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Abstract
Improvements in positron emission tomography (PET) technology have contributed to increased diagnostic accuracy in 
patients with large-vessel vasculitis (LVV) over the last decades. Many systematic reviews and meta-analyses were conducted, 
and earlier diagnosis by 18F-FDG PET can be made in patients suspected of having LVV. Two subtypes, Takayasu arteritis 
and giant cell arteritis, will progress when poorly responding to corticosteroids and augmented immunosuppression. In most 
patients, disease activity cannot be monitored by laboratory tests alone; therefore, glucose metabolism may be a source for 
possible biomarkers. In this review, we present current concepts regarding 18F-FDG PET/CT imaging standards.
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Introduction

Vasculitis is a heterogeneous group of disorders character-
ized by inflammation and fibrinoid necrosis of blood ves-
sel walls. Large vessel vasculitis (LVV) is a disease pre-
dominantly affecting the large arteries and main branches. 
Pathologic specimens from patients show granulomatous 
infiltration of various inflammatory cells within the ves-
sel walls of the thoracic and abdominal aorta and their 
branches. Patients with LVV often present with nonspecific 
clinical symptoms including fatigue, malaise, weight loss, 
anorexia, fever, and night sweats. Two subtypes, Takayasu 
arteritis (TA) and giant cell arteritis (GCA), are known. In 
most patients, the development of LVV is a progressive 
process that is an inefficient and impermanent response 
to treatment. Diagnostic procedures including ultrasound, 
computed tomography, magnetic resonance imaging, and 
angiography often give inconclusive results in patients 
with LVV [1–4]. 18F-FDG PET/CT can detect the activated 

inflammatory process within the arterial wall and may be 
valuable for initial diagnosis, monitoring of disease activity, 
and evaluating response to treatment in LVV [5, 6]. In this 
review, we present current concepts regarding the 18F-FDG 
PET/CT of LVV.

Pathogenesis and cellular mechanism of LVV

LVV is regarded as two pathologic conditions: GCA and 
TA. GCA is the most common reason for idiopathic LVV 
in patients aged greater than 50 years and affects mainly 
the thoracic, abdominal aorta, and its primary branches. Its 
etiology and pathogenesis are still unknown. Classic cra-
nial manifestations consist of headache, scalp tenderness, 
jaw claudication, and vision loss. Temporal artery biopsy 
remains the gold standard for diagnosis. Steroid treatment is 
the standard of care, though not curative. Genes in HLA type 
2 region affect GCA’s development. An imbalance among 
CD4 + T helper (Th)1, Th17, and regulatory T cells contrib-
ute to the pathogenesis of GCA. Tocilizumab, a monoclonal 
antibody against the IL-6 receptor, exerts its effects through 
increasing Treg cell number.

TA is a rare granulomatous pan-arteritis with female pre-
dominance and an estimated incidence of 2 per 1 million 
persons. The mean age of onset is 35 years and regions of 
highest prevalence are in Asia. TA can cause late compli-
cations including stenoses, occlusions, and aneurysms and 
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can be life-threatening, with mortality rates reaching 35% at 
5 years after diagnosis.

The realization that arterial wall inflammation results in 
LVV has led to a search for inflammatory mediators. M1 
macrophages activated by IFN-γ produce inflammatory 
cytokines, and a dominant subset of M1 macrophages in 
lesions play a role in the inflammatory amplification loop in 
LVV. M2 macrophages, recognized as the anti-inflammatory 
and tissue-repair macrophage subtype, consist of four sub-
types. Of these, the M2d subset induced by IL-6 is consid-
ered to be important in the pathogenesis of LVV, because the 
serum level of IL-6 is high in patients with LVV [7]. Both 
of M1 and M2 macrophages are significantly expanded in 
inflamed arteries in LVV.

