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35.1  Takayasu Arteritis

35.1.1  Clinical Features

Takayasu arteritis (TA) is a chronic, large-vessel 
granulomatous vasculitis of unknown etiology, 
which primarily affects the aorta and its pri-
mary branches (“aortic arch syndrome”) [1]. TA 
chiefly affects young women: patients are female 
in 80–90% of cases, and the age of onset is typi-
cally before 40 years, with a mean age at diagno-
sis between 25 and 30 years. It has a worldwide 
distribution, with peak prevalence in Asian coun-
tries (0.004% in Japan versus 4.7 cases per mil-
lion in the UK).

The etiology of TA is largely obscure [2]. A 
genetic predisposition for the immune-mediated 
process is postulated, but disease pathogenesis 
and natural history are poorly understood. The 
histologic hallmark of TA is granuloma forma-
tion and transmural infiltration with inflammatory 
cells, eventually leading to a marked thickening 
of the walls of affected arteries. Despite remark-
able variability in disease expression, the ini-
tial vascular lesions frequently occur in the left 
middle or proximal subclavian artery (Fig. 35.1). 
As the disease progresses, the left common 

carotid, vertebral, brachiocephalic, right middle 
or proximal subclavian artery, right carotid, ver-
tebral arteries, and aorta may also be affected. 
The abdominal aorta and pulmonary arteries 
are involved in approximately 50% of patients. 
Vascular inflammation may be localized to a 
portion of the thoracic or abdominal aorta and 
branches or may extensively involve the entire 
vessels. The inflammatory process within the 
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Fig. 35.1 CMR angiography in large-vessel vasculitides. 
Contrast-enhanced magnetic resonance angiography 
coronal plane showing diffuse luminal irregularities 
without significant stenosis and marked right subclavian 
wall thickening up to 25 mm (arrowheads) with intense 
contrast enhancement
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vessel can lead to narrowing, occlusion, or dila-
tion of involved portions of the arteries, which 
cause a wide variety of symptoms.

Clinical presentation is highly variable and 
varies from nonspecific constitutional symptoms 
without clinical or imaging evidence of arterial 
occlusive disease (pre-pulseless stage) to symp-
toms attributable to arterial stenosis, aneurysm, 
and occlusion (pulseless stage) [3]. At time of 
disease onset, the clinical picture tends to be 
subacute, for example, with nonspecific consti-
tutional symptoms (i.e., fatigue, malaise, night 
sweats, weight loss, fever) and arthralgia. This 
elusive clinical picture often causes a remark-
able delay in diagnosis, ranging from months to 
years, during which vascular disease likely pro-
gresses. Although vascular involvement is often 
asymptomatic at presentation, it later becomes 
clinically apparent as dilation, narrowing, or 
occlusion of arteries develops, resulting in a 
broad spectrum of vascular symptoms includ-
ing limb cyanosis and claudication, lightheaded-
ness or other symptoms of reduced blood flow, 
vascular bruits, arterial pain and tenderness (i.e., 
carotidynia), and neurovascular hypertension. 
The pulseless phase is characterized by vascular 
insufficiency manifesting as arm or leg claudica-
tion and neurological symptoms due to decreased 
blood flow to the brain. Rare but alarming com-
plications of TA include ocular involvement in 
form of various degrees of visual field defects, 
coronary artery aneurysms, as well as rupture of 
aneurysms in other sites [4].

35.1.2  Diagnosis

TA should be suspected in a young patient, 
chiefly woman, who has constitutional symp-
toms, hypertension, diminished or absent pulses, 
and/or arterial bruits. At physical examination, 
accurate measurements of blood pressure and 
palpation of pulses may reveal asymmetric or 
discordant findings. Absent or weak peripheral 
pulses are most common at the level of the radial 
arteries and led to the usual definition of “pulse-
less disease.” Vascular bruits or a murmur consis-
tent with aortic valve insufficiency are common.

