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Objective: To investigate the diagnostic performance of 18F-fludeoxyglucose (18F-FDG)
positron emission tomography (PET)/CT in patients with suspected large-vessel vasculitis
and its potential to evaluate the extent and activity of disease.
Methods: 78 consecutive patients (mean age 63 years; 53 females) with suspected
large-vessel vasculitis were evaluated with 18F-FDG PET/CT. 18F-FDG uptake in the aorta
and major branches was visually graded using a four-point scale and quantified with
standardised uptake values (SUVmax). According to clinical diagnosis, patients were
classified into three groups: (a) steroid-naı̈ve, large-vessel vasculitis (16 patients), (b)
vasculitis on steroid treatment (18 patients) and (c) no evidence of vasculitis (44
patients). Analysis of variance and linear regression were used to investigate the
association of 18F-FDG uptake with clinical diagnosis and inflammatory markers.
Results: 18F-FDG PET/CT was positive (visual uptake $2; equal to or greater than liver)
in all patients with steroid-naı̈ve, large-vessel vasculitis. The thoracic aorta, the carotid
and the subclavian arteries were most frequently involved. In these patients, SUVmax

values were significantly higher than in the other groups (analysis of variance; p,0.05).
Linear regression showed a significant positive association (b-coefficients: 0.018–0.02;
p,0.05) between SUVmax of the thoracic aorta and inflammatory markers in patients
with vasculitis (Groups a and b). Patients on steroid treatment showed low visual scores
(uptake ,2) and significantly lower SUVmax values than steroid-naı̈ve patients.
Conclusion: 18F-FDG PET/CT can detect the extent and activity of large-vessel vasculitis
in untreated patients and is unreliable in diagnosing vasculitis in patients on steroids.

Received 1 June 2010
Revised 23 July 2010
Accepted 25 October 2010

DOI: 10.1259/bjr/16422950

’ 2012 The British Institute of

Radiology

Timely and accurate diagnosis of large-vessel vascu-
litis, either giant cell arteritis (GCA) or Takayasu arteritis
(TA), and evaluation of its extent and activity are
challenging, since a significant proportion of patients
present with atypical disease features. Temporal artery
biopsy is the mainstay in the diagnostic work-up of GCA
[1]; however, it is invasive, it can be false negative in a
substantial number of cases [2] and it does not delineate
the extracranial component of the disease. The proposed
diagnostic criteria for GCA, including age, headache,
temporal artery histology and erythrocyte sedimentation
rate (ESR) levels [3], were designed to differentiate GCA
from other large-vessel vasculitides and are not accurate
to direct diagnosis in individual subjects. TA is a pro-
gressive vasculitis primarily affecting the aorta and its
major branches, leading to segmental stenosis, occlusion,
dilatation and formation of aneurysms. CT and MR angi-
ography may detect inflammatory vessel wall changes,
such as oedema and mural enhancement, even when
conventional angiography is negative, yet they do not

optimally correlate with disease activity [4]. Inflam-
matory markers are routinely included in the diagnostic
tests for vasculitides; however, they are not specific and
not always concordant with disease clinical activity,
especially in cases of TA [1, 5, 6].

A decade ago 18F-fludeoxyglucose (18F-FDG) positron
emission tomography (PET) was introduced in the
evaluation of large-vessel vasculitis [7]. 18F-FDG accu-
mulates in activated inflammatory cells owing to the
overexpression of glucose transporters and the over-
production of glycolytic enzymes [8]. This has been the
basis for the application of 18F-FDG PET in vasculitis,
where there is avid leukocytic infiltration of the vessel
wall with corresponding reactive damage to regional
tissues. It has been postulated that 18F-FDG PET may
have superior sensitivity for the detection of vasculitis in
an early stage because of its ability to identify tissue
metabolism changes in pathological processes, before
structural changes occur and become detectable by
conventional imaging modalities. Yet the accuracy of
this technique has not been defined, nor has its exact
clinical role been established with respect to initial
diagnosis, evaluation of the response to therapy, mon-
itoring of disease activity or follow-up. The 18F-FDG PET
studies that have been performed demonstrate notable
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variability regarding the diagnostic criteria (visual
scoring systems for 18F-FDG uptake, semi-quantitative
standardised uptake values (SUVs) and target to back-
ground ratios) [9–12] used for differentiation between
affected and unaffected vessels and for assessment of
disease activity.

