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Abstract
Objective
The aim of this study is to analyse the diagnostic value of positron emission tomography (PET) in patients with giant
cell arteritis (GCA) despite glucocorticoid (GC) therapy before PET acquisition.

Methods
Consecutive patients with strongly suspected GCA according to 2022 EULAR/ACR criteria were included. The
physician diagnosis of GCA after 6 months of follow-up was the gold standard. PET was performed at baseline and
6 months later. In patients with negative results at 60 min, delayed imaging was performed at 180 min.

Results
Twenty-six patients were included with a median (IQR) age of 70.5 (57-88) years. Baseline PET was positive in all
but one: 18 patients at 60 min and 7 patients after delayed imaging at 180 min. The median (IQR) GC dose at the time
of baseline PET was 45 mg/d (26.2-45) of prednisone equivalent with a median exposure of 14 days (7-76.2). At 6 months
of follow-up, PET was performed in 22 patients, with positive results in 16. Delayed imaging was performed in 6 patients
due to negative PET at 60 min, with positive results in all cases, despite treatment with GC and/or biological therapy.

Conclusion
In patients on GC therapy, delayed imaging protocols applying procedural recommendations for vascular
quantification could improve diagnostic accuracy. Therefore, we suggest performing imaging only at 180 min in
patients who have been on GCs for more than 3 days as well as in those with highly suspected GCA but negative
findings in baseline PET at 60 min.
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Introduction

Giant cell arteritis (GCA) is the most
common type of vasculitis in Caucasian
(European and North American) pa-
tients over 50 years of age and is char-
acterised by granulomatous inflamma-
tion in the walls of medium and large
arteries (1-3). Until a few years ago,
GCA was studied as a vasculitis mostly
affecting cranial arteries. Recently,
however, with the development of new
imaging techniques (4), it has been
found that in a subgroup of patients
with GCA, the vasculitis involves cra-
nial and extracranial vessels at the same
time, or even only extracranial vessels,
the aorta and its main branches (5).
Regarding the use of imaging in GCA
patients, the European League Against
Rheumatism (EULAR) recommends ul-
trasound (US) as the first-line imaging
modality (6). Nonetheless, for extracra-
nial arteritis, especially in cases of aortic
involvement, other imaging techniques
may be useful (6). In line with this, in
2022, the EULAR/American College of
Rheumatology (ACR) classification cri-
teria for GCA for the first time included
imaging techniques for classifying these
patients, with particular emphasis on
both ultrasound and positron emission
tomography (PET) (7).

One of the technical limitations of PET
is related to the history of glucocorti-
coid (GC) use (both duration and dose)
before performing the imaging study.
Slart et al. suggest withdrawal or delay
of GC therapy until after performing
the PET scan, but fluorine-18-fluoro-
deoxyglucose (FDG) PET within 3
days after starting of GC as a possi-
ble alternative (8). Similarly, Nielsen
et al. indicate that there is a window
of opportunity within the first 3 days
of treatment, observing a reduction in
sensitivity after 10 days (9).

Seeking to enhance the performance
of PET, delayed imaging could be use-
ful. Although the procedure has yet to
be properly standardised and research
is ongoing (there being no clinical cri-
teria for the systematic indication of
this type of imaging), in patients with
a high likelihood of the diagnosis and
those who have been treated with GC
for >3 days, delayed acquisition -at 180
min after tracer injection for FDG PET/

CT- may identify sites of active disease
in patients with arteritis (10). The clini-
cal utility of semiquantitative para-
meters such as standard uptake values
(SUVs) or target-to-background ratios
(TBRs) for the initial diagnosis of GCA
is as yet unknown, and their use is not
recommended. Nevertheless, they may
be of interest not only in diagnosis but
also for follow-up (7).

The purpose of the present study is to
provide evidence on the potential con-
tribution of delayed PET imaging in
patients with strong suspicion of GCA
and negative 60-minutes standard PET
scan, due to limited acquisition accu-
racy in relation to previous GC therapy,
either due to the duration of therapy or
the dose used.

Materials and methods

Patients

Inclusion criteria for this prospective,
observational, longitudinal study were
the presence of features of GCA accord-
ing to 2022 EULAR/ACR criteria (7) in
patients referred to the Rheumatology
Department at Hospital Universitario
de Navarra (HUN) between 2020 and
2023. Patients were excluded if on bio-
logical disease-modifying anti-rheumat-
ic drug (-DMARD) or targeted synthet-
ic disease modifying antirheumatic drug
(tsDMARD) therapy at the baseline vis-
it. We collected data on demographic,
clinical and therapeutic characteristics,
as well as comorbidities documented in
patient electronic health records.

