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Summary

Historically, giant cell arteritis (GCA) was considered to
be synonymous with temporal arteritis. However, the dis-
ease spectrum of GCA extends much further, and includes
vasculitis of the aorta and its branches with or without in-
volvement of the temporal arteries. Imaging is crucial for
the diagnosis and follow-up of GCA patients. Large ves-
sel GCA (LV-GCA) often presents as an inflammatory syn-
drome and is only detected by imaging modalities such
as: colour duplex sonography (CDS), computed tomogra-
phy (CT) / CT angiography (CTA), magnetic resonance
imaging (MRI) or 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) / CT. Deciding which imaging
modality to use in different clinical situations remains a
matter of debate. CDS and MRI enable assessment of the
temporal arteries with a presumably higher sensitivity than
histology. In the context of a typical presentation, CDS can
replace a biopsy. In about a third of patients, the temporal
arteries are not involved, thus PET/CT, MRI, CT, or CDS
of larger arteries is needed to diagnose GCA. The sen-
sitivity of all modalities is affected by glucocorticoid ther-
apy. Therefore, without delaying therapy, imaging should
be performed within a few days of treatment initiation. The
use of PET/CT for the work-up of inflammatory syndromes
in the elderly reveals vasculitis in approximately 20% of
examined patients and uncover relevant diagnoses in the
majority of remaining patients. The aorta should be rou-
tinely assessed in all GCA patients at diagnosis and dur-
ing follow-up. MRA or CTA are best suited to characterise
structural damage of larger arteries. The role of imaging
in monitoring GCA disease activity still needs to be further
defined.
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The disease spectrum of giant cell arteritis

Giant cell arteritis (GCA) is a vasculitis that predominantly
affects the medium-sized and larger arteries. It occurs ex-

clusively in people older than 50 years with incidence rates
in western countries of around 6.9–32.4/100,000 [1]. With
the continuously aging population, GCA is predicted to be-
come a substantial health issue in the coming decades [1].
Typically, the disease manifests with a temporal headache,
an inflammatory syndrome, and with the variable presence
of polymyalgia and ischaemic symptoms due to vessel oc-
clusion. In recent years, it was further appreciated that
disease manifestations could be more variable. Specifical-
ly, about a third of large-vessel GCA (LV-GCA) patients
have no sonographic evidence of temporal vasculitis [2],
and more than half have normal histology of the temporal
artery [3]. Moreover, a subset of patients presents clinically
with an isolated systemic inflammatory syndrome due to
inflammation of large extracranial vessels [3, 4]. Some au-
thors distinguish such LV-GCA from the classical cranial
GCA (cGCA). The existence of an LV-GCA subgroup was
already proposed almost two decades ago, on the basis of
angiographic studies detecting large vessel vasculitis in pa-
tients with suspected polymyalgia rheumatica [5]. Indeed,
30 to 80% of patients with biopsy-confirmed GCA have
evidence of large-vessel involvement [2, 5–11]. However,
many of these studies were not designed to systematically
assess the incidence of large-vessel involvement in GCA,
and were largely focused on biopsy-proven GCA, there-
by introducing a potential selection bias. The disease inci-
dence of “true” GCA and LV-GCA, therefore, remains un-
certain [3].

The American College of Rheumatology (ACR) criteria
commonly used to classify GCA are strongly focused on
temporal vasculitis: both a clinically and histologically
pathological temporal artery yield one point out of three
needed. The others are age >50 years, an erythrocyte sed-
imentation rate (ESR) ≥40 mm/h, and new onset headache
[12]. Since LV-GCA patients without temporal artery in-
volvement less frequently complain of headaches, the
ACR criteria inherently miss patients with extracranial LV-
GCA [3]. In extreme cases, LV-GCA presents with inflam-
mation only. This was acknowledged by the diagnosis and
classification of vasculitis (DCVAS) study group, which is
currently trying to establish, for the first time, diagnostic
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criteria for primary vasculitides [13]. In fact, patients with
imaging-confirmed large-vessel vasculitis that did not
meet the ACR criteria have been included in large prospec-
tive trials on GCA, namely the GiACTA trial [14]. The
larger the predominantly involved vessels are, the more un-
likely it is that critical stenosis and ischaemic symptoms
will occur. Therefore, LV-GCA patients have jaw clau-
dication less frequently and are at lower risk for the is-
chaemic complications of GCA – anterior ischaemic optic
neuropathy. They do, however, experience more relapses
and hence are exposed to higher glucocorticoid doses and
need more steroid-sparing agents [3, 5]. Diagnosis in these
cases is often delayed because of the nonspecific presen-
tation. Hence, raising awareness of LV-GCA as a frequent
cause of inflammation of unknown origin in the elderly is
relevant, since ischaemic events still occur and vision loss
in elderly patients significantly impacts their independence
and quality of life. A careful clinical examination with bi-
lateral blood pressure measurements and auscultation for
bruits over the large arteries may point to the diagnosis
earlier, but it has low sensitivity for GCA [3]. Current-
ly, cGCA and LV-GCA are considered different spectrums
of the same disease; thus, both are treated with systemic
glucocorticoids. In cases of relapse, patients are addition-
ally treated with the interleukin (IL)6-receptor blocker
tocilizumab (Actemra®). Tocilizumab recently has been
proven to be highly effective in preventing relapses and re-
ducing steroid doses to maintain remission [14, 15].

The purpose of this review is to discuss the current state of
imaging in GCA and to assign different imaging modali-
ties their respective roles in the diagnosis and follow-up of
GCA.

