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Abstract Large vessel vasculitis (LVV) covers a spectrum of
primary vasculitides predominantly affecting the aorta and its
major branches. The two main subtypes are giant cell arteritis
(GCA) and Takayasu arteritis (TA). Less commonly LVV
occurs in various other diseases. Clinical manifestations result
from vascular stenosis, occlusion, and dilation, sometimes
complicated by aneurysm rupture or dissection. Occasionally
LVV is discovered unexpectedly on pathological examination
of a resected aortic aneurysm. Clinical evaluation is often
unreliable in determining disease activity. Moreover, the di-
agnostic tools are imperfect. Acute phase reactants can be
normal at presentation and available imaging modalities are
more reliable in delineating vascular anatomy than in provid-
ing reliable information on degree of vascular inflammation.
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Glucocorticoids are the mainstay of therapy of LVV. Patients
may develop predictable adverse effects from long-term glu-
cocorticoid use. Several steroid-sparing agents have also
shown some promise and are currently in use. Endovascular
revascularization procedures and open surgical treatment for
aneurysms and dissections are sometimes necessary, but re-
sults are not always favorable and relapses are common. This
article, the first in a series of two, will be devoted to GCA and
isolated (idiopathic) aortitis, while TA will be covered in detail
in the next article.
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Introduction

Large vessel vasculitis (LVV) covers a spectrum of primary
vasculitides predominantly of the aorta and its major
branches. The two main subclasses of LVV are giant cell
arteritis (GCA) and Takayasu arteritis (TA). These vasculitides
differ in the age of onset with GCA rarely occurring before the
age of 50 years and TA rarely after 40 years. It has been
postulated that TA and GCA may represent different pheno-
types within the continuum of the same disease [1]. These
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diseases and their treatments can cause significant morbidity and
have the potential to cause premature mortality. LV'V, especially
in GCA, is not uncommon and may be under-recognized.
Clinical manifestations can be protean - vascular stenosis and
occlusion, leading to tissue ischemia, and vascular dilation
(aneurysm formation) sometimes complicated by aneurysm rup-
ture or dissection. At the outset, constitutional symptoms (fever,
malaise, weight loss, night sweats, polyarthralgia or arthritis) can
be more prominent than localizing features. So, if not suspected
and appropriately investigated, diagnosis can be difficult and
often missed. Vascular pathology can be erroneously attributed
to atherosclerotic disease, and an incorrect management ap-
proach can lead to unfavorable outcomes. Sometimes LVV is
discovered unexpectedly on histopathological examination of a
resected aortic aneurysm or during repair of an aortic dissection.
In this situation, if the disease is found to be limited to the aorta,
it is classified as an isolated (idiopathic) aortitis. Less commonly,
LVV has been associated with a number of other diseases (please
refer to Table 1 in the next article on TA).

The importance of a careful and focused history and a
thorough physical examination cannot be over-emphasized,
particularly that of the vascular system — assessment of pulse
and blood pressure in all four extremities, and listening for
bruits and for an aortic regurgitation murmur. However, clin-
ical evaluation is often unreliable in determining disease ac-
tivity, and disease progression may occur silently in about
50 % of cases. Moreover progressive vascular narrowing or
vascular occlusion does not necessarily reflect active inflam-
mation, but could largely be a result of progressive fibrosis.
Similarly, aneurysm enlargement does not automatically indi-
cate activity, but could be a result of hemodynamic perturba-
tions, especially when hypertension is uncontrolled.

The diagnostic tools of LVV are imperfect and have their
limitations. Acute phase reactants can be normal at presenta-
tion in about a third of patients, when disease is active, and also
do not always accurately reflect remission or relapse. It is often
difficult to differentiate activity (vascular inflammation, which
is potentially reversible with immunosuppressive medications)
from damage (which is cumulative and potentially irrevers-
ible). Available imaging modalities are better and more reliable
in delineating vascular anatomy (luminal narrowing, occlu-
sion, ectasia or dissection) [2] and demonstrating wall thick-
ening and calcification, than in providing reliable information
on degree of vascular inflammation, and thus guide treatment
recommendations. We definitely need better surrogate markers
and imaging techniques to demonstrate ongoing vascular in-
flammation that will accurately indicate activity and response
to therapy, and also provide long term prognostic information.

Glucocorticoids have remained the mainstay of therapy of
LVV. Patients may have a chronic course and need glucocor-
ticoids for several years and be faced with their predictable
adverse effects. Depending on the etiology of LVYV, several
steroid-sparing agents (conventional disease modifying agents
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and biologic response modifiers) that have shown some effi-
cacy are currently in use. Some other agents are undergoing
clinical trials. Surgical treatment is sometimes necessary, but
results are not always favorable, especially if LVV is active
peri-operatively. Close vigilance during and post-treatment is
also needed as relapses are not uncommon.

This article, the first in a series of two, will be devoted to
GCA and isolated (idiopathic) aortitis, while TA will be
discussed in detail in the next article.

Giant Cell Arteritis

Giant cell arteritis (GCA) is a chronic granulomatous arteritis
of large- and medium-sized vessels. The mean age of onset is
around 72 years, and the disease does not occur below the age
of 50 [3]. The overall prevalence is about one in 500 individ-
uals [4]. The American College of Rheumatology (ACR)
classification criteria for GCA were developed in 1990 [4]. It
is typically a systemic illness and vascular involvement may
be extensive. However, it most frequently involves the
medium-sized cranial branches of the arteries originating from
the aortic arch. The most dreaded complication of this disease,
visual loss, is a consequence of the cranial arteritis associated
with GCA.

