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Abstract

18F-fluorodeoxyglucose positron emission tomography/com-
puted tomography (18-FDG-PET/CT) is a functional imaging tech-
nique which is an established tool in oncology, and has also
demonstrated a role in the field of inflammatory diseases, such as
large vessel vasculitis (LVV). In the last few years, it is known that
atherosclerotic lesions with inflammation, detected by FDG-PET, are
high-risk structural features and more likely to lead to subsequent
progression of atherosclerosis with more clinical complications.

Introduction

18-fluorodeoxyglucose positron emission tomography/com-
puted tomography (FDG-PET/CT) is a functional imaging tech-
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nique which is an established tool in oncology, and has also demon-
strated a role in the field of inflammatory diseases, such as large
vessel vasculitis (LVV) and polymyalgia rheumatica (PMR).

FDG-PET is based on the possibility of detecting enhanced glu-
cose uptake due to high glycolytic activity of inflammatory cells
in inflamed arterial walls and synovia/bursa.!

Therefore, 18F-FDG PET/CT is a useful tool to diagnose vasculi-
tis (especially when the symptoms of the disease are non-specific),
guide biopsy procedures (areas with high glucose consumption), eval-
uate disease extension and monitor treatment responses.

In general, the diagnostic performance of FDG-PET for the de-
tection of LVV is good and is better in the detection of GCA (Giant
Cell Arteritis) than TA (Temporal Arteritis) (87% vs 58%, respec-
tively; P<0.0001). However, it is impaired in patients under GC
(Glucocorticoids) and/or immunosuppressive treatment at the time
of imaging.>?

Furthermore FDG-PET/CT is not disease-specific and results
have to be interpreted with caution considering clinical and labo-
ratory data.*

Atherosclerosis is a biologically active process where vascular
risk factors promote vascular endothelial dysfunction, expression
of cellular adhesion molecules, and binding of circulating inflam-
matory cells to the vessel walls.®

Monocytes transmigrate into the vessel intima, differentiate into
pro-inflammatory macrophages and later engulf oxidized lipopro-
teins to form ‘foam cells’.”

Atherosclerotic macrophages secrete inflammatory cytokines
and extracellular matrix molecules, which promote further accu-
mulation of lipoproteins, monocytes, and other inflammatory cells
within the expanding atheromatous lesion.®

Within more advanced plaques, macrophages undergo apopto-
sis, and release their lipid walls and intercellular contents within
the lipid core; and over time, these atheromatous lesions become
increasingly hypoxic, undergo neovascularization, and develop mi-
crocalcifications.®

Within this environment, macrophages release proteolytic en-
zymes that degrade the protective fibrous cap.®

Accordingly, higher-risk atherosclerotic plaques (which are
most vulnerable to rupture) are characterized by relatively larger
inflammation cells, a necrotic lipid core, micro-calcification, neo-
vascularization, and a thinner fibrous cap, with inflammation play-
ing a central role.?

It’s well known that in vasculitis, mural thickening usually in-
volves the entire circumference of the vessel wall, whereas in ath-
erosclerosis plaque formation starts from a focal point rather than
circumferentially.’
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A moderate and persistent accumulation of 18F-FDG at the level caliber and course of the aorta. Pervi tthe supra-aortic vessels were
of the vessell wall in patients with a history of vasculitis, during fol- patent at their emergence (Figure 2A and B).
low-up or after treatment, requires careful attention to understand to We excluded the diagnosis of vasculitis and sent the patient to
what extent this finding could be secondary to vascular remodeling a cardiologist for close follow-up of the inflamed and calcified ath-
(such as in aterosclerotic remodelling) rather than to a recurrence of erosclerotic lesions at high risk of vascular complications also con-
the disease or poor response to treatment.'’

We report the case of a 70 year-old patient with calcific
aterosclerosis demonstrated on FDG-PET/CT.

Case Report
p -

A 70-year-old woman with a history of general malaise,
headache and right ophthalmic pain came under our clinical obser-
vation. She was also affected by autoimmune hypothyroidism, hy-
percholesterolemia, arterial hypertension. This patient had a body
mass index (BMI) of 30. She had been a smoker of 20 cigarettes a
day since adolescence. The medical examination showed numerous
positive tender points (14/18). There was no frank engagement of
the tracks. The temporal arteries were enlarged and pulsating, not
painful on digital pressure.

Laboratory tests showed ESR 30 mm/1 h; C-reactive protein
0.5 mg/dL, ANA and anti-CCP were negative. Complete blood
count and liver and kidney functions were normal. The blood tests
revealed hyperuricemia, hypercholesterolemia with hypertiglyc-
eridemia and a mild impaired fasting blood sugar.

