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Digital PET/CT systems with a long axial field of view have become
available and are emerging as the current state of the art. These new
camera systems provide wider anatomic coverage, leading to major
increases in system sensitivity. Preliminary results have demonstrated
improvements in image quality and quantification, as well as substan-
tial advantages in tracer kinetic modeling from dynamic imaging.
These systems also potentially allow for low-dose examinations and
major reductions in acquisition time. Thereby, they hold great promise
to improve PET-based interrogation of cardiac physiology and biol-
ogy. Additionally, the whole-body coverage enables simultaneous
assessment of multiple organs and the large vascular structures of the
body, opening new opportunities for imaging systemic mechanisms,
disorders, or treatments and their interactions with the cardiovascular
system as a whole. The aim of this perspective document is to debate
the potential applications, challenges, opportunities, and remaining
challenges of applying PET/CT with a long axial field of view to the
field of cardiovascular disease.
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Recently, digital PET/CT systems with a long axial field of
view (LAFOV) have become available as the current state-of-the-
art clinical imaging systems. These new camera systems enable a
larger anatomic coverage and a significant increase in system sen-
sitivity, with a factor of 10–40, depending on the volume of detec-
tor material, that is, the actual length of the scanner (1,2). This is
due to the numerous, highly performing silicon photomultiplier–
based detectors collecting a huge number of coincidence photons,
with consequent improvement of signal-to-noise ratio that, in turn,
positively impacts image quality. Preliminary results from the
clinical application of LAFOV systems therefore demonstrate
improved image quality and lesion quantification (1,3). Low-dose
examination protocols and a significant reduction in acquisition
time are other potential advantages. These novel scanners also
allow quantitative dynamic imaging of the whole body with high
temporal resolution in a large field of view (4). The whole-body
coverage enables simultaneous assessment of multiple organs and
large vascular structures, opening new opportunities for imaging
cardiovascular disorders.
The aim of this perspective is to discuss the potential applica-

tions, opportunities, and challenges of LAFOV PET/CT in the
field of cardiovascular disease (CVD).

MULTIORGAN APPROACH IN CARDIOVASCULAR DISORDERS

Driven by the results of an increasing number of clinical trials,
cardiovascular medicine is changing and moving beyond a single-
organ–centered approach. Contemporary optimal cardiovascular
care focuses on the whole body and includes a systems-based
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approach in which the heart and circulatory system are embedded
in integrated networks (Fig. 1). Despite symptom improvement in
chronic coronary syndromes, targeted coronary artery revasculari-
zation may not improve patient survival even in the presence of
myocardial ischemia (5). On the other hand, systemic medical
therapy does improve CVD outcomes, and this includes targeted
modulation of the neurohumoral, endocrine, and immune systems
(6,7). Likewise, the interplay between heart, vessel wall, and other
organs is increasingly emphasized for optimal cardiovascular
health. Based on different organ and system interactions, various
subdisciplines such as cardioimmunology (8), cardioneurology (9),
or cardiooncology (10) have emerged, and the cardiorenal (11),
cardiohepatic (12), cardiopulmonary, and gut–heart axes (13,14)
are being explored to obtain mechanistic insights and identify ther-
apeutically exploitable targets. Accordingly, diagnostic imaging
tests, which provide information about the entire body, may be of
significant value. Hence, LAFOV PET/CT may provide the diag-
nostic armamentarium for high-quality, innovative cardiovascular
medicine within the overall context of systems medicine.

METHODOLOGY CONCERNING LAFOV PET

Hot-spot cardiovascular PET data are mainly presented by way of
weight, activity, and SUV maps, which physicians are trained to
interpret in a qualitative and subjective way. The shortcomings of
SUV are well known (Table 1). In contrast, there are established and
quantitative methods for the analysis of dynamic PET data, which
can reveal deeper insights into physiologic parameters that are not
possible to measure from single-time-point SUV analysis. Clear ben-
efits to this approach, such as improved lesion detection due to para-
metric imaging (15), could be very helpful in imaging CVDs,
particularly for smaller lesions such as those in atherosclerosis.
Further, the large amount of data generated by total-body scan-

