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Abstract

Background Positron emission tomography (PET)/computed tomography (CT) imaging with fluorine-18 ('8F)-
sodium fluoride (NaF) provides assessment of active vascular microcalcification, but its utility for evaluating diabetes
mellitus (DM)- and chronic kidney disease (CKD)-induced atherosclerosis in peripheral arterial disease (PAD) has not
been comprehensively evaluated. This study sought to use '®F-NaF PET/CT to quantify and compare active microc-
alcification on an artery-by-artery basis in healthy subjects, PAD patients with or without DM, and PAD patients with
or without CKD. Additionally, we evaluated the contributions of DM, CKD, statin use and established CT-detectable
calcium to '8F-NaF uptake for each lower extremity artery.

Methods PAD patients (n=48) and healthy controls (n=8) underwent lower extremity 18FE_NaF PET/CT imaging.
Fused PET/CT images guided segmentation of arteries of interest (i.e,, femoral-popliteal, anterior tibial, tibioperoneal
trunk, posterior tibial, and peroneal) and quantification of '8F-NaF uptake. '®F-NaF uptake was assessed for each artery
and compared between subject groups. Additionally, established calcium burden was quantified for each artery using
CT calcium mass score. Univariate and multivariate analyses were performed to evaluate DM, CKD, statin use, and CT
calcium mass as predictors of '®F-NaF uptake in PAD.

Results PAD patients with DM or CKD demonstrated significantly higher active microcalcification (i.e., '®F-NaF
uptake) for all arteries when compared to PAD patients without DM or CKD. Univariate and multivariate analyses
revealed that concomitant DM or CKD was associated with increased microcalcification for all arteries of interest and
this increased disease risk remained significant after adjusting for patient age, sex, and body mass index. Statin use
was only associated with decreased microcalcification for the femoral-popliteal artery in multivariate analyses. Estab-
lished CT-detectable calcium was not significantly associated with '8F-NaF uptake for 4 out of 5 arteries of interest.

Conclusions '®F-NaF PET/CT imaging quantifies vessel-specific active microcalcification in PAD that is increased in
multiple lower extremity arteries by DM and CKD and decreased in the femoral-popliteal artery by statin use. '®F-NaF
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PET imaging is complementary to and largely independent of established CT-detectable arterial calcification. '®F-NaF
PET/CT imaging may provide an approach for non-invasively quantifying vessel-specific responses to emerging anti-
atherogenic therapies or CKD treatment in patients with PAD.
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Sodium fluoride

Introduction
Lower extremity PAD is a highly prevalent atheroscle-
rotic disease that affects more than 230 million indi-
viduals worldwide [1] and is associated with significant
morbidity [2], mortality [3], and economic burden [4—6].
Approximately 15-20% of patients with PAD will pro-
gress to the severe stage of disease (i.e., chronic limb
threatening ischemia, CLTI) [7-9]. Once CLTI is pre-
sent, 25% of patients will have a major amputation in the
first year after diagnosis [10] and approximately 40% of
those undergoing major amputation will die within 1 year
of surgery [4, 11]. A significant risk factor for develop-
ing severe peripheral disease is diabetes mellitus (DM),
which increases the incidence of PAD [12] and contrib-
utes to a fivefold increased risk of amputation in patients
with PAD [13]. Further compounding the risk for many
PAD patients is coexisting chronic kidney disease (CKD),
which results in worse treatment outcomes in PAD and
facilitates vascular calcification through phenotypic
switching of vascular smooth muscle cells into osteo-
genic promoters with calcifying characteristics [14, 15].