The maintenance of the GCA diagno-
sis after at least 6 months of follow-up
was considered the gold standard. Re-
mission was defined according to treat-
to-target recommendations for GCA
and polymyalgia rheumatica (PMR)
(11). The study was approved by the
Navarra University Hospital’s Ethics
Committee (CEIm -Nr. PI_2018/62)
and patients provided written informed
consent for inclusion. The study was
performed in accordance with the Dec-
laration of Helsinki.

Measures for assessing disease activity
Together with clinical manifestations
characteristic of GCA or PMR, acute
phase reactants, erythrocyte sedimen-
tation rate (ESR, mm/h) and plasma C-
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reactive protein (CRP, mg/1), were used
to assess and monitor disease activity.
ESR values of <20 and <25 mm/h in
men and women, respectively, and
CRP of <5 mg/l were considered nor-
mal. Further, all patients underwent an
FDG PET/CT scan in the PET Unit at
Clinica Universidad de Navarra (CUN)
at baseline to evaluate GCA disease ac-
tivity and again at 6 months to assess
treatment response.

FDG PET/CT imaging protocol

FDG was synthesised in-house with an
18 MeV cyclotron (Cyclone 18/9, IBA
Radio pharma Solutions, Louvain-la-
Neuve, Belgium). PET/CT was per-
formed on a PET/CT scanner (Siemens
Biograph mCT 64, Siemens, Knoxville,
TX, USA). Patients fasted for at least 6
hours before FDG intravenous adminis-
tration (3 to 5 MBq/kg). Blood glucose
levels were required to be below 126
mg/dL (12); otherwise, patients were
treated with insulin to bring the levels
below this threshold before imaging.
No adverse effects associated with ra-
diotracer injection were observed (12).
PET/CT images were acquired after
60 min (early) and 180 min (delayed),
using non-contrast-enhanced CT per-
formed with a 120 kV CARE Dose4D
system and an image quality reference
of 80 mAs, from head to knee. Consecu-
tively, PET emission data were acquired
in 3D mode with an emission time of
2-3 min per bed position. Reconstruc-
tion was optimised for quantification in
compliance with EARL (time-of-flight
ordered-subsets expectation maximisa-
tion method, with 3 iterations, 21 sub-
sets, and a 5-mm Gaussian filter).

FDG PET/CT imaging assessment
After anonymisation, FDG PET/CT
images were visually and semi-quanti-
tatively analysed by two blinded PET
nuclear medicine physicians, one jun-
ior (MVB) and the other with more
than 20 years of experience (MIGV),
on a dedicated workstation with Syngo.
via (Siemens) PET software following
the joint procedural recommendations
proposed by Slart et al. (8). Disagree-
ments were resolved by consensus be-
tween the two readers.

For the qualitative assessment, a 4-point
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visual grading system was applied, with
standardised interpretation criteria,
grades 2 and 3 being defined as positive
for active GCA (8, 13). A total vascular
score (TVS) was calculated in 7 arterial
territories (thoracic aorta, abdominal
aorta, subclavian, axillary, carotid, iliac,
and femoral), and reported as grade O
(no uptake), 1 (less than liver), 2 (same
as liver), or 3 (greater than liver). PET
was considered positive for active GCA
when the grade was =2 in one of the ar-
terial regions (Fig. 1). TVS ranged from
0 (no vascular FDG uptake in any of the
7 vascular regions) to 21 (grade 3 vascu-
lar FDG uptake in all regions).

For the semi-quantitative analysis, vol-
umes of interest (VOI) were drawn in
the arterial wall and lumen blood pool
in the thoracic aorta. The maximum
standardised uptake values (SUVmax)
of the arterial wall and lumen, and the
target to background ratio (TBR)=
SUVmax arterial wall/SUVmax aor-
tic vascular pool were measured from
early and delayed images, defining a
cut-off for positivity of =1.34 (14, 15).

Statistical analysis

The demographic and clinical char-
acteristics of participants, as well as
the variables associated with delayed
imaging, were described using meas-
ures of central tendency and disper-
sion, namely, mean + standard devia-
tion (SD) or median and interquartile
range (IQR) for continuous variables,
and frequencies and percentages for
categorical variables. Statistical analy-
sis was performed using R v. 4.1.0 (R
Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

A total of 26 consecutive patients with
a predominantly cranial phenotype of
GCA were included (Table I). Their
baseline clinical characteristics and
laboratory results over the course of the
study are summarised in Tables I and II
respectively. Six months after diagnosis,
all patients except one were in remission.