ners, and the consequently long reconstruction times (Fig. 1),
necessitate high-performance hardware to prevent the need for
transferring these datasets over traditional hospital information
technology networking systems. Nonetheless, the acquired data
offer a wealth of additional information that can be extracted using
both conventional methods of mathematical modeling and artificial
intelligence. The use of population-based input functions with
shorter dynamic 18F-FDG protocols in a LAFOV PET/CT system
is a good example of this, decreasing acquisition time from 60 to
10min (4). Further, artificial intelligence is expected to play an
increasingly critical role in imaging equipment, reconstruction,
and postprocessing pipelines in the field of nuclear medicine (16)
and likely to have value in LAFOV PET/CT due to its capacity to

process and learn from large amounts of data (Fig. 1). Novel deep-
learning reconstruction methods may be used to accelerate the
process and improve the image quality. Multiorgan artificial intel-
ligence–based segmentation tools will likely aid in the kinetic
modeling of cardiovascular data across the entire patient body.

CARDIOVASCULAR APPLICATIONS

Whole-Body PET Perfusion and Myocardial Blood Flow
Quantification
PET/CT has become a mainstay in the detection and characteriza-

tion of subclinical and clinically manifested coronary artery disease
(CAD) (17) and for viability assessments in ischemic cardiomyopa-
thy (18). PET remains the noninvasive gold standard for quantifica-
tion of myocardial blood flow and cerebral blood flow. Because of
the presence of the blood–brain barrier, PET measurements of cere-
bral blood flow are mostly conducted with the radiotracer 15O-H2O
(19–21). In the heart, clinical blood flow quantification relies on var-
ious radiotracers such as 82Rb-Cl,13N-NH3,

15O-H2O, and (in the
future) 18F-flurpiridaz (22). Myocardial blood flow quantification
has well-established clinical applications in epicardial CAD and cor-
onary microvascular dysfunction (23,24). Studies have demonstrated
the feasibility of measuring blood flow in specific organs, such as
the kidneys with 15O-H2O (25,26), 82Rb-Cl (27,28), and 13N-NH3

(29). Furthermore, skeletal muscle and splenic blood flow can be
measured with PET using 15O-H2O and 82Rb-Cl (30–34). There are
challenges in the evaluation of blood flow at the whole-body level,
such as a wide range of flow levels and variable tracer extraction in
different organs. Furthermore, there is more than one input in some
organs, such as the lungs and the liver. Initial experiences have been
obtained with tracers with high extraction, including 15O-H2O (Fig. 2)
and 11C-butanol (35).
With the recent introduction of LAFOV PET/CT, the compre-

hensive assessment of multiorgan function related to the cardio-
vascular system appears feasible, opening new avenues and
opportunities in research and clinical care. For example, microvas-
cular disease may be determined in virtually all vascular beds con-
currently or nearly concurrently, depending on the differences in
local radiotracer extraction and tissue kinetics. The dimensionality
of the target organs assessed—whole organ, major arterial bed,
or segmental arterial bed—may require nuanced evaluations to
unmask focal abnormalities in blood flow (36).
Many CVD entities are connected to systemic factors such as the

immune and neurohumoral systems and endocrine disorders and may
need a more comprehensive and systems-based diagnostic and medi-
cal treatment approach (8–14). For example, impaired renal perfusion

contributes to cardiorenal syndrome in heart
failure, and there is a need for markers that
balance the benefits of the renin–angiotensin–
aldosterone system blockade and potential
adverse effects related to a decreasing glo-
merular filtration rate in those with signifi-
cant kidney disease (11). There is only
limited information on myocardial blood
flow responses in the lower extremities in
atherosclerotic CVD and the value of per-
fusion imaging in monitoring treatment of
critical limb ischemia (37). Data from the
REACH registry showed that approxi-
mately 10% of patients with CAD present
with concomitant peripheral artery disease,

FIGURE 1. Simultaneous cardiovascular multisystem studies with total-body PET and dedicated
analysis of dynamic PET data. Arrows in wheel display heart–organ connections and interactions.
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whereas 60% of patients with peripheral artery disease present with
concomitant CAD (38). Data from large randomized clinical trials
consistently showed that the coexistence of CAD and peripheral
artery disease is a particularly harmful association, with a height-
ened risk of major adverse cardiovascular events, including myo-
cardial infarction, stroke, and cardiovascular death, compared with

CAD or PAD only (39). Open questions are if functional total-body
PET perfusion may resolve the clinical observation that some
patients have coronary atherosclerotic disease only, whereas others
have systemic vascular disease and still others have both. Do we
need to focus directly on vascular atherosclerotic activity? In this
respect, the LAFOV PET/CT scanner may afford unique and nonin-
vasive insights in the detection and characterization of cardiovascular
physiology and metabolism in conjunction with other organs and sys-
temic factors and may result in the development and monitoring of
new treatments.

