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Abstract
Objectives: To investigate the performance of cranial PET/CT for the diagnosis of GCA.

Methods: All patients with a suspected diagnosis of GCA were prospectively enrolled in this study and had a digital PET/CT with evaluation of
cranial arteries if they had not started glucocorticoids >72h previously. The diagnosis of GCA was retained after at least 6months of follow-up if
no other diagnosis was considered by the clinician and the patient went into remission after at least 6 consecutive months of treatment. Cranial
PET/CT was considered positive if at least one arterial segment showed hypermetabolism similar to or greater than liver uptake.

Results: For cranial PET/CT, sensitivity (Se), specificity (Sp), positive predictive value (PPV) and negative predictive value (NPV) were 73.3%,
97.2%, 91.7% and 89.7%, respectively. For extracranial PET/CT, diagnostic performance was lower (Se¼66.7%, Sp¼80.6%, PPV¼58.8%,
NPV¼85.3%). The combination of cranial and extracranial PET/CT improved overall sensitivity (Se¼80%) and NPV (NPV¼90.3%) while de-
creasing overall specificity (Sp¼77.8%) and PPV (PPV¼60%).

Conclusion: Cranial PET/CT can be easily combined with extracranial PET/CT with a limited increase in examination time. Combined cranial and
extracranial PET/CT showed very high diagnostic accuracy for the diagnosis of GCA.

Trial registration: ClinicalTrials.gov, https://clinicaltrials.gov, NCT05246540.
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Rheumatology key messages

• Cranial PET/CT can be easily combined with extracranial PET/CT.

• Cranial PET/CT allows the study of main cervical arteries (temporal, occipital, maxillar and vertebral).

• Combined (cranial and extracranial) PET/CT has excellent performance for excluding GCA (NPV¼90%).
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Introduction

Temporal artery biopsy (TAB) remains the gold standard for the
diagnosis of giant cell arteritis (GCA) [1], especially in cases of
cranial GCA [2]. However, TAB is an invasive procedure and
[3] lacks sensitivity [4], so that other complementary exams are
often needed to definitely confirm the diagnosis of GCA.

Vascular imaging techniques have acquired an increasingly
important role for the diagnosis of GCA. Doppler ultrasound
is an accessible technique that is mainly used to evaluate the
temporal and axillary arteries to show hypoechogenic thick-
ening of the arterial wall, which is known as the ‘halo sign’.
However, Doppler ultrasound is limited by its dependence on
the operator and by its lack of sensitivity and specificity, esti-
mated at 68 and 81%, respectively [5]. Angio-MRI can also
detect temporal arteritis with a high sensitivity (93%) and rel-
atively high specificity (75–78%), but temporal artery abnor-
malities disappear after one week of GC treatment, and it is
difficult to access the exam early enough in most centres [6].
Angio-CT has primarily been studied to detect inflammation
in the extracranial arteries, mainly the aorta and its main
branches [7], but its usefulness for the assessment of the tem-
poral arteries is still limited [8].

[18F]-fluorodeoxyglucose (FDG) PET/CT is increasingly used
for the diagnosis of GCA because of its high sensitivity for the
detection of large-vessel vasculitis. However, PET/CT has to be
performed in the 72 h after starting glucocorticoids (GC) be-
cause the hypermetabolism signal significantly decreases after-
ward [9]. PET/CT was first used to detect large-vessel vasculitis,
but recent papers have demonstrated that new generation PET/
CT can be used to study cranial arteries including the temporal,
occipital and maxillary arteries, thus increasing its diagnostic
value in GCA. In a retrospective study evaluating PET/CT for
the diagnosis of GCA, the detection of significant hypermetabo-
lism in the cranial arteries had variable sensitivity (64–82%)
according to the number of arteries that were studied, and high
specificity (100%) [10]. In another study, which prospectively
enrolled 58 patients with a suspicion of GCA, 12 of whom had
positive TAB, a negative PET/CT of cranial arteries had excellent
predictive value to exclude the diagnosis of GCA (87%) [11].

We therefore designed this prospective study to investigate
the diagnostic performance of cranial and extracranial PET/
CT for the diagnosis of GCA in a population of patients with
a suspected diagnosis of GCA.

Patients and methods
Population

Between November 2018 and June 2020, all patients who under-
went a digital PET/CT in the context of a suspicion of GCA in the
nuclear medicine department (CRLCC Georges Francois Leclerc
Centre) and that were subsequently followed-up at the Dijon
University Hospital were considered for inclusion. Patients under
50years old, those who had received GC for >72 h [9], those
who were followed for previously diagnosed GCA and those who
had capillary glycaemia >7mmol/l just before the PET/CT were
excluded.

