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Featured Application

This review provides a practical framework for selecting cardiac PET radiopharmaceuticals
according to the underlying clinical question, including myocardial perfusion, viability,
inflammation, sympathetic dysfunction, and cardiac amyloidosis. It may support clinicians
and imaging specialists in choosing the most appropriate tracer and may also help guide
future research on quantitative workflows and emerging molecular imaging applications
in cardiology.

Abstract

Cardiac positron emission tomography (PET) has undergone substantial development in
recent years, moving beyond conventional perfusion imaging toward a multiparametric
and increasingly quantitative assessment of cardiovascular disease. This article provides a
critical narrative overview of the recent cardiac PET literature, with particular emphasis on
studies published over the last five years, and discusses both established tracers and emerg-
ing radiopharmaceuticals in contemporary cardiology. Among established applications,
18F-FDG remains relevant for myocardial viability assessment and selected inflammatory
indications, although its prognostic and therapeutic implications are less uniform than ear-
lier narratives suggested. For myocardial perfusion imaging, 13N-ammonia and 82Rb PET
provide robust assessment of myocardial blood flow and myocardial flow reserve, but their
clinical interpretation remains strongly influenced by acquisition protocols, software repro-
ducibility, and methodological standardization. The review also addresses newer tracers,
including 68Ga-FAPI for fibroblast activation, 18F-flurpiridaz for high-performance perfu-
sion imaging, 18F-FDOPA for cardiac sympathetic dysfunction, and amyloid-binding PET
radiopharmaceuticals for cardiac amyloidosis. Overall, recent evidence supports cardiac
PET as a powerful platform for physiologic and molecular imaging, but not as a uniform or
methodologically neutral technology. Its current value lies in selective, question-driven
clinical use, whereas broader implementation will depend on tracer-specific validation,
harmonized quantitative workflows, and clear demonstration of incremental benefit over
existing imaging strategies.
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1. Introduction: Clinical Utility of Positron Emission Tomography
in Cardiology

Cardiovascular disease remains the leading cause of mortality worldwide, and is-
chemic heart disease continues to represent a major diagnostic and therapeutic burden. In
this setting, positron emission tomography (PET) has progressively moved from a niche
nuclear cardiology technique to a clinically relevant platform for functional, metabolic, and
increasingly quantitative cardiovascular assessment [1–3]. Its current value does not lie
solely in detecting perfusion abnormalities, but in integrating tracer kinetics, absolute flow
quantification, and multimodal image analysis into a more comprehensive characterization
of myocardial pathophysiology [1–4].

Among cardiac PET applications, myocardial perfusion imaging has undergone the
most substantial transformation. Unlike relative perfusion techniques, PET enables absolute
measurement of myocardial blood flow (MBF) and myocardial flow reserve (MFR), thereby
providing information on both epicardial coronary stenosis and diffuse or microvascular
dysfunction [1,2,4–6]. This is particularly relevant in clinical scenarios where relative perfu-
sion imaging may underestimate disease severity, such as balanced multivessel ischemia,
early diffuse atherosclerosis, or non-obstructive ischemic syndromes [1,2,4–6]. Moreover,
PET-derived flow parameters should not be regarded as simple non-invasive replicas of
invasive fractional flow reserve (FFR) because they interrogate different physiological
domains and may offer complementary information regarding the severity, extent, and
hemodynamic consequences of coronary disease [4].

The contemporary clinical utility of cardiac PET is therefore inseparable from the tech-
nological evolution that has made quantitative imaging feasible in daily practice. Advances
in three-dimensional scanner design, reconstruction methods, radiotracers, pharmaco-
logical stress protocols, and automated post-processing software have all contributed to
improving the accuracy, reproducibility, and translational usability of PET-based perfusion
assessment [2,4–8]. Once myocardial perfusion imaging becomes a quantitative workflow
rather than a purely visual test, clinical interpretation increasingly depends on technical
factors such as segmentation algorithms, tracer extraction properties, software-specific
outputs, and protocol harmonization [6–8]. In other words, the clinical strength of cardiac
PET is also its methodological vulnerability: its added value is highest when acquisition
and analysis are robust, standardized, and reproducible.

A second major domain is myocardial viability imaging. 18F-FDG PET remains the
best-established metabolic technique for identifying dysfunctional but viable myocardium
in ischemic left ventricular dysfunction and for differentiating scarred tissue from hibernat-
ing myocardium [9,10]. However, the literature no longer supports an uncritical view of
viability imaging as an automatic gatekeeper for revascularization. More recent reviews
have highlighted that the outcome benefit of viability-guided decision-making is less con-
sistent than earlier observational work had suggested, and that the role of 18F-FDG PET
should be interpreted within the broader context of contemporary heart failure therapy and
patient selection [9,10]. For this reason, viability imaging should be framed as a targeted
clinical decision-support tool rather than as a universally decisive test.