The purpose of our study was to evaluate whether 18F-
FDG PET/CT could identify the distribution of vascular
inflammation and facilitate the diagnosis of large-vessel
vasculitis in patients with clinical suspicion of the
disease. We also investigated the confounding effect of
steroid treatment on 18F-FDG PET/CT imaging results
and checked for any association of 18F-FDG PET/CT
parameters with parameters of disease activity (inflam-
matory marker levels).

Methods and materials

Patients

Between January 2008 and December 2008 we per-
formed a retrospective review of patients who had been
referred for 18F-FDG PET/CT with suspicion of large-
vessel vasculitis. We included cases with fever of
unknown origin, or unexplained raised inflammatory
markers, or any suspicious clinical signs and symptoms
that would suggest large-vessel vasculitis in the differ-
ential. In each patient, presence or absence of large-vessel
vasculitis was confirmed or excluded by case-based
work-up, including assessment of clinical signs and
symptoms, serial measurements of inflammatory marker
levels [ESR, C-reactive protein (CRP)] over time, biop-
sies, other imaging modalities (duplex sonography, CT,
MR or conventional angiography) and evaluation of
response to corticosteroid treatment (if given). The
clinician’s decision was used to classify a patient as a
case of large-vessel vasculitis or not. A minimum of
6 months of clinical follow-up after 18F-FDG PET/CT
imaging was considered sufficient to establish or exclude
such a diagnosis. Patients with insufficient data for a
clinical decision or those lost to follow-up were excluded
from further analysis.

78 patients [53 females, 25 males; mean age (¡SD)
63¡13 years] were included in the study. GCA was finally
diagnosed in 22 patients, TA in 1 and polymyalgia
rheumatica (PMR) in 11. In the remaining 44 patients a
diagnosis of large-vessel vasculitis was excluded; these
cases included various aetiologies (autoimmune diseases,
infections, neuropathies, malignancies etc.).

The patients were further divided into 3 groups:

(a) 16 patients with active large-vessel vasculitis (15
patients with GCA and 1 patient with TA) who had
not received any corticosteroid treatment prior to
18F-FDG PET/CT imaging

(b) 18 patients with large-vessel vasculitis who were
already on corticosteroid treatment at imaging time:
7 patients with GCA and 11 patients with PMR

(c) 44 patients in whom the existence of large-vessel
vasculitis was ultimately excluded.

In order to investigate any association between 18F-
FDG PET/CT imaging results and disease activity

parameters, inflammatory marker levels (CRP, ESR)
and full blood count were recorded as long as they were
obtained no more than 1 week before 18F-FDG PET/CT
imaging.

18F-FDG PET/CT imaging protocol

18F-FDG PET/CT studies were performed using a
dedicated combined GE Discovery PET/CT scanner (GE
Healthcare, Chalfont St Giles, UK). The PET scanner
contains bismuth germanate (BGO) detectors and
reconstructs 35 axial images at 4.25 mm intervals with
a field of view of approximately 15 cm. Whole-body
acquisitions (mid-brain to mid-thigh) were performed in
two-dimensional (2D) mode with the use of five or six
bed positions and with the patient in the supine
position. Patients fasted for a minimum of 6 h prior to
the injection of 370–550 MBq 18F-FDG; the blood glucose
level was checked in all patients and was ,9 mg dl–1.
Images were acquired from 55 to 65 min post injection
[13].