Diagnostic accuracy and staging

Activated macrophages and lymphocytes within the arte-
rial wall overexpress the transporters (Glut-1 and Glut-5) 
of glucose destined to undergo glycolysis. 18F-FDG is read-
ily taken up by these cells. 18F-FDG PET/CT has proven 
to be an efficient tool for LVV diagnosis. The diagnosis of 
LVV can be made histologically, but the histologic proof is 
usually difficult to obtain. Although 18F-FDG is nonspecific 
because it is taken up by other proliferating cells, 18F-FDG 
PET/CT can detect increased metabolism and functional 
changes before morphological transformations become 
apparent. It has been shown that baseline 18F-FDG PET/CT 

performed prior to the initiation of steroid therapy can be 
used to render an accurate diagnosis [8–11]. Similarly, the 
performance of baseline 18F-FDG PET/CT provides a means 
of staging LVV. This strategy may eventually prove useful 
for LVV diagnosis prior to treatment. Therefore, the cost of 
FDG-PET imaging was covered by insurance since March 
2018 in Japan. Two studies, a systematic review and meta-
analysis, have been published on the diagnostic accuracy of 
FDG PET and the diagnostic accuracy of PET/CT [8, 9]. The 
results of each study are summarized in Table 1. Populations 
in most studies were patients with GCA or GCA/TA. The 
pooled sensitivity and specificity for diagnostic purposes 
were 87–90% and 73–98%, respectively. When stratified by 
TA, the diagnostic performance was similar.

18F‑FDG PET/CT protocol

Procedurally, it is recommended that patients fast for 
at least 6 h prior to 18F-FDG administration and have 
serum glucose levels below 7 mmol/L (126 ml/dL) [10, 
11]. Glucocorticoid treatment results in attenuation of 
18F-FDG uptake in patients with LVV. However, Nielsen 
BD and colleagues demonstrated in a prospective cohort 
study that 18F-FDG PET/CT is not compromised by a 
3-day course of 60 mg glucocorticoid treatment [12]. 
They concluded that the sensitivity of 18F-FDG PET/CT 
is higher in glucocorticoid-naïve than in treated patients 
with LVV, but within 3 days of glucocorticoid treatment, 

Table 1   Diagnostic accuracy of FDG PET or PET/CT for large vessel vasculitis

GCA​ giant cell arteritis, TA Takayasu arteritis, CI confidence interval, LVV large vessel vasculitis
a Cancer (n = 226), infections (n = 18), rheumatoid arthritis (n = 6), small vessel vasculitis (n = 5), undefined (n = 44)

References Year Study design Study subjects Study objectives Study results

Soussan et al. [8] 2015 Systematic review of 21 
studies

GCA/TA (n = 413)
Controls (n = 299)a

To describe and determine the 
different FDG-PET criteria 
for the diagnosis of vascular 
inflammation

FDG vascular uptake
Study author’s threshold
GCA/TA 70% vs. controls 

7%  ≥ liver uptake (visual 
grades)

GCA/TA 84% vs. controls 18% 
(p < 0.001)

Meta-analysis of 4 studies GCA (n = 57)
Controls (n = 176)

To determine the performance 
of FDG-PET for the diagno-
sis of large-vessel inflamma-
tion in GCA patients

Pooled sensitivity 90% (95% CI 
79–96%)

Pooled specificity 98% (95% CI 
94–99%)

Meta-analysis of 7 studies TA (n = 191; n = 96 
with active TA)

To determine the performance 
of FDG-PET to evaluate the 
disease inflammatory activ-
ity in TK patients

Pooled sensitivity 87% (95% CI 
78–93%)

Pooled specificity 73% (95% CI 
63–81%)

Lee et al. [9] 2019 Meta-analysis of 9 studies GCA/TA (n = 298) To investigate through meta-
analysis the performance of 
FDG PET or PET/CT for the 
assessment of disease activ-
ity in patients with LVV

Pooled sensitivity 88% (95% CI 
79–93%)