The diagnosis of GCA should be considered in a patient
over the age of 50 who develops: (a) new headaches, (b) jaw
claudication, (c) acute onset of visual disturbances, (d) symp-
toms of polymyalgia rheumatica (PMR), (e) unexplained fe-
ver or anemia, (f) elevated acute phase reactants, and (g)
temporal artery abnormality on examination.

In addition to involvement of the cranial arteries, GCA can
also sometimes present with involvement of other vascular
territories, such as the great vessels. In this situation the
temporal arteries are often spared (about 40 %) [5] and ACR
criteria [4] may be unhelpful. These patients may present with
upper extremity claudication because of involvement of sub-
clavian and axillary arteries.

Clinical Features

In GCA, there are four main sets of clinical manifestations
which might present in isolation or in various combinations:

(a) Cranial (temporal) arteritis: This is characterized by tem-
poral headache, amaurosis fugax, jaw and/or tongue
claudication, scalp tenderness and/or hyperesthesia. The
affected temporal artery is often thickened, tortuous,
tender, nodular, or have diminished pulsation. The main
concern of cranial GCA is “arteritic” anterior ischemic
optic neuropathy (AION) as a result of inflammation and
occlusion of blood vessels supplying the optic nerve
(posterior ciliary arteries and/or ophthalmic artery),
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leading to sudden, nearly complete and often permanent
unilateral loss of vision (Fig. 1). If left untreated, the
other eye is also likely to be affected within weeks.
Rarely, patients can present with scalp necrosis [6, 7].

(b) PMR is characterized by predominantly proximal muscle
pain and stiffness, significant morning stiffness, and
much less commonly a peripheral inflammatory arthritis.
Approximately 40-50 % of patients with GCA have
associated PMR, and about 15 % of patients with PMR
develop GCA [8].

(c) Constitutional symptoms are common in both GCA and
PMR: fever, malaise, fatigue, weight loss, anorexia, night
sweats.

(d) Extracranial disease manifesting as LVV: It has become
evident in the last few decades that large artery involve-
ment is a common but under-recognized manifestation of
GCA, and tends to occur in up to a third of patients with
this disease. This could be in the form of (a) arterial
stenoses, occlusions or ectasias affecting subclavian
and axillary arteries, carotid and vertebro-basilar arteries,
and also sometimes the iliac arteries and their distal
branches, and (b) aortitis, which is often asymptomatic,
manifesting as ectasias and aneurysm formation in the
thoracic and less commonly the abdominal aorta. This
can sometimes be complicated by aortic rupture or dis-
section.

Large vessel involvement associated with GCA (LV-
GCA) will be reviewed in detail in this article:

Arterial Stenoses and Occlusion

This complication is not uncommon; the prevalence is vari-
able depending on the vascular imaging modality used for
evaluation. Fluorodeoxyglucose (‘*F)-positron emission to-
mography (FDG-PET) scans show that >80 % of patients with
GCA have large vessel disease [9—11]. Even in about a third of

Fig. 1 Severe AION in GCA:
choroidal hypoperfusion resulted
in rapidly progressive vision loss
in the right eye, despite being on
intravenous methylprednisolone:
(a) Pallor of the optic disk, disk
edema, and retinal cherry red spot
from central retinal artery
occlusion; (b) Fluorescein
angiogram showing severe
choroidal ischemia

patients with isolated PMR, there is inflammatory uptake in
the subclavian arteries. On Doppler ultrasound scan of axillary
arteries about a third of the patients with cranial GCA will
have upper extremity involvement [12, 13, 14¢]. Bilateral
disease is quite common. On computerized tomographic an-
giography (CTA), a significant proportion (42 %) of patients
with GCA will have subclavian involvement. Patients are
often asymptomatic (only 4-6 % will have upper extremity
claudication), but the condition may be under-recognized.
Arterial involvement in the arms either seems to develop
concurrent with or 1-2 years after the diagnosis of GCA
[14e, 15-17]. Compared to patients with cranial disease, on
average, those with LV-GCA tend to be about 6 years younger.
Also, only about 40 % of patients with LV-GCA will have
cranial symptoms; in particular, vision loss is distinctly un-
common. On the other hand, LV-GCA tends to present with
vascular symptoms and/or findings, such as absent upper
extremity pulses, large artery bruits, and claudication [5, 14e,
15, 17]. Less commonly, similar symptoms can also occur in
the lower extremities. Studies with Doppler ultrasound or
FDG-PET scans show that up to 37 % of LV-GCA patients
can have inflammatory activity of the proximal leg arteries,
such as the superficial femoral, iliac and popliteal arteries, and
involvement is often bilateral. Clinical manifestations are
usually uncommon because of development of exuberant
collaterals, but in one series, symptoms were present in up to
20 % of patients [9, 18-20]. Patients with LV-GCA who
develop rapidly progressive bilateral leg claudication can have
marked improvement of imaging findings and resolution of
claudication after successful immunosuppressive therapy.
Hence, the outcome of medical therapy can be much more
rewarding as opposed to those who have atherosclerotic pe-
ripheral arterial disease, where medical treatment options are
very limited. Interestingly, in one series, a substantial number
of patients (84 % women) with GCA involving the lower
extremities presented with leg claudication, and the diagnosis
only became apparent a few months later. In these patients
cranial symptoms were absent in about 42 %. Diagnosis of
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GCA depends on vascular imaging studies, often on cross
sectional imaging demonstrating vessel wall thickening
(Figs. 2 and 3) to differentiate it from atherosclerosis.
Though many patients improve with medical therapy, in con-
trast to those with arm disease, a significant proportion (15-
30 %) may develop critical leg ischemia requiring surgery and
rarely amputation [20, 21].