Definition and data collection

Clinical, biological and paraclinical data were prospectively col-
lected in a standardized case report form (details in the supple-
mentary materials available at Rheumatology online).

The diagnosis of GCA was retained if the clinician had not
considered any other diagnosis after at least 6 months of follow-
up, and if the patient went into remission following GCA treat-
ment administered for at least 6 consecutive months. The clini-
cians in charge of the patients had access to cranial PET/CT
images but not to the 0–3 scoring system. Patients with GCA
were classified into three groups: cranial GCA (C-GCA), large-
vessel GCA (LV-GCA) and the combination of both (definitions
in the supplementary methods available at Rheumatology
online).

PET/CT procedure

The exam was performed prior to biopsy. The procedure is
detailed in supplementary methods available at
Rheumatology online.

PET/CT analysis

Each PET/CT was reviewed by two nuclear medicine physi-
cians (B.D-B. and J-L.A.) with extensive experience reading
PET/CT in GCA and who were blinded to clinical and para-
clinical data. They used a workstation with triangulation
tools for 3D vision (AW Server workstation; General
Electric Healthcare, Waukesha, WI, USA). Eight cranial ar-
tery segments (vertebral, occipital, temporal and maxillary)
and 12 other large arteries (thoracic aorta, abdominal aorta,
axillary, carotid, subclavian, femoral and iliac) were ana-
lysed (representative analyses in Supplementary Figs S1 and
S2, available at Rheumatology online).

Visual assessment

A standardized visual assessment system on a 0- to 3-point
scale based on established criteria [9], comparing arterial
hypermetabolism with liver uptake, was used to determine the
level of hypermetabolism in each arterial segment as follows:
0¼ no FDG uptake (lower than the mediastinal blood pool);
1¼ low-grade uptake (less than liver uptake);
2¼ intermediate-grade uptake (similar to liver uptake),
3¼ high-grade uptake (higher than liver uptake)
(Supplementary Fig. S2, available at Rheumatology online).
For the primary end point of this study, PET/CT was consid-
ered positive if at least one arterial segment had a � grade 2
hypermetabolism. In case of disagreement between the two
readers on any segment, the final result was established by a
consensus reading following the interpretation of the images
by a third nuclear physician (C.D.).

Semiquantitative assessment

SUVmax (maximum standard uptake value) was measured
for each arterial segment defined as a target by drawing a
manually delineated volume of interest (VOI) that included
each whole vascular segment and avoided areas of
atherosclerosis.

Cranial SUVmax was defined for each patient as the maxi-
mum SUVmax value for the eight cranial artery segments.
Similarly, vertebral, occipital, temporal and maxillary
SUVmax were defined for each patient as the maximum SUV
of each pair of arteries.

Target-to-liver or blood pool ratios were used to account
for the possible overlap of SUVmax between GCA patients
and non-GCA patients [12], and the potential loss of specific-
ity when SUVmax is analysed alone [13]. Liver SUVmax and
blood-pool SUVmax were recorded by drawing a 3-cm VOI
in the right lobe of the liver (to calculate a target-to-liver ratio)
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and by drawing a VOI in the centre of the superior vena cava
(to calculate a target-to-blood pool ratio), respectively [9].

Statistical analyses

The primary outcome was the sensitivity and the specificity of
cranial PET/CT compared with the gold-standard clinical di-
agnosis. Sensitivity and specificity of extracranial PET/CT
were calculated using the clinical diagnosis of GCA as the
gold-standard reference. ROC curves were constructed for
target to-liver ratios and target-to-blood pool ratio. The anal-
yses were also repeated using positive TAB as a reference for
the diagnosis of GCA.

Continuous variables are expressed as medians (interquar-
tile range) and categorical variables as numbers (%). Mann–
Whitney tests were used to compare continuous variables and
Fisher’s exact tests were used to compare qualitative varia-
bles. Statistical significance was set at P<0.05 (two tailed).
Statistical analyses were performed using R (version 4.1.1)
and SAS (version 9.4) software.

Ethics

Included patients underwent a PET/CT as part of their manage-
ment because GCA was suspected. After receiving written con-
sent, they did not object to the use of their data for this study, as
required by French legislation. This study was approved by the
Institutional Review Board and the Ethics Committee of Dijon
University Hospital and registered with ClinicalTrials.gov, num-
ber NCT05246540.

Results
Studied population

Digital cranial and extracranial PET/CT was performed in
111 patients, of whom 60 were finally excluded. Therefore,
51 patients were included in the final analysis, and 15
(29.4%) of these patients had a final diagnosis of GCA
(Fig. 1).

