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Abstract

Peripheral vascular disease (PVD) is a progressive atherosclerotic disease that leads to stenosis or
occlusion of blood vessels supplying the lower extremities. Current diagnostic imaging techniques
commonly focus on evaluation of anatomy or blood flow at the macrovascular level and do not
permit assessment of the underlying pathophysiology associated with disease progression or
treatment response. Molecular imaging with radionuclide-based approaches, such as PET and
SPECT, can offer novel insight into PVVD by providing non-invasive assessment of biological
processes such as angiogenesis and atherosclerosis. This review discusses emerging radionuclide-
based imaging approaches that have potential clinical applications in the evaluation of PVD
progression and treatment.
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Introduction

Peripheral vascular disease (PVD) is a highly prevalent and progressive atherosclerotic
disease of the lower extremities that is associated with claudication, non-healing ulcers,
major amputations, and death.! In addition to lower extremity complications, PVD is also
associated with high rates of myocardial infarction and stroke.? In a study of Medicare
patients, annual costs for PVD-related treatment totaled 4.37 billion dollars.3

Due to the onset of atherosclerosis-induced tissue ischemia and necrosis, many PVD patients
require lower extremity revascularization using endovascular procedures or surgical
bypass.* Non-surgical options have traditionally been limited to endovascular procedures
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that have resulted in high rates of stenosis, but recent developments in drug-eluting
balloons® and stents,%7 which possess anti-proliferative agents, have increased the
opportunities for novel therapeutics. In addition to endovascular procedures, systemic
treatments such as antiplatelet and cholesterol lowering drugs, as well as renin-angiotensin
system inhibitors, have been applied for the treatment of PVD patients who are not
candidates for revascularization due to multiple diffuse stenosis or arterial calcification.®
Gene-based therapies using growth factors such as vascular endothelial growth factor
(VEGF),? fibroblast growth factor (FGF),10 hepatocyte growth factor (HGF),!! and hypoxia
inducible factor 1 (HIF-1)12 have also gained attention in recent years. Additionally, cell-
based therapies for PVD have been assessed using endothelial progenitor cells (EPCs),13
bone marrow mononuclear cells (BM-MNCs),14 and mesenchymal stem cells (MSCs)!® and
demonstrated relative benefits. Overall, although early application of both gene- and cell-
based therapies has produced some positive results, there are many inconsistencies that still
remain with regard to proper dose size, frequency of therapeutics, and combination therapies
incorporating multiple forms of growth factors or cells. Development of standardized end
points to evaluate clinical outcomes should facilitate understanding of the clinical potential
for these therapies. In particular, the use of non-invasive imaging techniques capable of
evaluating physiological responses to novel therapeutic interventions could enhance the field
and provide tools that complement standard clinical and anatomical indices which may lack
the ability to fully assess underlying physiological changes responsible for positive clinical
outcomes.

Standard Imaging Modalities for Evaluating PVD

Common clinical methods for detecting the response to medical treatment in the setting of
PVD have been the ankle-brachial pressure index (ABI), duplex ultrasonography, and
magnetic resonance (MR) or X-ray computed tomography (CT) angiographic parameters;
however, each of these techniques have relative limitations for the evaluation of PVD.1 For
example, ABI (i.e. the pressure differential between upper and lower extremity arteries) is
only truly efficient for evaluating large vessel obstructions and has decreased sensitivity in
the setting of microvascular disease.1® Additionally, ABI values can be over-exaggerated in
the setting of medical calcification, further weakening their clinical utility.1® Duplex
ultrasonography, although a relatively inexpensive, widely available, and fast imaging
technique, only permits evaluation of blood flow in major vessels and is not useful for the
estimation of collateral vessel flow.1 CT and MR angiography can characterize vessel
morphology and allow for identification of significant stenosis or occlusion, thereby
directing targeted revascularization procedures. However, both CT and MR angiography are
limited by the lack of standard quantitative tools to assess the physiologic consequences
associated with vessel stenosis and occlusion.1” Additional MR approaches exist for
evaluation of lower extremity tissue perfusion and oxygenation, but commonly require
exercise, pharmacological, or reactive hyperemia protocols to produce quantifiable changes
in image signal intensity.18:19 Other techniques that have been utilized in more severe cases
of PVD, such as critical limb ischemia (CL1I), have included ankle and toe systolic pressures.
However, ankle pressures, like ABIs, are subject to error in the setting of arterial
calcification, and toe pressures are not always reliable for predicting amputation risk.
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Transcutaneous oxygen pressure (TcPO,) is considered to be a more reliable prognostic tool
in the setting of CLI, as it provides functional information related to tissue perfusion and
viability; however, TcPO, also has limitations due to the ability to only measure superficial
tissue viability.20