Aortitis

The aorta is also frequently involved in GCA. Aortitis leads to
an increased risk of aortic aneurysms. The thoracic aorta is
preferentially affected. As it is mostly asymptomatic, periodic
vascular imaging studies are required for its detection.
Aneurysms may cause premature mortality due to dissection
or rupture. Hence screening is generally recommended,
though the optimal timing is controversial. A small number

Ascending
Aorta

Fig. 2 Idiopathic aortitis: (a) Contrast-enhanced CT, axial image at the
level of the mid-ascending aorta demonstrating circumferential wall
thickening measuring up to 9 mm (white arrows); (b) Contrast-enhanced
CT, axial image at the level of the mid-aortic arch demonstrating mild
circumferential wall thickening measuring up to 3 mm (white arrows). In
addition there is a focal, saccular aneurysm at the lateral aspect of the mid-
arch (black asterisk); (¢) 3D-reconstruction of a contrast-enhanced CT
demonstrating the mild enlargement of the ascending aorta and focal,
saccular aneurysm at the lateral aspect of the mid-arch. Note that the
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of patients (15 %) have aortic damage already at diagnosis of
GCA. However, in the majority, aortic aneurysms tend to be a
late complication, occurring about 3—5 years from diagnosis,
when the disease seems to be clinically quiet and the inflam-
matory markers are normal [14e, 19, 22]. Recent epidemiolo-
gy data also show that there is a progressive increase in the
incidence of aortic aneurysms even beyond 5 years of diag-
nosis. Hence patients need to be followed more consistently
over time, because their risk of aortic aneurysm formation
continues to increase [16].

In some cases of cranial GCA maintained on daily low
dose prednisone, a widened mediastinum may be discovered
on a chest X-ray, and further imaging may reveal a dilated
aorta. PET scans may show FDG uptake in the aorta (Fig. 4).
Similarly, magnetic resonance angiogram (MRA) may show
edema, thickening, and contrast enhancement of the aortic
wall (Fig. 3). Whether PET scan (Fig. 4) [23] or CTA
(Fig. 2) [14¢] is used, about 50 % of patients with new onset

circumferential wall thickening cannot be seen on this reconstruction as it
is a “luminogram” demonstrating only the lumen of the vessels; (d) Con-
trast-enhanced CT, in an oblique axial maximum intensity projection image
at the level of the aortic root demonstrating the circumferential wall thick-
ening, again measuring up to 9 mm (between the black arrows). The
proximal left and right coronary arteries are also included and are seen to
be surrounded by the wall thickening: the left main coronary artery (short
black arrow) is not narrowed by the wall thickening, while the proximal right
coronary artery (RCA, short white arrow) has moderate to severe stenosis
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Fig. 3 Giant cell arteritis: (a) 3D-reconstruction of a contrast-enhanced
MRA demonstrating normal caliber suprarenal abdominal aorta, and mild
uniform narrowing of the infrarenal abdominal aorta; (b) Coronal source
image from a contrast-enhanced MRA of the abdominal aorta demon-
strating uniform wall thickening of the infrarenal abdominal aorta (the

GCA have involvement of the aorta. In an elegant study, it was
shown that if aortitis was detectable on a PET scan at the onset
of GCA, the same patients showed evidence of progressive
aortic dilation when evaluated 4 years later [23].

Epidemiology data suggest that patients with GCA have
about 17-fold and 2.5-fold higher risk of thoracic and abdom-
inal aortic aneurysms respectively, compared to the general
population [24]. A recent study from a large UK database
estimated a twofold increased risk of aortic aneurysms [25].
Another epidemiologic study indicated that up to 12 % of
patients with GCA, when followed for 10 years, developed an
aortic aneurysm [16]. Nevertheless, it is apparent that retro-
spective studies may underestimate the true risk of aneurysms
in GCA patients. In a prospective study, 54 patients with GCA
who were in clinical remission and had normal acute phase
reactants were followed for 5 years after their diagnosis.
Systematic screening with imaging revealed that 22 % had
evidence of aortic damage [26]. When the same prospective
cohort was systematically followed further for a median peri-
od of 10 years [27°], 33 % of those patients showed evidence
of aortic structural damage.

There are no consistent clinical predictors across studies
that allow clinicians to identify the patients at risk of aortic
dilation and aneurysm formation. At the bedside, presence of
an aortic regurgitation murmur can be a helpful clue, because
as the ascending aorta dilates, aortic regurgitation develops in
some of these patients.

Unfortunately there are no data to guide clinicians about
how these patients should be screened [28, 29]. There are
expert recommendations suggesting that a chest X-ray may
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black aortic wall highlighted by the white arrows); (¢) Axial steady-state
free-precision image obtained at the level of the superior mesenteric artery
(SMA) origin. Note the circumferential wall thickening (white arrows)
that involves the SMA origin, but does not cause significant narrowing of
either the SMA or mesenteric segment of the abdominal aorta

be used [29], but this is notoriously insensitive. An echocar-
diogram can help us image the ascending aorta, but not the
descending thoracic aorta. The American College of
Cardiology and Society of Vascular Medicine recommend a
baseline CTA or MRA to look for evidence of aortic damage
at diagnosis of GCA [30]. However, there are no recommen-
dations about the optimum interval for repeating these imag-
ing studies. It would seem reasonable that after about 3 years
from diagnosis we need to periodically re-image these pa-
tients. In a recent meta-analysis from the UK, it was stated
that in order to detect a previously unknown aneurysm, we
would need to screen as few as five to ten GCA patients. The
number needed to screen being so small, this should definitely
be implemented in our clinical practice [31¢].