There are no gold standard imaging or labora-
tory tests with adequate sensitivity or specificity 
for the diagnosis of TA [5]. Testing for inflam-
matory markers such as the erythrocyte sedimen-
tation rate (ESR) and the acute-phase reactant 
C-reactive protein (CRP) indicates the presence 
of a systemic inflammatory process; however, 
normal values may occasionally be observed 
and should not unequivocally rule out a diagno-
sis of TA. Anemia often accompanies the earli-
est inflammatory stages of the disease. In most 
cases, the diagnosis is based on suggestive clini-
cal features and specific imaging findings of the 
aorta and/or its branches. In these regards, TA is 
sometimes incidentally suspected upon findings 
of arterial disease at imaging obtained for other 
clinical indications or revealed when vasculitis is 
observed on histologic examination of surgically 
removed arteries.

Imaging studies of the arterial tree are essen-
tial for ascertaining the diagnosis of TA and for 
determining the extent and severity of vascular 
involvement [6].

Preferred techniques are magnetic resonance 
angiography (MRA) and computed tomography 
angiography (CTA), which allow for evaluation 
of the arterial lumen. MRA use circumvents the 
risks of exposure to radiation and iodinated con-
trast of CTA; since periodic re-evaluations can 
be anticipated, MRA is the preferred technique. 
Imaging of the vasculature of the chest, abdo-
men, head and neck, or other areas by MRA or 
CTA demonstrates smoothly tapered luminal 
narrowing or occlusion, which may sometimes 
be accompanied by circumferential thickening 
of the vessel wall. The characteristic finding on 
contrast angiography is the presence of “skip 
lesions,” where stenosis or aneurysms alternate 
with normal vessels. FDG-PET can help in diag-
nosing an active inflammation, providing addi-
tional information apart from vessel anatomy and 
patency, and thus resulting particularly useful in 
monitoring disease activity during follow-up [7] 
(Fig. 35.2).

Conditions that should be considered in the 
differential diagnosis of TA include other dis-
eases which can feature large-vessel vasculitis 
or aortitis, such as giant cell (temporal) arteritis, 
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Cogan’s syndrome, Behçet’s syndrome, relaps-
ing polychondritis, infectious aortitis, atheroscle-
rosis, fibromuscular dysplasia, and genetically 
determined causes of aneurysms such as Ehlers- 
Danlos syndrome, IgG4-related disease, and 
spondyloarthropathies.

35.1.3  Treatment

TA is a chronic, relapsing, and progressive dis-
ease requiring long-term immunosuppression [8].

Glucocorticoids The cornerstone of therapy 
for TA is glucocorticoids. High-dose glucocorti-
coids effectively control systemic inflammation 
and related clinical manifestations (fever, arthri-
tis or arthralgia, normochromic anemia, and 
elevated acute-phase reactants) in the majority 
of cases and can arrest or fully revert the pro-
gression of vascular inflammation and damage 
of TA.  In early cases, arterial stenosis may 
reverse, and ischemic symptoms may improve 
remarkably upon corticosteroid treatment. On 

the other and, in later disease stages, fibrous 
damage may develop and be poorly responsive 
to treatment.

A daily dose of 45–60  mg of prednisone 
(0.5–1  mg/Kg) is typically considered an ade-
quate starting dosing for adults of average size. 
A single morning is convenient and preferred, as 
divided doses are associated with an increased 
number of adverse reactions.

Gradual tapering when symptoms and labo-
ratory analyses related to the inflammatory pro-
cess have improved follows this loading steroid 
dose. Long-term, low-dose prednisone therapy 
may be necessary to prevent progression of arte-
rial stenoses. Glucocorticoids can be discontin-
ued if the disease enters prolonged remission, 
but the dose should be increased if flares occur. 
Supplementation with calcium and vitamin D, 
as well as prophylactic use of an oral bisphos-
phonate, is recommended to prevent glucocor-
ticoid-related osteoporosis, since duration and 
cumulative dose of treatment cannot be predicted 
at time of initiation.

Fig. 35.2 CT/F-FDG-PET in large-vessel vasculitides (Takayasu arteritis). CT/PET showing FDG uptake in the tho-
racic aorta and in both subclavian arteries
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Evaluation of Disease Activity and Response 
to Treatment Assessing residual disease activ-
ity and response to treatment is a challenging 
task, given the lack of specific laboratory tests or 
validated tools for assessing disease activity. 
Clinical evaluations include monitoring of 
constitutional or vascular symptoms and levels of 
acute-phase reactants (ESR and CRP). Efforts 
aimed at developing a quantitative clinical 
assessment instrument are undergoing. The 
Indian Takayasu Clinical Activity Score (ITAS 
2010) and a composite ITAS-A, which also 
includes acute-phase reactants (ESR or CRP), are 
currently used for research purposes and provide 
a quantitative score of clinical disease activity for 
patient monitoring [9].