Lower extremity imaging using radionuclide-based approaches, such as positron emission
tomography (PET) and single photon emission computed tomography (SPECT), may allow
for not only the physiological assessment of PVVD, but may permit evaluation of molecular
events associated with disease progression or treatment response. PET and SPECT utilize
targeted radionuclides capable of high-sensitivity detection of biological processes such as
angiogenesis, atherosclerosis, and metabolism (Table 1).1 PET systems offer higher
sensitivity than SPECT for targeted molecular imaging and also expose patients to lower
amounts of ionizing radiation through the use of isotopes with relatively short half-lives.
However, SPECT systems are more readily available, less expensive, and permit
simultaneous imaging of multiple isotopes. Despite the high sensitivity of PET and SPECT
for molecular imaging, both possess low spatial resolution when compared to CT and MR
systems. Due to this limitation, hybrid imaging systems (PET/CT, SPECT/CT, PET/MR)
have emerged that allow for pairing of high-sensitivity physiologic images with high-
resolution anatomic images, permitting improved quantification of radionuclide uptake
within anatomical regions of interest and allowing for attenuation correction and correction
for partial volume effects.?! This review discusses recent trends in radionuclide imaging of
PVD and highlights novel applications that may allow for serial evaluation of the
progression and treatment of PVD.

Radionuclide Imaging of Skeletal Muscle Perfusion and Blood Flow

Due to ongoing exposure to, and severity of skeletal muscle ischemia and hypoxia within the
lower extremities, some of the earliest attempts at evaluating PVVD with radionuclide
approaches evaluated skeletal muscle blood flow and perfusion using intramuscular?2-24 and
intra-arterial2>=27 injections of radionuclides. However, in the 1980s thallium-201 (2°1T1)
emerged as the predominant radionuclide for planar imaging in PVD patients due high first-
pass extraction and the ability to inject 29171 intravenously under conditions of rest28 or
stress.2? Early studies established the clinical utility of 29171 scintigraphy and SPECT for
detecting perfusion abnormalities in PVD patients,28:30 while they also demonstrated high
sensitivity for detecting impaired perfusion in the lower extremities of asymptomatic
patients.3! Recent pre-clinical work by our research team has also demonstrated the
feasibility of 201TI SPECT imaging for tracking serial changes in lower extremity perfusion
within specific muscle groups in association with ischemia-induced arteriogenesis and
angiogenesis, further indicating the clinical utility of 2017} .32