What are the imaging correlates of vasculitis?

An inflamed artery shows vessel wall thickening due to in-
flammation-related cellular influx, oedema, and deposition
of extracellular matrix. Additionally, chronic inflamma-
tion results in intimal proliferation and subsequent steno-
sis of the vessel lumen [16]. The different available imag-
ing modalities probably visualise variable aspects of these
processes.

Colour duplex sonography
Colour duplex sonography (CDS) assesses the vascular
wall anatomy as well as the lumen and it allows the mea-
surement of blood flow. Vasculitis of the temporal arteries
shows as homogenous, typically hypoechogenic (dark),
circumferential vessel wall thickening. At the temporal ar-
teries, this finding is referred to as the “halo sign”, because
of the halo-like appearance around the coloured lumen in
cross-sections (fig. 1A) [17]. We recently established the
“compression sign”: when applying transducer-imposed
pressure on the temporal arteries, a non-vasculitic artery
can be compressed and vanishes on the B-mode image
(fig. 1B, C). In contrast, an artery with vasculitis-associat-
ed wall thickening is not fully compressible and remains
visible under compression (fig. 1D, E). The compression
sign relies on B-mode ultrasound only, making it less ex-
aminer- and device-dependent. Nonetheless, it still has a
sensitivity and specificity comparable to the halo sign [18].
As with temporal arteries, vasculitis of large arteries (e.g.,
axillary, carotid) also presents as circumferential homoge-

nous hypoechogenic wall thickening (fig. 2A). Stenosis, or
even occlusion, can be present. In lower limb arteries an
echo-lucent ribbon within the thickened wall can be anoth-
er sign of vasculitis [7]. In contrast to vasculitis, advanced
arteriosclerosis shows more heterogeneous, eccentric, ir-
regular plaques, typically with acoustic shadowing mostly
in the carotid and femoral and popliteal arteries (fig. 2B).

Efforts to standardise diagnosis by CDS have recently been
proposed. Intima-media thickness cut-off values for vas-
culitis have been suggested for the temporal and axillary
artery. However, this analysis technique has a predictive
value similar to that of pure qualitative interpretation [19].
Vasculitis lesions are often segmental. Moreover, there is
substantial variation in vessel diameter amongst healthy
subjects. We therefore currently refrain from using such
measurements, as more studies are needed to validate the
findings outside of a study setting.

Contrast-enhanced ultrasound (CEUS) complements and
enhances standard CDS, particularly in the setting of in-
flammatory vascular diseases [20]. Ultrasound contrast
agents contain gas-filled microbubbles. After intravenous
injection, the microbubbles distribute in the vascular sys-
tem down to the capillary perfusion level. By using con-
trast specific ultrasound imaging modalities, their physical
properties make them readily detectable in the microcir-
culation and allow demonstration of hypervascularisation
and hyperaemia in the inflamed vessel wall (fig. 2C, D)
[21].

Contrast enhanced computed tomography (CT) and
CT-angiography
Multislice-detector CT (CT) is a robust and frequently
used imaging method for acute (aortic rupture, dissection,
inflammation, embolism) and chronic (atherosclerosis,
stenosis, aneurysms) vascular pathologies. Endovascular
injection of contrast agents renders even small vascular
structures visible. CT is the fastest of all cross-sectional
imaging methods and can provide coverage from the skull
to the upper thigh in less than one minute, depending
on the CT machine. Breath-holding, in the order of 10
seconds, and electrocardiographic gating are required to
achieve optimal quality for the thoracic aorta and in par-
ticular the aortic root [22]. For the diagnosis of vasculitis,
CT-angiography (CTA) has to be differentiated from con-
trast-enhanced CT during parenchymal (venous or portal
venous) contrast phases. CTA depicts the vessel lumen us-
ing endoluminal contrast agents and a defined temporal
acquisition window. Hence, CTA is best for visualising
changes in the vascular lumen such as an irregular contour,
stenosis, or aneurysms. Parenchymal CT, on the other
hand, is performed with a specific delay after a contrast bo-
lus (preferably in the venous phase approximately 50 sec-
onds after contrast injection) to allow passage through tis-
sues. The principal criterion for large vessel vasculitis on
parenchymal CT is a concentric thickening of the vessel
wall, typically with late contrast enhancement and pres-
ence of vascular wall oedema. Cut-offs of ≥2 mm for the
aorta and >1 mm for its branches are often used [10]. A
case-control study including 64 GCA patients recently re-
ported 98% specificity for an aortic thickness >2.2 mm
[23]. Since histological correlation studies are virtually im-
possible, such cut-offs remain a matter of debate. Optimal
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diagnostic results can be obtained when CTA and CT in the
venous phase are combined [24].

Magnetic resonance imaging (MRI) and MR-angiogra-
phy
MRI also has an established role in the diagnosis of cardio-
vascular disease, including the assessment of large and pe-
ripheral vessels. Current protocols for MRI of LVV com-
monly take 30 to 45 minutes and consist of three or four
types of sequences [24]:

1. The T2-weighted fast-spin echo displays oedema in
the vessel wall as a hyperintense rim (fig. 3A). This
method is highly sensitive to inflammatory changes,
but also prone to artefacts from flow and pulsation, po-
tentially providing a false diagnosis of LVV.