Imaging techniques provide some aid in eval-
uating disease activity and response to treatment. 
CTA, MRA, and FDG-PET can be used.

Glucocorticoid-Resistant Disease  
Approximately, one-half of all TA patients 
exhibit chronically active disease and vascular 
inflammation refractory to treatment with gluco-
corticoids. These patients normally benefit from 
the adjunctive use of immunosuppressant medi-
cations. Drugs used in the management of TA 
include methotrexate, azathioprine, leflunomide, 
and mycophenolate mofetil [8]. In small open-
label studies, the use of these medications in 
association with glucocorticoids was generally 
associated with a significant reduction in disease 
activity scores, acute-phase reactants, and gluco-
corticoid use. More sparse evidence and limited 
experience indicate that mycophenolate mofetil 
and cyclophosphamide may have some value as 
steroid-sparing agents in patients with TA refrac-
tory to conventional therapy. There is currently 
no evidence to clearly privilege any of these 
drugs over others. Comparative randomized trials 
can hardly be conceived and populated, given the 
small size of patient in individual centers.

Pharmacologic blockade of pro-inflammatory 
cytokines with monoclonal antibodies represents 
a promising option for difficult-to-treat patients. 
Experience with antitumor necrosis factor (TNF)-

alpha agents infliximab or etanercept in TA is 
limited, but available evidence point at a role for 
these agents in the management of difficult-to- 
treat patients. Emerging evidence indicates that 
blockade of interleukin (IL)-6 with tocilizumab 
may also be effective in TA; of note, this drug 
exhibited remarkable efficacy in a larger number 
of patients with giant cell arteritis [10].

Revascularization Despite medical treatment, 
irreversible arterial stenosis or significant 
ischemic symptoms may develop in late cases 
and necessitate treatment with percutaneous 
transluminal angioplasty, bypass grafts, or other 
surgeries. In general, surgical treatments yield 
better outcomes than endovascular interventions. 
In a long-term follow-up study of 106 Japanese 
patients who required surgical revascularization, 
survival to hospital discharge was 89% and over-
all survival 73%. Of note, aneurysms at sites of 
anastomosis eventually developed in 13.8% of 
long-term survivors, requiring lifelong surveil-
lance for the development of this complication.

Percutaneous angioplasty and stenting are bur-
dened with frequent postoperative complications, 
the most common of which is restenosis, occur-
ring in 77% of angioplasty procedures, as opposed 
to 34% of surgical bypasses. Nevertheless, angio-
plasty may be preferred in the event of lesions 
amenable to catheter-based dilation. Stenosis or 
occlusions affecting sizeable tracts of an artery, 
as well as heavy scarring of vessels, may reduce 
both the feasibility and the success rate of percu-
taneous revascularization [11].

Of note, a state of active inflammation prior 
to or after revascularization is associated with 
poor outcomes, regardless of procedure modal-
ity. Complications include graft detachment or 
restenosis, new arterial lesions, and development 
of progressive symptomatic disease. It is thus 
crucial that disease activity is controlled with 
adequate immunosuppressive treatment prior to 
or – in case of urgent revascularization – at least 
following a procedure [12].

Aortic Valve Surgery Progressive aortic regur-
gitation (AR) may develop when the ascending 
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aorta is involved. This complication may require 
surgical valve replacement or repair. The state of 
inflammation and fragility of affected walls make 
this surgery more challenging than usual. In a 
large series of 90 patients (63 undergoing aortic 
valve replacement and 27 undergoing composite 
graft repair), in-hospital mortality was 5.5%, and 
15-year survival was 76%; the long-term out-
come after surgery seemed comparable between 
these two approaches [13].