Despite the established value of 201T| for evaluating PVD patients, technetium-99m
(99MTc)-labeled tracers have recently emerged as the SPECT perfusion agents of clinical
choice due to the shorter half-life, higher energy gamma rays, and minimal redistribution
that characterizes 9MTc-labeled perfusion agents, thus reducing patient exposure to ionizing
radiation while also improving image quality.33 Planar imaging studies using 9°™Tc-
sestamibi (MIBI) have demonstrated significant reductions in proximal and distal lower
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extremity perfusion in asymptomatic patients who presented with early stages of
atherosclerosis,3* and have also revealed impairments in rest and exercise stress perfusion
when comparing PVD to control patients.3>:36 Additionally, Miles et al.3> demonstrated
that 99MTc-MIBI possessed a very high sensitivity (91%) and specificity (94%) for
diagnosing PVD, and also demonstrated that ®™Tc-MIBI uptake significantly correlated
with angiographic and Doppler findings. Because of the limited redistribution associated
with 9MTc-MIBI, there has been recent focus on 99MTc-MIBI lower extremity imaging in
patients already undergoing myocardial perfusion imaging for the purposes of identifying
potential lower extremity abnormalities in asymptomatic and symptomatic patients.3’
Another #9MTc-labeled tracer, ©™MTc-tetrofosmin, with no demonstrable redistribution has
also emerged as a tool for assessing lower extremity perfusion, and has demonstrated
potential clinical utility in evaluating the response to cell- and growth factor-based therapies
in PVD patients.38:39 Our group has established tools for quantifying regional differences
in 99MTc-tetrofosmin uptake in patients with unilateral PVD? and have recently
transitioned 99MTc-tetrofosmin SPECT imaging into PVD patients with CLI to evaluate
serial changes in foot perfusion following revascularization procedures (Figure 1).

In addition to radionuclides for SPECT imaging of lower extremity perfusion, PET tracers
have also been utilized for evaluation of skeletal muscle blood flow. One potential benefit
that PET may offer over SPECT in the evaluation of PVD is the ability to quantify absolute
muscle blood flow, compared to the standard use of relative uptake values with SPECT.
Additionally, PET tracers typically possess shorter half-lives, which allows for repeated
measurements on a patient within the same day.® However, one primary limitation of PET,
when compared to SPECT imaging, is the requirement of exercise or a pharmacological
stressor to induce quantifiable changes in muscle blood flow.4! An early study by Burchert
et al.*! established the clinical utility of PET imaging for evaluation of muscle blood flow in
PVD patients using vasodilator and exercise stress. Further work by Schmidt et al.40
demonstrated the ability of H, 1°0 PET imaging to detect significant impairments in calf
muscle flow reserve in PVD patients compared to healthy subjects, and also found a close
correlation between thermodilution- and PET-derived flow reserve values. In addition to the
utility of PET imaging in the setting of PVD, H, 1°0 PET has also identified the anatomical
level of muscle blood flow deficits in the limbs of patients with CLI, suggesting that
radionuclide imaging may be a specific indicator of tissue viability and predictor of future
amputation level of the lower extremity.42

Pre-clinical work with H, 150 PET imaging has demonstrated a close matching of PET-and
microsphere-derived measurements of limb blood flow in healthy canines under baseline
resting conditions and vasodilator stress.*3 Additionally, PET-derived measurements of
muscle blood flow have been found to significantly correlate with Doppler flow probe
measurements across a variety of physiologic states (r2 = 0.92), further indicating the
clinical potential of PET imaging for assessing lower extremity blood flow.43 In a mouse
model of hind limb ischemia, PET imaging of nitrogen-13 (:3N)-ammonia has been used to
evaluate serial changes in tissue perfusion following iliac occlusion and has demonstrated
that serial improvements in relative tissue perfusion of the ischemic hind limb closely
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correlated with the amount of tissue necrosis and fibrosis quantified histologically 30 days
following occlusion.*4

Application of SPECT and PET imaging for serial evaluation of muscle perfusion or blood
flow in PVVD patients has yet to reach full potential. Further development of fluorine-18
(8F)-labeled perfusion tracers for PET, which would possess longer half-lives than standard
tracers (~110 min vs. < 5 min), may assist in expanding the application of PET for
assessment of PVD through the combination of myocardial and lower extremity perfusion
imaging. Additionally, ongoing development of high-sensitivity, high-resolution cadmium
zinc telluride (CZT) SPECT systems should allow for absolute quantification of blood flow
in the lower extremities, thereby improving the future potential of SPECT applications in the
setting of PVD.

