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Abstract: Atherosclerosis is the most common cause of peripheral artery disease (PAD). We compared the atherosclerotic burden in non-lower extremity arteries in patients with and without PAD using 18F-sodium fluoride (NaF)PET/CT. We identified five individuals (61.8±6.6 years, one male, four females) with PAD and matched to five individuals without PAD based on age and gender from the unfavorable cardiovascular risk profile group of the CAMONA
trial (60±7.2 years, one male, four females). Individuals underwent PET/CT imaging 90 minutes after the injection of
NaF (2.2 Mbq/Kg). CT imaging was conducted to account for attenuation correction and anatomic referencing. The
NaF uptake was measured by manually defining regions of interest on each axial slice on the following arteries: coronary artery (CA), carotid artery (CR), ascending aorta (AS), arch of aorta (AR), descending aorta (DA), and abdominal
aorta (AA). Average SUVmean (aSUVmean) was calculated for each segment. Wilcoxon’s signed rank test was used
for statistical analysis. The total aSUVmean was higher in the PAD group compared to the non-PAD group (6.54±0.9
vs. 5.03±0.45, P=0.043). Comparison revealed higher NaF uptake in CR, AS, AR, and DA in the PAD group compared to the non-PAD group (0.93±0.25 vs. 0.54±0.14, P=0.01; 1.28±0.20 vs. 0.86±1.19, P<0.01; 1.18±0.17 vs.
0.90±0.19, P=0.03; 1.32±0.24 vs. 0.91±0.15, P=0.01). The NaF uptake in CA and AA was similar between the two
groups (0.77±0.04 vs. 0.71±0.05, P=0.11; 1.07±0.28 vs. 1.12±0.30, P=0.82). We found individuals with PAD had
higher atherosclerotic burden in the carotid arteries and thoracic aorta compared to non-PAD subjects.
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Introduction
Atherosclerosis is a systemic vascular disease
characterized by progressive buildup of focal
plaque resulting in narrowing of the arterial
lumen. Advanced age, diabetes, hypertension,
hyperlipidemia, and smoking are some of the
well-established risk factors for the development of atherosclerosis [1, 2]. Its pathogenesis
involves a complex interplay of regional and
systemic factors resulting in the heterogeneous
development of plaque in various specific vascular sites. Due to its systemic nature, the
occurrence of symptomatic disease in one vas-