Patient characteristics are summarized in Table 1. All 15
GCA patients fulfilled at least 3/5 of the ACR criteria and 12
(80%) met the GiACTA criteria [1]. Seven had C-GCA, two
had LV-GCA and six had a combination of both. By contrast,
none of the 36 patients without a final diagnosis of GCA met
the GiACTA criteria while three (8.3%) fulfilled �3 of the ACR
criteria. The diagnoses retained for the 36 non-GCA patients are
reported in Supplementary Table S1, available at Rheumatology
online. Results of TAB were available for 32/51 (62.7%)
patients including 14/15 (93.3%) GCA patients and 18/36
(50%) non-GCA patients. One TAB performed in a GCA pa-
tient was not available because the sample did not contain an
analysable artery. TAB showed arterial lesions consistent with
GCA in 10/14 GCA patients (71.4%) and 0/18 in non-GCA
patients (0%). Results of the Doppler ultrasound were available
in 15/15 (100%) GCA patients and 22/36 (61.1%) non-GCA
patients. Doppler ultrasound showed at least one sign of GCA in
10/15 (66.7%) GCA patients, including seven bilateral halo
signs, two unilateral halo sign and one bilateral temporal artery
occlusion. In non-GCA patients, Doppler ultrasound was abnor-
mal in 3/22 (13.6%) of cases, including one discrete bilateral
halo and two unilateral halo signs (Table 1).

PET/CT descriptions
Visual qualitative assessment

PET/CT results were available in 51/51 (100%) patients. A to-
tal of 11/15 GCA patients had at least one cranial artery with
� grade 2 uptake, vs only 1/36 in non-GCA patients. Ten of
the 15 GCA patients had also at least one extra-cranial seg-
ment with a grade � 2 uptake whereas it was the case in 7/36
non-GCA patients. When combining cranial and extracranial
PET/CT, 12/15 GCA patients and 8/36 non GCA patients
had at least one cranial or extra-cranial segment with a grade
� 2 uptake. Results are summarized in Table 2.

Cranial PET/CT was considered positive in one non-GCA
patient because both maxillary arteries had a grade 3 uptake.
This patient had been hospitalized for left hemispheric ischae-
mic stroke secondary to a dissection of the M1 portion of the
left middle cerebral artery. He had no cranial signs of GCA or
polymyalgia rheumatica, TAB was not performed and no GC
therapy was started, so the diagnosis of GCA was not
retained. In 18 months of follow-up, he never developed signs
of GCA. Among the seven non-GCA patients who had a posi-
tive extracranial PET/CT, only one had at least one segment
with a grade 3 uptake (thoracic and abdominal aorta). The di-
agnosis of GCA was not retained in this patient because of the
absence of clinical signs of GCA or polymyalgia rheumatica,
the absence of acute phase reaction and negative TAB. The pa-
tient did not receive GC and remained symptom-free with nor-
mal C-reactive protein during one year of follow-up. For the
6/7 remaining non-GCA patients with positive extracranial
PET/CT results, the grade 2 uptake was explained by alterna-
tive diagnoses: type B thoracic and abdominal aortic dissection
(n¼ 1); mycotic aneurysm of the iliac arteries (n¼ 1); ather-
oma of the femoral arteries (n¼ 1), abdominal aorta (n¼ 1) or
axillary artery (n¼ 1); or polyaneurysmal dystrophy of the il-
iac artery (n¼ 1). The analyses of each arterial segment
showed that hypermetabolism of the cranial arteries was very
rare in non-GCA patients, whereas hypermetabolism was
more frequent in other arterial territories prone to atheroma-
tous lesions, such as the aorta or iliac arteries (Table 2).

Semiquantitative assessment

Target-to-blood pool ratios of SUVmax in GCA patients and
non-GCA patients are presented in Supplementary Fig. S3 and
target-to-liver ratios in Supplementary Fig. S4, both available at
Rheumatology online. The SUVmax ratios of all cranial arteries
were significantly higher in GCA patients than in non-GCA
patients. In GCA patients, the highest SUVmax ratios were ob-
served in the maxillary arteries, followed by the vertebral and
temporal arteries, while FDG uptake was lower in the occipital
arteries.