Radionuclide Imaging of Skeletal Muscle Angiogenesis

In addition to imaging of lower extremity perfusion and blood flow, radionuclide-based
imaging of angiogenesis has also been established as an effective tool in the evaluation of
limb ischemia in pre-clinical animal models.**~4 To date, molecular imaging of peripheral
angiogenesis with PET and SPECT has relied on radionuclides targeting VEGF receptors
and the avp3 integrin, which both play important roles in the angiogenic process. Early
work by Lu et al.#8 targeted VEGF receptors using indium-111 (111In)-labeled recombinant
human VEGF1,; and demonstrated increased tracer uptake in ischemic hind limbs that
peaked 10 days following induction of limb ischemia. More recent work by Willmann et
al.*9 utilized in vivo micro PET imaging and gamma counting of copper-64 (84Cu)-
VEGF,4 for evaluating peripheral angiogenesis and revealed peak tracer uptake at 8 days
post-femoral artery ligation. Additionally, 4Cu-VEGF;2; demonstrated a significantly
higher angiogenic response in mice exposed to an exercise-training regimen, suggesting that
serial imaging of peripheral angiogenesis may have clinical utility for patients undergoing
exercise therapy.

Along with targeting of VEGF receptors, other work has utilized gallium-68 (88Ga)-,50
iodine-125 (12°1)-,51 and 99MTc-labeled®2 RGD peptides (composed of L-arginine, glycine,
and L-aspartic acid) for targeting of the avp3 integrin. The RGD peptide moiety allows for
selective imaging of angiogenesis, as the avp3 integrin is expressed on proliferating
endothelial cells and activated macrophages that are involved in the angiogenic process.
Early work by Lee et al.?! assessed an 1251-labeled RGD peptide in mice and demonstrated
serial changes in radionuclide uptake (via gamma counting) in ischemic limbs that
corresponded with post-mortem immunohistochemistry evaluation of avp3 integrin
expression. Serial in vivo Doppler imaging also revealed improvements in tissue perfusion
within the ischemic limb post-surgery. Additional work by Hua et al.>2 used planar imaging
of another radiolabeled RGD tracer, *MTc-NC100692 (Maraciclatide, GE Healthcare), to
evaluate serial changes in angiogenesis and demonstrated increased radionuclide uptake at 3
and 7 days after induction of limb ischemia that was associated with serial improvements in
microvascular density. Further immunofluorescent analysis revealed specificity and co-
localization of NC100692 to endothelial cells. Our research team has expanded on this early
work with RGD peptides to also validate SPECT/CT image analysis tools for serial regional

Cardiol Clin. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stacy and Sinusas

Page 6

assessment of angiogenesis in endothelial nitric oxide synthase (eNOS) deficient mice
exposed to limb ischemia and has demonstrated impaired angiogenesis in the distal limbs of
these mice when compared to wild type counterparts.*” Ongoing work in our laboratory is
directed at applying 9°MTc-NC100692 SPECT/CT imaging in large animal models of limb
ischemia to assess serial changes in angiogenesis and has recently revealed the potential of
this tracer for evaluating ischemic hind limb tissue in a porcine model 2 weeks post-femoral
artery occlusion (Figure 2).

Targeted nanoprobes have also been in recent development for non-invasive assessment of
peripheral angiogenesis.#6:53 Specifically, 4Cu-labeled C-type atrial natriuretic factor
(CANF)-conjugated comblike nanoprobes have been developed and applied for PET
imaging of angiogenesis in mice, demonstrating high sensitivity and specificity for
angiogenesis specific vascular targets.>3 Additionally, biodegradable dendritic nanoprobes
labeled with either 1251 or bromine-76 ("®Br) have been developed for PET imaging of the
avp3 integrin through the use of polyethylene oxide (PEQ) chains fitted with RGD motifs
and have revealed specific uptake in avp3-positive cells as well as in angiogenic tissue
within the mouse hind limb.46