2. The T1-weighted imaging with fat suppression (prefer-
ably using the Dixon technique) before and after in-
travenous injection of gadolinium (Gd)-based contrast
agents (fig. 3B), simultaneously detects thickening and
contrast enhancement of the vessel wall. Modern scan-
ners can run this sequence with full 3D coverage of
the chest or abdomen within one breath-hold for each
region [25]. A limitation of the two mentioned non-
ECG-gated sequences is degraded image quality in the
ascending aorta by pulsation artefacts. These artefacts
are decreased by

3. using an ECG-triggered balanced steady-state free-
precession (bSSFP) sequence, initially developed for
cardiac MRI. This sequence has little susceptibility to
contrast agents but has a higher resolution for morpho-
logical changes of the vessel wall.

Figure 1: Typical aspect of vasculitis in temporal arteries. (A) Example of the halo sign: a hypoechoic vessel wall around the colour-filled
remaining lumen in colour Doppler mode. (B) A noninflamed frontal temporal artery without compression that with (C) a complete lack of visi-
bility of the artery wall upon compression in B-mode = negative compression sign. (D) A temporal artery with vasculitis with a positive com-
pression sign: frontal temporal artery without compression (D) and remaining visibility of the artery upon compression (E) in B-mode is shown.
The line indicates the scale of 1 cm.
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4. Finally, MR-angiography (MRA), like CTA, can iden-
tify vasculitic arterial segments by their irregular out-
line and diameter changes (fig. 3C, D). MRA may be
performed either using T1-weighted imaging and Gd-
based contrast agents or in a non-contrast-enhanced
fashion using ECG and respiratory triggered 3D
bSSFP when contrast agent toxicity is an issue.

MRI can also be used to visualise vasculitis of the temporal
arteries, especially if a 3 Tesla scanner with higher signal
and spatial resolution is available [26].

FDG PET/CT to visualise hypermetabolism in in-
flamed arteries
Positron emission tomography (PET) with 18F-fluo-
rodeoxyglucose (FDG) is a nuclear medicine technique
used to detect increased glucose metabolism anywhere in
the body, as it enables whole-body imaging in a single ses-
sion. Currently, PET is almost exclusively combined with
CT (PET/CT) to assess the morphology of the FDG posi-
tive area. FDG is a glucose analogue with a positron-emit-
ting radionuclide fluorine-18 introduced into the glucose
molecule. FDG shows increased uptake in metabolically
active cells, such as brain or heart muscle, but also malig-
nant cells and activated leucocytes [27]. The mechanism of
increased FDG uptake in the latter is increased glycolysis
and greater activation-induced surface expression of glu-
cose transporters (the Na+-dependent glucose transporters
[GLUT]) [28].

Increased FDG uptake in the vessel wall is the hall-mark of
vasculitis in PET (figs 3 and 4). Uptake can be graded vi-
sually, by semiquantitative analysis, or using standardised
uptake values (SUVs) [29–31]. In general, visual vascular

uptake higher than tracer uptake in the liver is considered
suspicious for large-vessel vasculitis [30]. Furthermore, a
smooth linear or long segmental pattern of FDG uptake in
the aorta and its main branches is a characteristic pattern of
GCA [31–33]. Differentiation between vasculitis and ath-
erosclerosis remains a challenge with PET/CT [31, 32].
The discrimination is mostly based on qualitative assess-
ments; hence it is strongly dependent on the experience of
the reader. Vasculitic vessel wall changes are more homo-
geneous, linear and without calcification (fig. 4A). In con-
trast, arteriosclerotic lesions are marked by calcifications,
a patchy distribution, or minor vessel wall pathologies at
predilection sites of arteriosclerosis. As a result of the high
arteriosclerotic load in lower limbs arteries, enhanced trac-
er uptake in this area has lower specificity than in the aortic
branches [34].

Several semiquantitative methods have been reported. A
four-grade scale based on the visual grading of the vascular
vs liver uptake was introduced in 2003: grade 0 = no up-
take; grade 1 = uptake lower than liver; grade 2 = similar
to the liver; and grade 3 = higher than liver [35]. In untreat-
ed patients, grades 2–3 are relatively specific for vasculitis,
whereas grade 1 (rarely 2) were observed in atherosclerot-
ic vessels, particularly in the thoracic aorta. Alternative-
ly, vessel-to-organ SUV ratios, such as an aorta-to-liver
SUVmax ratio, have been used to quantify tracer uptake
[36]. Such standardisations allow cut-off ratios for the di-
agnosis of GCA to be defined and provide robustness as an
observer-independent method. We recently evaluated var-
ious SUV ratios in different vascular territories and found
that a ratio of the SUVmax of the supra-aortic arteries di-

Figure 2: Large vessel findings in colour duplex sonography (CDS) and contrast-enhanced ultrasound. (A) Vasculitis of an axillary
artery with homogeneous, typically circumferential, hypoechogenic vascular wall thickening in CDS. (B) Arteriosclerosis in the carotid arteries
showing irregularly shaped, eccentric hypo- and hyperechogenic (with acoustic shadowing) plaques in the internal (thick arrow) and external
(thin arrow) carotid artery. (C, D) Common carotid artery in another patient with large-vessel vasculitis showing strong hypervascularisation of
the vessel wall. (C) Enhanced vessel lumen without contrast bubbles within the thickened vessel wall (arrows) immediately after destroying all
bubbles by a so called “flush”. (D) Reappearance of the contrast bubbles within the arterial wall (asterisk) indicates hyperaemia/vascularisa-
tion.
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vided by mean liver values enabled the best discrimination
between GCA and non-GCA patients [37].

Examples of PET and MRI findings in patients with vas-
culitis compared to normal findings of healthy controls are
shown in supplementary figure S1 in appendix 1.