Pathology

Histopathology of aortic GCA will demonstrate variable de-
grees of inflammation as a function of the chronicity of the
disease. The typical pathologic findings in aortic GCA in the
elderly are confined to the media and include areas of medial
necrosis that are surrounded by mononuclear inflammatory
cells and giant cells (Fig. 5b and ¢). Medial necrosis refers to
arcas with loss of smooth muscle cells and collapse of the
elastic lamellae often bordered by proliferating vasa vasorum,
with perivascular inflammation. Connective tissue stains such
as Movat or elastic van Gieson are necessary to demonstrate
the fragmentation and loss of elastic lamellae in the media.
The intima shows reactive hyperplasia that can become
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Fig. 4 PET-CT images of a 67-year-old female with large vessel vascu-
litis (aortitis): before (a, b, ¢, and d) and after (e, f, g, h) treatment with
prednisone and methotrexate for 6 months: (a-d) Wall thickening was
demonstrated in the ascending aorta and aortic arch with increased FDG
uptake [peak standardized uptake value (SUV)=5.07], consistent with
active inflammation. Tracer uptake in the rest of the body regions imaged
was unremarkable. Physiologic tracer uptake was noted in heart, liver,
and renal collecting system; (e-h) Significant reduction in degree of FDG

fibrotic with or without superimposed atherosclerosis over
time. There is variable thickening and inflammation of the
adventitia but these are often milder in degree compared to
that seen in TA. In chronic lesions, the media may appear
thinned out due to the destruction of the elastic lamellae and
inflammatory cells may be sparse and giant cells may be
absent.

Diagnosis

In addition to a careful history and physical examination as
described above, diagnosis of GCA should be based on
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uptake (peak SUV=3.55) associated with the wall of the ascending aorta
and aortic arch, when compared to the previous study (previous peak
SUV=5.07). These findings are consistent with a positive response of the
hypermetabolic inflammation of the aortic wall to therapy; the hypermet-
abolic changes have not totally resolved however. Physiologic FDG
tracer accumulation was noted in portions of the myocardium, several
loops of bowel and urinary tract

laboratory studies, temporal artery biopsy, and vascular imag-
ing studies.

Laboratory Studies

In most patients, the erythrocyte sedimentation rate (ESR) is
significantly elevated [32-34], but sometimes it is only modestly
elevated or even normal, even before treatment is initiated. In a
meta-analysis, out of 941 cases, only 4 % had a normal ESR [32].
A normal ESR significantly reduces the probability of a positive
temporal artery biopsy [32]. In another series 5.4 % had an ESR
<40 mm/hour, and were less likely to experience systemic symp-
toms such as malaise, fever, or weight loss, but their risk of visual
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Fig. 5 Histopathology of large vessel vasculitis: The panel shows (a)
photomicrographs of a normal aorta, (b) giant cell arteritis, and (c¢)
Takayasu arteritis, with corresponding sections stained with Movat
pentachrome (d, e, and f). The images are all taken at the same low
magnification: (a) The intima and adventitial layers of a normal aorta are
very thin; (d) The media shows multiple orderly layers of elastic lamellae
stained black with Movat; (b) A case of giant cell aortitis shows medial
necrosis surrounded by mononuclear inflammatory cells and multinucle-
ated giant cells (inset); (e) The elastic lamellae are disrupted in areas of
inflammation but remain visible in the area of medial necrosis; (¢) A case

loss was not significantly different compared to those with a
higher ESR [35]. Serum C-reactive protein (CRP) levels also
tend to rise in GCA, and is a more reliable marker of disease
activity when the ESR elevation is attributable to other concom-
itant conditions such as a paraproteinemia [36]. Even though
acute phase reactants are helpful in supporting clinical decisions,
treatment recommendations should still be based primarily on
clinical assessment.

Serum interleukin-6 concentrations tend to correlate with
disease activity [34] and may be a better predictor of a relapse
than the ESR [37]. However, the assay is expensive, is not

of Takayasu arteritis shows inflammation in the media and adventitia with
predominantly mononuclear cells and occasional multinucleated giant
cells (inset); (f) The media shows disruption and collapse of the elastic
layer. Note that the intima in both aortitis cases is thicker than the media
due to reactive hyperplasia and fibrosis. (e and f) The intimal hyperplasia
appears blue green on Movat due to increased ground substance. The
adventitia shows fibrous thickening which becomes progressively more
prominent in Takayasu arteritis. (e and f) The dense adventitial fibrosis is
delineated by the yellow staining of collagen on Movat

routinely available, and the turnaround time is typically long,
thus limiting its cost-effectiveness and its clinical usefulness
in the acute setting where quick therapeutic decisions need to
be made.

The presence of constitutional symptoms and significantly
elevated inflammatory markers may be associated with a
reduced risk of developing cranial ischemic events [38, 39].
Although this suggested association is thought-provoking, the
usefulness of this information in any given patient is debat-
able. This possible discrepancy can be partly explained by the
fact that earlier diagnosis and earlier institution of therapy in
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those with constitutional symptoms associated with systemic
inflammation and elevated inflammatory markers reduce the
risk of cranial ischemic events.