Pooled specificity 81% (95% CI 
64–91%)
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the attenuation effect is limited. For adequate biodistri-
bution, the acquisition should be started 60 min after 
intravenous administration of 18F-FDG. For the purpose 
of discrimination from atherosclerotic plaque accumula-
tion, a 120-min interval is recommended [10, 11]. Con-
trast-enhanced 18F-FDG PET/CT is reported useful for 
identifying stenosis in patients with TA, but the data are 
insufficient to support routine use [13]. Resolution of the 
PET scanner limits detection in the large vascular sys-
tem. Therefore, time-of-flight (TOF) reconstruction and 
digital PET/CT are preferable for high-resolution images. 
Although many meta-analyses of the diagnostic accuracy 
of 18F-FDG PET/CT for LVV have been published, most 
of the data are from analog PET/CT scanners. Digital 
PET/CT can provide us with better image quality, more 
precise SUV, and improved tracer detectability as com-
pared to analog PET/CT. Since digital PET/CT allows 
faster TOF technology and coupling between the scintil-
lation crystal and detector and digital photon counting on 
a one-to-one basis, this technique results in better spa-
tial resolution and sensitivity gain to enable detection of 
subtle differences in vascular uptake. On the other hand, 
better sensitivity also results in false-positive findings on 
digital PET/CT. The difference between the diagnostic 
performance of digital PET/CT should be addressed on 
the basis of comparative study with analog PET/CT and 
cost-effectiveness.

18F‑FDG PET/CT interpretation

In 2016, a committee sponsored by the American Heart 
Association proposed an LVV visual grading scale based 
on the comparison between vascular uptake and liver uptake 
[14]. The use of a single visual grading scale is helpful for 
comparisons between several different institutions because 
many criteria have been proposed for visual analysis [0, no 
uptake (≤ mediastinum); 1, low-grade uptake (< liver); 2, 
intermediate-grade uptake (= liver), 3, high-grade uptake 
(> liver)]. Grade 2 and grade 3 indicate “possible” and 
“definite” active inflammation, respectively (Fig. 1). On the 
basis of visual analysis, 18F-FDG PET and PET/CT have 
high accuracy, with a meta-analytic pooled sensitivity of 
84% and meta-analytic pooled specificity of 84% for TA and 
89% and 98% for GCA [8]. When the visual scale is applied, 
type of uptake including linear, segmental, and focal should 
be taken into account.

A reproducible metric of 18F-FDG accumulation in the 
vascular wall has been introduced. Semiquantitative analy-
sis includes basic SUV parameters and target-to-background 
ratio (TBR) (Fig. 2). However, simple SUV metrics are not 
preferable because of the overlap between LVV and athero-
sclerosis. TBR is calculated as the ratio between SUVmax 
of the vascular wall and SUVmean of the blood pool in the 
inferior vena cava or internal jugular vein. Arterial wall 
uptake normalized to the background activity of the blood 
pool is a good reference for assessing vascular inflamma-
tion. Liver and lung are known to be favorable target organs 

Fig. 1   Assessment of 18F-FDG 
PET images by using the visual 
scoring grade system. The 
visual grading scale consists of 
4 grades: 0, no uptake (≤ medi-
astinum); 1, low-grade uptake 
(< liver); 2, intermediate-grade 
uptake (= liver), and 3, high-
grade uptake (> liver). Grade 2 
and grade 3 indicate “possible” 
and “definite” active inflamma-
tion, respectively (arrows)
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for normalization using TBRs. The sensitivity and specific-
ity are 90% and 94% for liver and 82% and 73% for lung, 
respectively [15].

Versari and colleagues introduced the total vascular score 
(TVS), which they measured in seven vascular districts 
(carotid, subclavian, axillary, iliac, femoral, thoracic aorta, 
and abdominal aorta) [3, 16]. Uptake is scored from 0 to 3 
in each district based on intensity, and uptake is maximum 
when the score is 21. A TVS greater than or equal to 6 is 
specific for the presence of disease.

Grayson PC and colleagues created the PET Vascular 
Activity Score (PETVAS) which can be used to qualitatively 
assess vascular uptake in arterial territories [17]. Four seg-
ments of the aorta (ascending, arch, descending thoracic, 
and abdominal) and 11 branch arteries (innominate, carotid, 
subclavian, axillary, iliac, and femoral) are evaluated from 
the degree of 18F-FDG accumulation relative to liver uptake 
(0, no uptake; 1, less than liver uptake; 2, same as liver 
uptake; 3, greater than liver uptake). The summary score is 
the total of the qualitative scores in specific arterial territo-
ries. Other reproducible metrics to quantify 18F-FDG uptake 
within arterial walls have been developed; however, the sum-
mation of all vascular districts or territories is complicated 
without any standardization of volumetry [18, 19].