The role of imaging in diagnosing GCA

In the absence of a disease-specific diagnostic biomarker
and given that the invasive temporal artery biopsy is di-
agnostic in only 50% of patients, imaging is essential for
diagnosing GCA [38, 39]. Imaging of the cranial arteries,
and specifically the temporal arteries, has to be distin-

Figure 3: Magnetic resonance imaging (MRI) findings in acute untreated giant cell arteritis . T2-weighted fat-suppressed MRI (PRO-
PELLER sequence) show concentric wall thickening with oedema (A). T1-weighted fat-suppressed MRI after gadolinium reveals contrast en-
hancement (arrow) in the thickened wall (B). Contrast-enhanced MRI angiography subtraction image with maximum intensity projection (MIP)
reconstruction in coronal (C) and sagittal (D) orientation show an irregular outline of the abdominal aorta and beaded appearance of the sub-
clavian arteries (arrows). 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) attenuation corrected (E) fusion (F) and MIP re-
construction (G) show the corresponding PET findings in the same patient at a different time-point. FDG-PET shows diffuse hypermetabolism
of the entire aorta, and the subclavian, carotid and femoral arteries.

Review article: Biomedical intelligence Swiss Med Wkly. 2018;148:w14661

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 5 of 17



guished from intrathoracic vessel imaging. Moreover,
imaging for the diagnosis (presence of an inflamed artery)
can be different from imaging to detect vascular compli-
cations. This section discusses how the different imaging
techniques can be applied to answer specific clinical ques-
tions.

Imaging of the temporal arteries
Early and swift diagnosis of GCA is critical to avoid is-
chaemic complications. The European League against
Rheumatism (EULAR) recommends an early imaging test
to confirm GCA but it also stresses that treatment should
not be delayed for further diagnostic testing [24]. Is-
chaemic complications are more frequent in patients with
temporal arteritis than in those with LV-GCA [40]. There-
fore, given its broad availability and the good performance
of the “compression” and “halo” signs, diagnosing vasculi-
tis of the temporal arteries is the domain of CDS. CDS
has been extensively studied (an overview of all studies is
available in [41]). The performance of the halo sign in di-
agnosing GCA has specificities ranging from 78 to 100%
and sensitivities varying from 55 to 100% [17, 42]. In a
very recent meta-analysis, pooled sensitivities and speci-
ficities for GCA diagnosis using CDS were 77% (95%
confidence interval [CI] 62–87%) and 96% (95% CI
85–99%), respectively, relative to the clinical diagnosis
[41]. The wide range in sensitivity is largely operator de-

pendent, but it is also affected by patient selection (cGCA
or LV-GCA). In cohorts with a high rate of LV-GCA, sen-
sitivity is lower, given that the temporal arteries are less
frequently affected in this group. The compression sign is
easier to perform, with a sensitivity of 75–79% and a speci-
ficity of 100%. Even if performed as a bedside test by a
rheumatologist without experience in vascular ultrasound,
compression sign specificity and sensitivity are compara-
ble to those of the halo sign [18, 43]. In a prospective study
of 381 GCA patients, CDS of temporal arteries was direct-
ly compared with histology. CDS had a better sensitivity
(54 vs 39%) but a lower specificity (81 vs 100%) [44].
CDS-guided temporal artery biopsy (i.e., marking the site
to biopsy) does not increase the diagnostic yield of a biop-
sy and may not be needed before temporal artery biopsy
[45]. Common to all imaging modalities, the halo and com-
pression signs can become negative during glucocorticoid
therapy. Diagnostic tests should, therefore, be completed
as quickly as possible [24]. EULAR recommends CDS as
the first examination to diagnose temporal arteritis [24]. In
patients with a higher pre-test probability for GCA, vas-
culitic CDS findings increase the specificity for diagnosing
GCA further (81.8%) [7, 43, 46]. In such cases, the tempo-
ral artery biopsy can be omitted [24].

High-resolution MRI can also be used to image the tem-
poral arteries [47, 48]. However, immediate access to MRI
is often limited, and if combined with large-vessel MRI to

Figure 4: Increased fluorodeoxyglucose (FDG) uptake in the large arteries of a patient with untreated giant cell arteritis. (A) Maximum
intensity projection gives an overview including comparison to the liver FDG uptake. Axial positron emission tomography / computed tomogra-
phy fusion images showing (B) FDG uptake in the vertebral arteries, and (C) FDG uptake in external and internal iliac arteries.
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assess the full extent of the disease, two separate exami-
nations are needed. Pooled data on more than 500 patients
yielded a 73% sensitivity and 88% specificity of MRI for
detecting arteritis in the temporal or occipital arteries, with
the clinical diagnosis as the comparator [41]. One advan-
tage of MRI over CDS may be visualisation of the occip-
ital branch of the temporal artery, which is not routinely
evaluated with CDS. MRI of the temporal arteries has been
included in the recent EULAR recommendations for imag-
ing in GCA as a second-best alternative to CDS to assess
the cranial arteries [24].

Imaging for large-vessel involvement
In addition to the temporal arteries, CDS can also access
other frequently affected vessels in GCA, namely the
carotid, subclavian and axillary arteries, and the vertebral
artery. Several studies demonstrated an increased diagnos-
tic yield of CDS when the axillary or the axillary and sub-
clavian arteries were assessed in addition to the temporal
arteries [2, 46]. If ultrasound is used, the frequency of sub-
jects with vasculitic findings in large vessels ranges from
29 to 55%, depending on the number of evaluated vascu-
lar regions [2, 7, 9]. CDS also allows investigation of the
abdominal aorta, pelvic arteries and arteries of the lower
extremities, which are affected in 29% of the patients and
may rarely be the sole finding in LV-GCA [7].