Along with the previously established avp3 and VEGF targets for non-invasive imaging of
angiogenesis, $4Cu-NOTA-TRC1005, a CD105 antibody, has recently been developed and
validated for evaluating serial changes in angiogenesis following surgically induced limb
ischemia.#>>4 In addition to 4Cu-NOTA-TRC1005 uptake demonstrating significantly
increased uptake in the setting of hind limb ischemia, this tracer has also exhibited
significantly higher uptake in mice exposed to a combination of limb ischemia and statin
therapy, indicating further potential for clinical translation of angiogenesis targeted imaging
in the assessment of medical treatment.*>

Radionuclide Imaging of Atherosclerosis

Another area of radionuclide imaging research that has developed interest is molecular
imaging of atherosclerosis. Atherosclerotic plaque progression and stability is regulated by
multiple signaling events and cell interactions. Therefore, incorporation of non-invasive
imaging tools may offer new insight into plague evolution while also assisting with
monitoring of disease progression and therapeutic responses. To date, the most popular
plagque targets have been metabolism and inflammation using PET/CT imaging of 18F-
fluurodeoxyglucose (FDG), which is a glucose analog that is metabolized by resident
macrophages, thus providing a non-invasive dual marker of ongoing metabolic activity and
inflammation within remodeling plaque.5>57 Early work by Yun et al.>” demonstrated a
strong correlation (r = 0.99) between increasing age and increasing FDG uptake in
peripheral arteries, and also found an increased prevalence of FDG uptake in peripheral
vessels in patients with at least one atherogenic risk factor.>® Further work by Rudd et al.>®
revealed that symptomatic, unstable plaques exhibited higher uptake of FDG when
compared to asymptomatic lesions and demonstrated high reproducibility of 18F-FDG
PET/CT imaging for evaluation of plaque burden within the carotid, iliac, and femoral
arteries.5® Recent clinical studies have found significant reductions in 18F-FDG uptake
within lower extremity vessels following the elevation of plasma high-density lipoprotein
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levels via atherogenic risk reduction,®® as well as reduced vascular FDG uptake following
high-dose statin therapy.% These results suggest that PET/CT imaging of 18F-FDG may
provide a sensitive noninvasive tool for tracking atherosclerotic disease progression and
therapeutic responses in PVD.

Another radionuclide approach that may allow for evaluation of atherosclerotic plaque
progression is PET/CT imaging of 18F-sodium fluoride (NaF). 18F-NaF was originally
approved by the Food and Drug Administration in 1972 as a bone imaging tracer due to the
tendency of fluoride 18F to deposit within sites of calcium minerals. Recent work has
demonstrated that PET/CT imaging of 18F-NaF may also have value as a non-invasive tool
for evaluating active microcalcifications in atherosclerotic plaques (Figure 3).51-%4 In initial
atherosclerosis imaging work by Derlin et al.,81 18F-NaF uptake was highest in the femoral
arteries when compared to other major peripheral vessels. Further PET/CT imaging studies
have since demonstrated a strong correlation between 18F-NaF femoral®4 and carotid®3
artery uptake and atherogenic risk factors, as well as the ability to pair 18F-NaF with 18F-
FDG for potential dual analysis of pathophysiologic stages of plaque formation and
progression.52