Atherosclerosis
It remains poorly understood how inflammatory atherosclerotic

processes interact in the different vascular beds (e.g., coronary
arteries, carotids, aortic arch, peripheral vessels) and with other
organ systems (e.g., the brain, gut, hematopoietic tissues). Such
systemic interrelations and disease networks could be further
determined with LAFOV PET/CT imaging (Fig. 3). Furthermore,

TABLE 1
Strengths, Weaknesses, Opportunities, and Threat Analysis of LAFOV Total-Body PET/CT in Cardiovascular Imaging

Parameter Description

Strengths Whole-body coverage

High spatial and temporal resolution

Dynamic imaging

Short imaging time

Low radiation dose

Opportunities New development in medical imaging

Clinical cardiovascular trials

Biodistribution of newly developed (radiolabeled) cardiovascular drugs

Insights of cardiovascular and multiorgan interaction/cross-talk

Artificial intelligence implementation

Weaknesses CT for attenuation correction, as significant limit to dose reduction (although ultra-low-dose
CT, time-of-flight correction, or deep-learning approach will be implemented soon)

Requirement for accurate motion correction

Data storage and networking infrastructure

Lack of easy-to-use clinical kinetic software programs

Number of patient preparation rooms

Threats Costs

Not widely available

Computational times for reconstruction, data corrections, and kinetic modeling

FIGURE 2. Dynamic perfusion imaging with 15O-H2O with Biograph
Vision Quadra system (Siemens) and whole-body PET. (A) 3-dimensional
parametric image of arterial blood volume (Va). (B and C) Parametric
images of organ-specific blood flow (k1, mL/min/mL) in horizontal and
sagittal planes, respectively. Images centered in left ventricle show that
high flow can be seen in myocardium and kidney.

FIGURE 3. 18F-FDG PET/CT of 56-y-old man 3mo after successful
revascularization of acute myocardial infarction. Images were obtained
using LAFOV PET/CT (Siemens Vision Quadra) 60min after injection.
18F-FDG PET (left) and PET/CT (right) images were acquired with high sen-
sitivity and spatial resolution, enabling detection of slightly increased
spotty FDG accumulation in arterial wall of aortic arch (white arrows), with
only 1 calcified focus (red arrow) indicating increased inflammatory ath-
erosclerotic activity in otherwise less advanced atherosclerotic stage.
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ultralow radiation dosing makes multiple-time-point and sequen-
tial multitracer studies increasingly feasible. These features are of
particular interest in atherosclerosis, which is a systemic condition
that changes with time and treatment and involves different patho-
logic processes including inflammation, calcification, fibrosis, and
thrombus formation. Each of them can be targeted with modern
PET tracers. For example, 18F-FDG PET has already been used
to investigate how large vessel inflammation (aorta) is increased
after myocardial infarction and is linked with increases in psycho-
logic stress (amygdala of the brain) and hematopoietic bone mar-
row activity (40). Multitracer studies could be used to investigate
how vascular inflammation associates with calcification activity
(18F-fluoride) (41), fibroblast activation (68Ga-fibroblast activation
protein inhibitor [FAPI]) (42,43), and thrombus formation (18F-
glycoprotein 1) (44).
Dynamic total-body 18F-FDG images yield a high vessel wall

signal and target-to-background ratio, even after several half-life
times of decay, allowing the cross-talk between vessel wall and
lymphoid organs to be identified, including parametric imaging of
metabolic rate of 18F-FDG (45). Novel and inexpensive radiophar-
maceuticals with higher patient throughput may hold promise in
advancing our understanding of atherosclerosis as well as a range
of other cardiovascular conditions and in improving patient assess-
ment and treatment.