Morbidity associated with PAD can be largely attrib-
uted to increased calcification of lower extremity arter-
ies [13, 16, 17]. Increasing prevalence of calcification in
above- and below-the-knee arteries can impair limb
blood flow and muscle perfusion, and the presence of
highly calcified lesions below-the-knee can make endo-
vascular access and distal revascularization challeng-
ing or impossible, thereby increasing risk of limb loss
in PAD patients with severe disease [18-21]. Although
studies have shown that calcification of lower extremity
arteries contributes to poor outcomes in PAD patients
[18, 19, 21, 22], measures of vascular calcification have
traditionally been limited to evaluation by CT imaging,
which allows for quantification of already established
large macroscopic calcium deposits and identifies disease
after preventative strategies are not feasible. Therefore, a
non-invasive imaging approach that quantifies the early
active stages of DM- and CKD-induced vascular microc-
alcification may allow for improved monitoring and pro-
active management of PAD patients at increased risk of
limb complications and death.

Positron emission tomography (PET) imaging with
fluorine-18 (*®F)-sodium fluoride (NaF) has emerged
in recent decades as an approach for identifying the

active process of vascular microcalcification in coronary
arteries [23-26], and not until recent years have studies
begun to translate *F-NaF PET/CT imaging to the lower
extremities. These lower extremity studies have shown
that femoral artery uptake of '®F-NaF is associated with
increased levels of plasma total cholesterol and hemo-
globin Alc [27] and may predict femoral artery calcium
progression [28]. However, clinical investigations have
been exclusively limited to assessing '®F-NaF uptake in
either the femoral or iliac artery and did not specifically
focus on evaluating patients with PAD. Further, only in
the last year has the potential of 'F-NaF PET/CT imag-
ing been highlighted as a possible approach for detect-
ing the active stages of atherosclerosis in below-the-knee
arteries [29]. To date, prior imaging studies have not
evaluated the contributions of DM and CKD to the active
stages of calcific disease progression within individual
arteries of PAD patients or performed comprehensive
vessel-by-vessel analysis of active microcalcification in
the lower extremities of patients with PAD. We hypoth-
esized that 'F-NaF PET/CT imaging would allow for
non-invasive, comprehensive detection and quantifica-
tion of DM- and CKD-induced active atherosclerotic
disease progression for multiple major arteries of the
lower extremities in patients with PAD. Additionally, we
hypothesized that PET/CT imaging would elucidate the
potential anti-atherogenic actions of statin therapy for
patients with PAD. Therefore, in the present study, we
performed vessel-by-vessel analysis of '®F-NaF PET/CT
images acquired in patients with PAD to investigate the
contributions of DM and CKD as promoters of arterial
microcalcification and the association between statin use
and active peripheral microcalcification.

Methods

Research subjects

PAD patients (n=48) were recruited from a multidis-
ciplinary vascular surgery/podiatry clinic and prospec-
tively enrolled for static '*F-NaF PET/CT imaging of the
lower extremities. PAD disease status was determined
based on evidence of significant obstructive disease for 1
or multiple lower extremity arteries, as identified by prior
abnormal CT angiography, duplex ultrasound, ankle-bra-
chial index (ABI) (<0.9), and/or toe-brachial index (TBI)
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(<0.7) [30]. The criteria for DM included fasting plasma
glucose measures > 126 mg/dl on two separate occasions,
a glycated hemoglobin (HbAlc)>6.5%, or a 2-h plasma
glucose > 200 mg/dl in an oral glucose tolerance test. The
presence of CKD and CKD staging for PAD patients was
determined through medical chart review and deter-
mined by previously published levels of glomerular filtra-
tion rate and/or urinary albumin-to-creatine ratio [31].

Healthy control subjects (n =8) were recruited using an
Institutional Review Board (IRB)-approved research flier.
Healthy subjects were void of PAD, DM, coronary artery
disease, cancer, hypertension, and smoking/tobacco use.
To ensure that healthy subjects were absent of DM and
PAD, all subjects underwent additional screening that
included measurement of fasting blood glucose using a
finger-prick glucose test, as well as ABI and TBI meas-
ures for both lower extremities.

The study protocol was approved by the Nationwide
Children’s Hospital IRB, as well as the Radiation Safety
Committee, and was in accordance with the guidelines
set forth by the Declaration of Helsinki. All individuals
provided written informed consent after receiving an
explanation of the experimental procedures and potential
risks associated with participating in the study.