Diagnostic accuracy

The sensitivity (Se), specificity (Sp), positive predictive value
(PPV) and negative predictive value (NPV) results for PET/CT
defined according to the gold standard (clinical diagnosis) of
GCA are reported in Table 3. For cranial PET/CT, Se, Sp, PPV
and NPV were 73.3% (95% CI: 51.0%, 95.7%), 97.2% (95%
CI: 91.9%, 102.6%), 91.7% (95% CI: 76.0%, 107.3%) and
89.7% (95% CI: 80.2%, 99.3%), respectively. For extracranial
PET/CT, diagnostic performance was lower (Se¼ 66.7%,
Sp¼ 80.6%, PPV¼ 58.8%, NPV¼ 85.3%). The combination
of cranial and extracranial PET/CT improved overall sensitivity
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(Se¼ 80%) and NPV (NPV¼ 90.3%), while decreasing the
overall specificity (Sp¼77.8%) and PPV (PPV¼ 60%).

Value of cranial SUVmax ratios for the diagnosis of

GCA

Analyses of ROC curves computing target-to-blood pool ra-
tios and target-to-liver ratios for cranial SUVmax resulted in
an area under the curve (AUC) of 94.4% (95% CI: 88.5%,
100%) and 95.2% (95% CI: 89.6%, 100%), respectively
(Fig. 2A, B). In comparison, AUC of the ROC curves of the
extracranial SUVmax to blood pool ratio or liver ratio were
lower: 70.7% (95% CI: 55.9%, 85.4%) and 74.1% (95% CI:
59.1%, 89.1%), respectively.

The analysis of different target-to-blood pool ratio thresholds
for cranial SUVmax are shown in Fig. 2C and of different
target-to-liver ratio thresholds for cranial SUVmax in Fig. 2D.
All GCA patients had a target-to-blood pool ratio higher than
1.16 and a target-to-liver ratio higher than 0.71 (100% sensitiv-
ity and 80.6% specificity for both). The vast majority of non-
GCA patients (35/36) had a target-to-blood pool ratio under
1.60 (66.7% sensitivity and 97.2% specificity) and a target-to-
liver ratio under 0.82 (80% sensitivity and 97.2% specificity).
The best compromises between sensitivity and specificity were
found for thresholds at 1.20 (86.7% sensitivity and 86.1% spe-
cificity) for target-to-blood pool ratio, and 0.78 (86.7% sensitiv-
ity and 88.9% specificity) for target-to-liver ratio.

Table 1 Comparison of GCA patients and non-GCA patients

GCA patients

(n¼15)

Non-GCA patients

(n¼36)

P-value

�3/5 ACR criteria, n (%) 15 (100%) 3 (8,3%)
GIACTA criteria fulfilled, n (%) 12 (80%) 0 (0%)
Sex, F/H 11/4 21/15 0.3
Age (years), median (IQR) 79 (74–79) 71 (62–84) 0.2
Cardiovascular risk factors, n (%)
Active or past smoking 4 (27%) 13 (36%) 0.5
Diabetes 0 (0%) 6 (17%) 0.2
Arterial hypertension 9 (60%) 24 (67%) 0.6
Dyslipidaemia 2 (13%) 15 (42%) 0.050
Cardiovascular medical past history, n (%)
Ischaemic cardiopathy 1 (6,7%) 7 (19 %) 0.4
Myocardial infarction 1 (6,7%) 4 (11 %) > 0.9
Stroke 1 (6,7%) 1 (2,8%) 0.5
Peripheral arterial disease 1 (6,7%) 2 (5,6%) > 0.9
Constitutional symptoms
Fever 2 (13%) 7 (19 %) 0.7
Weight loss 8 (53%) 11 (31 %) 0.4
Cephalic signs
Headache 10 (67%) 11 (31 %) 0.017
Scalp tenderness 4 (27%) 11 (31 %) > 0.9
Jaw claudication 9 (60%) 4 (11 %) < 0.001
Temporal artery tenderness or induration 11 (73,3%) 2 (5,6%) < 0.001
Stroke 0 (0%) 3 (8,3%) 0.5
Visual signs 6 (40%) 6 (17%) 0.14

Blurring 0 (0%) 3 (8.3%) 0.5
Transient visual loss 1 (6.7%) 1 (2.8%) 0.5
Hallucinations 0 (0%) 1 (2.8%) > 0.9
Diplopia 5 (33%) 1 (2.8%) 0.006
AAION 1 (6.7%) 2 (5.6%) > 0.9
PION 0 (0%) 1 (2.8%) > 0.9
CRAO 0 (0%) 0 (0%) —

Polymyalgia rheumatica 4 (27%) 8 (22%) 0.7
Biology
Hb (g/dL), available data 15/15 36/36
Median (IQR) 11.4 (10.85–11.95) 12.3 (11.67–13.12) 0.024
CRP (mg/l), available data 15/15 35/36
Median (IQR) 78 (48, 111) 23 (5–109) 0.043
ESR (mm), available data 9/15 11/36
Median (IQR) 84 (60–86) 32 (21–80) 0.018
Temporal artery ultrasonography
Available data 15/15 22/36
Positive 10/15 3/22
Temporal artery biopsy
Available data 14/15 18/36
Positivea 10/14 0/18
Treatment with GC the day of PET/CT 6/15b 2/36b

If yes, duration (days), median (range) 1 (0–3) 0.50 (0–1)

a TAB was considered positive if it shows transmural granulomatous inflammation or at least involving the media.
b None of these patients received high-dose IV corticosteroids.

