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Simple dichotomous assessment of cranial artery inflammation
by conventional 18F-FDG PET/CT shows high accuracy for the diagnosis
of giant cell arteritis: a case-control study
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Abstract
Purpose To estimate the diagnostic accuracy of conventional 18F-FDG PET/CT of cranial arteries in the diagnosis of giant cell
arteritis (GCA).
Methods The study was a retrospective case-control study. The reference diagnosis was fulfillment of the 1990 ACR criteria for
GCA. All patients had new-onset GCA. Conventional 18F-FDG PET/CT was performed before glucocorticoid treatment.
Controls were age- and sex-matched patients with a previous history of malignant melanoma (MM) undergoing surveillance
PET/CT >6 months after MM resection. PET images were evenly cropped to include only head and neck and were assessed in
random order by four nuclear medicine physicians blinded to reference diagnosis. Temporal (TA), maxillary (MA) and vertebral
(VA) arteries were visually rated for 18F-FDG uptake. Interreader agreement was evaluated by Fleiss kappa.
Results A total of 44 patients and 44 controls were identified. In both groups, the mean age was 69 years (p = 0.45) and 25/44
were women. 35/41 GCA patients were temporal artery biopsy positive (TAB). Considering only FDG uptake in TA and/or MA,
diagnostic sensitivity and specificity was 64 and 100%. Including VA, sensitivity increased to 82% and specificity remained
100%. Interreader agreement was 91% and Fleiss kappa 0.82 for the PET diagnosis based on the cranial arteries.
Conclusion Conventional 18F-FDG PET/CT is an accurate and reliable tool to diagnose cranial arteritis in glucocorticoid-naïve
GCA patients. The high diagnostic specificity suggests that TAB can be omitted in patients with 18F-FDG uptake in cranial
arteries. 18F-FDG PET/CT performed in patients with suspected vasculitis should always include the head and neck.
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Introduction

Previously, giant cell arteritis (GCA)was primarily considered
a cranial disease, presenting with new-onset headache, jaw
claudication and/or visual disturbances. With the emergence
of new diagnostic imaging modalities, the systemic nature of
GCAwith widespread large- and medium vessel involvement,
and thus a wider spectrum of clinical phenotypes, is
appreciated.

Conventionally, temporal artery biopsy (TAB) has been
mandatory in GCA diagnosis and, although only moderately
sensitive [1, 2], it has been considered the reference standard
[3]. However, the TAB histology result is usually not available
until weeks after treatment initiation, and the biopsy outcome
only seldom alters disease management [4]. This emphasizes
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the need for accurate and promptly available confirmatory
diagnostic tests in GCA.

The recent EULAR recommendations for the use of imag-
ing in large vessel vasculitis in clinical practice advises that an
early diagnostic imaging test is performed in all patients
suspected of GCA to confirm diagnosis [5]. Fluorine-18-
fluorodeoxyglucose (18F-FDG) positron emission
tomography/CT (PET) can be used for the confirmation of
extracranial large vessel GCA (LV-GCA), e.g., arteritis in-
volving the aorta and its main branches, in which it has proven
high diagnostic accuracy [5–9]. Vascular ultrasound (US) is
recommended for the assessment of GCA in cranial arteries,
provided the sonographer is adequately skilled and the exam-
ination is promptly available. Due to USs high positive pre-
dictive value, a TAB is considered unnecessary in patients
with either high or low clinical probability of GCA and a
matching US result. In contrast, 18F-FDG PET/CT is not rec-
ommended for the assessment of inflammation in cranial ar-
teries [5], although 18F-FDG uptake in inflamed cranial arter-
ies in GCA patients has occasionally been reported [10–12].

In GCA, accurate diagnostic tools are needed to establish a
reliable diagnosis. The numerous phenotypical GCA presen-
tations make the diagnostic process challenging, and diagno-
sis is often delayed. False negative diagnostic tests may delay
glucocorticoid treatment, increasing the risk of vascular com-
plications such as vision loss. A false positive diagnosis en-
courages unnecessary, long-lasting glucocorticoid treatment
with frequent and potentially serious side effects.