35.1.4  Prognosis

The development of TA marks the onset of a 
severe, chronic disease in the most productive 
years of life. Vascular involvement tends to be 
progressive, and disease activity may vary over 
time leading to occasional exacerbations of the 
inflammatory process; however, spontaneous 
remissions also rarely occur as the disease may 
eventually burn out.

The short-term prognosis of TA is gener-
ally favorable, with several follow-up studies 
reporting a 5-year survival rate of 80–90%. The 
overall mortality has declined over time such 
that the 15-year survival rate has increased from 
82.9% for patients diagnosed between 1957 and 
1975 to 96.5% for those diagnosed from 1976 
to 1990. However, the 15-year survival rate 
may drop to 40–70% in those TA patients with 
a progressive course and major complications, 
including retinopathy, hypertension, aortic 
regurgitation, and aneurysms. In these sub-
sets of patients, more aggressive medical and/
or surgical therapy is warranted to prevent an 
unfavorable outcome [14].

35.2  Giant Cell Arteritis

35.2.1  Clinical Features

Giant cell arteritis (GCA), or Horton’s disease, is 
a systemic vasculitis of unknown etiology. GCA 
is historically classified as a large-vessel vascu-
litis chiefly involving the cranial arteries, typi-
cally the temporal artery (“temporal arteritis”) 

[15]. However, GCA exhibits a larger disease 
spectrum also including idiopathic aortitis and 
small-medium vessel involvement. The disease, 
indeed, may also involve the aorta and carotid, 
subclavian, iliac arteries and the superficial tem-
poral, ophthalmic, occipital, vertebral, posterior 
ciliary, and proximal vertebral arteries. Given 
this lesion distribution, GCA may cause a vari-
ety of systemic, neurologic, and ophthalmologic 
complications.

The incidence of GCA peaks between age 70 
and 80 years, and the disease occurs with greater 
frequency in females ((female-to-male ratio 
3.7:1) and in Nordic countries. GCA virtually 
never occurs before the age of 50, making GCA 
the most common systemic vasculitis in adults 
with a reported incidence of 0.5–27 cases per 
100,000 people aged 50 years or older [16, 17].

GCA is often associated with polymyalgia 
rheumatica (PMR), an inflammatory condi-
tion characterized by inflammatory pain in the 
shoulder and hip girdles. PMR occurs in about 
50% of patients with GCA, and GCA may 
develop in about 15% of patients with PMR [18]. 
Musculoskeletal symptoms in addition to those 
of PMR can be observed in a minority of patients.

The onset of GCA may be either abrupt or 
insidious, and clinical presentation is highly vari-
able from mild constitutional symptoms to com-
plete visual loss [19]. Prodromal constitutional 
symptoms such as anorexia, fatigue, low-grade 
fever, malaise, myalgia, night sweats, weight 
loss, and nonproductive cough may herald the 
disease. A common presentation is the onset of 
temporal or occipital headache in a patient with-
out a history of headaches or a new, unusual 
complaint in a patient with a history of chronic 
headache [18, 20].

Jaw claudication is also common and highly 
predictive, and it is reported as fatigue or dis-
comfort of the jaw muscles upon prolonged 
chewing or speaking; it is due to ischemia of the 
maxillary artery supplying the masseter muscles. 
Involvement of other branches of the external 
carotid artery may result in many other extra-
cranial GCA symptoms, including maxillary 
and dental pain, facial swelling, throat pain, and 
tongue pain.
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412

Visual symptoms are a common, feared mani-
festation of GCA [21]. Transient monocular (and, 
rarely, binocular) impairment of vision can be an 
early manifestation of GCA.  Patients typically 
note an abrupt partial field defect or temporary 
curtain effect in the field of vision of one eye. 
Transient episodes of blurred vision are usually 
reversible, but sudden and painless irrevers-
ible loss of vision may occur if treatment is not 
started promptly [22]. Permanent loss of vision 
in GCA results from anterior ischemic optic neu-
ropathy (80% of cases), central or branch retinal 
arterial occlusion, posterior ischemic optic neu-
ropathy, or, rarely, posterior cerebral ischemia 
[23]. Loss of vision may be partial or complete 
and unilateral or bilateral. Once established, 
visual loss is rarely reversible. Before the advent 
of glucocorticoid treatment, the prevalence of 
visual complications was high. Increasing aware-
ness by physicians of the symptoms of GCA and 
advances in diagnostic techniques over the past 
20  years have also contributed to a substantial 
decline in the frequency of permanent visual loss.