AAION: acute anterior ischaemic optical neuropathy; CRAO: central retinal artery occlusion; GC: glucocorticoids; Hb: hemoglobinemia; PION: posterior
ischemic optical neuropathy.
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ROC curves and AUC results for target-to-blood pool ratios
and target-to-liver ratios of SUVmax of each cranial artery are
shown in Fig. 2E and F. The best AUCs were found for the
vertebral (93.2% and 93%) and maxillary arteries (89.6%
and 90.7%). The AUC results for the temporal arteries were
around 84% (83.3% and 84.3%, precisely). The occipital ar-
teries had the lowest AUC results (70.2% and 75.7%).

Comparison with TAB results

TAB results were available for 32/51 patients (14/15 GCA
patients). Considering TAB as the reference for the diagnosis of
GCA, cranial PET/CT gave the following results: Se¼70.0%
(95% CI: 41.6%, 98.4%), Sp¼ 86.4% (95% CI: 72.0%,
100.7%), PPV¼ 70.0% (95% CI: 41.6%, 98.4%) and
NPV¼86.4% (95% CI: 72.0%, 100%). ROC curves and the
description of temporal SUVmax by TAB results for all patients
and for GCA patients only are presented in Supplementary Fig.
S5, available at Rheumatology online. The temporal/blood-
pool SUVmax ratios and the temporal/liver SUVmax ratios

were significantly higher in patients with positive TAB than in
patients with negative TAB (P< 0.01). By contrast, the differ-
ence was not statistically different when the same analysis was
done in the subgroup of GCA patients (P¼ 0.7; Supplementary
Fig. S5, available at Rheumatology online).

Discussion

PET/CT is not currently recommended for the study of cranial
arteries by any guidelines, and these arteries are still more
commonly studied by Doppler ultrasound [14]. In the last few
years, cranial PET/CT has become more widely available fol-
lowing the development of new generation PET/CT scans,
making it more suitable for use in the diagnosis of GCA. One
prospective study [11] and two case-control studies [10, 15]
have already suggested promising results using FDG-PET/CT
for the diagnosis GCA. The present study aimed to evaluate
the diagnostic performance of cranial PET/CT in addition to
extracranial PET/CT.

15 GCA pa�ents* 

111 PET/CT 
(Nov. 2018 – Nov. 2020)

36 non GCA-pa�ents* 

51 pa�ents 

18 TAB: 
� Nega�ve (n = 18) 
� Posi�ve (n = 0) 

22 Doppler US scan of the TA: 
� Nega�ve (n = 19) 
� Posi�ve (n = 3) 

⋅ Bilateral halo (n = 1) 
⋅ Unilateral halo (n = 2) 

Excluded (n=60): 
- Missing data (n = 10) 
- Age < 50 years (n = 7) 
- GC started for >72 hours (n = 30) 
- previously diagnosed GCA (n = 11) 
- glycemia > 7 mmol/L (n = 1) 

15 TAB: 
� Nega�ve (n = 4) 
� Posi�ve (n = 10) 
� Cannot be interpreted (n= 1) 

15 Doppler US scan of the TA:  
� Nega�ve (n = 5) 
� Posi�ve (n = 10) 

⋅ Bilateral occlusion TA (n = 1) 
⋅ Bilateral halo (n = 7) 
⋅ Unilateral halo (n = 2) 