Myocardial and Peripheral Muscular Metabolism
A variety of radiotracers informs cardiac metabolism. 18F-FDG

is a glucose analog, of which uptake provides a surrogate for glu-
cose metabolism in cardiac myocytes. Radiolabeled long-chain
fatty acids and fatty acid analogs, such as 11C-palmitate and 18F-
fluoroheptadecanoic acid, allow imaging of fatty acid metabolism,
including oxidation and lipid storage (46,47). Oxidative metabo-
lism can be evaluated with 11C-acetate, in which washout reflects
myocardial oxygen consumption (48,49).
Studies using metabolic PET tracers have shown distinct altera-

tions in myocardial substrate metabolism and external efficiency in
various cardiac diseases including heart failure (49,50). These relate
partially to alterations in systemic metabolism, such as those that
occur in obesity and diabetes (51). By assessing the metabolism
simultaneously in multiple organs, including the heart, skeletal
muscles, liver, and adipose tissue, LAFOV PET can contribute to
studying organ-specific changes in cardiometabolic diseases and
related cardiovascular complications (52). For example, cardiac
and systemic insulin resistance is a typical feature of heart failure
that predicts impaired functional capacity and reduced survival
(53). However, mechanisms of insulin resistance differ between
cardiac and skeletal muscle related to substrate metabolism and
hemodynamic stressors (54). Metabolic imaging with LAFOV
PET/CT may provide answers to the associations between myocar-
dial and peripheral insulin resistance in cardiac disease and diabetes
(55). Given its superior sensitivity, accurate modeling of multiple
compartments in dynamic datasets may become possible to derive
new insights into glucose, fatty acid, and oxidative metabolism
(56). Such an approach has been demonstrated previously to deter-
mine the influx rate, fractional blood volume, tracer delivery rate,
and volume of distribution of 18F-FDG in tumors (56) and in
patients recovering from coronavirus disease 2019 infection (57).

Involvement of the Heart in Systemic Disease
Sarcoidosis is a multisystem inflammatory condition of unknown

etiology and predominantly affects the lungs and lymph nodes;

cardiac sarcoidosis is clinically apparent in 5%–10% of patients,
and it is the most frequent cause of death in these patients (58,59).
Autopsy data demonstrate cardiac sarcoidosis involvement in 25%
of cases, suggesting that many patients with cardiac sarcoidosis are
not recognized with current imaging techniques.

18F-FDG PET is currently recommended for the assessment of
patients with suspected cardiac sarcoidosis (60) and is characterized
by intense focal uptake in the myocardium, which corresponds
with areas of myocardial injury observed either on rest perfusion
nuclear imaging or late gadolinium enhancement sequences from
cardiovascular MRI (61). This finding provides important prognos-
tic information (62) and frequently prompts the prescription of anti-
inflammatory agents and consideration of (expensive) cardiac
device implantation.
LAFOV PET/CT would potentially improve our assessment of

patients with cardiac sarcoidosis, allowing us to better appreciate
sarcoidosis involvement across multiple organs (e.g., brain, heart,
lungs, gut, skin, eyes, lymph nodes). Given the low sensitivity of
myocardial biopsy, histologic proof of extracardiac sarcoidosis
guided by imaging findings can also be valuable for diagnosis of
cardiac sarcoidosis (60). Reduced radiation doses are particularly
attractive when considering longitudinal imaging to track disease
progression and response to therapy (60).
Cardiac amyloidosis is part of a systemic disease in which amy-

loidogenic proteins deposit in target organs, leading to dysfunction.
There are 2 major types of cardiac amyloidosis: transthyretin amy-
loidosis and amyloidosis where the amyloidogenic proteins are
either misfolded transthyretin or misfolded immunoglobulin light
chains (amyloid light-chain amyloidosis) (63). Over the past decade,
imaging of cardiac amyloidosis has undergone a revolution with the
adoption of bone scintigraphy imaging using SPECT tracers and
techniques that have allowed for the noninvasive diagnosis of trans-
thyretin cardiac amyloidosis. However, there are also multiple
unmet needs in the evaluation of amyloidosis that lend themselves
to the use of PET-based radiotracers, including quantification of
total-body or target organ amyloid disease burden, differentiation
between various types of amyloidosis, and determination of treat-
ment response.
By the nature of PET imaging, PET-based radiotracers are more