Since we suspected a rare case of large vessel vasculitis with
normal acute phase reactants, we decided to perform a 18-FDG-
PET/CT that showed a tenuous and widespread uptake of the ra-
diopharmaceutical at the level of the subclavian arteries and
bilateral axillary arteries and of the thoracic aorta, with an uptake
gradient slightly lower than that of the hepatic reference (grading
1), to be evaluated to be reported to clinical and laboratory context

Figure 1. 18-F-fluorodeoxyglucose positron emission tomogra-

(Figure 1). phy/computed tomography: this image shows a tenuous and wide-
A chest CT scan with contrast medium showed extensive cal- spread uptake of the radiopharmaceutical at the level of the
cifications of the arch of the thoracic aorta and the descending tract subclavian arteries and axillary arteries bilaterally and of the tho-

racic aorta with grading 1.

of the aorta. Pervius the vascular lumen was patent. Uniform the

A B

Figure 2. A) A transaxial view of a contrast chest computed tomography in a 70-year-old woman with extensive calcifications of the arch
of the thoracic aorta and the descending tract of the aorta. B) Sagittal scan of extensive vascular calcifications.
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sidering the underlying metabolic syndrome and their uptake of ra-
diometabolic tracer on 18-F-FDG-PET/CT. We diagnosed trigem-
inal nevralgia in in this patient with fibromyalgia and started
therapy with gabapentin and analgesics.

Discussion

Functional FDG-PET combined with anatomical CT angiogra-
phy, FDG-PET/CT(A), may have a synergistic benefit for optimal
diagnosis, monitoring of disease activity, and evaluating damage
progression in LVV. There are currently no guidelines regarding
PET imaging acquisition for LVV and PMR.

The European Association of Nuclear Medicine (EANM), the
Society of Nuclear Medicine and Molecular Imaging (SNMMI),
the PET Interest Group (PIG), and the American Society of Nuclear
Cardiology (ASNC) released a joint recommendation for FDG-
PET/CT imaging procedures in LVV.

The aim of this group was to provide recommendations and state-
ments based on the available evidence in the literature and consensus
among experts in the field for patient preparation, and FDG-PET/CT
acquisition and interpretation for the diagnosis and follow-up of pa-
tients with suspected or diagnosed LVV and/or PMR."!

They recommended some rules for patient preparation and
image acquisition for FDG-PET/CT in LVV and PMR, which in-
clude fasting for at least 6 h prior to FDG administration and blood
glucose levels preferably <7 mmol/L (126 mg/dL).

A discontinuation or delay of glucocorticoids are useful until
PET is completed, unless there is a risk of ischemic complications,
as in the case of GCA with temporal artery involvement. FDG-PET
within 3 days after the start of GC is optional as a possible alterna-
tive.'>!3 The patient must be placed in a supine position with arms
next to the body. The scans must be performed from head to the
feet. A minimum of 60 min between intravenous FDG administra-
tion and acquisition has been recommended for an adequate tracer
biodistribution.'* Delayed acquisitions (3 h) increase the vascular-
to-blood pool ratio, thus increasing contrast resolution,'” and could
make the measured vascular uptake more accurate.'®

However, as the majority of LVV studies have been performed
at 60 min, PET-positive criteria at delayed time points have not yet
been evaluated in this setting and may differ slightly from those
defined at the standard time interval.

In contrast to FDG-PET studies evaluating metabolic activity
of atherosclerotic lesions, studies comparing early (1 h) versus de-
layed (3 h) imaging in LVV are scarce.!”

The recently published EANM position paper on the use of
FDG-PET in atherosclerosis has recommended an interval of 2 h
between FDG administration and acquisition.'®

Currently, there is not enough evidence to apply the same time
window for LVV. At this time, we recommend an uptake interval
of at least 60 min. Standardization of the time interval is essential,
especially when using semiquantitative analyses and comparing
FDG uptake in follow-up studies and between centers.

Several factors may significantly influence the arterial wall
FDG uptake, and must be taken into consideration for interpretation
of FDG-PET in LVV and PMR.