PET results
All 26 patients underwent a baseline
PET scan with a mean glucose level at

BN el wie

Fig. 1. Qualitative assessment of FDG uptake at
60 min (total vascular score, TVS).

Grade 0: no uptake; Grade 1: less than liver;
Grade 2: same as liver; Grade 3: greater than liv-
er. Negative: grade O or 1. Positive: grade 2 or 3.

the time of this scan of 101 mg/dl (SD
21). The median (IQR) time between
diagnosis and PET was 4.5 days (0O-
20.8) and a median (IQR) of 270 days
(182-327) elapsed between the base-
line and follow-up PET scans. Regard-
ing GC, the median dose at the time of
the baseline PET was 45 mg/d (26.2-
45) of prednisone equivalent with a
median exposure of 14 days (7-76.2);
indeed, 4 patients had been given puls-
es of 6-methylprednisolone before the
first PET: two having received 3 pulses
of 125 mg/d, one 3 pulses of 500 mg/d
and one 3 pulses of 1000 mg/d.

At baseline, PET findings were posi-
tive in 25 patients: 18/26 patients in the
60-min PET images and 7/8 in the 180-
min PET images (Table III). We imple-
mented delayed imaging at 180 min in
8 patients at this stage due to negative
findings in the 60-min PET images,
with positive result in 7 patients (Table
IV). Headache in 4 patients, PMR in
2 and unknown origin fever in the re-
maining patient were the most impor-
tant related symptom reported in this
group of patients with delayed imag-
ing. Two of these patients had received
GC pulses (at a dose of 125 mg in one
case and 500 mg in the other), and de-
spite this, the delayed imaging yielded
positive findings (Fig. 2).
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Table I. Characteristics of the study population.

Age at diagnosis, years, mean (IQR) 70.5 (57-88)

Sex, woman, n (%) 18 (69.2)

Comorbidities, n (%) 21 (80.7)
Hypertension 12 (46.1)
Diabetes 2 (7.7
Dyslipidaemia 9 (34.6)
Hypothyroidism 5 (18.2)
Hyperuricaemia 7 (7.7)
Smoker/ex-smoker 9 (34.6)

Days between symptom onset and giant cell arteritis diagnosis, mean (IQR)

148.0 (30.2-487.5)

Signs and symptoms, n (%)

Headache 17 (65.4)
Polymyalgia rheumatica 16 (61.5)
Jaw claudication 9 (34.6)
General malaise 5 (19.2)
Scalp tenderness 4 (154)
Neck pain 4 (15.4)
Visual impairment 10 (38.5)
Cerebrovascular accident 1 (3.8)
Aneurysms 2 (7.7
IQR (25-75): interquartile range.
Table II. Laboratory results of the study population.
Month 0 Month 1 Month 3 Month 6
ESR
n 22 18 18 18
value, mm/1 h 63.5 (6-120) 10.5 (2-29) 3 (2-18) 2 (2-31)
CRP
n 26 22 25 20
value, mg/L 45.5(2.5-296)  2.6(0.2-59.9) 1.5(0.1-16.9) 0.7 (0.1-11.9)
Prednisone equivalent
n 26 26 25 24
dose, mg/day 45 (0-60) 35 (0-50) 10 (0-30) 5(0-15)

Data are expressed as median (interquartile range).

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

Table III. Baseline positron emission tomography results and glucocorticoid (GC) dose

stratified by duration of GC therapy.

Days on GCs treatment 0-3 (0) 4-10 (3) >10 (5)
n 3 9 14

GC dose (mg/d), median (IQR) 15 (0-45) 45 (30-60) 35 (10-45)
PET 60-min TVS, median (IQR) 9 (3-19) 7 (2-18) 8 (0-19)
PET 60-min TBR, mean 1.73+0.73 1.45+0.30 143 +0.39
PET 180-min TBR, mean + SD 1.78 +0.63 1.82 +0.38

PET: positron emission tomography; GC: glucocorticoid; TVS: total vascular score; TBR: target-to-

background ratio; IQR (25-75): interquartile range.

Days on GCs treatment (patients on each group with 180-min delayed imaging).