quantitative than their SPECT counterparts. Parametric imaging
with PET can be a valuable tool for the quantification of PET
tracer uptake (64). Therefore, the use of PET imaging for evalua-
tion of cardiac amyloidosis is most likely to center around the
qualitative nature of this modality. Four thioflavin analog PET tra-
cers have shown promise for the diagnosis of cardiac amyloidosis.
These include 11C-labeled Pittsburg compound B, 18F-florbetapir,
18F-florbetaben, and 18F-flutemetamol (65). There are data from
these agents that have shown preliminary utility in imaging the
heart, including kinetic modeling (66,67), whole-body or cardiac
disease burden (68–70), and amyloid isotype differentiation (71).
There is also interest in the use of the bone tracer 18F-NaF for
imaging transthyretin cardiac amyloidosis (72).
The use of whole-body PET systems may allow for more accurate

and earlier diagnosis of cardiac involvement while simultaneously
offering the ability to determine the total systemic disease burden,
including dynamic and parametric image quantification. Whole-body
PET systems could allow for determination of total-body disease
burden in response to therapy, which is of particular interest in amy-
loid light-chain amyloidosis, where various target organs (heart, gas-
trointestinal tract/liver, kidneys) can be involved and would normally
require longer, multiple-bed-position acquisitions with traditional
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PET machines. Unlike amyloid light-chain amyloidosis, the role of
circulating biomarkers (natriuretic peptides, transthyretin, RNA
polymerase II subunit B4) in the diagnosis and management of
transthyretin cardiac amyloidosis is much less defined and validated
(73). The availability of disease-modifying agents highlights the
need for new markers capable of addressing correct clinical man-
agement and more accurate prognostic stratification (73). Markers
define the minimum disease threshold to justify starting new treat-
ments and to exclude patients with infiltration so advanced that
they would not benefit from therapy or to identify “responders” and
“nonresponders” to a specific disease-modifying agent. LAFOV
PET/CT could therefore potentially provide new markers of cardiac
involvement relative to total-body disease burden and will be rele-
vant in systemic diseases such as amyloidosis.
Large vessel vasculitis (LVV) disorders are defined as chronic

inflammatory disorders that affect the arteries, with variants distin-
guished in giant cell arteritis, Takayasu arteritis, and isolated (nonin-
fectious) aortitis. These often present with nonspecific constitutional
symptoms, which make an accurate diagnosis challenging. Timely
diagnosis is of the utmost importance to initiate appropriate treat-
ment and to avoid potential life-threatening vascular (stenosis, dila-
tion, rupture) and potential multiorgan complications (74). 18F-FDG
PET/CT is now widely accepted as a useful tool to aid in the diag-
nosis of LVV and is included in current guideline recommendations
(75,76). The increased sensitivity of LAFOV PET/CT may provide
added value in detecting suppressed arterial wall 18F-FDG PET
activity due to glucocorticosteroid use (77) or unclear cases where
residual or reactivated LVV activity is suspected (Fig. 4). The
ability to perform low-dose radiation imaging or short-duration
scans is also attractive, particularly when considering the need for
repeat imaging in patients. The use of appropriate (multiorgan/
vascular) kinetic models will provide a significantly higher target-
to-background ratio than is possible with conventional scoring and
quantification (2,78). Dynamic PET angiography can even be
reconstructed from early dynamic PET/CT images for the evalua-
tion of arteries, of particular interest as a one-stop-shop approach in
LVV (79), or may include the use of specific inflammatory tracers
with dynamic PET (80). The main challenge with systemic vasculi-
tis is the differentiation from widespread atherosclerosis, given the
important role inflammation plays in the pathogenesis of athero-
sclerosis (81) and the difficulty differentiating between active and
nonactive LVV (smoldering disease) during and after therapy (82).
Visual differentiation is mainly based on pattern. A pattern that
is more heterogeneous (83) could further characterize differences
in a more precise and less reader-dependent method and may be
further improved with specific PET-labeled markers for assessment
of remaining LVV activity (82). In general, autoimmune diseases
are vast, and many are understudied in cardiovascular risk. Various
immunotherapies affect the cardiovascular system, and cardiovas-
cular risk in the field of cardiorheumatology is still unknown (83).
A crucial area of scientific investigation is moving forward in
which LAFOV PET/CT can play a central role.
Heart failure with preserved ejection fraction (HFpEF) is increas-