In new-onset GCA patients, 18F-FDG uptake in cranial
arteries could indicate inflammation and, therefore, serve as
an adjunct diagnostic tool. The aim of this case-control study
was to evaluate diagnostic accuracy of conventional 18F-FDG
PET/CT to detect cranial artery inflammation leading to a
diagnosis of GCA.

Material and methods

Study design

A retrospective case-control study was conducted at
Department of Rheumatology and Department of Nuclear
Medicine & PET Center, Aarhus University Hospital,
Denmark.

Participants

Cases

Since October 2014 all glucocorticoid-naïve patients
suspected of new-onset GCA referred to the Department of
Rheumatology at Aarhus University Hospital have been con-
sidered for inclusion in an observational cohort. Patients give

their informed consent to have blood samples for a bio-bank
and for the use of clinical, laboratory, imaging and histology
data for research purposes.

18F-FDG PET/CT is readily available in our institution
(usually within 1 working day) and is included in the routine
diagnostic evaluation of GCA suspected patients. The 18F-
FDG PET/CT can usually be planned by the time of referral,
allowing for pre-treatment PET in many GCA suspected pa-
tients not presenting with unequivocal cranial symptoms of
GCA. Other patients with PET suggestive of LV-GCA are
referred from other departments for confirmation of diagnosis
and commencement of treatment. Treatment is initiated with-
out delay in patients with unequivocal cranial symptoms of
GCA. Patients without a pre-treatment 18F-FDG PET/CT
were not considered for inclusion in the cohort.

For the purpose of this study, we included patients from the
cohort fulfilling the following criteria: (1) clinically diagnosed
with new-onset GCA before December 2017 and fulfilling the
1990 ACR classification criteria for GCA [13]; and (2) diag-
nosis confirmed at the 6 months follow-up visit. We excluded
patients in whom the 18F-FDG PET/CT did not include the
head and neck.

Controls

As controls, we included subjects undergoing routine surveil-
lance 18F-FDG PET/CT as part of the recommended follow-
up of patients with high risk malignant melanoma (MM) be-
tween October 2013 and December 2017. 18F-FDG PET/CTs
performed ≤6months afterMM resection, 18F-FDGPET/CTs
revealing recurrent or new cancer and controls with a medical
record exhibiting a history of PMR or GCA, were excluded.
Controls were matched to the GCA patients by gender and age
(± 3 years) by the time of the PET scan. To reflect the referral
pattern in a tertiary hospital, we matched GCA and controls
one to one. Eligible controls who had several 18F-FDG PET/
CT scans were matched with one GCA patient only.

Reference diagnosis and index test

Reference diagnosis

Fulfilment of the 1990 ACR criteria for GCA was consid-
ered reference diagnosis [13]. Medical history, physical ex-
amination, laboratory and imaging tests were performed
before treatment was initiated in all GCA patients.
Patients were referred for a TAB, which was considered
positive in the presence of an inflammatory infiltrate in
any vessel wall layer. All test results were evaluated by an
experienced rheumatologist to establish the diagnosis and
to confirm eligibility criteria.
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18F-FDG PET/CT procedure

Conventional whole-body 18F-FDG PET/CT was performed
according to institution protocols using combined PET/CT
scanners. Two different PET systems were used: GE
Discovery 690 (GE Healthcare, Chicago, IL, U.S.A.) (19
cases) and Siemens Biograph 64 (Siemens Healthcare,
Erlangen, Germany) (25 cases and 44 controls).