PET/CT imaging protocol

All research subjects are reported to the Department of
Radiology at Nationwide Children’s Hospital. Subjects
were fasted for 4 h, including abstinence from caffeine
and alcohol, to standardize patient preparation prior
to study involvement. PET/CT imaging of the lower
extremities was performed using a hybrid PET/CT sys-
tem (Discovery 690, GE Healthcare) 75 min after intrave-
nous administration of '®F-NaF (dose 342.9 +38.3 MBq).
The PET imaging field-of-view was set from the upper
thigh to the level of the feet. CT images were first
acquired with a slice thickness of 3.27 mm, at 120 kV and
85 mA for image registration, attenuation correction, and
manual segmentation of arteries of interest. PET imaging
was subsequently performed for 7 min per bed position
[32]. PET data were reconstructed at 3.27-mm slices with
a pixel size of 2.73 mm using the OSEM algorithm with
three iterations and 32 subsets, and Gaussian post-recon-
struction filter with full width at half maximum of 4 mm.

PET/CT image analysis

PET and CT images were analyzed according to Euro-
pean Association for Nuclear Medicine guidelines
for PET imaging of atherosclerosis using commer-
cially available software (PMOD Technologies LLC)
[32]. Co-registered PET and CT images were used
to define arterial regions of interest (ROIs), which
improved identification of peripheral arteries (Fig. 1).
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Anterior Tibial Artery
Tibioperoneal Trunk
Posterior Tibial Artery

Fig. 1 Representative example of lower extremity artery
segmentation from CT images acquired in a patient with peripheral
arterial disease. ROls are displayed for arteries of interest in the thigh
and calf and shown in A axial, B coronal, and C sagittal planes

Two experienced image analysts manually drew ROIs
bilaterally on each axial slice for the femoral-popliteal,
anterior tibial, tibioperoneal trunk, posterior tibial, and
peroneal arteries to acquire PET-derived measures of
8F_NaF uptake for each artery. Arterial ®F-NaF uptake
values were quantified within each ROI and expressed
as standardized uptake values (SUVs). To derive the
average maximum SUV (i.e., mean SUV ) of each
artery, maximum SUVs measured per ROI of each slice
were summed and averaged. While SUV, . is sensi-
tive to noise, a prior study showed that SUV ., pro-
vides a good measure of maximum disease burden in
a single image slice, and averaging SUV_ . of all slices
(i.e., mean SUV ) allowed for less image noise [32].
In addition to calculating mean SUV_,., the mean
SUVpackgrouna Was determined by using the average of
five ROIs drawn in the center of the popliteal vein. The
average maximum target-to-background ratio (mean
TBR,,,,) was subsequently calculated by dividing the
mean SUV,,,, of each artery by the mean SUVy,qround-
8F_NaF uptake for each artery of interest was ulti-
mately evaluated and expressed as mean TBR,,,.

To quantify established CT-detectable calcium burden
for each artery of interest, each axial CT image was eval-
uated for calcium burden using the calcium mass score.
Specifically, an image intensity threshold of > 130 Houns-
field Units (HUs) was used to detect established arterial
calcification for individual axial CT images, and calcium
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mass score was then quantified for each artery based on
the product of the mean density (HU) and volume of cal-
cium per artery [33].

Ankle- and toe-brachial index

Ankle- and toe-brachial indices (ABI, TBI) were meas-
ured using a commercially available portable system
(Vicorder, Skidmore Medical Ltd., Bristol, UK). Measure-
ments were acquired for both lower extremities follow-
ing 20 min of rest in the supine position, as previously
described [34].

Statistical analysis

One-way ANOVA was used to compare 'F-NaF uptake
values between subject groups for each artery of inter-
est. Unpaired t tests were used to compare demograph-
ics between PAD patients and healthy control subjects.
Univariate and multivariate linear regression analyses
were performed in patients with PAD to identify patient-
level factors associated with '®F-NaF uptake after adjust-
ing for age, sex, and body mass index. A p value of <0.05
was considered statistically significant. Estimates are

Table 1 Patient characteristics
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presented with 95% confidence intervals (CI). Statistical
analyses were performed using Prism for macOS, version
9.3.0 (GraphPad Software, LLC) or R, version 4.2.0 (R
Core Team, 2022).