ing in prevalence worldwide, already accounting for at least half of
all heart failure. Recently, strong evidence for bidirectional crosstalk
between metabolic stress and chronic inflammation has emerged,
and alterations in systemic and cardiac immune responses are
held to participate in HFpEF pathophysiology (84). Given the
well-established heterogeneity among HFpEF phenotypes, coupled
with the robust complexity and intertwined interactions between
metabolic events and inflammation, a comprehensive program of

investigation will be required. LAFOV PET/CT may unravel
metainflammatory mechanisms contributing to HFpEF pathophysi-
ology and evaluate the systemic effect of new therapeutic (antiin-
flammatory) approaches (84).

Autonomic Nervous System
Using various radiolabeled catecholamines or catecholamine

analogs, PET has been successfully applied for interrogation of the
cardiac sympathetic nervous system. Global and regional impair-
ments of myocardial innervation have been identified in heart
failure, ischemic and structural heart disease, various cardiomyopa-
thies, and systemic diseases affecting the heart, such as diabetes
mellitus, amyloidosis, and Parkinson disease (85,86). Of note, a
prognostic value has been established in heart failure, where the
severity of innervation impairment is an independent predictor of
adverse events, including arrhythmias (85,87,88). Among patients
with ischemic cardiomyopathy, the severity of myocardial sympa-
thetic denervation measured on 11C-hydroxyephidrine PET has an
established prognostic value for adverse cardiovascular events,
including malignant ventricular arrhythmias (72,74,75). Similar
clinical applications are being sought from 18F-flubrobenguane or
18F-LMI1195, which will support greater application of myocardial
denervation on PET (89,90). Although a clear-cut clinical indication

FIGURE 4. LAFOV 18F-FDG PET/CT in 55-y-old woman with active large
vessel giant cell arteritis and moderate progressive muscle relaxation
activity at shoulders and hips. PET acquisition time was 4min.
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has not yet been established for PET imaging of cardiac innervation,
it has certainly provided profound mechanistic insights into the
interaction between myocardial catecholamine handling, contractile
function, electrophysiology, and other pathophysiologic mechanisms
in various cardiac diseases (91). LAFOV PET/CT now provides the
opportunity to expand these mechanistic insights by putting cardiac
innervation into the framework of total-body catecholamine han-
dling and by providing information about the simultaneous state of
other networking organs. For example, experimental studies have
suggested that sympathetic stimulation of hematopoietic organs
plays a role in immune-mediated progression of CVD (92), whereas
richly innervated brown fat may attenuate catecholamine-mediated
heart failure progression (93). A comprehensive LAFOV total-body
PET protocol, which covers catecholamine kinetics sensitively and
simultaneously in all relevant organs and considers the effects of
circulating catecholamine levels (94) and the role of nonspecific
tracer signal from some tissues (95), may provide answers to ques-
tions regarding the interaction between the heart, the autonomic
nervous system, and other systems in health and disease. Meta-
18F-fluorobenzylguanidine, an analog of meta-iodobenzylguanidine,
was recently used to study myocardial sympathetic innervation
and was noted to exhibit rapid and sustained uptake in the myocar-
dium (96). Although dynamic meta-18F-fluorobenzylguanidine PET
allows for quantitation of its volume of distribution, which is a sur-
rogate for norepinephrine transporter-1 density in the myocardium,
a LAFOV PET/CT approach would quantitate autonomic function
at a more systemic level. Finally, sensory neurons detect invading
pathogens and immune cell activation and, in response, relay signals
to the central nervous system and act locally to regulate immune
cell function. Most exciting are the possibilities of translating our
understanding of these neuroimmune communications to new thera-
pies in the cardiovascular field and linking organs, especially given
the possibility of repurposing the neuron-specific pharmacologic
agents that have already been developed (97).