CT data were acquired using the four 3.75 mm
detectors, a pitch of 1.5 and a 5 mm collimation. The CT
exposure factors for all examinations were 120–140 kVp
and 80 mAs. A separate data set of thoracic CT images
was reconstructed with an appropriate algorithm for
lung imaging. Maintaining patient position, a whole-
body PET emission scan was performed covering an
area identical to that covered by CT. PET images
were reconstructed using CT for attenuation correction.
Transaxial PET emission images of 4.364.364.25 mm3

were reconstructed using ordered subsets expectation
maximisation with 2 iterations and 28 subsets.

Image analysis

Images were reviewed by two nuclear medicine phy-
sicians, in consensus, who were blinded to clinical and
laboratory data and the final clinical diagnosis. For each
patient 18F-FDG vascular uptake was recorded in six
arterial compartments: thoracic and abdominal aorta, and
iliac, femoral, carotid and subclavian arteries. 18F-FDG
uptake was evaluated visually and quantitatively. In
accordance with previous relevant studies [5, 9, 10, 14],
a visual score was assigned to each arterial segment
using a four-point scale: 0, no uptake present; 1,
minimal but not negligible uptake, certainly less than
liver uptake; 2, intermediate uptake similar to liver
uptake; 3, high-grade intense uptake higher than liver
activity. 18F-FDG vascular uptake scores $2 (equal to or
higher than liver uptake) were considered ‘‘positive’’
for vasculitis and scores of 0 and 1 (less than liver
uptake) were considered ‘‘negative’’.

Semi-quantitative indices (SUVs) of the uptake of
18F-FDG were calculated for each vascular segment.
SUVs were calculated according to the formula

SUV~
Ql

Qinj
�
BW

where Ql is the activity in the region of interest in
mCi ml–1; Qinj is the activity injected in mCi; and BW is
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the patient’s body weight in grams. We manually
applied regions of interest (ROIs) around the vessel wall
in the transaxial attenuation-corrected PET slices and
recorded the corresponding maximum SUV (SUVmax).
Fused PET/CT images enabled appropriate ROI place-
ment within the vessel and exclusion of adjacent
structures. In order to obtain representative SUVmax

segmental values, we acquired at least four measures in
each arterial compartment and averaged those numbers.
In the case of the thoracic aorta, four measures were
obtained in each of three distinct segments: ascending
aorta, arch and descending aorta (total of 364512
SUVmax values).

Statistical analysis

We compared the visual vascular 18F-FDG uptake
scores and the semi-quantitative SUVmax values (one-
way analysis of variance with the Bonferroni corrections)
across the three groups. Spearman’s correlation coeffi-
cients were calculated for the association between
SUVmax values and visual scoring. The regional seg-
mental pattern of 18F-FDG uptake in the vascular bed of
each group was identified. We investigated for the
association between 18F-FDG uptake and laboratory
parameters in affected patients. Sufficient data were
available for 28 patients of Groups a and b. Univariable
linear regression analysis was performed using the
SUVmax of the thoracic aorta as a dependent variable
and age, CRP, ESR and blood count values as indepen-
dent variables. The selection of the thoracic aorta as the

vessel of interest was supported by previous evidence in
this field, which identified this as the most frequently
involved vascular territory in patients with large-vessel
vasculitis. In order to check whether any of these factors
was independently statistically significant, they were
introduced in a multivariable regression model and
backwards stepwise regression analysis was performed.

Results
18F-FDG PET/CT was positive (visual uptake $2 in the

thoracic aorta and/or its tributaries, the carotid and
subclavian arteries) in all (16/78) patients finally diag-
nosed with active, steroid-naı̈ve, large-vessel vasculitis (15
cases of GCA and 1 case of TA) at the time
of imaging (Table 1). SUVmax values in these patients
were significantly higher than those in the other groups
(Figure 1, Table 2). The thoracic aorta and the its major
branches, the carotid and the subclavian arteries, were
most frequently involved, followed by the abdominal
aorta (Table 3). There was good correlation between
quantitative SUVmax values and visual scores in the whole
study group (Spearman’s correlation coefficient values
were in the range 0.65–0.85; p,0.05). The 18 patients who
were already on steroid treatment at imaging showed
significantly lower SUVmax values and lower visual scores
(,2) than the steroid-naı̈ve vasculitis patients (Tables 1
and 2, Figure 1). In the ‘‘no vasculitis’’ group, the femoral
arteries were the more frequently visualised vessels (low-
grade uptake51 in 18/44 subjects).