Figure 1. Flow chart of the study

*According to the reference clinical diagnosis. GC: glucocorticoids; TA: temporal artery; TAB: temporal artery biopsy
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In daily practice, clinicians retain a diagnosis of GCA when
there are unequivocal clinical signs of GCA and evidence of
vasculitis. This is why we chose to evaluate the diagnostic per-
formance of PET/CT vs the typical diagnostic approach based
on the absence of an alternative diagnosis and a favourable
clinical course with GC treatment for at least 6 months. When
compared with the clinical diagnosis of GCA, the present
study showed that cranial PET/CT had a sensitivity of 73.3%
and a specificity of 97.2%. Comparison with previous studies
is challenging, especially considering the different criteria
used for PET/CT positivity and the definition of GCA. The
prospective study by Sammel et al. [11] reported a sensitivity
of 71% and a specificity of 91% compared with a gold stan-
dard similar to ours. Nienhuis et al. [15] and Nielsen et al.
[10] published two case-control studies involving melanoma
patients as controls. Nienhuis et al. included cases of GCA

confirmed by positive TAB, and they reported a sensitivity of
83% and a specificity of 75%. Nielssen et al. included cases
of GCA fulfilling the ACR criteria, confirmed after 6 months
of follow-up, and reported a sensitivity of 82% and a specific-
ity of 100%. One advantage of our work is that we evaluated
the performance of PET/CT in a population suspected of
GCA rather than controls in whom this diagnosis would not
have been suspected in real-life conditions.

An additional strength of our study is the association of ex-
tracranial large-vessel PET/CT with cranial PET/CT in a sin-
gle procedure. When comparing these two PET/CT
separately, the performance of cranial PET/CT was found to
be better than that of extracranial large-vessel PET/CT.
However, this result should be analysed with caution because
it probably depends on the included GCA population. It can
be assumed that higher proportions of cranial-GCA patients

Table 2 Comparison of PET/CT between GCA patients and non GCA patients

GCA patients

(n¼15)

Non GCA patients

(n¼36)

P-value*

Cranial PET/CT
At least one segment � 2 (%)a 11 (73.3%) 1 (2.8%) <0.001
Cranial SUVmax—median (IQR) 3.83 (2.90, 5.03) 1.91 (1.65, 2.23) <0.001

Extra-cranial PET/CT
At least one segment �2 (%) 10 (66.7%) 7 (19.4%) 0.001
Extra-cranial SUVmax—median (IQR) 3.35 (2.84, 3.89) 2.66 (2.42, 3.00) 0.007

Cranial and extra-cranial PET/CT combination
At least one segment � 2 (%) 12 (80%) 8 (22.2%) <0.001
Global SUVmax—median (IQR) 4.34 (3.13, 5.12) 2.66 (2.42, 3.04) <0.001

Liver SUV—median (IQR) 3.36 (2.92, 3.62) 3.26 (2.82, 3.64) >0.9
Blood pool SUV– median (IQR) 1.98 (1.65, 2.20) 1.96 (1.68, 2.15) 0.9
Visual grade 2–3 (%)

Left occipital artery 5 (33%) 0 (0%) 0.001
Right occipital artery 5 (33%) 0 (0%) 0.001
Left temporal artery 7 (47%) 0 (0%) <0.001
Right temporal artery 8 (53%) 0 (0%) <0.001
Left maxillary artery 8 (53%) 1 (2.8%) <0.001
Right maxillary artery 7 (47%) 1 (2.8%) <0.001
Left vertebral artery 8 (53%) 0 (0%) <0.001
Right vertebral artery 8 (53%) 0 (0%) <0.001
Thoracic aorta 6 (40%) 2 (5.6%) 0.005
Abdominal aorta 5 (33%) 3 (8.3%) 0.039
Left carotid artery 4 (27%) 1 (2.8%) 0.022
Right carotid artery 2 (13%) 0 (0%) 0.082
Left subclavian artery 6 (40%) 1 (2.8%) 0.002
Right subclavian artery 5 (33%) 1 (2.8%) 0.006
Left axillary artery 4 (27%) 1 (2.8%) 0.02
Right axillary artery 3 (20%) 1 (2.8%) 0.071
Left iliac artery 3 (20%) 3 (8.3%) 0.3
Right iliac artery 5 (33%) 2 (5.6%) 0.018
Left femoral artery 6 (40%) 1 (2.8%) 0.002
Right femoral artery 5 (33%) 1 (2.8%) 0.006

a 100% of cases had at least one symmetrical artery involved.
* Mann–Whitney test was used to compare continuous variables and Fisher’s exact test was used to compare qualitative variables.

Table 3 Diagnostic accuracy of PET/CT

Grade � 2 Cranial PET/CT

Grade � 2

Extra-cranial PET/CT

Grade � 2

Combination of cranial and

extra-cranial PET/CT

Sensitivity [95% CI] 73,3% [51,0, 95,7] 66,7% [42,8, 90,5] 80,0% [59,8, 100,2]
Specificity [95% CI] 97,2% [91,9, 102,6] 80,6% [67,6, 93,5] 77,8% [64,2, 91,4]
Predictive positive value [95% CI] 91,7% [76,0, 107,3] 58,8% [35,4, 82,2] 60,0% [38,5, 81,5]
Predictive negative value [95% CI] 89,7% [80,2, 99,3] 85,3% [73,4, 97,2] 90,3% [79,9, 100,7]
Positive likelihood ratio 26,2 3,44 3,6
Negative likelihood ratio 0,27 0,41 0,26
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would result in better performance of cranial PET/CT, and
vice versa. In our study, there were finally few GCA patients
with isolated large-vessel involvement. By contrast, it is inter-
esting to note that the combination of cranial and extracranial
PET/CT in a single procedure improved overall sensitivity,
which was 80% in our study, which is higher than the sensi-
tivity of each of the exams used alone.