Results

Subject demographics

Standard screening tools that included medical history
review and assessment of ABI, TBI, and blood glucose
confirmed that all healthy subjects were void of periph-
eral artery, metabolic, and pulmonary disease and did
not have significant risk factors for cardiovascular dis-
ease. Conversely, patients with PAD presented with
multiple cardiovascular comorbidities and risk factors,
which included DM (70.8%), CKD (37.5%), hypertension
(83.3%), hyperlipidemia (68.8%), coronary artery disease
(29.2%), and current use of tobacco products (31.3%)
(Table 1). Of the 18 PAD patients who had CKD, these
patients were previously diagnosed with the follow-
ing stages of CKD: Stage 1 (n=3), stage 2 (n=2), stage
3 (n=6), stage 4 (2), and stage 5 (n=5). Patients with
PAD had significantly lower ABIs (p=0.0004) and TBIs

PAD patients, N =48

Healthy controls, N=8

Demographics

Age (years) 606+11.8 488+ 115
Race
White 26 (54.2%) 6 (75%)
Black 19 (39.6%) 1(12.5%)
Middle Eastern 1(2.1%) 0 (0%)
American Indian/Alaskan 0 (0%) 1(12.5%)
Refused to answer 1(2.1%) 0 (0%)
Unknown 1(2.1%) 0 (0%)
Sex (male) 28 (58.3%) 8 (100%)
Ethnicity
Hispanic or Latino 1(2.1%) 1(12.5%)
Not Hispanic or Latino 47 (97.9%) 7 (87.5%)
Body Mass Index (kg/m?) 31.7480 266419
Ankle-Brachial Index 0.56+0.38 1.08+0.08
Toe-Brachial Index 0.28+0.24 084+0.13
Fasting glucose (mg/dl) 1372589 958+17.0
Systolic blood pressure (mmHg) 137.2+£19.8 114.8+£14.2
Diastolic blood pressure (mmHg) 7404108 N/A
Statin use 38 (79%) 1(12.5%)
Comorbidities/risk factors
Chronic kidney disease 18 (37.5%) 0 (0%)
Coronary artery disease 14 (29.2%) 0 (0%)
Tobacco use 15(31.3%) 0 (0%)

Values are means = SD or n (%)
N/A =unavailable/not measured
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(p<0.0001) when compared to healthy control subjects.
Additionally, patients with PAD had significantly higher
systolic blood pressures (p=0.003) and ages (p=0.01)
compared to healthy control subjects. No difference
in body mass index existed between subject groups
(p=0.13).

Group comparisons of vessel-by-vessel active
microcalcification

Qualitative analysis of '®F-NaF PET/CT images non-
invasively detected heterogeneous arterial uptake of
I8F_NaF in both above- and below-the-knee arteries
of patients with PAD is shown in Fig. 2. Comparison of
18F_NaF uptake between healthy control subjects, PAD
patients without DM, and PAD patients with DM dem-
onstrated both qualitative (Fig. 3A—C) and quantitative
(Fig. 3D) increases in active arterial microcalcification
with increasing disease and the presence of DM. Spe-
cifically, '®F-NaF uptake (i.e., mean TBR,,,) was signifi-
cantly higher in PAD patients with DM compared to PAD

18F-NaF Fused PET/CT

23
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patients without DM for all five lower extremity arter-
ies of interest (Fig. 3D). Additionally, PAD patients with
DM demonstrated significantly higher arterial uptake of
I8F_NaF for all five arteries of interest when compared
to healthy control subjects (Fig. 3D). Similarly, '*F-NaF
uptake was significantly elevated and different between
subject groups in a stepwise manner based on the pres-
ence of PAD, as well as the concomitant presence of PAD
and CKD (Fig. 3E).