Table 1. Visual scores of the thoracic aorta and/or its major branches, across study groups

Vessel scores Active vasculitis (steroid-naı̈ve) Vasculitis on steroids (GCA, PMR) No vasculitis subjects

0 0 12 (66.7%) 34 (77.3%)
1 0 6 (33.3%) 10 (22.7%)
2 3 (18.7%) 0 0
3 13 (81.3%) 0 0

GCA, giant cell arteritis; PMR, polymyalgia rheumatica.
For each patient the highest score observed in the thoracic aorta, the carotids or the subclavians is presented. Percentages,

within brackets, refer to relative frequencies within each group.

Figure 1. Box-plots of the maximun
standardised uptake values (SUVmax)
of the thoracic aorta across the three
study groups: (a) active (steroid-naı̈ve)
large-vessel vasculitis, (b) steroid-trea-
ted [giant cell arteritis (GCA) and
polymyalgia rheumatica (PMR)] vas-
culitis and (c) no vasculitis patients.
Analysis of variance comparisons with
the Bonferroni corrections showed
statistically significant differences in
SUVmax values between the steroid-
naı̈ve vasculitis group and the no
vasculitis group (p,0.001) and
between the steroid treated group
and the no vasculitis group (p50.009).
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Univariable linear regression analysis demonstrated a
statistically significant association between SUVmax of
the thoracic aorta and age, CRP, ESR and haemoglobin
(Hb) levels (Table 4). There was no significant rela-
tion between SUVmax and platelet or white cell count
(p-values of 0.22 and 0.69, respectively). According to
these results, higher SUVmax values were associated with
higher patient age, higher inflammatory marker levels
(CRP and ESR) and lower Hb levels. Age and ESR levels
remained statistically significant (p,0.05) and indepen-
dent factors, even when all these parameters were
introduced into a multivariable regression model and
backwards stepwise regression was performed (Table 4).

Discussion

In this study, 18F-FDG PET/CT correctly identified
active large-vessel vasculitis in untreated (steroid-naı̈ve)
patients. A pattern of high-grade (equal to or higher than
liver activity) 18F-FDG uptake in the vessel wall of the
thoracic aorta and/or its major branches (carotid and
subclavian arteries) was observed in these patients
(Tables 1 and 3, Figure 2). This is in accordance with a
recent study which, by applying receiver operator curve
analysis in GCA patients and healthy control subjects,
calculated an aortic wall/liver 18F-FDG uptake ratio of
.1.00 to be highly sensitive (89%) and specific (95%) for
diagnosing vasculitis [12]. In the series of Walter et al [9],
who applied a similar scoring system to our study, a
vessel score $2 was not found to be sensitive (60%) but
still demonstrated high specificity (99%). However, 70%
of the scans in Walter et al’s study were performed under
glucocorticosteroid treatment, which suppresses inflam-
matory vessel wall 18F-FDG uptake. This would explain
why most of Walter et al’s positive scans had a visual
score of 2, whereas our study more frequently showed a

score of 3 in the thoracic aorta and/or its major branches
in affected patients.

18F-FDG PET/CT was unreliable in evaluating patients
with large-vessel vasculitis under steroid treatment.
They showed low-grade (,2) vascular 18F-FDG uptake
not appreciable on visual interpretation (Figure 3) and
significantly lower SUVmax values than untreated
patients. Aortic SUVmax values in steroid-treated patients
were, however, significantly higher than those in the ‘‘no
vasculitis’’ group (Table 2). It is unknown whether this
18F-FDG activity represents ongoing residual minimal
inflammation despite corticosteroid suppression, or neo-
vessel formation and vessel wall healing–remodelling, or
both. Similarly, Both et al [15] found 18F-FDG PET
inadequate for patients on immunosuppressive treatment,
whereas in a small series (13 patients) of TA patients on
steroids, low aortic SUVmax values (in the range of
1.20–2.50) were observed [11]. Unlike our results, the
retrospective study of Lee et al [16] did not report a
significant difference in vascular 18F-FDG uptake between
patients with and without steroid treatment. This can be
explained by differences in the clinical setting and
population selection: Lee et al evaluated patients already
diagnosed with TA only, in various clinical stages, with
less than one-third of their population being under
steroids/immunosuppressants. It could be argued that