Although 18F-FDG PET/CT is valuable for initial diag-
nosis, monitoring of disease activity, and for evaluating 
treatment response in LVV, the atherosclerotic vascular 

uptake may complicate interpretation in elderly patients. 
Distinction between LVV and atherosclerosis is diffi-
cult, but some characteristics can be distinguished from 
the pathological background. Atherosclerotic lesions are 
typically skip lesions that show a patchy uptake pattern, 
while inflammatory lesions of LVV demonstrate a smooth 
linear pattern. Surgical intervention is needed when there 
are complications of LVV including aneurysm and severe 
stenosis. Graft stenting is a possible procedure for such 
complications. However, significant 18F-FDG uptake con-
fined to arterial graft sites in patients with LVV does not 
reflect clinically relevant disease activity or progression. 
When heterogeneous and focal 18F-FDG uptake are identi-
fied, it may indicate infected grafts. Visual assessment of 
18F-FDG uptake compared with that of inactive muscle 
and fat, or that of the liver, are shown to be useful for 
detection of infected grafts.

Polymyalgia rheumatica (PMR) and GCA frequently 
overlap. 18F-FDG uptake in extravascular regions should 
be carefully examined. PMR patients often show FDG 
uptake in glenohumeral synovia, subacromial-subdeltoid 
bursa, supraspinatus tendinitis and biceps synovitis (shoul-
der), trochanteric/ischial bursa, hip synovia, interspinous 
regions of the cervical and lumbar vertebrae, or the syno-
vial tissue of the knees [20]. 18F-FDG uptake of extravas-
cular regions also reflect disease activity.

Fig. 2   18F-FDG PET Images 
of GCA in a 30-year-old male. 
Grade 3 uptake is identified in 
the aortic arch, abdominal aorta, 
and bilateral common iliac 
arteries. Maximum SUVmax, 
SUVmean, and target-to-
background ratio (TBR) are 4.0, 
2.6, and 7.8 at the arch level, 
respectively
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Response evaluation as biomarker

Current treatment of LVV consists primarily of augment-
ing immunosuppression by changing or adding medica-
tions. Several medications and immune-modulating treat-
ments have been introduced to stabilize the inflammatory 
reaction in LVV. Glucocorticoid is the initial choice of 
treatment in most cases, but relapse happens commonly 
and adverse effects including diabetes mellitus, osteopo-
rosis, and infection are often observed. Methotrexate and 
cyclophosphamide are possible medications to switch to, 
and seem to be associated with a lower risk of relapse 
albeit with treatment-related adverse events. Tocilizumab, 
the IL-6 receptor directed monoclonal antibody, is a mile-
stone in the induction and maintenance of remission in 
patients with GCA. 18F-FDG PET/CT is currently used for 
monitoring LVV as a biomarker. Vitiello G and colleagues 
evaluated 12 patients with GCA receiving glucocorti-
coid and tocilizumab (8 mg/kg/month) [21]. All patients 
achieved complete remission after initiation of tocilizumab 
and mean SUV decreased significantly on 18F-FDG PET/
CT. Although encouraging, the results were from a lim-
ited number of patients enrolled at a single institution, 
and the time to post-treatment 18F-FDG PET/CT varied 
widely; therefore, 18F-FDG PET/CT might be useful for 
monitoring treatment response because it can detect meta-
bolic changes even if asynchronous with levels of several 
laboratory parameters.

The presence of significant 18F-FDG uptake on post-
treatment PET/CT images is an accurate indicator of 
disease activity in LVV. From the previous results of a 
case–control study, the sensitivity and specificity of 
active vasculitis detection by 18F-FDG PET/CT were 85% 
(95%CI: 69–94%) and 83% (71–91%), respectively [22]. 
Most patients with LVV in clinical remission showed sig-
nificant 18F-FDG uptake on PET/CT and these findings 
are suggestive of future clinical relapse. The results from 
recent prospective studies in large populations are sum-
marized in Table 2.

