritis with low erythrocyte sedimen-
tation rate: frequency of occurence in a population-based study. Arthritis Rheum.
2001;45:140-5. [PMID: 11324777]

72. Zweegman S, Makkink B, Stehouwer CD. Giant-cell arteritis with normal
erythrocyte sedimentation rate: case report and review of the literature. Neth
J Med. 1993;42:128-31. [PMID: 8316325]

73. Albert DM, Ruchman MC, Keltner JL. Skip areas in temporal arteritis. Arch
Ophthalmol. 1976;94:2072-7. [PMID: 999553]

74. Albert DM, Searl SS, Craft JL. Histologic and ultrastructural characteristics
of temporal arteritis. The value of the temporal artery biopsy. Ophthalmology.
1982;89:1111-26. [PMID: 7155522]

Review Giant-Cell Arteritis and Polymyalgia Rheumatica

514 16 September 2003 Annals of Internal Medicine Volume 139 • Number 6 www.annals.org



75. Lie JT. Temporal artery biopsy diagnosis of giant cell arteritis: lessons from
1109 biopsies. Anat Pathol. 1996;1:69-97. [PMID: 9390924]

76. McDonnell PJ, Moore GW, Miller NR, Hutchins GM, Green WR. Tem-
poral arteritis. A clinicopathologic study. Ophthalmology. 1986;93:518-30.
[PMID: 3703528]

77. Achkar AA, Hunder GG, Gabriel SE. Effect of previous corticosteroid treat-
ment on temporal artery biopsy results [Letter]. Ann Intern Med. 1998;128:410.
[PMID: 9490606]

78. Brack A, Rittner HL, Younge BR, Kaltschmidt C, Weyand CM, Goronzy
JJ. Glucocorticoid-mediated repression of cytokine gene transcription in human
arteritis-SCID chimeras. J Clin Invest. 1997;99:2842-50. [PMID: 9185506]

79. Lie JT. Diagnostic histopathology of major systemic and pulmonary vasculitic
syndromes. Rheum Dis Clin North Am. 1990;16:269-92. [PMID: 1971725]

80. Bjornsson J. Histopathology of Primary Vasculitic Disorders. In: Hoffman
GS, Weyand CM, eds. Inflammatory Diseases of Blood Vessels. New York:
Marcel Dekker; 2002:255-65.

81. Lie JT. When is arteritis of the temporal arteries not temporal arteritis?
[Editorial] J Rheumatol. 1994;21:186-9. [PMID: 8182621]

82. Genereau T, Lortholary O, Pottier MA, Michon-Pasturel U, Ponge T, de
Wazieres B, et al. Temporal artery biopsy: a diagnostic tool for systemic necro-
tizing vasculitis. French Vasculitis Study Group. Arthritis Rheum. 1999;42:2674-
81. [PMID: 10616017]

83. Haugeberg G, Bie R, Johnsen V. Vasculitic changes in the temporal artery in
polyarteritis nodosa. Scand J Rheumatol. 1997;26:383-5. [PMID: 9385352]

84. Agard C, Ponge T, Hamidou M, Barrier J. Role for vascular investigations
in giant cell arteritis. Joint Bone Spine. 2002;69:367-72. [PMID: 12184432]

85. Tso E, Flamm SD, White RD, Schvartzman PR, Mascha E, Hoffman GS.
Takayasu arteritis: utility and limitations of magnetic resonance imaging in diag-
nosis and treatment. Arthritis Rheum. 2002;46:1634-42. [PMID: 12115196]

86. Delecoeuillerie G, Joly P, Cohen de Lara A, Paolaggi JB. Polymyalgia
rheumatica and temporal arteritis: a retrospective analysis of prognostic features
and different corticosteroid regimens (11 year survey of 210 patients). Ann
Rheum Dis. 1988;47:733-9. [PMID: 3178314]