Univariate and multivariate predictors of active
microcalcification in patients with PAD

Univariate linear regression analyses revealed that
DM was significantly and positively associated with
active arterial microcalcification (i.e., ®F-NaF uptake)
in patients with PAD for all five lower extremity arter-
ies of interest (Table 2). Specifically, the degree of active
microcalcification was increased in PAD patients with
DM for the femoral-popliteal (p=0.009), anterior tibial
(p=0.005), tibioperoneal trunk (p=0.001), posterior

CT Imaging

18F-NaF Fused PET/CT

l17

ANS

) A

Fig. 2 Representative '®F-NaF PET/CT imaging of the lower extremities in a patient with PAD and DM. Fused coronal '8F-NaF PET/CT imaging
of both lower extremities demonstrated heterogenous macrocalcification detected by CT imaging and heterogenous arterial uptake of '®F-NaF
detected by PET. Focused axial images at the level of the knee further revealed that increased '8F-NaF uptake was localized to arterial regions
undergoing active microcalcification and were not yet fully detectable by CT imaging (denoted by white arrows)
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Peroneal

Femoral
Popliteal

Anterior Tibioperoneal Posterior
Tibial Trunk Tibial

Il Healthy Controls (N=8)
[l PAD Patients w/out Diabetes Mellitus (N=14)
[l PAD Patients w/ Diabetes Mellitus (N=34)

Peroneal

Femoral
Popliteal

Anterior Tibioperoneal Posterior
Tibial Trunk Tibial

Il Healthy Controls (N=8)
PAD Patients w/out Chronic Kidney Disease (N=30)
[l PAD Patients w/ Chronic Kidney Disease (N=18)

Fig. 3 Qualitative and quantitative analyses of lower extremity '®F-NaF PET/CT imaging in healthy control subjects and patients with PAD.
Representative '®F-NaF PET/CT images of a A healthy control subject, B PAD patient without DM, and € PAD patient with DM, which reveal
increasing arterial uptake of '8F-NaF and established calcium burden with worsening disease status. Quantitative vessel-by-vessel PET/CT image
analysis demonstrates D DM- and E CKD-induced differences in arterial uptake of '8F-NaF between patient groups for each lower extremity artery of
interest. White arrows denote regions of focal uptake of '®F-NaF in patients with PAD. Values represent means = SEM

tibial (»p=0.002), and peroneal artery (p=0.003). This
increased risk for DM-induced active atherosclerotic dis-
ease progression remained significant for 4 out of 5 arter-
ies in multivariate analyses after adjusting for age, body
mass index, and sex (Table 2).

In addition to DM being significantly associated
with active arterial microcalcification, CKD was also a
significant predictor of active arterial microcalcifica-
tion in univariate analyses in PAD patients for all five
lower extremity arteries of interest (Table 2). In mul-
tivariate analyses, CKD remained a determinant of
active disease progression for the tibioperoneal trunk
(p=0.039), posterior tibial (p=0.026), and peroneal
artery (p=0.003) after adjusting for age, body mass
index, and sex (Table 2).

Statin use in patients with PAD was found to be sig-
nificantly and inversely associated with the degree of
active arterial microcalcification for 2 out of 5 arteries
of interest. Specifically, in univariate analyses, statin use
was associated with decreased 'SF-NaF uptake in the
femoral-popliteal artery and tibioperoneal trunk, but was
not significantly associated with '®F-NaF for the anterior
tibial, posterior tibial, or peroneal artery. The association
between statin use and active arterial microcalcification
remained significant for the femoral-popliteal artery in
multivariate analyses after adjusting for age, body mass
index, and sex (Table 2).