Riemer H.J.A. Slart et al. proposed the use of a standardized
0-to-3 grading system as follows: 0 = no uptake (< mediastinum);
1 = low-grade uptake (< liver); 2 = intermediate-grade uptake (=
liver), 3 = high-grade uptake (> liver), with grade 2 as possibly in-
dicative and grade 3 as positive for active LVV.!-20
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A total vascular score (TVS) can be determined, for instance,
at seven different vascular regions (thoracic aorta, abdominal aorta,
subclavian arteries, axillary arteries, carotid arteries, iliac arteries,
and femoral arteries) as negative (0) or positive. This can be further
scored semi-quantitatively as 1 (minimal but not negligible FDG
uptake), 2 (clearly increased FDG uptake), or 3 (very marked FDG
uptake). Therefore, a TVS could be calculated ranging from 0 (no
vascular FDG uptake in any of the seven vascular regions) to 21
(vascular FDG uptake scored 3 in all seven territories)."

Visual qualitative methods are most commonly used, but semi-
quantitative methods such as the vascular/blood ratio and
vascular/liver ratio using standardized uptake values (SUVs) are
gaining ever more relevance.

FDG-PET/CT(A) may be of value for evaluating response to
treatment by monitoring functional metabolic information and de-
tecting structural vascular changes (evidence level III, grade C),
but additional prospective FDG-PET/CT(A) studies are war-
ranted.!

The main limitations of the functional FDG-PET are the rela-
tively low spatial resolution of the tomograph, which can lead to
false-negative results in the presence of small-vessel vasculitis, and
risk of false positive results, especially in the presence of athero-
sclerosis and post-treatment vascular remodeling.

The atherosclerosis activity may also interfere with the FDG-
PET signal in patients with LVV."'?! In fact the atherosclerotic
vessels, above all those with a larger diameter, tend to capture
the tracer of glucose metabolism, due to the macrophage com-
ponent of the atherosclerotic plaque. The atherosclerotic vascular
uptake®>?, which is frequent when aging, may be a source of
false positives in LVV evaluation, despite a classical “patchy”
uptake pattern. Uptake in iliofemoral arteries should be inter-
preted with caution, because this is a frequent site of atheroscle-
rosis. Taking these considerations into account, vascular
inflammation in LVV on FDG-PET classically appears as a
smooth linear pattern, involving the aorta and its main branches
(subclavian, carotid or vertebral arteries, pulmonary arteries), but
not all main branches have to be involved. Arterial inflammation
is as a predictor of plaque progression and adverse cardiovascular
outcomes. In atherosclerotic lesions, arterial inflammation (by
FDG-PET) comes with high-risk structural features, and loca-
tions with more intense inflammation are more likely to lead to
subsequent atherosclerosis progression (e.g. calcium
deposition).?*?5 Therefore, due to an increased uptake of athero-
sclerotic plaques, the results of functional FDG-PET need to
evaluate in a comprehensive manner. Finally, when atheroscle-
rotic lesions with inflammation are detected, it is necessary to
refer the patient to a specialist for appropriate management,
given the high risk of cardiovascular complications.

Conclusions

Although FDG-PET/CT(A) has proven to be an important im-
aging modality for the diagnosis of large vessel vasculitis, recent
studies have shown that atherosclerotic plaques can give false pos-
itives in 18F-FDG PET/CT. Distinguishing between atherosclerosis
and vasculitis may be difficult, especially in patients with important
risk factors for atherosclerotic plaque development, such as age,
hypertension, diabetes, hypercolesterolemia and smoking. There-
fore, history, clinical, laboratory and instrumental data must be
combined to lead to a confirmed diagnosis.

Beyond Rheumatology 2021; 3:[#70]



Case Report

References

10.

11.

12.

13.

. Kubota R, Yamada S, Kubota K, et al. Intratumoral distribution

of fluorine-18-fluorodeoxyglucose in vivo: high accumulation
in macrophages and granulation tissues studied by microautora-
diography. J Nucl Med 1992;33:1972-80.

. Soussan M, Nicolas P, Schramm C, et al. Management of large-

vessel vasculitis with FDG-PET: a systematic literature review
and meta-analysis. Medicine (Baltimore) 2015;94:¢622.

. Lee YH, Choi SJ, Ji JD, Song GG. Diagnostic accuracy of

18FFDG-PET or PET/CT for large vessel vasculitis: a meta-
analysis. Z Rheumatol 2016;75:924-31.

. Ernst D, Baerlecken NT, Schmidt RE, Witte T. Large vessel

vasculitis and spondyloarthritis: coincidence or associated dis-
eases? Scand J Rheumatol 2014;43:246-8.

. Tato F, Hoffmann U. Giant cell arteritis: a systemic vascular

disease. Vasc Med 2008;13:127-40.

. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb

Vasc Biol 2012;32:2045-51.

. Mantovani A, Garlanda C, Locati M. Macrophage diversity and

polarization in atherosclerosis: a question of balance. Arte-
rioscler Thromb Vasc Biol 2009;29:1419-23.