In brief, FDG (5MBq kg−1) was administered intravenous-
ly after an overnight fast, and imaging was performed 60 min
later. After unenhanced CT for attenuation correction and an-
atomical co-registration, PET imaging was performed with
3 min per bed position in three-dimensional mode.
Reconstruction of the attenuation-corrected images was done
using an ordered subset expectation maximization algorithm
with point-spread function (PSF) and time-of-flight (three it-
erations, 24 subsets, matrix size 192 × 192, 4-mm Gaussian
postprocessing filter, voxel size 2 mm× 2 mm× 2 mm)(GE
PET/CT). On the Siemens Biograph 64 PET/CT, we used
visually comparable PSF reconstruction protocols (TrueX)
(four iterations, 21 subsets, 3-mm Gaussian postprocessing
filter, matrix size 336 × 336, voxel size 2 mm × 2 mm ×
2 mm). These acquisition and reconstruction parameters ad-
here to international guidelines and have previously been de-
scribed [14, 15].

By the time of diagnosis, routine evaluation of the PET
images included assessment of aorta and its main branches
but did not include TA and MA assessment. Segmental ho-
mogenous arterial FDG uptake above liver uptake in the aorta
and/or supra-aortic limb branches was considered suggestive
of large vessel vasculitis.

18F-FDG PET/CT visual assessment

To minimise risk of bias, PET images were evenly cropped to
include only the head and neck (Fig. 1a). Scans were
anonymised and assigned a random id number. Qualitative
image analysis was made using Hermes (Hermes Medical
Solutions, Stockholm, Sweden).

Images were assessed in random order by four nuclear
medicine physicians who had no particular expertise in
reporting 18F-FDG PET scans performed in patients with
suspected inflammatory disease including vasculitis (AH,
SK, KH and JE). Assessors had different levels of experience
(6–12 years) and came from two different institutions.
Assessors were blinded to clinical information and diagnosis.
Before the assessment, a training set of five GCA 18F-FDG
PET/CTs (not part of the GCA cohort) were reviewed side-by-
side with an expert nuclear medicine physician (LG) with
particular experience reporting 18F-FDG PET/CT in patients
with inflammatory diseases, including GCA.

Temporal (TA), maxillary (MA) and vertebral (VA) arteries
were visually scored bilaterally. Based on experience from,

e.g., patients with head and neck cancers, we consider any
18F-FDG uptake in non-inflamed cranial arteries uncommon,
and consequently, any arterial 18F-FDG uptake above sur-
rounding tissue was considered indicative of inflammation.
In the presence of cranial artery 18F-FDG uptake, the intensity
was graded low or high (Fig. 1b). A consensus diagnosis for
each segment assessed was obtained by majority conclusion.
In the rare case of a given segment considered positive and
negative by an equal number of readers, consensus was settled
by the expert nuclear medicine physician (LG).

A vessel domain (TA, MA or VA) was considered positive
if any of two bilateral assessments were positive. Evaluating
diagnostic sensitivity of combinations of vascular domains, a
scan was considered positive if any of the segments were
positive, and considered negative if all segments evaluated
were negative.

Statistics

Data were collected and managed using REDCap (Research
Electronic Data Capture) tools hosted at Aarhus University
[16].

Student t test was used for quantitative data. Normality was
checked using histograms and QQ-plots. Interreader agree-
ment was evaluated by Fleiss kappa. Interpreting of Kappa
values followed: ≤0 = poor, 0.01–0.20 = slight, 0.21–0.40 =
fair, 0.41–0.60 = moderate, 0.61–0.80 = substantial, and
0.81–1.00 = almost perfect [17].

A significance level of 0.05 was considered significant.
Statistical analysis was performed using Stata (StataCorp.
2015. Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP).

Results

Participants

A total of 44 GCA patients were identified and matched with
44 controls. A patient flow diagram is shown in Fig. 2. None
of the controls were excluded due to a history of PMR or
GCA.

In both case and control group, the mean age was 69 years
(mean age difference 0.1 years, p = 0.45) and 25 of 44 were
women. Baseline characteristics of the GCA cases are shown
in Table 1.