Established arterial calcification measured by CT imag-
ing (i.e., calcium mass) was significantly associated with
active arterial microcalcification (i.e., '*F-NaF uptake) in
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Table 2 Univariate and multivariate analyses of lower extremity microcalcification

Univariate Multivariate
Characteristic Beta 95% Cl P value Beta 95% Cl P value
Femoral-popliteal artery
Age 0.00 —0.05,0.05 0.95
Body mass index 0.05 —0.01,0.12 0.12
Sex (male) —0.57 —1.7,0.56 032
Diabetes mellitus 16 042,27 0.009 15 0.29,2.8 0.017
Chronic kidney disease 1.2 0.08,23 0.035 1.1 —001,22 0.053
Statin use —16 —29,—-025 0.021 —16 —29,-037 0.012
CT calcium mass 0.0004 —0.00,0.00 0.064 0.0004 0.00, 0.00 0.028
Anterior tibial artery
Age 0.01 —0.02,0.03 0.63
Body mass index 0.05 0.01,0.09 0.009
Sex (male) 035 —0.28,1.0 0.27
Diabetes mellitus 0.92 0.29,1.5 0.005 0.71 002,14 0.044
Chronic kidney disease 0.76 0.15,14 0.015 0.60 0.00,1.2 0.051
Statin use —0.58 —1.3,0.18 0.13 —0.70 —14,0.01 0.052
CT calcium mass 0.001 —0.004, 0.002 0.15 0.0009 —0.00,0.00 0.18
Tibioperoneal trunk
Age 0.00 —0.04,0.05 0.84
Body mass index 0.09 0.03,0.15 0.005
Sex (male) 0.53 —0.54,16 0.32
Diabetes mellitus 18 0.74,2.8 0.001 14 027,26 0.017
Chronic kidney disease 18 0.77,2.7 <0.001 1.5 0.52,2.5 0.003
Statin use —-10 —23,023 0.11 —-13 —25,-007 0.039
CT calcium mass 0.001 —0.004, 0.008 0.58 0.0009 —0.005,0.007 0.763
Posterior tibial artery
Age 0.00 —0.02,003 0.78
Body mass index 0.06 0.03,0.09 <0.0001
Sex (male) 0.58 0.03,1.1 0.038
Diabetes mellitus 0.90 034,15 0.002 0.60 0.01,1.2 0.046
Chronic kidney disease 0.77 024,13 0.006 057 0.07,1.1 0.026
Statin use —024 —093,045 049 —039 —1.0,022 0.21
CT calcium mass 0.0009 —0.001,0.003 0434 0.0009 —0.001,0.003 0.344
Peroneal artery
Age 0.00 —0.03,0.03 0.78
Body mass index 0.08 0.04,0.11 <0.001
Sex (male) 0.40 —029,1.1 0.25
Diabetes mellitus 1.1 037,18 0.003 0.63 —0.09,13 0.087
Chronic kidney disease 1.1 052,1.8 <0.001 091 033,15 0.003
Statin use —0.11 —1.0,073 0.79 —0.28 —1.0,047 0.45
CT calcium mass 0.00003 —0.003, 0.004 0.987 0.0015 —0.002, 0.005 0.387

Bold value indicates P<0.05

the femoral-popliteal artery in multivariate analyses after
adjusting for age, body mass index, and sex (p =0.0276);
however, CT-detectable calcium was not significantly
associated with the other four arteries of interest below
the knee in univariate and multivariate analyses (p >0.05)

(Table 2). Further exploratory univariate and multivariate
analyses focused on evaluating the association between
tobacco use and active microcalcification demonstrated
that tobacco use was not significantly associated with
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18F_NaF uptake for any of the lower extremity arteries of
interest (p>0.05 for all arteries, not included in table).