. Tarkin JM, Joshi FR, Rudd JH. PET imaging of inflammation

in atherosclerosis. Nat Rev Cardiol 2014;11:443-57.

. Prieto-Gonzalez S, Arguis P, Garcia-Martinez A, et al. Large

vessel involvement in biopsy-proven giant cell arteritis:
prospective study in 40 newly diagnosed patients using CT an-
giography. Ann Rheum Dis 2012;71:1170-6.

Zerizer I, Tan K, Khan S, et al. Role of FDG-PET and PET/CT
in the diagnosis and management of vasculitis. Eur J Radiol
2010;73:504-9.

Riemer HJA, Slart A, Glaudemans WIJM, et al. FDG-
PET/CT(A) imaging in large vessel vasculitis and polymyalgia
rheumatica: joint procedural recommendation of the EANM,
SNMMYI, and the PET Interest Group (PIG), and endorsed by
the ASNC. Eur J Nucl Med Mol Imaging 2018;45:1250-69.
Nielsen BD, Tonder Hansen L, Keller KK, et al. Attenuation
of fluorine-18-fluorodeoxyglucose uptake in large vessel giant
cell arteritis after short-term high-dose steroid treatment - a di-
agnostic window of opportunity. Arthritis Rheumatol 2016;68
[suppl 10].

Prieto-Gonzalez S, Garcia-Martinez A, Tavera-Bahillo I, et al.
Effect of glucocorticoid treatment on computed tomography

Beyond Rheumatology 2021; 3:[#70]

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

press

N

angiography detected large-vessel inflammation in giant-cell
arteritis. A prospective, longitudinal study. Medicine (Balti-
more) 2015;94:e486.

Jamar F, Buscombe J, Chiti A, et al. EANM/SNMMI guideline
for 18F-FDG use in inflammation and infection. J Nucl Med
2013;54:647-58.

Bucerius J, Mani V, Moncrieff C, et al. Optimizing 18F-FDG-
PET/CT imaging of vessel wall inflammation: the impact of
18F-FDG circulation time, injected dose, uptake parameters,
and fasting blood glucose levels. Eur ] Nucl Med Mol Imaging
2014;41:369-83.

. Tawakol A, Migrino RQ, Bashian GG, et al. In vivo 18F-fluo-

rodeoxyglucose positron emission tomography imaging pro-
vides a noninvasive measure of carotid plaque inflammation in
patients. J Am Coll Cardiol 2006;48:1818-24.

Blomberg BA, Bashyam A, Ramachandran A, et al. Quantify-
ing [(1)(8)F]fluorodeoxyglucose uptake in the arterial wall: the
effects of dual time-point imaging and partial volume effect
correction. Eur J Nucl Med Mol Imaging 2015;42:1414-22.
Bucerius J, Hyafil F, Verberne HJ, et al. Position paper of the
cardiovascular Committee of the European Association of nu-
clear medicine (EANM) on PET imaging of atherosclerosis.
Eur J Nucl Med Mol Imaging 2016;43:780-92.

Lensen KD, Comans EF, Voskuyl AE, et al. Large-vessel vas-
culitis: interobserver agreement and diagnostic accuracy of
18F-FDG-PET/CT. Biomed Res Int 2015;2015:914692.
Soussan M, Nicolas P, Schramm C, et al. Management of large-
vessel vasculitis with FDG-PET: a systematic literature review
and meta-analysis. Medicine (Baltimore) 2015;94:¢622.
Lensen KD, Comans EF, Voskuyl AE, et al. Large-vessel vas-
culitis: interobserver agreement and diagnostic accuracy of
18F-FDG-PET/CT. Biomed Res Int 2015;2015:914692.
Ben-Haim S, Kupzov E, Tamir A, Israel O. Evaluation of 18F-
FDG uptake and arterial wall calcifications using 18F-FDG-
PET/ CT. J Nucl Med 2004;45:1816-21.

Dunphy MP, Freiman A, Larson SM, Strauss HW. Association
of vascular 18F-FDG uptake with vascular calcification. J Nucl
Med 2005;46:1278-84.

Choi YS, Youn HJ, Chung WB, et al. Uptake of F-18 FDG and
ultrasound analysis of carotid plaque. J Nucl Cardiol
2011;18:267-72.

Abdelbaky A, Corsini E, Figueroa AL, et al. Early aortic valve
inflammation precedes calcification: a longitudinal FDG-
PET/CT study. Atherosclerosis 2015;238:165-72.

OPEN aACCESS