Diagnostic accuracy of cranial 18F-FDG PET/CT

Cross tabulation of diagnosis and cranial artery FDG uptake
for each reader and for final consensus assessment for each of
the three vessel domains are shown in Table 2.
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Overal l d iagnost ic sens i t iv i ty and speci f ic i ty
(consensus) of cranial 18F-FDG PET/CT was 82 and
100%. Excluding the assessment of VA and evaluating only
the assessment of TA and MA, a sensitivity of 64% and a
specificity of 100% was obtained. Since specificity was
high by simply assessing presence or absence of FDG up-
take in cranial arteries, a grading of FDG uptake in low or
high intensity did not improve diagnostic accuracy. Fig. 3
provides typical examples of FDG uptake in cranial arteries
of GCA patients.

Interreader agreement was 91% and Fleiss kappa 0.82 for
the PET diagnosis based on the cranial arteries. In a per seg-
ment analysis of the graded PET scores, agreement was 93%
and Fleiss kappa 0.82.

Among the 44 GCA patients, 34 patients had PET verified
large vessel involvement. Twenty-nine of the 34 LV-GCA
patients were also cranial artery PET positive. Seven GCA
patients only showed cranial artery FDG uptake without large

vessel involvement and three GCA patients were completely
PET negative.

Table 3 provides cross tabulation of TAB result and the
consensus cranial artery PET assessment. In the patients in
whom TAB was performed, 89% were TAB positive and
89% cranial PET positive. Although sensitivity of cranial
18F-FDG PET/CT equaled the sensitivity of TAB, there were
GCA cases where only one of the diagnostic tests was posi-
tive. Evaluating exclusively 18F-FDG uptake in TA, PET/CT
revealed inflammation in half of the TAB positive GCA
patients.

In contrast to the TA andMA, the VAwas visually assessed
at the time of the initial PET/CT report. In 38/44 GCA cases,
baseline and retrospective vertebral PET diagnosis was in
agreement. In five cases baseline assessment of VAwas neg-
ative whereas retrospective scoring was positive and in one
case retrospective scoring was negative and baseline scoring
positive.

Fig. 1 18F-FDG PET/CT imag-
ing assessment aTominimize risk
of bias, conventional 18F-FDG
PET/CT images were cropped to
include only the head and neck in
both GCA patients and controls. b
18F-FDG uptake in cranial arter-
ies was scored as grade 0–2 with 0
representing uptake not above the
surrounding tissue, 1 representing
uptake just above the surrounding
tissue, and grade 2 representing
uptake significantly above the
surrounding tissue
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None of the diagnostic procedures performed caused any
complications or immediate side effects. The results of this
retrospective analysis did not in any case change diagnosis
or treatment of the participants.

Discussion

This is the first study to show that simple visual assessment of
cranial artery inflammation by conventional 18F-FDG PET/
CT can accurately diagnose cranial GCA in glucocorticoid-
naïve patients with a sensitivity between 64 and 82%, depend-
ing on ex- or inclusion of vertebral arteries, and a specificity of
100%. There was an almost perfect interreader agreement
among assessors with different levels of experience.
Therefore, cranial PET/CT provides a diagnostic tool as sen-
sitive as the TAB and a specificity and interreader agreement
hard to match by any other diagnostic tools.

Inflammation of the cranial arteries, especially the smaller
TA and MA, is usually considered non-detectable by 18F-
FDG PET/CT [5]. In an early PET study of temporal artery
US positive GCA patients fulfilling the 1990 ACR criteria,
Brodmann et al. concluded that inflamed TAs were not detect-
able by PET systems of that time [18]. Diameter of the cranial
vessels and proximity to the skin-air interface and to the brain
has been argued to hamper sufficient PET imaging of cranial
arteries. Most studies of diagnostic accuracy of 18F-FDG

PET/CT in GCA have, therefore, considered only large vessel
involvement [19–22]. Nevertheless, FDG uptake in MAwas
recently reported in 12 of 41 patients suspected of GCA, and
has also been reported in TA and occipital arteries of GCA
patients [10–12]. Improved resolution of newer PET systems
in combination with relatively detailed low-dose CT allows
for more accurate anatomical co-localisation of morphology
and metabolism. Taken together, this may to some extent ex-
plain why today’s conventional 18F-FDG PET/CT can accu-
rately diagnose cranial GCA.