cular site may portend significant subclinical
disease in other vascular territories in the
affected individual [3]. However, there is a scarcity of available human data on the extent of
regional variation of subclinical atherosclerotic
burden in individuals with symptomatic disease
involving one vascular territory.
Atherosclerotic disease progression in peripheral artery disease (PAD) is particularly of interest for numerous reasons. First, PAD often goes
underdiagnosed because its symptoms may
align with several other conditions such as ischemic rest pain and limb loss [4]. Furthermore,
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group with a positive history of
peripheral artery disease and
PAD (N=5) Non-PAD (N=5) p value
matched them to five individuAge
61.8±6.6
60±7.2
0.678
als without PAD for comparison.
Systolic blood pressure (mmHg) 130.2±21.8
129.0±7.5
0.919
The CAMONA study was appDiastolic blood pressure (mmHg) 79.7±6.9
74.5±6.7
0.418
roved by the Danish National
Homocysteine (umol/L)
10.2±2.4
11.4±2.5
0.297
Committee on Biomedical ReLow density lipoprotein (mmol/L)
3.4±0.6
3.3±1.0
0.886
search Ethics as well as regisTotal cholesterol (mmol/L)
5.4±0.4
5.7±0.6
0.509
tered at ClinicalTrials.gov (NCTTriglycerides (mmol/L)
1.7±1.1
0.8±0.1
0.124
01724749). The study was undertaken in concordance with
HDL cholesterol (mmol/L)
1.3±0.11
1.9±0.4
0.023
the Declaration of Helsinki and
Plasma glucose (mmol/L)
5.5±0.6
5.9±0.8
0.514
all subjects provided written
HbA1c (mmol/L)
38±3.7
37.4±2.7
0.732
informed consent. The subjects
CRP (mg/L)
5±7.3
1.1±0.2
0.302
in this population were excluded
Values are mean ± SD. HbA1c = Glycated hemoglobin.
based on the presence of malignancy, immunodeficiency synPAD can be indicative of more severe cardiodrome, autoimmune disease, pregnancy, sarvascular disease and increases a patient’s risk
coidosis, amyloidosis, endocarditis, as well as
for rapid vascular decline [5]. Current research
use of prescription medications.
is focused on tracking inflammation in PAD vesIn this cohort, we identified five individuals
sels; however, we hypothesize that tracking ath(61.8±6.6 years, one male, four females) with
erosclerotic development in non-lower extremiPAD and matched them to five individuals withty vessels could also offer insight into disease
progression of PAD.
out PAD based on age and gender from the
unfavorable cardiovascular risk profile group of
18
F-sodium fluoride (NaF) positron-emission
the CAMONA trial (60±7.2 years, one male, four
tomography (PET)/computed tomography (CT)
females). Baseline characteristics are depicted
is a novel non-invasive imaging technology that
in Table 1.
has shown considerable promise in identifying
areas of atherosclerosis by targeting the early
Quantitative image analysis
stages of plaque calcification [6]. Previous
studies have shown the utility of NaF-PET/CT in
All subjects underwent 18F-NaF-PET/CT imaging
detecting microcalcification [7-9]. This imaging
with an established and uniform protocol (GE
technique allows for a comprehensive assessDiscovery STE, VCT, RX, and 690/710). Patients
ment of the atherosclerotic burden in multiple
were made to observe an overnight fast of
vascular territories simultaneously. In this
6 hours and a blood glucose measurement
study, we aimed to compare the regional differensuring a concentration below 8 mmol/L.
ences of subclinical atherosclerotic burden in
18
F-NaF-PET/CT imaging was performed 90
non-lower extremity vascular territories in paminutes following administration of 2.2 MBq of
tients with peripheral artery disease (PAD) and
NaF per kilogram of body weight. These images
without PAD using 18F-NaF-PET/CT imaging.
were produced using one of several PET/CT
systems (GE Discovery STE, VCT, RX, and
Methods
690/710). PET images were corrected for
attenuation, scatter, scanner dead time, and
Subjects
random coincidences. Low-dose CT imaging
This study was conducted in a subset of PAD
(140 kV, 30-110 mA, noise index 25, 0.8 secsubjects from the prospective study known as
onds per rotation, slice thickness 3.75 mm)
“Cardiovascular Molecular Calcification Assewas performed for attenuation correction and
ssed by 18F-FDG PET/CT (CAMONA)” in Odense,
anatomic referencing with PET images.
Denmark. From an initial sample size of 90
Quantification of CA, CR, AS, AR, DA, and AA
healthy controls and 50 subjects with an unfawas performed by a trained physician who manvorable cardiovascular risk profile, we only
identified five subjects from the unfavorable
ually defined a region of interest (ROI) around
Table 1. PAD and non-PAD individual demographics
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Figure 1. Axial fused NaF-PET/CT with regions of interest depicting non-lower extremity arteries in a PAD individual.
Manually-delineated region of interest determined the NaF uptake in the (A) common carotid, (B) coronaries (which
did not include the aortic valve, skeletal structures, and aortic wall), (C) ascending aorta, (D) aortic of arch, (E) descending aorta, and (F) abdominal aorta.

the structures on each axial PET/CT slice using
a DICOM viewer (Osirix MD Software; Pixmeo
SARL, Bernex, Switzerland) (Figures 1, 2). This
methodology has been tested and verified by
numerous other studies and has low interobserver variability (insert references). These vessels were chosen as they are the most common
sites for non-lower extremity atherosclerosis in
PAD patients [10-13]. For the coronaries, the
ROI did not include any parts of the skeleton,
cardiac valves, or aortic wall. For every ROI, representing the volume of one arterial slice, the
NaF activity was determined as the mean standardized uptake value (SUVmean). Then, these
values were added and divided by the sum
of the ROI-defined slice volumes to yield a global arterial average SUVmean (aSUVmean) for
each vessel.
274

Statistical analysis
A comparison of the atherosclerotic burden in
non-lower extremity arteries between PAD and
non-PAD groups were evaluated using a Wilcoxon’s signed rank sum test. Box plots comparing the arterial uptake between the two groups
were generated to help with visualization of
data. A p value <0.05 was chosen as being statistically significant. We used Statistical software packages SPSS (Version 25.0, IBM), R (R
core team 2020), and STATA/MP 16.1 (StataCorp, College Station, Texas 77845 USA) for
the statistical analysis and generating figures.
Results
Global arterial uptake (aSUVmean ± SD) was
higher in the PAD group compared to the nonAm J Nucl Med Mol Imaging 2020;10(6):272-278

18

F-NaF/PET imaging and PAD

Figure 2. Axial fused NaF-PET/CT with regions of interest depicting non-lower extremity arteries in a non-PAD individual. Manually-delineated region of interest determined the NaF uptake in the (A) common carotid, (B) coronaries
(which did not include the aortic valve, skeletal structures, and aortic wall), (C) ascending aorta, (D) aortic of arch,
(E) descending aorta, and (F) abdominal aorta.