Aortitis is also frequent in GCA [11, 23, 49], and cases of
isolated ascending aortitis might represent a subtype in the
spectrum of LV-GCA [50]. The thoracic aorta is inacces-
sible to CDS. Therefore, contrast-enhanced CT, MRI, or
PET/CT are used to assess the aorta.

CT and CTA have a reported sensitivity of 73% and a
specificity of 78% for the diagnosis of LV-GCA [51].
Pathologies of the vessel wall or lumen of the larger arter-
ies occur in approximately two thirds of patients with new-
ly diagnosed GCA (67.5%) [6, 10]. These mostly involve
the aorta (65%), the brachiocephalic trunk (48%), the sub-
clavian arteries (43%), the carotid arteries (35%) and the
femoral arteries (30%) [10]. Dilation of the thoracic aorta
is observed in about 15 to 23% of the patients [6, 10, 11].
Patients with aortitis at diagnosis are at risk for developing
aortic aneurysms [11].

MRI is often used interchangeably with CT to diagnose
large-vessel involvement. The ability to combine the mor-
phological assessment of the vasculature by MRA with
tissue characterisation including the detection of oedema
(using T2-weighting), contrast agent uptake (using
T1-weighting) and fibrosis (using late gadolinium en-

hancement) is one of the advantages of MRI. However,
studies on the diagnostic accuracy of large-vessel MRI are
sparse.

FDG-PET/CT assesses all vascular territories in the same
examination and allows the exclusion or inclusion of var-
ious differential diagnoses of GCA (table 1). Importantly,
detection of aortitis on FDG PET/CT is associated with
an increased risk of subsequent aortic complications, thus
yielding useful outcome-relevant information [52]. Initial
findings from a small case series reported vascular hyper-
metabolism in 29 of 35 patients with GCA [8]. A case-
control study on 32 biopsy-proven GCA patients found a
sensitivity of 80% and specificity of 79% [10]. These per-
formance marks were slightly lower than those from two
recent meta-analyses [53, 54]. The first, which compared
170 patients with GCA or Takayasu arteritis to 230 con-
trols, showed a sensitivity of 83% and specificity of 90%
for GCA [53]. The second meta-analysis, which included
four studies with GCA, showed a very high pooled sensi-
tivity (90%) and specificity (98%) for FDG-PET [54]. We
recently demonstrated that quantitative analysis comparing
the FDG uptake ratio (maximal FGD uptake in a vessel
region [SUVmax] with the liver SUV) was superior to vi-
sual scoring. This was done in a “real-life” cohort of pa-
tients with suspected GCA. A cut-off ratio of 1.0 yielded
a sensitivity of 71% and a specificity of 91% for vasculi-
tis of the supra-aortic vessels; however, specificity for the
aorta and the infra-aortic vessels was lower [37]. FDG up-
take is reduced after initiation of glucocorticoid therapy.
Thus, a possible decline of the sensitivity of FDG-PET/CT
soon after the onset of immunosuppressive treatment must
be considered, and examinations should be done as fast as
possible [37, 55, 56]. PET/CT can also be used to exclude
LV-GCA in patients with clinically isolated polymyalgia
rheumatica refractory to standard therapy [29], as up to
20% of refractory polymyalgia rheumatica cases have ev-
idence of vasculitis in PET [57]. Moreover, for findings
such as shoulder and iliopectineal bursitis, FDG uptake
between spinal spinous processes and around the ischial
tuberosities are correlates of polymyalgia rheumatica in
PET [29, 57–59].

FDG-PET/CT as a key diagnostic tool in elderly pa-
tients with inflammatory syndromes
FDG-PET/CT plays a particular role in the diagnostic
workup of elderly patients with inflammation or fever of
unknown origin (IUO or FUO) [60]. The underlying cause
of both conditions ranges from malignancy to infectious

Table 1: Differential diagnostic challenges in diagnosing giant cell arteritis.

CRP
ESR

General symptoms* Myalgia Cranial symptoms† Headache

Giant cell arteritis + + + + +

Polymyalgia rheumatica + + + - -

Malignancy (+) + (+) - (+)

Infections + + + - (+)

Autoimmune disease (RA, SLE, Sjögrens…) + + + - (+)

Haematological/myeloma -/+ + + - -

Tuberculosis + + (+) - (+)

CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; RA = rheumatoid arthritis; SLE = systemic lupus erythematosus
* Fatigue, weight loss, fever
† Vision loss, jaw claudication
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and autoimmune diseases, and are quite similar in patients
with either IUO or FUO [61]. Many of these causes, in-
cluding LV-GCA, can be identified on FDG-PET/CT, mak-
ing it a valuable method to screen for the cause of inflam-
mation, if the initial clinical workup was negative [4]. In a
prospective PET scan study on elderly IUO patients (>50
years, elevated ESR ≥50 mm/h, nonspecific complaints
and a prior protocolled work-up including chest x-ray, ab-
dominal ultrasound and electrophoresis), autoinflammato-
ry disease (43%, 25/58) and specifically large-vessel vas-
culitis (24%, 14/58) was the most common finding [62].
Similarly, a recent meta-analysis identified abnormal PET
findings in one third of FUO patients [63]. In this setting,
the most frequent subsequent diagnosis was infection
(42%), followed by noninfectious inflammatory disease
including large-vessel vasculitis (33%), and malignancy
(17%). In a meta-analysis study, pooled sensitivity and
specificity of PET/CT in FUO were reported with 98% and
86%, respectively [64].