Cardiovascular Infections
The dramatic recent increase in implantation of prosthetic valves,

cardiac implantable electronic devices, vascular grafts, and ventric-
ular assist devices has led to a rise in cardiovascular infections with
associated high morbidity and mortality and substantial health costs
(98–100). Accurate diagnosis of cardiovascular infection is chal-
lenging. Echocardiography and CT play an important role but have
limitations, including acoustic shadowing, metal artifacts, and
reduced specificity from noninfected vegetations (101–103). 18F-
FDG PET/CT allows earlier diagnosis before extensive morpho-
logic damage, as well as the detection of remote septic emboli and
other noncardiac manifestations (104). These advantages improve
diagnostic accuracy to a high level, with metaanalyses showing
73%–100% sensitivity and 71%–100% specificity for prosthetic
valve endocarditis and 87% sensitivity and 94% specificity for car-
diac implantable electronic device infection (105,106). In suspected
left ventricular assist device infection, 18F-FDG PET/CT can local-
ize the site of infection with a prognostic value (107).
LAFOV PET/CT is an emerging tool with advantages that may

counteract existing 18F-FDG PET/CT limitations. Full-body cover-
age and greater signal-to-noise ratio with total-body PET/CT may
help detect smaller and low-grade 18F-FDG–avid septic foci, even
in the young (Fig. 5) (108). LAFOV PET/CT also covers multiple
organ systems, including bone marrow, spleen, and lymph node sta-
tions that can be involved in cardiovascular infections. In patients
with high 18F-FDG uptake in the bone marrow, a cardiovascular or

musculoskeletal focus of infection is more likely, typically with
gram-negative species. A cardiovascular focus of infection is also
more likely in the setting of high splenic 18F-FDG uptake (109). A
significant challenge for 18F-FDG PET/CT in evaluation of cardio-
vascular device infection is distinguishing between infection and
nonspecific inflammation, particularly in the early postoperative set-
ting or with bioadhesive use (110,111). Distinct pharmacokinetic
patterns of 18F-FDG uptake on dynamic-imaging LAFOV PET/CT
may help differentiate foci of infection from inflammation.
Development of novel non–18F-FDG PET tracers that exhibit

direct binding to bacteria may direct imaging of infection rather than
inflammation as a surrogate. For example, 18F-labeled polysacchar-
ides that target bacteria-specific maltodextrin transporter (18F-sorbi-
tol, 18F-maltohexaose, 18F-maltose, 18F-maltotriose) achieve a high
intrabacterial activity due to continuous internalization, facilitating
infection imaging with high sensitivity. Other non–18F-FDG infec-
tion imaging tracers include radiolabeled antibiotics, antimicrobial
peptides, bacterial antibodies, bacteriophages, and bacterial DNA/
RNA hybrid nucleotide oligomers (112). Nevertheless, these tracers
encounter low sensitivity due to bacterial surface binding only,
without intrabacterial signal amplification. The high sensitivity of
LAFOV PET/CT may allow direct visualization of these bacteria-
binding tracers despite a low signal.

RADIOPHARMACEUTICALS AND DRUG DEVELOPMENT

LAFOV PET/CT scanners have exhibited the ability to enhance
clinical diagnostics by enabling imaging at delayed time points
after injection. This delayed imaging approach holds promise not
only for clinical applications but also for advancing research
endeavors through improved characterization of tracer biology.
Notably, extending imaging to as late as 24 h after injection of a
standard 18F-FDG dose has revealed a more pronounced washout
of tracer from the circulating blood pool, concomitant with height-
ened uptake in cardiovascular tissue. Furthermore, using images of
the newly introduced long-lived 89Zr-labeled anti-CD8 minibody
against T cell CD81 at the 24-h mark unveiled the potential to
longitudinally monitor immune cell (slower) dynamics. This novel
application could potentially find utility in cardiovascular imaging,
particularly in atherosclerosis research (113).
An illustrative instance involves 68Ga- or the longer-lasting