GCA can also affect the central nervous sys-
tem [24]: involvement of the vertebral arteries 
can cause vertigo, ataxia, dysarthria, homony-
mous hemianopsia, or bilateral cortical blind-
ness; bilateral vertebral artery involvement can 
cause rapidly progressive brain stem and/or cer-
ebellar neurologic deficits. Stroke is uncommon 
but may derive from involvement of vertebrobas-
ilar or internal carotid arteries.

GCA can also involve extracranial arteries, 
chiefly the aorta and its major proximal branches, 
especially in the upper extremities: the subclavian 
arteries distal to the emergence of the vertebral 
arteries and extend through the axillary arteries 
to the proximal brachial arteries. Arterial bruits, 
diminished or absent pulses, arm claudication, 
and cold intolerance are possible complaints. 
Patients with these peripheral presentations of 
GCA are usually younger at diagnosis and have 
fewer cranial symptoms. Complications include 
aortic aneurysms and dissection, particularly 
affecting the thoracic aorta, as well as stenosis, 
occlusion, and ectasia of large arteries. While 
these complications occur in a minority of GCA 

patients, subclinical or clinical aortitis is com-
monly detected at imaging [25, 26].

As incidence of aortic aneurysms in GCA 
increases over time, especially in male smokers, 
ongoing clinical vigilance is warranted. Imaging 
modalities for diagnosing large-vessel involve-
ment in GCA include color Doppler ultrasonog-
raphy, CT or CT with angiography (CTA), MRI 
or MR angiography (MRA), and FDG-PET or 
PET with CT.

35.2.2  Diagnosis

The diagnosis of GCA should be considered 
in a patient over the age of 50  years with new 
headaches, abrupt onset of visual disturbances 
(especially transient monocular visual loss), jaw 
claudication, unexplained constitutional symp-
toms, and inflammatory manifestations includ-
ing fever, anemia, elevated ESR, and/or CRP. A 
current or prior diagnosis of polymyalgia rheu-
matica strengthens the predictive value of any of 
these findings.

At physical examination, the temporal or other 
cranial arteries can be tender or thickened. Bruits 
may be heard on auscultation of the carotid or 
supraclavicular areas: over the axillary, brachial, 
or femoral arteries. Murmurs over the abdominal 
aorta and of aortic regurgitation may reveal the 
development of an aortic aneurysm.

The laboratory hallmark of GCA is an eleva-
tion in ESR and CRP levels. The ESR usually 
exceeds 50 mm/h but may be normal in 7–20% 
of patients with GCA; thus, a normal ESR does 
not rule out GCA.  CRP is typically elevated. 
Combined assessment of ESR and CRP provides 
a remarkable sensitivity for the diagnosis of GCA 
[27, 28].

The definite diagnosis of GCA is based on his-
topathology on temporal artery biopsy. Histologic 
confirmation should be obtained almost without 
exception in patients with clinically suspected 
GCA, since glucocorticoid treatment is pro-
longed and often complicated. A positive tempo-
ral artery biopsy has 100% specificity; however, 
sensitivity is relatively low (15–87%) due to a 
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“skip lesion” pattern of disease involvement, 
with normal intervening segments [29]. For this 
reason, large (5  cm) and occasionally bilateral 
specimens should be obtained. In the setting of 
a high diagnostic suspicion for GCA, scheduling 
of the biopsy should not interfere with initiation 
of glucocorticoid therapy due to concerns for 
possible catastrophic sight loss [30].

Color Doppler ultrasonography of the tempo-
ral artery has emerged as a promising alternative 
or complement to temporal artery biopsy, with 
a specificity of 80–100% when a dark halo sur-
rounds the vessel (“halo sign”) [31]. This key 
diagnostic feature is believed to represent vessel 
wall edema.