Thus, after initial clinical assessment, FDG PET/CT is an
excellent examination tool to start the diagnostic process
by locating suspicious lesions and guiding subsequent fo-
cused diagnostic approaches with higher specificity. Al-
though expensive, FDG PET/CT is cost-effective in the
work-up of patients with IUO, as the number of diagnostic
procedures, as well as the cost of hospitalisation, could be
reduced [65]. The negative predictive value of FDG PET/
CT is high: focal disease could be correctly identified or
excluded in approximately 90% of patients [61]. A nega-
tive FDG PET/CT, performed after the initial workup and
exclusion of non-focal systemic diseases, therefore justi-
fies a watch-and-wait strategy and obviates the need for
further investigations [66].

Challenges in choosing the best modality for
large-vessel imaging

The diagnostic accuracy of different imaging techniques
used in LV-GCA has been independently investigated in
different settings (various patient populations, treatment
durations, etc.). Only a few comparative studies of differ-
ent modalities have been published to date [49, 51, 67, 68]
and a benchmark is lacking since histological confirma-

tion, as the “gold standard”, is rarely available [69]. Con-
sequently, the 2018 EULAR recommendations for imag-
ing in large-vessel vasculitis propose CDS, PET/CT, CT
or MRI as equivalent possible methods for the detection
of GCA-associated changes in extracranial arteries [24].
Thus, personal preference, local expertise and the reim-
bursement situation often drive the decision of what is
used. There are some obvious advantages and disadvan-
tages to specific modalities (table 2). In the EULAR rec-
ommendation, CDS is recommended as the first-line
method for screening the supra-aortic arteries in patients
with suspected predominantly cGCA (fig. 5). In the event
of negative or inconclusive findings in the temporal arter-
ies, this can be complemented with axillary ultrasound in
the same session. The advantage of CDS is its availabil-
ity and the absence of radiation and nephrotoxic contrast
agents. CDS, however, also has several disadvantages that
include: (i) the lack of evaluation of the thoracic aorta and
the very proximal part of the supra-aortic arteries, (ii) its
operator dependency, and (iii) limited information on in-
flammatory activity. Therefore, in ambiguous cases, CDS
is often complemented with imaging of the large vessels,
particularly in patients with arteries that appear normal on
CDS (fig. 5).

CT and PET/CT further contribute to the diagnostic
workup by detecting or excluding essential differential di-
agnoses, such as malignancy, granulomatous disease and
infectious disease. Both have limitations related to radi-
ation exposure and the toxicity of iodine-based contrast
agents. This can be relevant if the examinations are fre-
quently performed, as in the context of aneurysm screening
and follow-up. In this setting, MRA allows potential vas-
cular complications to be assessed at high resolution with-
out the radiation exposure of CTA.

To date, very few data are available for a head-to-head
comparison of different imaging modalities. In a small co-
hort of 24 patients with suspected GCA, PET/CT outper-
formed CTA (without contrast-enhanced venous phase) in
terms of specificity (100 vs 84.7%) with comparable sen-
sitivity (66.7 vs 73.3%) [51]. A small study in a tempo-
ral artery biopsy-positive cohort (15 GCA patients, 9 non-
GCA patients) compared PET and CTA [49]. PET was

Table 2: Comparison of the different diagnostic imaging modalities.

Modality Typical findings Advantage Disadvantage

CDS • Hypoechogenic wall thickening
• Halo sign
• Compression sign

• Good availability
• High resolution
• Patient can see results
• No radiation
• No nephrotoxic contrast agents
• Low costs
• Dynamic examination (blood flow)

• Operator-dependent
• No imaging of thoracic aorta and the very proxi-
mal part of the supra-aortic arteries
• Limited information on inflammatory activity

FDG-PET CT • Homogenous 18-FDG uptake in the
vessel wall
• Signs of PMR (interspinous uptake,
bursitis)
• Activated bone marrow

• Shows metabolic activity
• Broad detection of differential diagnoses in-
cluding tumours, occult infection and PMR

• Availability
• Costs
• Time consuming
• Radiation

MRI/MR-A • Thickened artery wall
• Contrast uptake
• Ectasia of the aorta, stenosis of aortic
branches

• No radiation
• Combined assessment of inflammation and
morphological changes

• Contraindications (some implants, claustropho-
bia)
• Time consuming;

CT/CT-A • Thickened artery wall
• Late contrast uptake
• Ectasia of the aorta, stenosis of aortic
branches

• Fast
• Combined assessment of inflammation and
morphological changes
• Good differential diagnosis

• Radiation
• Nephrotoxic contrast agents

CDS = colour duplex sonography; CT = computed tomography; CT-A = CT angiography; FDG = 18F-fluorodeoxyglucose; MRI = magnetic resonance imaging; MR-A = MRI an-
giography; PET = positron emission tomography; PMR = polymyalgia rheumatica
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slightly superior to CTA, owing to false positive findings
with CTA, resulting in a lower positive predictive value
[49]. Others also found comparable performance of PET/
CT and CTA, with again a slightly better performance of
PET/CT, as it was more sensitive in detecting inflamma-
tion in a given segment [70]. In summary, PET/CT slight-
ly outperforms CTA for initial GCA diagnosis, but the two
techniques show good concordance.