The strengths of this study are several. Firstly, GCA pa-
tients were treatment-naïve and represented a variety of phe-
notypical GCA cases. Secondly, the nuclear medicine physi-
cians were blinded to patients’ diagnosis and PET images had
been cropped to avoid risk of bias from visualisation of large
vessel involvement. Thirdly, although only a brief training
session was given, the multiple readers assessing PET images
obtained an almost perfect agreement.

The results of this study are highly generalizable. A con-
ventional 18F-FDG PET/CT protocol was followed and the
evaluation of the images was a simple assessment of the pres-
ence or absence of FDG uptake in the cranial arteries. The
nuclear medicine physicians who assessed the images in this
case-control study had various levels of experience and came
from two different centers. None of them had experience with
this specific assessment, and they were only trained for half an
hour by a nuclear medicine physician with particular

Fig. 2 Patient flow diagram. The flow diagram shows the number of
GCA patients and the number of controls that were excluded.
Subsequently, each GCA patient was matched on gender and age (±

3 years) with a control patient, obtaining 44 cases and 44 controls.
GCA, giant cell arteritis; ACR, American College of Rheumatology;
MM, malignant melanoma
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experience with 18F-FDG PET/CT in patients with inflamma-
tory diseases including GCA. Still, an almost perfect
interreader agreement was obtained.

Several limitations to the study need mentioning. Firstly, it
was retrospective in design and the selected control group was
age and sex-matched earlier MM diagnosed patients rather
than patients with a suspected diagnosis of GCA. However,
the risk of misclassification of GCA suspected patients, e.g.,
PMR patients with subclinical GCA, was considered signifi-
cant in this retrospective study design. Further prospective
studies with a control group of patients with suspected, but
finally excluded GCA, are needed to confirm our results.
Secondly, most institutions do not have day- to-day access
to 18F-FDG PET/CT and examinations are therefore often
performed in corticosteroid treated patients. Performing serial
PET/CT in new-onset LV-GCA patients, we recently showed
a sustained level of sensitivity after 3 days of treatment where-
as 10 days of treatment significantly reduced 18F-FDG PET/
CTsensitivity in the large arteries [14].Whether this is also the

case in smaller cranial arteries will need to be determined in
further studies.

Thirdly, none of the patients included presented with loss
of vision, the most feared GCA complication. However, we
expect that GCA patients presenting with symptoms indicat-
ing manifest inflammation of cranial arteries would also be
more likely to show cranial artery 18F-FDG uptake.
Moreover, the GCA cohort did include patients revealing oth-
er ischaemic symptoms such as jaw claudication and visual
disturbances (Table 1). Therefore, we do not consider it likely
that this minor selection bias negatively affects the true sensi-
tivity of the PET scan.

Fourthly, TAB performed prior to the PET scan potentially
increases metabolism in the area of the biopsy and may, there-
fore, cause false positive signs of inflammation. In two cases,
GCA patients had TAB done before the PET scan. In these
cases, the temporal artery was considered PET positive.
However, in both patients the cranial PET also revealed in-
creased 18F-FDG uptake in other cranial arteries than at the

Table 1 Baseline characteristics of GCA patients

Total number of patients 44

Demographics

Female gender 25 (57%)

Age, years [mean (SD)] 69 (7)

Clinical characteristics

Cranial symptomsa 38 (86%)

Headache or scalp tenderness 35 (80%)

Jaw claudication 12 (27%)

Visual disturbances 9 (20%)

Permanent loss of vision 0

Amaurosis fugax 3 (7%)

Double vision 0

Blurred vision 6 (14%)

Extremity claudication 8 (18%)

Constitutional symptomsb 35 (80%)

Patients global NRS [median (IQR)] 8 (5–10)

CRP, mg/L [median (95% CI)] 70 (58–85)