The main limit of our study relies on the fact that clinicians
in charge of the patients had access to cranial PET/CT images.
However, they had no access to the 0–3 grading score system.
In addition, among the 15 patients in whom the diagnosis of
GCA was retained, only one had no evidence of vasculitis
with usual complementary exams (i.e. TAB, temporal artery

Doppler or extracranial PET/CT) but this 77-year-old man
fulfilled ACR criteria for the diagnosis of GCA. Thus, clini-
cians’ access to images probably did not influence their final
diagnosis and decision to initiate treatment. If this were the
case, it would have been quite marginal and could have con-
tributed to a moderate overestimation of PET/CT perfor-
mance in our study. The positivity of PET/CT in our study
relied on a standardized visual 0-to-3 grading system. Current
guidelines for extracranial PET/CT state that this score should
be interpreted with caution due to frequent false positives re-
lated to atherosclerotic vascular uptake, particularly in the il-
iac and femoral arteries. Thus, a score of 3 should be
considered positive for active large-vessel vasculitis (LVV)

Figure 2. Study of the sensitivity and specificity PET CT of cranial arteries for the diagnosis of GCA

(A, B) ROC curves assessing the sensitivity and specificity for the diagnosis of GCA of the cranial SUVmax target-to-blood pool ratio (A, positivity thresholds in C),
the cranial SUVmax target-to-liver ratio (B, positivity thresholds in D), and for each pair of cranial artery (target-to-blood pool ratios in E, target-to-liver ratios in F).
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and a score of 2 indicative of possible LVV [9]. To date, there
is no recommended threshold for positive cranial PET/CT. In
our study, the high level of specificity observed for cranial
PET/CT suggests that, compared with extracranial PET/CT,
concerns about possible false positives due to atherosclerosis
may not be relevant for cranial PET/CT. However, this hy-
pothesis remains to be confirmed in a larger study.

In order to better determine the threshold of positivity of cra-
nial PET/CT, we measured the SUV of each arterial segment and
computed target-to-liver ratios and target-to-blood pool ratios.
Analyses of the ROC curves plotted with these ratios confirmed
that cranial PET/CT had excellent discriminating power for the
diagnosis of GCA. Our comparison of ROC curves according to
arterial territories showed that the involvement of the vertebral
and maxillary arteries had the highest value for the diagnosis of
GCA, the temporal arteries had an intermediate value, and the
occipital arteries had the lowest value. These results are consis-
tent with those of Nienhuis et al. [15].

In conclusion, the current study confirmed that cranial PET/
CT is a very sensitive diagnostic test for GCA. The main advan-
tage of this technique is that it can be combined with extracra-
nial PET/CT to increase performance while prolonging the
examination time only minimally and without exposing the pa-
tient to higher levels of radioactivity. However, PET/CT remains
an expensive examination that is sometimes difficult to access,
and the performance of the test decreases after the initiation of
GC treatment [9], which may limit its use in daily practice.
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Jonval and Eléa Ksiazek for their help in performing statistical
analyses. We thank the Direction de la Recherche Clinique et
de l’Innovation du CHU de Dijon (DRCI) for the promotion
and the management of the study, and Suzanne Rankin for
reviewing the English.

T.T., B.D-B., J-L.A. and M.S. were the principal investigators
and take primary responsibility for the paper. H.G., H.D., A.R.,
Y.B., S.A., B.B. and M.S. recruited the patients. B.D-B., C.D.
and J-L.A. analysed the PET CT. H.G. and N.F. performed
Doppler US scan. C.C-G. performed temporal artery biopsies.
Temporal artery biopsies were analysed by L.M. T.T. and A.S-
F. did the statistical analysis. M.S. and J-L.A. coordinated the re-
search. T.T., B.B., J-L.A. and M.S. drafted the manuscript. T.T.,
B.B., J-L.A. and M.S. contributed to data interpretation.
Funding: This work was supported by grants (M.S. and J-
L.A.) and registered with ClinicalTrials.gov, number
NCT05246540.
Disclosure statement: M.S.: Roche-Chugai, Novartis,
Boehringer Ingelheim, Vifor Pharma and Abbvie (consulting).
Novartis (research grant). B.B.: Roche-Chugai, Novartis and
Boehringer Ingelheim (consulting). C.C-G.: Horus and Bayer
(grant), Novartis and Bayer (honoraria) and Novartis, Bayer,
Thea, Horus, Alcon and Allergan (consulting). Y.B.:
Boehringher-Inglheim, Medtronic, Amgen, Servier, BMS,
Pfizer, NovoNordisk (consulting). S.A.: Amgen, Grifols, GSK,
Novartis, SOBI (consulting). M.S.: Novartis (research grant).