By contrast, in an observational study of LV-GCA patients,
15/46 had vertebral artery vasculitis as defined by FDG-
PET positivity. CDS was performed on all vertebral ar-
teries but showed poor agreement with the PET findings
(halo in 5/15 of the PET-positive subjects and 3/31 ver-
tebral artery PET-negative patients) [67]. Comparable dis-
crepancies between different modalities have been report-
ed for MRI vs FDG-PET on 84 patients with large-vessel
vasculitis (35 GCA / 30 Takayasu arteritis / 19 controls).
The agreement regarding disease extent (i.e. involved ves-
sels) was only 60% between MRA and FDG-PET, with
MRA generally showing significantly more extensive dis-
ease [68]. Disease activity grading based on imaging (i.e.,
signs of inflammation) showed similarly poor agreement.
Only oedema and wall thickness on MRA correlated well
with FDG-uptake in PET [68]. This study also addressed
two clinically relevant issues. First, only findings from
PET were associated with patient clinical status following
comparison of imaging and clinical disease activity. On the
other hand, a striking 51% of the patients in clinical remis-

sion still had active disease by both MRA and FDG-PET
[68]. This study nicely demonstrates the need for systemat-
ic imaging studies to define what represents disease activ-
ity and what not. Of potential interest is hybrid FDG-PET/
MRI to combine the strengths of both methods to improve
diagnostic results [71].

The role of imaging during follow-up do deter-
mine disease activity

GCA is a relapsing disease, with about 40% of all patients
experiencing relapse [72]. Clinical remission is defined as
normal C-reactive protein (CRP) and ESR in the absence
of clinical symptoms. The high relapse rate suggests sub-
clinical activity during treatment, at least in some patients,
which makes clinical assessment challenging. Follow-up
examinations to investigate ongoing disease activity in pa-
tients without suspected flare are not recommended by the
EULAR since their clinical usefulness still needs to be de-
fined [24]. There is, however, an unmet need to identify
patients at risk for relapses and those with subclinical ac-
tivity. This is further emphasised in patients treated with
tocilizumab, since CRP, and most likely ESR too, are sup-
pressed independently of clinical activity [73, 74]. Already
the earliest reports on tocilizumab in LVV highlighted that
a normal CRP and absence of clinical symptoms do not
equal remission at the level of the artery [75]. To date, the
question of when to stop treatment safely in patients with
clinically inactive GCA is still experience-based.

Figure 5: Local imaging strategy in patients with suspected cranial or and large-vessel giant cell arteritis at the University Hospital
Basel. As highlighted by the European League against Rheumatism recommendations, temporal artery biopsy (TAB) can be replaced by
imaging and the modality of imaging of the large-vessels should be chosen based on local expertise and availability [24]. (1) Cranial giant cell
arteritis (cGCA) should be suspected if at least one of the following symptoms is present: new headache, vision loss, jaw claudication, suspi-
cious temporal arteries (hard, painful or pulseless). (2) Suspected large-vessel GCA (LV-GCA) includes patients with fever or inflammation of
unknown origin, arm/leg claudication (with inflammation or polymyalgia rheumatica [PMR]), and for the algorithm, absence of the symptoms
listed in (1), except headache. (3) Vascular status should include auscultation of the large arteries for bruits; palpation of the peripheral pulses;
blood pressure measurements on both arms; and lab tests should include at least C-reactive protein (CRP) / erythrocyte sedimentation rate
(ESR). (4) If aortic aneurysm or large vessels stenosis is detected during initial or follow-up screen, follow-up imaging frequency has to be de-
cided on an individual basis.CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography
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Since PET/CT visualises metabolism, it is plausible that a
decreasing or normalised vascular FDG uptake in PET/CT
indicates remission. However, despite adequate treatment,
a low-grade FDG uptake persists in a relevant number of
patients [8, 68, 76]. Whether this represents residual, low-
grade vasculitis or noninflammatory metabolic processes
in the vessel walls remains to be better defined [77]. Very
recently, a large National Institutes of Health (NIH)-fund-
ed FDG-PET study reported a link between high PET ac-
tivity during follow-up and subsequent relapses. This study
found that more than half of patients in clinical remission
showed signs of active vasculitis on PET [76], supporting
findings from a previous, smaller subgroup analysis [68].
The authors used a qualitative summary score to grade ac-
tivity in PET scans. Patients with a high score were at
greater risk for future clinical relapse than those with a low
score (55 vs 11% relapse rate) [76].

Little information is available on assessment of disease ac-
tivity with CT or MRI during follow-up. In a CTA study on
40 GCA patients, a 1-year follow-up examination was per-
formed in 35 subjects. Of those, 68% were found to have
continued arterial wall thickening, and contrast enhance-
ment was substantially reduced in the majority of partici-
pants (15 of 16 available subjects, 94%) [78]. Oedema and
wall thickening observed on MRI can represent active dis-
ease, as demonstrated in MRI/PET correlation studies [68].
MRI follow-up data from the Swiss randomised controlled
trial of tocilizumab in GCA showed that of 13 patients with
initial large vessel involvement, alterations in vessel walls
were normalised in only 25% placebo vs 33% tocilizumab
patients. Importantly, tocilizumab-treated subjects were all
in a sustained remission from GCA for over a year [79].
Similarly, MRI findings in aortitis persist frequently, de-
spite clinical remission and normalisation of PET/CT [80].
These observations warrant further investigation, since the
study was small and did not address whether the persistent
MRI findings are clinically relevant.