Table 2. Maximun standardised uptake values (mean¡SD) in the vascular compartments of the three study groups

Vessel Active vasculitis (steroid-naı̈ve) Vasculitis on steroids (GCA, PMR) No vasculitis subjects

Thoracic aorta 3.38¡0.99a** 2.32¡0.39* 1.77¡0.24
Abdominal aorta 3.26¡0.76a** 2.26¡0.53* 1.81¡0.27
Iliacs 2.43¡0.82a** 1.77¡0.32 (NS) 1.49¡0.28
Femorals 2.01¡0.83* 1.99¡0.36* 1.43¡0.29
Carotids 3.40¡0.74a** 1.79¡0.39 (NS) 1.37¡0.32
Subclavians 3.40¡1.42a** 1.34¡0.28 (NS) 1.10¡0.26

GCA, giant cell arteritis; PMR, polymyalgia rheumatica; SD, standard deviation.
Symbols (*, **, NS) indicate the p-value of the analysis of variance comparisons with the Bonferroni corrections between groups

‘‘steroid-naı̈ve vasculitis’’ and ‘‘vasculitis on steroids’’ and the group ‘‘no vasculitis’’ (reference group): *statistically significant
at a level ,0.05; **statistically significant at a level ,0.001; NS, non-significant difference.

aIndicates whether there was a statistically significant difference at p,0.05 between ‘‘steroid-naı̈ve vasculitis’’ and ‘‘vasculitis on
steroids’’ groups.

Table 3. Distribution of visual vessel scores in the 16 patients
with active, non-steroid-treated vasculitis

Score

Vessel 0 1 2 3

Thoracic aorta and
major branches

0 0 3 13

Abdominal aorta 2 1 6 7
Femorals 5 3 6 2

Table 4. Results of univariable and multivariable linear
regression analyses

Variable b-coefficient (95% CI) p-value

Univariable linear regression
Age 0.015 (0.010, 0.046) 0.04
CRP 0.018 (0.006, 0.028) 0.003
ESR 0.020 (0.010, 0.029) ,0.001
Hb 20.34 (20.65, 20.04) 0.03
Multivariable linear regression
Age 0.033 (0, 0.066 ) 0.05
ESR 0.022 (0.013, 0.030 ) ,0.001

We used maximum standardised uptake values (SUVmax) of the
thoracic aorta as the dependent variable and age, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and
haemoglobin (Hb) values as independent variables, in
patients with vasculitis (non- and steroid treated). Age and
ESR were the independent variables, which remained
statistically significant (p,0.05) at backwards stepwise
regression. The b-coefficient, its 95% confidence intervals
(CIs) and the corresponding p-value are presented.

18F-FDG PET/CT in large-vessel vasculitis

The British Journal of Radiology, June 2012 e191



our vasculitis group under steroid treatment was inho-
mogeneous since it included both patients with PMR and
patients with GCA; however, this is appropriate on
clinical grounds, given that PMR and GCA are associated
and are suggested to be different manifestations of the
same disease process [1].

In our study, SUVmax values of patients with vasculitis
were positively associated with inflammatory marker
levels (ESR, CRP) (Table 4), supporting the assumption
that 18F-FDG activity mirrors disease activity. The
pathophysiology of large-vessel vasculitis comprises a
vivid inflammatory cascade with T-cell and activated
macrophage recruitment and accumulation in the vessel
wall [1]. Avid utilisation of glucose and glucose
analogues, such as 18F-FDG, by these cells could

subsequently represent the degree of inflammation.
However, there is conflicting literature on this issue;
some studies have shown significant correlation of
18F-FDG uptake with raised inflammatory marker levels,
similar to our results [9, 10, 17], while other studies have
failed to show this correlation [5, 15]. In two recent
reviews, there was no consensus whether 18F-FDG PET/
CT can be reliably used [18] or not [19] to monitor
treatment response and disease activity.