Temporal Artery Biopsy

The distinctive histopathology of the superficial temporal
artery confirms the diagnosis of cranial (temporal) GCA [40,
41]. This simple procedure has no absolute contraindication
and complications are uncommon. Temporal artery biopsy
should be performed soon when cranial GCA is suspected,
ideally prior to starting glucocorticoids. However, sometimes
this is not practical, as treatment should be started promptly in
those with threatened vision [28, 42], before the opportunity
of getting a biopsy. In that situation, the biopsy should be
obtained within a few days of starting treatment [43]. Studies
have suggested that a biopsy can still be useful weeks or
sometimes even months following treatment initiation
[44—47]. Thus, if not done earlier, it is recommended to get
the biopsy even up to 4 weeks after initiation of therapy [48].
Unilateral biopsy is often sufficient [42, 49]; however, it may
be negative in up to 25 % of patients [S0-57]. The side of the
biopsy is usually based on lateralizing features (pain, visual
disturbances, temporal artery nodularity or tenderness) when
they are present [58, 59]. When lateralizing features are ab-
sent, bilateral biopsies have been suggested to increase the
yield [50-53]. Due to segmental involvement sufficient spec-
imen length is also important [51]. Vasculitis experts suggest a
minimum in vivo biopsy length of 2 cm to optimize the yield.
If the temporal arteries are not abnormal on examination but
the facial or occipital arteries are, then these arteries should be
biopsied instead. This may also be deemed necessary if bilat-
eral temporal artery biopsies are negative and the diagnosis of
cranial-GCA is still being considered. The yield of a temporal
artery biopsy in extracranial GCA is rather low [5].

Isolated (Idiopathic) Aortitis

In a patient with biopsy-proven cranial GCA, subsequent
involvement of the aorta or occlusions or ectasias of its first
order branches can be assumed to be due to LV-GCA, and
obtaining tissue for histopathology would be considered un-
necessary. It is neither practical nor essential to get a histo-
pathologic diagnosis in most cases of extra-cranial LV-GCA.
However, in a patient who is otherwise asymptomatic, with no
indication of a systemic illness at the time of surgery, histo-
pathological examination of a resected ascending aortic aneu-
rysm sometimes shows evidence of active aortitis. This clin-
ical scenario of isolated (idiopathic) aortitis is not infrequent,
and has been evaluated in a number of retrospective cohort
studies. The histopathology is often indistinguishable from
that seen in LV-GCA (Fig. 5b and e). Laminar medial necrosis
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is often observed (Fig. 5b and ¢), which may precede progres-
sive aortic dilation and aneurysm formation. It is not clear
whether this entity is part of the clinical spectrum of GCA or it
is a distinct disorder. If the latter, potentially these patients
may have had vasculitis in only a single vascular territory that
had been surgically excised and conceivably that could be
considered curative and therefore subsequent immunosup-
pressive therapy would not be deemed necessary [60].
However, careful vascular imaging in cohort studies have
demonstrated that often the disease is more extensive than
was originally appreciated, and that in some cases inflamma-
tion had extended beyond the ascending aorta. Hence, it may
be necessary to treat at least a subset of ‘isolated aortitis’
patients with corticosteroids. Unfortunately, the evidence
based recommendations about the appropriate management
of this condition are sparse.

Imaging [61, 62]

There are no published comparative studies to suggest that
one vascular imaging modality is better than another for
evaluation of any subtype of LVV. Each modality has its
own specific advantages and disadvantages as described in
Table 1. Moreover, it is not clear what the significance of the
abnormal findings on vascular imaging is, as histopathologic
correlation is often not available. Cost and accessibility must
be weighed against the concerns of radiation and contrast
toxicity. The pros and cons of the different imaging modalities
for LVV are discussed below:

Catheter directed angiography (CDA) has been the
historic gold standard for visualization of vascular lesions
(Fig. 6) and has the additional advantages that: (a) the
intra-arterial transducer can obtain an accurate central
blood pressure measurement at the level of interest, and
(b) it can also permit endovascular procedures when
indicated. However, CDA has a number of drawbacks:
it only images the lumen and does not provide informa-
tion about the vessel wall; there are risks associated with
radiation and intravenous contrast exposure; and, as an
invasive procedure there is risk of infection, hemorrhage,
and vascular injury. For all these reasons, CDA has
largely been supplanted by non-invasive imaging modal-
ities such as CT angiography (CTA) (Fig. 2), MR angi-
ography (MRA) (Fig. 3), Doppler ultrasound (Fig. 7), and
PET / PET-CT scans (Fig. 4).

MRA [2] not just images the lumen (demonstrating ste-
noses, occlusions and aneurysms) but also the vessel wall
identifying wall thickening and enhancement (Fig. 3).
Also, MRA is non-invasive and there is no radiation
exposure. One of the shortcomings however is interpre-
tation of the significance of the increased signal intensity



Curr Cardiol Rep (2014) 16:498

Page 9 of 16, 498

Table 1 Advantages and disad-

vantages of the different imaging CDA  US CTA MRA PET PET-
modalities in GCA/TA: catheter CcT
directed angiogram (CDA), . ]
Doppler ultrasound (US), CT an- Advantages Non-invasive - v v v v v
giography (CTA), MR angiogra- Wall thickness - v v - -
phy (MRﬁ)’ positron emission Can measure blood pressure/gradient v - - - - -
tomography (PET), positron and perform endovascular procedures
emission tomography-CT (PET- Inflammation B 7 7 v 7
CT
) Reproducible v v v v v v
Calcium - - v - - -
Coronary arteries v - v v - -
Large field of view (FOV) - - v v v v
Widely available v - v - - -
Disadvantages  Invasive v - - - - -
Not quantifiable - v - v - -
Spatial resolution v v - - -
Contraindications v - v v - -
Ionizing radiation v - v - v -
lodinated contrast v - v - - -
Expensive v v v v v -
Not widely available - v - v v v

that suggests inflammation, and wall thickening, particu-
larly in follow-up scans in the face of treatment. Cost and
availability are other concerns. Gadolinium toxicity in
susceptible patients, claustrophobia, and difficulty with
pacemaker and implantable devices — all constitute draw-
backs to this approach.