The following are classification criteria for GCA 
issued by the American College of Rheumatology 
in 1990 [32]:

 – Age 50 years or older
 – New-onset localized headache or localized 

head pain
 – Temporal artery tenderness to palpation or 

decreased pulsation
 – ESR of 50 mm/h or higher
 – Positive arterial biopsy results (vasculitis 

characterized by mononuclear infiltration or 
granulomatous inflammation, usually with 
multinucleated giant cells)

The presence of three or more criteria yields 
a diagnostic sensitivity of 93.5% and specificity 
of 91.2%.

35.2.3  Treatment

Immunosuppressive Treatment The mainstay 
of treatment for GCA is high-dose corticoste-
roids. For patients in whom the diagnostic suspi-
cion of GCA is high, especially those with recent 
vascular complications such as visual loss, ther-
apy should be started promptly, even before the 
diagnosis is confirmed. A temporal artery biopsy 
should be obtained as soon as possible, but treat-
ment should not be delayed while awaiting 
biopsy.

For GCA not complicated by ischemic organ 
damage (i.e., visual loss), treatment is started 
at a single glucocorticoid dose equivalent to 
40–60  mg of prednisone [33]. However, in the 
setting of visual loss, damage may be irreversible 
if treatment is delayed beyond 48 h, and intrave-
nous pulse methylprednisolone (1000 mg intra-
venously each day for 3 days, followed by oral 
therapy with 1 mg/kg per day) is recommended. 
High-dose prednisone should be continued at the 
starting dose for 2–4 weeks, followed by taper-
ing by approximately 10% of the total daily dose 
each 1 or 2 weeks. After achieving a daily dose 
of 10 mg, the prednisone taper should be slowed 
substantially, so that patients remain on progres-
sively lower doses for 9 to 12 months. The risk 
of disease flare increases as the daily prednisone 
dose declines. Supplementation with calcium, 
vitamin D, bisphosphonate therapy, antimicro-
bial prophylaxis, and initiation of a proton pump 
inhibitor or histamine H2-receptor antagonist 
should be considered. Low-dose aspirin in asso-
ciation to corticosteroids decreases the risk of 
cranial ischemic complications (visual loss, tran-
sient ischemic attacks, or stroke).

Oral corticosteroid therapy is required for 
months to years with careful follow-up and 
periodic laboratory evaluations with ESR and 
CRP: recurrence of inflammation is common 
in GCA and necessitates an escalation of cor-
ticosteroid dose and/or a second-line therapy. 
Immunomodulatory therapy may be considered 
in patients experiencing relapsing inflammation 
despite high doses of corticosteroids or those with 
corticosteroid-induced complications. Emerging 
evidence for adjunctive suitable steroid-sparing 
agents such as methotrexate and the anti-IL-6 
tocilizumab is encouraging and may lead to a 
more mainstream role for these therapies among 
patients with GCA [34].

Surgery Despite medical treatment, irreversible 
arterial stenosis or significant ischemic symptoms 
may develop in late stages in rare cases and neces-
sitate treatment with percutaneous transluminal 
angioplasty, bypass grafts, or other surgeries. A 
surgical approach is rarely needed in GCA with 
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extracranial involvement. Moreover, when endo-
vascular revascularization procedures and open 
surgical treatment for aneurysms and dissections 
are necessary, results are not always favorable and 
relapses are common. Given the elderly popula-
tion of patients with GCA, comorbidities often 
limit surgical interventions [25].

35.2.4  Prognosis

The prognosis of untreated GCA is extremely 
poor: serious disability may occur from blindness, 
or death may result from myocardial infarction, 
stroke, or dissecting aortic aneurysm. However, 
in most treated patients, GCA tends to have a 
self-limited course over several months to several 
years and may not adversely affect overall sur-
vival. Evidence is emerging that overall mortal-
ity in GCA patients is at best slightly higher than 
expected in relation to general population mortal-
ity data, but GCA is associated with an increase in 
morbidity and mortality specifically related to aor-
tic aneurysm or other cardiovascular causes [35].

Glucocorticoid therapy can eventually be 
reduced and discontinued in the majority of 
patients. The burden of morbidity from ste-
roid therapy is significant and includes diabe-
tes mellitus, hypertension, osteoporosis, steroid 
myopathy, steroid psychosis, and immunosup-
pression-related infections.
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