64Cu-labeled DOTATATE, a Food and Drug Administration–
approved PET radiotracer known for its binding to somatostatin
receptor type 2, primarily used for identifying and tracking
somatostatin receptor type 2–positive neuroendocrine tumors.
Importantly, this radiotracer is gaining rapid traction in the realm
of cardiovascular inflammation imaging (114). Further, PET radio-
tracers targeting fibroblast-activation protein are now being evalu-
ated increasingly beyond oncologic imaging, such as in the heart,
where stimuli activate fibroblasts, leading to progressing intersti-
tial fibrosis and resulting in cardiac dysfunction. Recent literature
has demonstrated dynamic total-body PET using 68Ga-FAPI-04 in
an oncologic setting, showing rapid tracer uptake and a high
tracer-to-background ratio (115). Data suggest that total-body
modeling is feasible for FAPI ligands, and these promising tracers
can also be used to investigate the impact of CVD on fibrotic
activity throughout the entire body. With the development of novel
antifibrotic treatments (116,117), FAPI PET has the potential to
identify suitable subjects by providing insights into the condition
of the heart and distant organs. PET radiotracers hold the promise
of expediting drug development by facilitating comprehensive
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assessments. This approach enables (guided) therapy monitoring
in total-body mode, encompassing critical aspects such as quanti-
fying receptor occupancy, evaluating drug distribution, conducting
pharmacokinetic analyses, confirming target engagement, monitor-
ing treatment responses, and gauging compound concentrations.
The potential extends to understanding the spatial distribution

of drugs throughout the entire body, offering insights into how
agents accumulate in various tissues over time. Although these
dimensions are pivotal in cardiovascular studies, they remain rela-
tively underexplored at present (118).

DISCUSSION

The future of PET is quantitative and, with the availability of the
of LAFOV PET/CT systems, represents an exciting development in
the field of medical imaging (119). These systems have the potential
to not only revolutionize busy clinical services but also enable the
investigation of tissue kinetics at multiple levels simultaneously.
From a cardiovascular perspective, this innovative imaging meth-

odology will significantly enhance our understanding of the sys-
temic effects and interactions of various cardiovascular disorders.
Until now, these disorders were examined using only single-frame,
static, whole-body imaging. In certain cases, imaging at later time
points may prove beneficial for achieving a better ratio between the
inflammatory lesion and blood-pool activity. For example, it can be
useful in conditions such as LVV or cardiac sarcoidosis.
LAFOV PET/CT offers additional advantages such as the abil-

ity to perform dynamic scans, which can aid in distinguishing
between reactive 18F-FDG uptake and artifact. This feature allows
for more accurate visualization of smaller mobile structures in the
heart, including suspected endocarditis vegetations, which are fre-
quently missed on conventional PET/CT systems.

Because of the improved sensitivity of a
LAFOV PET/CT scanner, scanning even
after 4 or 5 half-lives becomes feasible and
worth considering. Decreased tracer doses
are possible, reducing radiation and creat-
ing greater opportunity for serial imaging
and therapy monitoring in CVDs. How-
ever, the use of CT for attenuation correc-
tion in LAFOV PET/CT can contribute
significantly to the radiation exposure.
Recent CT technology has introduced fea-
tures such as the tin filter (120) or deep
learning algorithms, which can substan-
tially reduce the CT radiation dose (121).
LAFOV PET/CT imaging of multiorgan

involvement in several systemic diseases is
of potential value, such as in sarcoidosis,
amyloidosis, LVV, and atherosclerosis, as
PET can be an early marker of systemic dis-
ease activity, prevent disease early, better
assess prognosis, and determine the optimal
moment of therapy induction. Low radiation
might also allow (simultaneous) multitracer
imaging to assess the link between cardio-
vascular inflammation and fibroblast activa-
tion in these diseases (122). Finally, future
research in cardiooncology is an opportunity
for LAFOV PET/CT to elucidate the mech-
anisms involved in cross-talk between car-

diac and cancer cells, as cancer cells can promote metabolic
remodeling in the heart (123). Metabolic changes provide opportuni-
ties for novel treatment strategies to prevent heart failure and monitor
disease progression through new imaging techniques. However,
along with the opportunities presented by LAFOV PET/CT, there
are several challenges that need to be addressed (Table 1).

CONCLUSION

LAFOV PET/CT not only introduces a fast imaging acquisition
technique with optimal image quality but also facilitates the imple-
mentation of quantitative kinetic imaging in clinical settings. It
significantly enhances our knowledge of systemic CVD inter(or-
gan) actions and serves as an excellent method for longitudinal
imaging and the serial evaluation of disease activity with time, as
well as a method to determine the effectiveness of new medical
drugs at the whole-body level.
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