CTA has the advantage of being more readily available
and it is well tolerated. It can also identify structural
abnormalities, thickening and enhancement of the vessel
wall (Fig. 2), as well as calcification (which can indicate
concomitant atheromatous disease). However, it also has
drawbacks such as risk of radiation exposure and contrast
toxicity. Similar to MRA, there is controversy over the
relevance of persistent thickening or enhancement.
Doppler ultrasound has the advantages of being well
tolerated, and there is no radiation or contrast exposure. It
can also identify structural abnormalities as well as wall
edema (Fig. 7). However it does have the disadvantages
that its utility is dependent on the skill of the operator, and
it may not be readily available. For LV-GCA, the critical
drawback of Doppler ultrasound is the inability to visu-
alize the thoracic aorta.

PET [63, 64] scans can provide excellent images based
on the vascular FDG uptake (Fig. 4), it is non-invasive
and can also provide a whole body assessment. However,
a concomitant CT scan is required (PET-CT) to study the
lumen (Fig. 4), and there is some uncertainty with regard
to interpretation of low grade uptake and differentiation
from atherosclerosis. Moreover, it does involve isotope

and radiation exposure, and there are concerns with cost
and availability as well.

There is no consensus about how often imaging should be
repeated. Factors determining the frequency of monitoring
may include availability of the different modalities, patient
factors, and cost issues. It is certainly reasonable that if a
relapse is suspected based on clinical findings and acute phase
response, then imaging studies should be performed. Some
experts recommend that it should also be performed at least
annually, even when clinical and inflammatory parameters
suggest inactive disease: (a) to rule out asymptomatic disease
progression, and (b) to evaluate for worsening due to mechan-
ical factors, even if there is no evidence of disease activity.
Certain patients may require more frequent monitoring based
on their disease pattern.

Once arterial narrowing or occlusion occurs, it is exceed-
ingly uncommon for therapy to reverse the damage.
Therefore, it is unusual to see improvement in luminal chang-
es in subsequent imaging studies. Thus, in clinical practice,
repeated imaging does not help as much in detecting reversal
as in detecting new lesions. This applies to PET scan as well,
as studies show that follow-up imaging with PET scan does
not have a very good predictive value.

There are some potential pitfalls of imaging for LVV.
Worsening claudication can occur with progression of pre-
existing stenosis, and this may occur due to both fibrosis and
to atherosclerotic disease progression, independent of active
disease, particularly in the setting of other co-morbidities for
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vascular disease such as smoking, hypertension, dyslipidemia,
and diabetes mellitus. Moreover, progressive aneurysmal en-
largement may occur purely due to mechanical factors, often
as a consequence of uncontrolled hypertension. So, if the only
suggestive evidence of ongoing vascular inflammation is en-
largement of a preexisting aneurysm, it would be inadvisable

@ Springer

to escalate immunosuppressive therapy on that basis alone.
Instead, aggressive management of hypertension and careful
monitoring for a potential relapse would be recommended.
There are uncertainties about the significance of the changes
that occur in wall thickening and enhancement despite treat-
ment. Therefore, only the development of a new lesion in a
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<« Fig. 6 Large vessel vasculitis: (a) MRA aortic arch: 3D-reconstruction
of a contrast-enhanced magnetic resonance angiogram of the thoracic
aorta and proximal arch branch vessels demonstrates a widely patent
innominate artery, severe stenosis of the left common carotid artery
origin (white arrow), and total occlusion of the left subclavian artery
origin (white arrowhead). The left subclavian artery fills via retrograde
flow from the left vertebral artery; (b) MRA aortic arch (same patient,
2 years later): 3D-reconstruction of a contrast-enhanced magnetic
resonance angiogram of the thoracic aorta and proximal arch branch
vessels again demonstrates a widely patent innominate artery, and total
occlusion of the left subclavian artery origin (white arrowhead).
However, there has also been interval occlusion of the left common
carotid artery (the expected origin is denoted by white arrow, and the
dashed line indicates the expected course of the left common carotid
artery); (c¢) Digital subtraction angiography (DSA) of the aortic arch
demonstrating a widely patent innominate artery (white arrow); (d)
DSA of the aortic arch, moments later, demonstrating faint retrograde
filling of the left vertebral artery (between arrowheads), and left
subclavian artery (arrows); (€) DSA of the aortic arch (without contrast)
demonstrating successful positioning of a stent in the proximal left
subclavian artery (arrow); (f) DSA of the aortic arch demonstrating
widely patent left subclavian and left vertebral arteries following stent
placement

previously unaffected vascular territory should be regarded as
unequivocal evidence of active disease. Unfortunately, this
finding will only detect active disease after it has caused the
damage. So the information cannot be used pre-emptively to
prevent a flare by enhancing immunosuppressive therapy.