Diagnostic tests

ACR criteria full-filled (by design) 44 (100%)

Days from 18F-FDG PET/CT to treatment initiation [median (range)] 1 (0–10)

TAB performedc 41 (93%)

TAB positive 35 (80%)

Number of days treated before TAB [median (range)] 6 (−8–12)
Number of days from PET/CT to TAB [median (range)] 7 (−8–20)

18F-FDG PET verified LV involvement 34 (77%)

If not otherwise specified, data are numbers and percentages (%) of patients. a Headache, scalp tenderness, jaw claudication and/or visual disturbances, b

fever ≥38°C, weight loss ≥5 kg and/or profound night sweats, c TAB procedure failed in three patients (2 biopsies included only venous vessel, 1
procedure cancelled), e PET verified large vessel involvement defined as homogenous FDG uptake in aorta and/or supra-aortic limb branches

SD, standard deviation; NRS numerical rang scale; IQR, interquartile range; CRP, c-reactive protein; ACR, 1990 American College of Rheumatology
criteria for GCA; TAB, temporal artery biopsy; 18F-FDG PET/CT, Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomog-
raphy; LV, large vessel
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Fig. 3 Examples of FDG uptake in cranial arteries of GCA patients a
Maximum Intensity Projection (MIP) image of a GCA patient with in-
volvement of both cranial and large vessels. b, c, d Transaxial, coronal

and sagittal representations of the most common areas of 18F-FDG
focality in the cranial arteries of the GCA patient. Upper panels, PET
images; lower panels, concordant PET/CT fusion images

Table 3 FDG uptake in GCA patients with positive and negative temporal artery biopsies

Temporal artery biopsy

positive negative PET sensitivity with TAB as reference

PET diagnosis in different vascular domains TA

PET positive 18 0 51% (34–69%)

PET negative 17 6

TA/MA

PET positive 24 3 69% (51–83%)

PET negative 11 3

TA/MA/VA

PET positive 31 4 89% (73–97%)

PET negative 4 2

Cross tabulation of the assessment of FDG uptake and result of temporal artery biopsy in 41 GCA patients (TAB result not available in remaining three
GCA patients)

Results of the assessment of single vessel domains as well as the assessment of combination of domains are given. TA, temporal artery; MA, maxillary
artery, VA, vertebral artery
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site of the biopsy. We therefore find it unlikely that the TAB
influenced the overall accuracy of the results.

Previous imaging studies of cranial artery inflammation in
GCA patients have documented involvement of other cranial
arteries such as the occipital, facial and external carotid arter-
ies [23–27]. Although we do occasionally find FDG uptake in
these arteries (as also depicted in Fig. 3), inflammation in
these segments was not systematically addressed in our study.
It is likely that the inclusion of additional cranial arteries in the
assessment potentially would result in increased sensitivity of
the PETscan. However, we aimed to evaluate a simple assess-
ment of cranial artery inflammation that would not require
extraordinary training.

The EULAR recommendations for the use of imaging in
large vessel vasculitis in clinical practice suggests that imag-
ing is performed in all patients suspected of GCA and that the
imaging of choice is based on the patients’ phenotypic presen-
tation and the availability of the imaging test. The need for
reliable diagnostic tests is further necessitated by the emer-
gence of clinical trials of targeted synthetic and biologic
DMARDs in GCA to justify the costs of approved potent,
yet expensive, treatment regimens for GCA patients [28–30].

The results of this study implicate, that in all patients
≥50 years of age, in whom a PET-scan is performed, either
at the suspicion of GCA or even in patients with inflammation
or fever of unknown origin in whom GCA is frequently diag-
nosed [31–33], the PET examination should include head and
neck, and the cranial arteries should be evaluated for 18F-
FDG uptake by the reading physician. The excellent reliability
and specificity of cranial FDG uptake implicates that in a
patient with a clinical suspicion of GCA, this finding makes
further diagnostic tests, such as a TAB, redundant.
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