After 6 months of follow-up, PET was
performed on 22 patients: 16 patients in
the 60-min PET images and 6 in the 180-
min PET images. We completed delayed
imaging in six patients, as they had had
negative findings in PET imaging at
60 min; and findings at 180 min were
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positive in all cases, although metabolic
activity had decreased in all of them.
Notably, 14 patients were being treated
with tocilizumab (TCZ) and 2 with 15
mg/week of methotrexate subcutane-
ously. The median time between diagno-
sis of GCA and initiation of TCZ treat-

ment was 81.5 days (40.5-183.2). Ten
patients were given TCZ intravenously
and the other four subcutaneously.
Regarding the vascular regions, the
most affected pattern was thoracic
aorta, abdominal aorta, subclavian and
femoral, present in all but 5 patients.
There was one patient with isolated cra-
nial vasculitis with temporal and verte-
bral arteries involved, one patient with
only axillary and subclavian arteries in-
volved and 3 patients with only thoracic
and abdominal aorta affected. We did
not find clinical, analytical or vascular
territory affected differences between
patients with positive delayed imaging
comparing with those with positive 60-
min PET images.

Four patients died before the 6-month
follow-up PET: two due to pneumonia,
one due to abdominal aortic aneurysm
rupture, and another for unknown rea-
sons.

Discussion

GCA can manifest in three different
ways, namely, with cranial, extracranial
or mixed manifestations (16). FDG-
PET-CT may be an important diagnos-
tic tool in patients with suspected large-
vessel vasculitis particularly in patients
with GCA without cranial ischaemic
manifestations of the disease. However,
a study showed no significant difference
in large-vessel involvement by PET-
CT between GCA patients who were
considered to have a predominantly
extracranial phenotype compared with
those who also had cranial ischaemic
manifestations of GCA (17). Without
delayed PET imaging, we would not
have detected extracranial involvement
in around 30% of patients. Notably, in
delayed imaging, all but one of these
patients showed extracranial involve-
ment, this underlining the high preva-
lence of extracranial manifestations in
this condition, which are usually under-
diagnosed, and the high sensitivity of
delayed PET imaging.

Early diagnosis and/or suspicion of
GCA is essential to avoid complications
or irreversible sequelae, such as loss of
vision and blindness. In addition, it is
also a key factor to achieve good per-
formance in diagnostic tests. In line
with this, and in accordance with EU-
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Table IV. Delayed "®*F-fluorodeoxyglucose positron emission tomography/computed tomo-

graphy imaging results.

Characteristics n=8
Sex, female (%) 7 (87.5)
Age in years, median (IQR) 70.5 (66-81.8)
Temporal artery biopsy positive, n (%) 4 (50)
Magnetic resonance angiography positive, n (%) 5 (60)
Computed tomography angiography positive, n (%) 5 (60)
Ultrasound positive, n (%) 6 (75)
Delayed-PET positive, n (%) 7 (87.5)
Glucocorticoid dose (mg/d), median (IQR) 45 (40-45)
Days of delay, median (IQR) 19.5 (13-22)
60-min TBR, mean (SD) 1.17 £0.09
180-min TBR, mean (SD) 1.81 £0.40

IQR: interquartile range; PET: positron emission tomography; SD: standard deviation; TBR: target-to-

background ratio.

. SUVmax: 1.69

SUVmax: 1.96

< C\-;'f“' SUVmax: 0.51

SUVmax: 1.38

Fig. 2. Uptake in early (upper) and delayed (lower) images (target-to-background ratio [TBR]: blood
pool/aortic wall) in a patient who had received glucocorticoid pulses.
Early (60-min) and delayed (180-min) imaging target-to-background ratio (TBR): blood SUVmax/wall

SUVmax; TBR positive =1.34.

LAR and ACR recommendations, treat-
ment should be started immediately if
there is a strong suspicion of GCA (6,
7). However, the rapid introduction of
the treatment may alter the results of
diagnostic tests, so our aim was to ana-
lyse this possibility and explore ways to
improve the procedure.
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It is known that temporal artery biopsy
(TAB) can give positive results after
2-6 weeks of GC therapy (18, 19), but
it is advisable to perform it within the
first 7 days after treatment initiation to
maximise its sensitivity (20). Accord-
ing to Papadakos et al., having been
on GC therapy for >7 days was inde-