87. Nesher G, Rubinow A, Sonnenblick M. Efficacy and adverse effects of
different corticosteroid dose regimens in temporal arteritis: a retrospective study.
Clin Exp Rheumatol. 1997;15:303-6. [PMID: 9177927]

88. Aiello PD, Trautmann JC, McPhee TJ, Kunselman AR, Hunder GG.
Visual prognosis in giant cell arteritis. Ophthalmology. 1993;100:550-5. [PMID:
8479714]

89. Jover JA, Hernandez-Garcia C, Morado IC, Vargas E, Banares A, Fernan-
dez-Gutierrez B. Combined treatment of giant-cell arteritis with methotrexate
and prednisone. A randomized, double-blind, placebo-controlled trial. Ann In-
tern Med. 2001;134:106-14. [PMID: 11177313]
90. Weyand CM, Fulbright JW, Evans JM, Hunder GG, Goronzy JJ. Corti-
costeroid requirements in polymyalgia rheumatica. Arch Intern Med. 1999;159:
577-84. [PMID: 10090114]
91. Hoffman GS, Cid MC, Hellmann DB, Guillevin L, Stone JH, Schousboe
J, et al. A multicenter, randomized, double-blind, placebo-controlled trial of
adjuvant methotrexate treatment for giant cell arteritis. Arthritis Rheum. 2002;
46:1309-18. [PMID: 12115238]
92. Spiera RF, Mitnick HJ, Kupersmith M, Richmond M, Spiera H, Peterson
MG, et al. A prospective, double-blind, randomized, placebo controlled trial of
methotrexate in the treatment of giant cell arteritis (GCA). Clin Exp Rheumatol.
2001;19:495-501. [PMID: 11579707]
93. Weyand CM, Kaiser M, Yang H, Younge B, Goronzy JJ. Therapeutic
effects of acetylsalicylic acid in giant cell arteritis. Arthritis Rheum. 2002;46:457-
66. [PMID: 11840449]
94. Uddhammar A, Eriksson AL, Nystrom L, Stenling R, Rantapaa-Dahlqvist
S. Increased mortality due to cardiovascular disease in patients with giant cell
arteritis in northern Sweden. J Rheumatol. 2002;29:737-42. [PMID: 11950015]
95. Matteson EL, Gold KN, Bloch DA, Hunder GG. Long-term survival of
patients with giant cell arteritis in the American College of Rheumatology giant
cell arteritis classification criteria cohort. Am J Med. 1996;100:193-6. [PMID:
8629654]
96. Gran JT, Myklebust G, Wilsgaard T, Jacobsen BK. Survival in polymyalgia
rheumatica and temporal arteritis: a study of 398 cases and matched population
controls. Rheumatology (Oxford). 2001;40:1238-42. [PMID: 11709607]
97. Weinstein RS. Glucocorticoid-induced osteoporosis. Rev Endocr Metab Dis-
ord. 2001;2:65-73. [PMID: 11708295]
98. Healey JH, Paget SA, Williams-Russo P, Szatrowski TP, Schneider R,
Spiera H, et al. A randomized controlled trial of salmon calcitonin to prevent
bone loss in corticosteroid-treated temporal arteritis and polymyalgia rheumatica.
Calcif Tissue Int. 1996;58:73-80. [PMID: 8998681]
99. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet.
2002;359:1929-36. [PMID: 12057569]
100. Recommendations for the prevention and treatment of glucocorticoid-in-
duced osteoporosis: 2001 update. American College of Rheumatology Ad Hoc
Committee on Glucocoritcoid-Induced Osteoporosis. Arthritis Rheum. 2001;44:
1496-503. [PMID: 11465699]

ReviewGiant-Cell Arteritis and Polymyalgia Rheumatica

www.annals.org 16 September 2003 Annals of Internal Medicine Volume 139 • Number 6 515



Current Author Addresses: Drs. Weyand and Goronzy: Mayo Clinic,
Guggenheim 401, 200 First Street SW, Rochester, MN 55905.

E-516 Annals of Internal Medicine Volume • Number www.annals.org