Additional radionuclide techniques have also demonstrated feasibility for targeted imaging
of atherosclerosis. Derlin et al.5% have applied carbon-11 (11C)-acetate PET/CT imaging for
evaluation of fatty acid synthesis within atherosclerotic plaque of patients and demonstrated
increased tracer uptake that was co-localized with regions of arterial calcification. In
addition to imaging of fatty acid synthesis, 9*™Tc-labeled peripheral blood mononuclear
cells (PBMCs) have also been used for targeted SPECT/CT imaging of arterial wall
inflammation in patients with advanced atherosclerosis and revealed a correlation between
tracer uptake and disease severity.%6 Pre-clinical imaging work in atherosclerosis-induced
animal models has also demonstrated the potential for 84Cu-labeled natriuretic peptide in a
rabbit model of hypercholesterolemia®’ and 18F-galacto-RGD in evaluating the effect of
dietary intervention in hypercholesterolemic mice.58 The active development of
radionuclide-based approaches for evaluation of atherosclerosis should elucidate the various
mechanisms regulating plaque progression and vulnerability to rupture, thereby improving
management of patients with PVD at high-risk for cardiovascular events and allowing for
assessment of therapeutic interventions.

Potential for Application of Novel Radionuclides

A variety of lesser-established radionuclide approaches may also have potential for
evaluation of PVD and warrant further investigation and application. Specifically, Pande et
al.% have demonstrated impairment of skeletal muscle metabolism in PVD patients with
claudication using 18F-FDG PET/CT imaging. 18F-FDG has also shown clinical potential
for assessing local infection within fractured peripheral stents and guiding subsequent
antibiotic therapy (Figure 4).7% Both of these studies represent novel applications of 18F-
FDG imaging in the evaluation and management of PVD patients, and warrant future
clinical investigations that may further expand on the current role of PET/CT imaging in
PVD.
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Other radiotracer-based imaging approaches have been developed, but have not yet been
applied in the setting of PVD. For example, hypoxia targeted imaging has been previously
developed and applied for assessment of myocardial ischemia, but application of hypoxia
imaging for evaluation of PVVD may represent an alternative use, providing an assessment of
the balance between tissue blood flow and oxygen utilization.”> Another non-invasive probe
for application in PVD might be the pH (low) insertion peptide (i.e. pHLIP), which has been
applied for evaluating changing levels in tissue pH and acidosis in the setting of myocardial
ischemia and demonstrated sensitivity for detecting tissue exposed to acidic pH levels.”?
Additionally, an 18F-labeled PET tracer has been recently developed for assessment of
reactive oxygen species and applied in the setting of myocardial inflammation, representing
another novel non-invasive approach that may have potential for evaluating stages of
atherosclerotic plaque progression or the angiogenic process.’3

Ongoing development and application of cell- and gene-based therapies that are being used
in clinical trials of patients with PVD should offer additional opportunities for high
sensitivity radionuclide-based approaches for evaluation of PVD.8.74 The ability to
noninvasively evaluate the biodistribution of transplanted cells should be achievable through
the utilization of high-sensitivity PET and SPECT imaging of radiolabeled cells (~10% — 10°
cells/voxel).” Multiple clinical trials have already demonstrated the feasibility of tracking
effective cell delivery in the myocardium of patients following myocardial infarction.”6-79
However, to date, the relatively short half-lives of PET and SPECT radionuclides has
limited the ability to track long-term cell fate in vivo. The development of reporter probes,
such as the sodium iodide symporter (NIS), may overcome this limitation by allowing for
non-invasive detection of viable NIS-transfected cells through retention of isotopes by
NIS.80 Indeed, NIS has already demonstrated potential for non-invasive assessment of
viable cells within infarcted porcine myocardium for 15 weeks following cell transplantation
using 1231 SPECT/CT imaging.8! Future use of radionuclide imaging for serial tracking of
cell- and gene-based therapies is encouraging and should have an expanding role in the
evaluation of these novel treatments of PVD.

Conclusions

Radionuclide-based approaches for evaluation of PVD continue to demonstrate potential in
pre-clinical animal models as well as patient populations. Ongoing development of targeted
PET and SPECT tracers should provide high sensitivity biomarkers for evaluation of a
variety of pathophysiologic processes associated with PVD, while also offering non-invasive
imaging tools that complement the existing anatomical and clinical indices. Continued
progress in revascularization procedures and gene- and cell-based therapies for the
management of P\VD may further expand the role and potential applications for
radionuclide-based imaging approaches in the serial evaluation of medical and/or surgical
treatments.
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Key Points

« Peripheral vascular disease is a prevalent atherosclerotic condition affecting the
lower extremities that is associated with significant limb health complications
and healthcare costs.

e Current imaging techniques all have limitations with regard to non-invasive
assessment of peripheral vascular disease pathophysiology and treatment
responses.