pendently linked to lower rates of posi-
tive TAB (67% lower probability of a
positive TAB) (20). Other studies have
demonstrated that histological evidence
of arteritis persists despite 2 weeks of
GC therapy (21, 22), although its sensi-
tivity decreases from 78% to 40% over
this time (19). Similarly, in the case of
PET, there seems to be a window of op-
portunity to optimise its performance
and utility that varies between 0 and
10 days (8, 9). GCs can rapidly induce
clinical remission, but often there is a
lack of consistency between clinical
characteristics and histopathological
findings, which may remain positive
up to 1 year after starting therapy (23).
Various imaging techniques such as
ultrasound are affected by GC therapy
and PET is no an exception (24-26),
although it is not clear whether this
translates to higher rates of relapse
or treatment failure (26). In line with
Narvaez et al. (27), our study has dem-
onstrated that PET can be useful after
more than 2 weeks of GC therapy and
even a relatively high GC mean dose.
In relation to this, Prieto Pefia et al.
demonstrated that whole-body PET/
CT scans obtained 180 minutes post-
intravenous injection of 7 MBq/kg of
18F-FDG proved valuable in detecting
silent (subclinical) large-vessel vascu-
litis among PMR patients exhibiting
atypical symptoms like pronounced in-
flammatory low back pain, marked gir-
dle involvement, or diffuse pain in the
lower limbs. Even with glucocorticoid
treatment, adherence to this protocol
facilitated the successful identification
of large-vessel vasculitis in a significant
number of these patients (28). Stand-
ardised delayed imaging in patients
with strongly suspected GCA but in
whom PET results are negative (grade
1), especially after prolonged treatment
with high doses of GCs (27, 28), may
improve the utility of this technique. In
our study, delayed imaging was positive
in all but one of the patients after more
than 2 weeks of treatment with high GC
doses, using a TBR cut-off =1.34 (com-
paring to blood pool activity) (14, 15),
yielding a sensitivity of 96.1%.

Notably, the GC dose seems to be less
relevant than the time on this type of
therapy. In our study, delayed PET im-
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aging was performed more in the group
with a longer history of GC therapy (>
10 days) despite the high doses used in
both groups (Table III). This finding
could be explained by the fact that the
long-treatment group contained more
patients with PMR atypical symptoms
(28) who had received long-term GC
therapy.

Regarding the different vascular re-
gions affected we did not find clinical,
analytical or vascular territory affected
differences between patients with posi-
tive 180-min delayed imaging compar-
ing with those with positive 60-min
PET images. It is difficult to point out
if there is any difference between the
7 arterial territories explored, prob-
ably due to GC therapy received and
the small sample size. Most of patients
showed thoracic aorta, abdominal aor-
ta, subclavian and femoral arteries af-
fected.

One of the potential limitations of this
study is related to the TBR cut-off used
for the images taken at both 60 and 180
min (TBR =1.34 normalised to blood
pool activity). Martinez-Rodriguez et
al. (14, 15) classified control patients
with TBR <1.25+0.16 as negative and
those with values =1.34 as positive.
When we applied the cut-off estab-
lished by these authors as positive for
vasculitis (TBR =1.34) (15) to our se-
ries, only one patient was not classified
as having GCA based on their baseline
PET (TBR=1.28, unpublished data).
Further, we should interpret our results
with caution given the relatively small
sample size in this series, and the lack
of a control group.

In the study by Martinez-Rodriguez
et al. two regions of interest (ROIs)
were manually drawn on transaxial CT
views, one ROI delineating the aortic
wall and the other limited to the lumen
blood pool, both at the level of the tra-
cheal bifurcation (14, 15). However, in
our study we analysed one region of
interest concerning to the lumen pool
in the thoracic aorta and 7 arterial wall
regions of interest. On the other hand,
we performed VOI instead of ROI,
which is a more robust and semiauto-
matically measurement defined by the
Syngo.via software that gave us a bet-
ter confidence in the quantification of
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the arterial wall activity. Thus, in our
study, we have a better approach of the
quantification, extension and localisa-
tion of vasculitis.

Another strength of the study is its pro-
spective observational nature, a design
that is associated with a lower risk of
bias. Moreover, to our knowledge, this
is the first study showing the potential
of delayed PET imaging in patients
with GCA on long-term high-dose GC
therapy, following procedural recom-
mendations for vascular quantification.
Notably, patients with negative 60-min
PET findings showed vessel wall ac-
tivity on delayed images (at 180 min).
We therefore suggest that, given the
nature of histological findings in GCA,
where monocytes and macrophages are
dominant and behave as tumoral cells
in terms of ®F-FDG uptake (29), only
one acquisition at 180 min would prob-
ably be sufficient to diagnose patients
with GCA.

Conclusions

PET imaging beyond 3-10 days after
GC initiation still has a high rate of
positive diagnosis in patients with high
suspicion of GCA. In addition, the use
of delayed PET imaging (at 180 min)
using procedural recommendations for
vascular scoring achieves a sensitivity
of 96% in the diagnosis of GCA, even
in patients on long-term high-dose GC
therapy. In fact, GC dose seems to be
less relevant than the time on treat-
ment. Based on these preliminary re-
sults, we suggest performing imaging
only at 180 min in patients who have
been on GCs for more than 3 days as
well as in those with highly suspected
GCA but negative findings in baseline
PET at 60 min.
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