PAD group (6.54±0.9 vs. 5.03±0.45, P=0.043).
Comparison of each arterial segment revealed
a higher NaF uptake on PET/CT in CR, AS, AR,
and DA in the PAD group compared to the nonPAD group (0.93±0.25 vs. 0.54±0.14, P=0.01;
1.28±0.20 vs. 0.86±1.19, P<0.01; 1.18±0.17
vs. 0.90±0.19, P=0.03; 1.32±0.24 vs. 0.91±
0.15, P=0.01) (Figure 3). The NaF uptake in CA
and AA was similar between the two groups
(0.77±0.04 vs. 0.71±0.05, P=0.11; 1.07±0.28
vs. 1.12±0.30, P=0.82).
Discussion
Numerous studies have demonstrated the reliability of 18F-NaF-PET/CT imaging for in vivo
detection and quantification of vascular calcifi275

cation as a surrogate marker for the burden of
atherosclerosis in various vascular territories
[14-17]. To our knowledge, this is the first study
utilizing 18F-NaF-PET/CT imaging to analyze
subclinical atherosclerosis in multiple vascular
sites in the subjects with PAD.
The findings of our study revealed that patients
with PAD showed significantly higher NaF
uptake on PET/CT in some, but, not all non-lower extremity vascular territories. There was a
higher atherosclerotic burden in carotid arteries and thoracic aorta, but not in the coronary
vasculature and abdominal aorta compared to
age and gender-matched non-PAD subjects.
This finding further underscores the heterogeneity in site selectivity of atherosclerosis with
Am J Nucl Med Mol Imaging 2020;10(6):272-278
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crepancy noted could possibly be related to one’s own
genetic susceptibility in its
development.

Conventionally, detection and
quantification of calcification
in various arterial beds have
been achieved with the utility
of CT imaging, with a higher
burden of calcification being
independently predictive of
adverse outcomes [18-22].
However, the detection of
arterial calcification with CT
imaging comes with some
limitations. First, CT imaging
has limited sensitivity to
detect the early stages of calcification. Second, it cannot
accurately discriminate metabolically active atherosclerotic lesions from indolent vascular calcification, a possible
biomarker for vulnerable and
stabilized atherosclerotic plaques, respectively [23-25].
However, these limitations
can be overcome by the
utilization of hybrid imaging
Figure 3. Box plot comparing total uptake of NaF in non-lower extremity vesmodalities like 18F-NaF-PET/
sels of the non-PAD and PAD groups. Wilcoxon’s signed rank test revealed a
CT as demonstrated in our
p value of 0.043. “x” marks delineate mean uptake.
study. This imaging technique
might allow for understandexposure to conventional systemic risk factors
ing progression of subclinical atherosclerotic
highlighting the influence of local factors in its
disease in individuals with PAD facilitating the
pathogenesis. Hemodynamic factors, in particutilization of appropriate screening techniques
ular, differences in flow parameters in specific
and therapeutic intervention in a cost-effective
arterial sites are believed to play a major role.
manner. Future prospective studies are needed
Arterial sites with low shear stress, turbulent or
to validate this modality’s prognostic value.
oscillating flow are affected early on due to
We acknowledge that there are limitations to
priming of endothelial cells by alteration of
our study. First, the sample size of analyzed
mechanical forces sensed by them, resulting in
patients is small and as such, future studies
activation of genes and expression of surface
need to validate these findings with larger samproteins promoting a milieu favorable for the
ple sizes. Second, the present study was unable
formation of atherosclerotic plaque [3]. Intereto validate NaF-PET imaging findings with histostingly, in this cohort of patients with unfavorlogical data. As NaF utilized for this study aimed
able cardiovascular risk profile, individuals with
to detect arterial wall calcific changes at the
peripheral arterial disease had higher atheromolecular level, it would have been useful to
sclerotic burden in non-lower extremity arteries
confirm these findings histologically. Moreover,
despite having nearly similar exposure to tradithe interpretation of our study is limited by its
tional atherosclerotic risk factors. This finding
cross-sectional design, which precludes the
underscores the fact that the development and
understanding of temporal associations beprogression of atherosclerosis goes beyond the
tween PAD and non-PAD in non-lower extremity
exposure of traditional risk factors and the dis276
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atherosclerosis relationships. A longitudinal
study is required to better understand the relationship and causative outcomes in atherosclerosis in non-lower extremity vessels of PAD.
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