Vascular 18F-FDG uptake is not specific for vasculitis,
but can be observed in cases of atherosclerosis.
Experimental and animal models have identified
18F-FDG concentration within vulnerable atherosclerotic
plaques [20, 21] and a human study reported a positive
correlation of aortic 18F-FDG uptake with age, which is a
major factor for atherosclerosis progression [22].
Evaluating the intensity and distribution pattern of
vascular uptake we can differentiate active vasculitis
from atherosclerotic lesions. We have observed a pattern
of relatively linear and intense ($liver) 18F-FDG uptake

Figure 2. 18F-Fludeoxyglucose (18F-FDG) positron emission
tomography/CT (MIP image) in a 73-year-old female with
giant cell arteritis at initial diagnosis. She presented with
fever, malaise and increased inflammatory marker levels
[erythrocyte sedimentation rate (ESR) 108, C-reactive pro-
tein (CRP) 96 mg dl–1]. There is intense 18F-FDG activity along
the wall of the thoracic aorta and its tributaries, the
subclavian and carotid arteries, the abdominal aorta
and the iliac arteries. The degree of uptake was graded as
3, .liver.

Figure 3. 18F-Fludeoxyglucose (18F-FDG) positron emission
tomography (PET)/CT (MIP image) in a 72-year-old male with
giant cell arteritis, under long-term steroid treatment. There
is some (Grade 1, ,liver) 18F-FDG activity in the wall of the
ascending aorta and the aortic arch (arrow). There is low-
grade uptake in the iliofemoral vessels (arrowhead), which is
a normal variant and is not related to large-vessel vasculitis.
18F-FDG PET/CT is not accurate for the evaluation of patients
on corticosteroids.
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in the vessel wall of the thoracic aorta and its tributaries,
the carotid and subclavian arteries, in cases of active,
untreated vasculitis. In atherosclerosis vascular uptake
has been described as ‘‘patchy’’: non-linear and less
intense (less than or, rarely, equal to liver activity)
[4]. We have frequently seen a pattern of low-grade (51,
less than liver) 18F-FDG accumulation in the femoral
vessels of the no vasculitis group (Figure 4). This
has been suggested to correspond to smooth muscle
activity and local atherosclerotic changes (intima layer
thickening and macrophage accumulation); it should
be regarded as a normal variant and not misinterpreted
as vasculitis.

The main limitation of our study is its retrospective
nature. The retrospective data precluded a valid compar-
ison of 18F-FDG PET/CT with other imaging modalities
(e.g. duplex sonography), within a reasonable time-frame.

Owing to the referral bias we did not acquire sufficient
data for patients with TA (only one patient).

Conclusion

Our results suggest a clinical role for 18F-FDG PET/CT
as an additional tool in the early diagnosis of large-vessel
vasculitis, before steroid treatment is given. 18F-FDG
PET/CT has inadequate resolution to evaluate the
temporal arteries [23] but it can delineate the extracranial
distribution of GCA, mainly in the thoracic aorta, the
carotid and the subclavian arteries. 18F-FDG-PET/CT can
be a second approach in untreated patients with atypical
presentations of GCA and equivocal ultrasound or
temporal artery biopsy findings. Positive 18F-FDG-PET/
CT scan results in patients with PMR symptomatology
warrant further classification of them as having GCA
and not being labelled as ‘‘isolated PMR’’. This is
clinically significant since GCA patients with aortic
involvement are prone to aneurysm formation and
should be monitored carefully [14]. 18F-FDG PET/CT
cannot be used to diagnose vasculitis in patients on
steroids/immunosuppressants and there is not enough
evidence to support its use as a surrogate marker of
disease activity, during follow-up.
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