« Radionuclide-based imaging may provide novel opportunities for non-invasive
assessment of peripheral vascular disease by allowing for evaluation of various
physiologic indices, such as skeletal muscle perfusion, angiogenesis,
atherosclerosis, and metabolism.
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Figure 1.
Sagittal view of 9MTc-tetrofosmin SPECT imaging in a patient with non-healing heel ulcer

before (A) and after (B) lower extremity revascularization and wound debridement
demonstrates increased tracer uptake in the heel and distal foot. Pre-revascularization
regions of ischemia are identified by white arrows and improvements in post-
revascularization perfusion are denoted by yellow arrows.
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Figure 2.

Trasverse (A), coronal (B), and sagittal (C) views of angiogenesis targeted imaging in a pig
model of unilateral hind limb ischemia using 99MTc-NC100692 SPECT/CT demonstrates
marked tracer uptake in ischemic tissue 2 weeks following femoral artery occlusion.
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Figure 3.
Targeted imaging of atherosclerosis in the common iliac arteries using CT (A), 18F-NaF

PET (B), and fused 18F-NaF PET/CT imaging (C). Fused imaging demonstrates 18F-NaF
accumulation in atherosclerotic lesion of iliac artery that is co-localized with calcification.
Arrows indicate region of calcified lesion.

From Derlin et al. Feasibility of 18F-Sodium Fluoride PET/CT for Imaging of
Atherosclerotic Plaque. J Nucl Med 2010;51:862-5; with permission.

Cardiol Clin. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Stacy and Sinusas Page 18

Figure 4.
A) Volume rendering of 18F-FDG PET/CT demonstrates focal uptake of tracer in regions of

mitral valve (arrowhead), L4 to L5 discus (thin arrow), and right femoral artery stent (thick
arrow) in a patient found to have mitral endocarditits, peridural abscess, and stent
dislocation and fracture. Transverse images further reveal focal 18F-FDG uptake in the
infected (B) mitral valve and (C) femoral artery stent.

From Berard X, Pinaquy J-B, Stecken L, et al. Use of 18F-fluorodeoxyglucose positron
emission tomography-computed tomography and sonication for detection of infection after
peripheral stent fracture. Circulation 2014;129:2437-9; with permission.
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Table 1
Molecular Imaging Targets for Evaluation of PVD
Physiologic Target Radionuclide Application
Perfusion/Blood Flow  201T| Porcine,3? Clinical28-3182

Angiogenesis

Atherosclerosis

Metabolism

99MTc-sestamibi
99MTc-tetrofosmin
150-water

150,

150,

13N-ammonia
99mT¢-NC100692
0. VEGF
125].¢(RGD(I)yV)
76Br-nanoprobe
68Ga-NOTA-RGD
64Cyu-DOTA-VEGFy;
64Cu-DOTA-CANF-comb
64Cu-NOTA-TRC105
18F-FDG

18F-NaF

H1C-acetate
18F_galacto-RGD
64Cu-DOTA-CANF
9mTc-PBMC
8F-FDG

Clinical343537
Clinicall3839
Canine,* Clinical4042.:83
Clinical®
Clinical8384
Mouse**
Mouse,47,52.85,86
Rabbit48

Mouse5!

Mouse*®

Mouse>®

Mouse*®

Mouse>3
Mousg*>:54
Clinical®5-%8
Clinical®1-64
Clinical®®

Mouse,58 Clinical®”
Rabbit®”

Clinical®

Clinical®®
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