Prognostic implication

Patients with LVV have an increased risk of aortic dilata-
tion, aortic aneurysm, and aortic dissection, which have 
a close relationship with mortality (Fig. 3). Prediction of 
disease course by 18F-FDG PET/CT has not been fully elu-
cidated to date. Dellavedova et al. demonstrated that 18F-
FDG PET/CT can predict favorable progress in patients 
with LVV [23]. Total lesion glycolysis (TLG) was signifi-
cantly higher in patients with complicated progress than in 
those with favorable progress. Muratore F and colleagues 
conducted a longitudinal case–control study using 18F-
FDG PET/CT follow-up with a mean time of 35 months 
[24]. Diameters of ascending, descending, and suprarenal 
abdominal aortas showed a significant increase compared 
to control. A notable predictor of aortic dilatation was 
significant 18F-FDG uptake at baseline on PET/CT scans in 
patients with GCA. However, this trend was not observed 
in patients with TA. Although 18F-FDG PET/CT can pre-
dict prognosis in patients with LVV, important limitations 
of these previous studies include the retrospective nature 
of the analyses, mixed population of patients with LVV, 
and duration of follow-up that was too short to observe 
aortic dilatation or dissection. It will therefore be neces-
sary to conduct a prospective study using a homogeneous 
treatment regimen with longer follow-up.

Conclusion

8F-FDG PET/CT has an important role to play in the diagno-
sis, response assessment, and prognosis of LVV. Distinction 
between LVV and other conditions with significant vascu-
lar uptake should be considered for initial diagnosis. The 
optimization of 18F-FDG PET/CT procedures is necessary 
before a reproducible metric can be used to quantify 18F-
FDG accumulation in the vascular wall.
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Table 2   Prospective response evaluation of large vessel vasculitis by 18F-FDG PET

LVV large vessel vasculitis, GCA​ giant cell arteritis, TA Takayasu arteritis, CI confidence interval, f/u follow-up, PETVAS PET vascular activity 
score, GC glucocorticoid, MTX methotrexate, TCZ tocilizumab, IFX infliximab, PGA physician’s global assessment (score ranging from 0 to 10, 
with 0 indicating clinical remission and higher scores indicating increased disease activity), CRP C-reactive protein, ESR erythrocyte sedimenta-
tion rate
a Hyperlipidemia 35, disease mimicking LVV 17, healthy controls 7

References Year Study design Study subjects Study objectives Study results

Grayson et al. [17] 2018 Prospective
Single-center
USA

LVV 56 patients
(GCA 30, TA 26)
18F-FDG PET 111 scans
Comparator subjects 59a

18F-FDG PET 59 scans

To assess the clinical value of 18F-FDG PET 
in a prospective cohort of patients with LVV 
and comparator subjects

Patients with clini-
cally active LVV 
(40 scans)

PET sensitivity 85% 
(95% CI 69–94%)

Comparator sub-
jects (59 scans)

PET specificity 83% 
(95% CI 71–91%)

Patients with LVV 
in clinically 
remission (71 
scans)

Active PET scans 
58%

Future clinical 
relapse (median 
f/u 15 months)

PETVAS ≥ 20 
45% vs < 20 11% 
(p = 0.03)

Banerjee et al. [21] 2020 Prospective
Single-center
USA

LVV 52 patients
(GCA 31, TA 21)
Visit intervals
Median 6 months
Range 5–12 months
Medications
GC, MTX, TCZ, IFX, etc

To determine the effect of 18F-FDG PET 
vascular activity in relation to clinical- and 
serologic-based assessments

All values are given 
as median

Increased treatment 
(36 visit intervals)

PETVAS 23.5 vs 18 
(p < 0.01)

PGA 2 vs 0 
(p < 0.01)

CRP 6.2 vs 2.0 
(p < 0.001), 
ESR 24 vs 9 
(p < 0.0001)

Unchanged treat-
ment (32 visit 
intervals)

PETVAS 21 vs 21 
(p = 0.95)

PGA 0 vs 0 
(p = 0.48)

CRP 3.9 vs 3.4 
(p = 0.57), ESR 
13.5 vs 13 
(p = 0.55)

Decreased treat-
ment (23 visit 
intervals)

PETVAS 16 vs 20 
(p = 0.02)

PGA 0 vs 0 
(p = 0.52)

CRP 1.9 vs 4.4 
(p = 0.1), ESR 12 
vs 16 (p = 0.07)
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