In patients with established LVYV, serial screening is ad-
vised. If there is evidence of a new vascular lesion in one
vascular territory, this should prompt a thorough evaluation
for new lesions in other territories, which may often be
asymptomatic, by performing imaging of the aorta and all first
order branches. Other dedicated imaging, e.g., of the cerebral
or coronary (Fig. 2d) vessels may be required based on clinical
manifestations or past involvement in those areas.

Management
Medical Treatment

Since the discovery of cortisone in 1950, glucocorticoids have
remained the mainstay of therapy for GCA. Though these

agents have never been studied in any randomized controlled
trial in GCA, their efficacy in this disease has never been
disputed, to the extent that if a therapeutic trial of glucocorti-
coids does not provide complete symptomatic relief within
24-48 hours, the diagnosis of GCA is in question. Since the
potential visual consequences of untreated GCA are grave, it
would be ethically unacceptable at this time to conduct a
placebo-controlled study using glucocorticoids. Hence, we
have to settle with evidence of efficacy from studies in which
glucocorticoids provided symptomatic relief and reduced the
risk of vascular complications compared to historical GCA
controls from the pre-glucocorticoid era [65—68].

It has been found that daily glucocorticoid dosing is more
effective than alternate day dosing, but the results are compa-
rable with single or divided daily dosing [69]. If visual loss is
not an immediate threat, an initial daily dose of 40 to 60 mg of
prednisone (or its equivalent) is recommended [69]. However,
with an unequivocal diagnosis of GCA, when potentially
reversible symptoms persist or worsen, even higher doses of
glucocorticoids may be necessary to provide complete symp-
tomatic relief. One study suggested that intravenous pulse
methylprednisolone (15 mg/kg/day for 3 doses) at the start
of therapy may be more efficacious in the long run than daily
oral dosing [70], by achieving and maintaining more
prolonged remission with <5 mg of prednisone daily, and by
allowing adequate control with a lower median cumulative
dose of prednisone, side effects being comparable to the oral
regimen. However, the results of this small trial need to be
further validated in larger studies before this regimen can be
recommended as standard of care.

Considering the dismal prognosis of arteritic AION in
GCA [71], patients presenting with visual loss should receive
intravenous pulse methylprednisolone 1000 mg daily for
3 days before starting high dose oral prednisone (1 mg/kg/
day). The same regimen should also be used in patients
presenting with amaurosis fugax, diplopia, or other significant
visual symptoms, in an attempt to prevent permanent blind-
ness, even if this recommendation has not been validated in
randomized trials. High dose oral prednisone should be con-
tinued for 2—4 weeks. Dramatic improvement of GCA symp-
toms is expected within 1-2 days of glucocorticoid initiation

Fig. 7 Giant cell arteritis:
Ultrasound Doppler scans in an
elderly man with headache and
upper extremity pulse deficits. (a)
Irregularity in the right temporal
artery; (b) Halo around the left
axillary artery
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and acute phase reactants are expected to improve. In the
absence of this predicted pattern of response, the diagnosis
of GCA should be questioned.

As glucocorticoid use in these elderly patients is anticipat-
ed to continue for at least 1-2 years, it is important to adopt
prophylactic measures against osteoporosis. Bone density
measurement is recommended when therapy is initiated.
Calcium, vitamin D supplements, and bisphosphonates are
also necessary. Patients should be warned about other com-
mon side effects of long term glucocorticoid use such as
weight gain, glucose intolerance, hypertension, and opportu-
nistic infections. Treating physicians should also be vigilant in
monitoring for these side effects.

Glucocorticoid dose reduction should begin no sooner than
2—-4 weeks to avoid relapse from premature tapering. Usually
prednisone can be reduced from 60 to 50 mg/day in 2 weeks
and to 40 mg/day in 4 weeks. Thereafter, the dose can be
reduced by approximately 10 % of the daily dose every 1—
2 weeks. Once the dose reaches 10 mg/day, subsequent rate of
reduction should be slower, at the rate of 1 mg/month. During
tapering, flares are not uncommon and should be watched for.
Those who relapse often need prolonged prednisone therapy
and are more at risk of adverse effects. Recognizing disease
relapse during prednisone taper is not easy; acute phase
reactants, which are often used to guide therapy, are
imperfect markers and do not always correlate precisely
with clinical disease activity. Other potential biomarkers
such as interleukin-6 [34, 37] and soluble intercellular
adhesion molecule-1 [72] have been found to help as-
sess disease activity, but are expensive and not widely
available.

The disease course in those with LV-GCA has been com-
pared to cranial-GCA. Disparate results have been reported.
One study indicates that cranial-GCA and LV-GCA tend to
have the same disease course [73], whereas another study [17]
suggests that those with LV-GCA get more relapses, and
require a higher cumulative glucocorticoid dose. Also, it takes
the LV-GCA patients longer to discontinue prednisone alto-
gether - about 4.5 years on average, as opposed to about
2 years in cranial-GCA patients. Though the data are retro-
spective, it certainly raises concern that patients with LV-GCA
have more refractory disease compared to those with cranial-
GCA.

A relapse should be suspected when the original symptoms
return, when symptoms suggestive of PMR occur, or when
there is a significant rise of the acute phase reactants. Patients
should be advised to seek medical attention urgently if they
suspect a relapse. In a patient with a history of GCA, discov-
ery of an enlarging aortic aneurysm associated with elevated
inflammatory markers should prompt the clinician to restart
(or increase the dose of) glucocorticoids. The efficacy of other
immunosuppressive agents, though often used in this setting,
has not been established.
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In the absence of contraindications, low-dose aspirin
(81 mg/day) is also recommended in GCA, especially in
patients who have already lost vision in one eye. It is believed
that platelet inhibition may reduce risk of thrombosis of the
diseased posterior ciliary and ophthalmic arteries. Therefore,
aspirin is particularly recommended in patients with
thrombocytosis [74]. Nevertheless, the evidence is equivocal,
as some studies demonstrate a significant reduction in inci-
dence of visual loss and cerebral ischemic events with anti-
platelet therapy [75, 76], while others do not demonstrate any
such protective effect [77, 78].