Vasculitic CDS findings rapidly normalise within the tem-
poral arteries but persist in larger vessels in most patients
despite clinical remission [7, 44]. In the future, the addi-
tional use of CEUS may facilitate monitoring of disease
activity in LV-GCA during follow-up. Several case reports
and case series suggest that CEUS can detect disease ac-
tivity in GCA or Takayasu arteritis [21, 74, 81–83]. Ger-
mano et al. demonstrated in 31 patients with large-vessel
vasculitis that enhancement of the thickened carotid vessel
wall correlated with the grade of vascular inflammation on
FDG-PET and was more frequent in clinically active dis-
ease [21]. However, the clinical relevance of CEUS to as-
sess disease activity at the time of diagnosis or to monitor
arterial inflammation during follow-up still needs to be de-
fined.

The role of follow-up imaging to identify com-
plications and structural damage

Large-artery complications are common in GCA. An esti-
mated one quarter to one third of patients develop aortic
structural damage detected with a mixed CT (thoracic aor-
ta) and ultrasound (abdominal aorta) assessment [84, 85].
GCA patients are at almost 20 times increased risk for
thoracic aortic aneurysm, often occurring years after diag-
nosis and independent of persistent clinical disease activ-

ity [85–88]. Although in many patients, aortic aneurysm
or large-vessel stenosis is present at diagnosis, the inci-
dence of newly diagnosed large vessel involvement in-
creases around 5 years after diagnosis [88]. The develop-
ment of aortic structural damage may occur independently
of clinical disease activity [84]. A commonly used, and
recommended, follow-up strategy is to start aortic screen-
ing 2 years after diagnosis [89]. MRA or CTA are typically
used to detect aortic aneurysms or stenosis of aortic
branches. However, such strategies primarily assess irre-
versible structural damage. Detection of aortitis using
PET/CT could predict aneurysm formation, which should
be further explored to test whether these patients will ben-
efit from more intensive therapy.

Summary and conclusions

The diagnostic algorithm for GCA depends on the clinical
presentation, the available imaging methods and the local
expertise [24]. We, therefore, recommend establishing im-
mediately accessible specialised fast-track clinics with di-
agnostic algorithms adapted to the local expertise. This
shortens the time to adequate therapy and reduces is-
chaemic complications [90].

For diagnosing cGCA, the best and most extensive data ex-
ist on the use of CDS of the temporal arteries. CDS can
easily be extended to the larger vessels, thereby increas-
ing the diagnostic sensitivity. Therefore, CDS is the pre-
ferred imaging method in these patients. If CDS is not
available, MRI of the temporal arteries is a good alterna-
tive. Large vessel imaging should be performed in all GCA
patients to assess potential aortitis, aneurysm or subclavian
stenosis. In patients with predominantly LV-GCA having,
“B-symptoms” only, large vessel imaging is a reasonable
first diagnostic step. Figure 5 shows our local diagnostic
workup for patients with suspected GCA. This algorithm
must be adapted to local availability and expertise. Since
CDS misses isolated vasculitis of the thoracic aorta, this
is best combined with a cross-sectional imaging modality.
Based on current data, none of the other available methods
(PET/CT, MRI or CT) can be preferred over another to di-
agnose LV-GCA. Standardised quantitative, and therefore
investigator-independent, image analysis has only been es-
tablished for PET/CT. Moreover, PET/CT findings link to
clinical outcome data: aortitis to an increased risk for fu-
ture aortic aneurysm and high FDG uptake during follow-
up with subsequent relapses. In patients with FUO or IUO,
PET/CT allows the exclusion of various alternative diag-
noses, making it a very valuable method in this setting.

If the clinical presentation suggests a high pre-test proba-
bility (i.e., typical symptoms) and imaging shows vasculi-
tis, temporal artery biopsy is not necessary to confirm the
diagnosis. MRA or CTA are best suited for long-term fol-
low-up screening for aortic aneurysms.

The best imaging strategy to diagnose vasculitis of the
large extracranial arteries in LV-GCA remains to be de-
fined. The EULAR recommendations do not prefer one
method over the others and recommend imaging depend-
ing on local settings and expertise [24]. Indeed, only few
data are available from comparative studies. The evalua-
tion for the recommendations included, however, only two
PET studies [41], as the underlying data were collected
before several recent studies in support of PET in diag-
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nosing and monitoring disease activity in GCA were pub-
lished [37, 52, 68, 76]. Further comparative studies using
different imaging modalities in the same patient and at
predefined time-points could improve the clinical guide-
lines. This may contribute to identifying patient subgroups,
subsequent risk stratification and adapted treatment strate-
gies. A prerequisite to this is standardisation of quantita-
tive analysis, with cut-off values to determine what is diag-
nostic for “vasculitis” [10, 19, 30, 37]. Finally, the vessel
biology in treated subjects needs to be further studied. The
high relapse rate after treatment stop in steroid- and po-
tentially also in tocilizumab-treated subjects suggests that
GCA might be still active in asymptomatic patients even
in the absence of inflammatory markers tested in peripher-
al blood. Indeed, subclinical local inflammation can persist
despite clinical remission, as highlighted in serial temporal
artery biopsies [91]. How and to what extent serial imaging
can more accurately assess disease activity and hence can
guide treatment decisions remains to be further studied.
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Figure S1: Comparison of vasculitis and normal findings. Panels A, C, E, and G are from a patient without vasculitis. Panels B, D, F, and
H show the same patient as in figure 3. T2-weighted fat-suppressed magnetic resonance imaging (PROPELLER sequence) (A, B), 18F-fluo-
rodeoxyglucose positron emission tomography attenuation corrected (C, D) fusion (E, F) and maximum intensity projection reconstruction (G,
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H) are shown.
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