Data availability statement

Full data are available on request to T.T. or M.S.

Supplementary data

Supplementary data are available at Rheumatology online.

References

1. Maz M, Chung SA, Abril A et al. 2021 American College of

Rheumatology/Vasculitis Foundation guideline for the manage-

ment of giant cell arteritis and Takayasu arteritis. Arthritis

Rheumatol 2021;73:1349–65.

2. Dejaco C, Duftner C, Buttgereit F, Matteson EL, Dasgupta B. The

spectrum of giant cell arteritis and polymyalgia rheumatica: revisit-

ing the concept of the disease. Rheumatology 2017;56:506–15.

3. Gunawardene AR, Chant H. Facial nerve injury during temporal

artery biopsy. Ann R Coll Surg Engl 2014;96:257–60.

4. Bienvenu B, Ly KH, Lambert M et al. Management of giant cell ar-

teritis: Recommendations of the French Study Group for Large

Vessel Vasculitis (GEFA). Rev Med Interne 2016;37:154–65.

5. Rinagel M, Chatelus E, Jousse-Joulin S et al. Diagnostic performance

of temporal artery ultrasound for the diagnosis of giant cell arteritis: a

systematic review and meta-analysis of the literature. Autoimmun Rev

2019;18:56–61.
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7. Berthod PE, Aho-Glélé S, Ornetti P et al. CT analysis of the aorta in

giant-cell arteritis: a case-control study. Eur Radiol 2018;28:

3676–84.
8. Conway R, Smyth AE, Kavanagh RG et al. Diagnostic utility of

computed tomographic angiography in giant-cell arteritis. Stroke

2018;49:2233–6.
9. Slart RHJA; Writing group, Reviewer group, Members of EANM

Cardiovascular, Members of EANM Infection & Inflammation,

Members of Committees, SNMMI Cardiovascular. FDG-PET/

CT(A) imaging in large vessel vasculitis and polymyalgia rheuma-

tica: joint procedural recommendation of the EANM, SNMMI,

and the PET Interest Group (PIG), and endorsed by the ASNC. Eur

J Nucl Med Mol Imaging 2018;45:1250–69.

10. Nielsen BD, Hansen IT, Kramer S et al. Simple dichotomous assess-

ment of cranial artery inflammation by conventional 18F-FDG

PET/CT shows high accuracy for the diagnosis of giant cell arteritis:

a case-control study. Eur J Nucl Med Mol Imaging 2019;46:

184–93.
11. Sammel AM, Hsiao E, Schembri G et al. Diagnostic accuracy of

positron emission tomography/computed tomography of the head,

neck, and chest for giant cell arteritis: prospective, double-blind,

cross-sectional study. Arthritis Rheumatol 2019;71:1319–28.

12. Besson FL, de Boysson H, Parienti JJ et al. Towards an optimal

semiquantitative approach in giant cell arteritis: an (18)F-FDG

PET/CT case-control study. Eur J Nucl Med Mol Imaging 2014;41:

155–66.

13. Lehmann P, Buchtala S, Achajew N et al. 18F-FDG PET as a diag-

nostic procedure in large vessel vasculitis-a controlled, blinded re-

examination of routine PET scans. Clin Rheumatol 2011;30:

37–42.
14. Dejaco C, Ramiro S, Duftner C et al. EULAR recommendations for

the use of imaging in large vessel vasculitis in clinical practice. Ann

Rheum Dis 2018;77:636–43.
15. Nienhuis PH, Sandovici M, Glaudemans AW, Slart RH, Brouwer

E. Visual and semiquantitative assessment of cranial artery inflam-

mation with FDG-PET/CT in giant cell arteritis. Semin Arthritis

Rheum 2020;50:616–23.

PET/CT of cranial arteries for a sensitive diagnosis of giant cell arteritis 1575

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/article/62/4/1568/6648471 by guest on 23 February 2026

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keac430#supplementary-data

	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5