Resistant Disease and Glucocorticoid-Sparing Agents

When patients need a prolonged course of high dose gluco-
corticoids for adequate disease control, and hence develop
significant side effects, a steroid sparing agent needs to be
considered. In such circumstances, methotrexate has been
tried, though controversies abound, as the results are mixed
in different studies [79-81]. A meta-analysis involving these
trials (161 patients) suggest that concomitant use of metho-
trexate allows significant reduction in the overall glucocorti-
coid dose in the subsequent 48 weeks [82], indicating that
methotrexate may be a moderately effective steroid-sparing
agent in GCA.

Interleukin-6 is believed to play an important role in the
pathogenesis of GCA. Several case studies have suggested
that tocilizumab, an interleukin-6 inhibitor, may be effective
in patients with GCA, thus allowing glucocorticoid dose
reduction to a more tolerable level [83¢, 84-87].

Some small, uncontrolled trials have suggested that both
oral [88] and intravenous pulse [89] cyclophosphamide may
be a useful steroid-sparing agent in GCA [88-90]. However,
relapses can still occur and adverse effects such as infections
and bone marrow suppression limit long term use.

Leflunomide also seems to be an effective steroid-sparing
agent when response to the conventional glucocorticoid reg-
imen is inadequate [91¢, 92]. However, randomized controlled
trials are necessary to confirm the usefulness of leflunomide in
this setting.

Though it makes theoretical sense to use a tumor necrosis
factor-o (TNF)-inhibitor, several small randomized trials have
proven the ineffectiveness of infliximab [93], etanercept [94],
and adalimumab [95] in GCA.

Surgical Treatment

Most symptoms of LV-GCA improve with medical therapy
alone. Revascularization procedures (e.g., angioplasty, stent
placement, or bypass surgery) are seldom required because of
the exuberant collateral circulation that develops over time
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(Fig. 6). These collaterals are often adequate in maintaining
tissue perfusion, in spite of frequent absence of peripheral
pulses and development of symptomatic limb claudication.
Only on rare situations (e.g., in subclavian steal syndrome)
should revascularization be considered (Fig. 6). Though suc-
cessful revascularization has been reported in a few cases of
GCA [96-100], restenosis is common.

Aortic valve replacement should be performed when indi-
cated [101]. Surgical resection of an aortic aneurysm or repair
of a dissection may be life-saving [101]. However, unlike
aneurysms in the general population, the critical size of in-
flammatory aneurysms that will lead to an increased risk of
rupture or dissection and hence necessitate surgery is
unknown.

Prognosis

Once visual loss occurs in cranial-GCA, the prognosis of
arteritic AION is grave. In a study of 84 consecutive patients
with visual loss (114 eyes), only 4 % showed any signs of
meaningful improvement [71].

Studies indicate that in LV-GCA the overall survival as
well as those that develop large-artery stenoses are similar to
that in the general population [16]. However, survival is
significantly reduced among those who develop aortic aneu-
rysms and/or dissection (standardized mortality ratio: 2.63)
[16]. Therefore, periodic pre-emptive screening with an ap-
propriate vascular imaging study is justified.

Conclusions

As we learnt from this article, LVV primarily affects the aorta
and its major branches, the two major subtypes being GCA
and TA. Less frequently, LVV has also been associated with
various other diseases. As discussed, GCA and the side effects
of immunosuppressive therapy can cause significant morbid-
ity and premature mortality. Clinical manifestations of LV-
GCA result from vascular stenoses, occlusions, and vascular
dilation that can lead to aneurysmal rupture or dissection.
Though obtaining a careful history and performing a thorough
physical examination are critically important, clinical evalua-
tion is often imprecise in making a diagnosis and determining
disease activity. Disease progression may occur silently. Also,
the diagnostic modalities of LV-GCA are often inadequate.
Acute phase reactants can be normal and sometimes do not
accurately indicate remission or relapse. Available imaging
modalities are also imperfect, and are more reliable in defining
vascular anatomy than in assessing disease activity and guid-
ing treatment recommendations. Moreover, progressive vas-
cular narrowing can simply be a result of progressive fibrosis,
and aneurysm enlargement can be a consequence of

hemodynamic changes, often aggravated by uncontrolled hy-
pertension. Glucocorticoids remain the cornerstone of therapy,
and despite all prophylactic measures, chronic glucocorticoid
use leads to considerable adverse effects. Though randomized
controlled trial data are often lacking, several steroid-sparing
agents are currently in use for management of GCA, based
mostly on efficacy data from small uncontrolled studies.
Surgical treatment, which should preferably be avoided in
LV-GCA, is sometimes necessary. Results of surgery are not
favorable if the disease is active perioperatively. When in-
flammatory disease is felt to be in remission, the immediate
results of surgery for revascularization may be acceptable, but
recurrences are still common on the long run. It is clear that we
need better surrogate markers and better imaging tech-
niques to detect ongoing vascular inflammation that will
accurately reflect response to therapy, and also provide
long term prognostic information. A more in-depth un-
derstanding of the molecular mechanisms involved in
the pathogenesis of GCA should help provide new
targets for therapy.
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