Discussion
The present study is the first to comprehensively quantify
the active stages of atherosclerosis on a vessel-by-vessel
basis in patients with PAD, in addition to being the first to
non-invasively assess the contributions of DM and CKD
to active arterial microcalcification in patients with PAD.
Vessel-by-vessel analysis of '®F-NaF PET/CT allowed for
quantitative evaluation of the active process of athero-
sclerotic disease and differentiated PAD patients with DM
from those without DM and distinguished PAD patients
with CKD from those without CKD. Further, univariate
and multivariate analyses confirmed that DM and CKD
were both significant promoters of active arterial micro-
calcification for patients with PAD after adjusting for
patient age, sex, and body mass index, thus suggesting that
8F-NaF PET/CT imaging may provide a sensitive, non-
invasive platform for future monitoring of patient-specific
vascular responses to DM therapies or CKD treatments.
Previous '®F-NaF PET/CT imaging studies have pri-
marily focused on non-invasive evaluation of active
microcalcification in the coronary arteries or aorta
[35], with limited clinical application of ®F-NaF PET/
CT to the lower extremities and no prior investigations
specifically focusing on patients with PAD. A prior
study by Takx et al. [27] evaluated determinants of '3F-
NaF uptake in the femoral arteries of 68 patients with
DM; however, only 24% of participants in this cohort
were previously diagnosed with PAD. Takx et al. [27]
found that hemoglobin Alc levels were positively asso-
ciated with 8F-NaF uptake in the femoral arteries, thus
suggesting a potential role of glucose management in
mediating active microcalcification of lower extremity
arteries. The present study clarifies and builds on this
prior work by demonstrating that DM is significantly
associated with ®F-NaF uptake in not only the femo-
ral artery, but also in multiple above- and below-the-
knee lower extremity arteries in the setting of PAD.
This finding related to DM-induced active microcalci-
fication in PAD also builds on prior clinical studies that
have revealed through angiographic and hemodynamic
assessment that patients with DM have a higher pro-
pensity than non-DM patients for femoral-popliteal
and below-the-knee vascular disease [13, 17]. In addi-
tion to demonstrating a significant positive association
between DM and active microcalcification, we found
that a clinical diagnosis of CKD, regardless of CKD
stage, was significantly associated with an increase in
active microcalcification of multiple lower extremity
arteries in patients with PAD. This is in agreement with
a large body of existing literature that has demonstrated
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CKD increases prevalence of PAD [36]; however, the
present study provides novel insight into CKD-driven
pathophysiology in patients with PAD, while prior work
by Takx et al. [27] did not find a significant association
between statin use and '8F-NaF uptake in the femo-
ral artery, the present study revealed that statin use
was significantly associated with a reduction in '®F-
NaF uptake in the femoral-popliteal artery, as well as
the tibioperoneal trunk, thus indicating that PET/CT
imaging may quantify the protective actions of statin
therapy in patients with PAD on a vessel-specific basis.
Thus, the present study provides novel insight into PAD
pathophysiology and sheds light on the specific contri-
butions of DM, CKD, and statin use to active calcific
disease in patients with PAD.

In addition to evaluating the contributions of DM,
CKD, and statin use to active microcalcification in lower
extremity PAD, univariate and multivariate analyses also
revealed that established CT-detectable arterial calcium
(i.e., calcium mass) was not significantly associated with
active microcalcification (i.e., '®F-NaF uptake) for 4 out
of the 5 arteries assessed in the present study. This find-
ing supports the central hypothesis that *F-NaF PET/CT
imaging detects and quantifies the process of active arte-
rial microcalcification in PAD and is complementary to
and largely independent of established arterial calcifica-
tion detected by CT imaging. Future use of vessel-specific
analysis of "*F-NaF PET/CT imaging in patients with PAD
could assist in non-invasively identifying sites of subclini-
cal active disease that may guide personalized treatment or
targeted interventions on a vessel- or lesion-specific basis.

Although '®F-NaF PET/CT imaging provided com-
prehensive vascular assessment of patients with PAD,
it should be noted that the total number of patients
enrolled in the present study was relatively small. There-
fore, expanded application of vascular PET/CT imaging
in patients with PAD is warranted to validate the findings
of this study and fully elucidate the contributions of DM
and CKD as promoters of active microcalcification on a
broader scale in the setting of PAD. Evaluation of a larger
sample size may also allow for more detailed analysis of
how DM and CKD disease severity determine the degree
of active arterial microcalcification. In addition to the rela-
tively small cohort of PAD patients, the vessel-by-vessel
analysis performed in the present study required time-
consuming manual segmentation of the lower extremity
arterial network. Future implementation of machine learn-
ing methods may assist in streamlining this arterial image
analysis approach for broader use within the vascular med-
icine community to better characterize and non-invasively
monitor the pathophysiology of lower extremity PAD.
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