Hybrid imaging has further expanded the scope of cardiac PET. PET/CT remains
the dominant clinical platform for combining anatomical and functional data, whereas
PET/MRI has emerged as a technically attractive approach for simultaneous assessment
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of perfusion, metabolism, scar burden, tissue characterization, and inflammatory activ-
ity [11–13]. This multimodal integration is particularly appealing because it may reduce
the fragmentation of cardiovascular imaging pathways and enable more biologically coher-
ent interpretation of ischemic and non-ischemic myocardial disease [11–13]. At the same
time, the clinical adoption of PET/MRI remains constrained by availability, attenuation-
correction challenges, workflow complexity, and uncertain incremental impact on manage-
ment in many real-world settings [12,13].

More recently, artificial intelligence and computational image processing have started
to influence cardiac PET beyond experimental settings. AI-based applications have been
explored for image reconstruction, segmentation, attenuation correction, denoising, and
prognostic modeling, with the aim of improving image quality, reducing noise-related limi-
tations, and extracting clinically relevant information from regional or high-dimensional
perfusion data [14–16]. These developments are relevant because they align cardiac PET
with a broader biomedical engineering trajectory in which diagnostic performance is in-
creasingly shaped not only by the radiotracer and scanner, but also by the digital pipeline
used to process and interpret the data [14–16]. Nonetheless, the field is still in a transitional
phase: technical feasibility is advancing faster than external validation, and algorithmic
performance should not be confused with immediate clinical generalizability [14–16].

Taken together, the clinical utility of PET in cardiology now extends beyond con-
ventional perfusion imaging and includes quantitative coronary physiology, metabolic
characterization of dysfunctional myocardium, hybrid multimodal assessment, and emerg-
ing computational enhancement of image interpretation. The real challenge is no longer to
demonstrate that cardiac PET can generate clinically meaningful data, but to define under
which technical, methodological, and organizational conditions those data are sufficiently
reproducible and actionable to justify broader implementation. This translational tension
between biological relevance and technical standardization is central to the current role of
cardiac PET and provides the rationale for the present review. Accordingly, this article is
intended as a critical narrative overview of recent cardiac PET literature rather than as a
systematic review, and the following sections discuss established and emerging tracers not
only in terms of clinical applications, but also in relation to standardization, reproducibility,
software dependence, and translational feasibility.

2. Scope of the Review and Literature Selection
This article was designed as a critical narrative review rather than as a systematic

review. The literature review was based on a structured search performed in Scopus and
PubMed, with a primary focus on studies published during the last five years, in order to
provide an updated overview of established and emerging applications of cardiac PET.

The search was focused on publications related to cardiac PET, myocardial perfusion
imaging, myocardial viability, inflammatory cardiac imaging, sympathetic dysfunction, car-
diac amyloidosis, and emerging cardiac PET radiopharmaceuticals. Search terms included
combinations of general and tracer-specific keywords such as cardiac PET, myocardial
blood flow, myocardial flow reserve, myocardial viability, coronary artery disease, heart
failure, sarcoidosis, cardiac amyloidosis, 18F-FDG, 13N-ammonia, 82Rb, 68Ga-FAPI, 18F-
flurpiridaz, 18F-FDOPA, and amyloid-binding PET tracers.

Priority was given to meta-analyses, systematic reviews, guidelines, prospective clini-
cal studies, and methodologically relevant technical investigations. Observational studies,
pilot studies, and case reports were included more selectively, particularly in sections dedi-
cated to emerging tracers, where higher-level evidence is still limited. Publications outside
the scope of cardiac PET or not directly relevant to the aims of the review were excluded.

https://doi.org/10.3390/app16094355

https://doi.org/10.3390/app16094355


Appl. Sci. 2026, 16, 4355 4 of 20

Although the review primarily focused on the most recent literature from the past five
years, older references were retained selectively when considered seminal, particularly for
first-in-human studies, early proof-of-concept reports, or foundational tracer-development
papers. No formal evidence grading system was applied, as this was outside the scope
of the manuscript; however, the discussion was consistently guided by the relative matu-
rity of the evidence and by cross-cutting methodological issues such as standardization,
reproducibility, software dependence, and translational feasibility. Taken together, the
heterogeneity across tracers and clinical applications highlights the need for a structured
overview of their biological targets, clinical roles, and limitations, as summarized in Table 1.

Table 1. Main tracers, targets, applications, strengths, limitations, and maturity of cardiac PET
approaches discussed in this review.

Section Tracer/Approach
Main

Biological
Target

Principal Clinical
Applications Main Strengths

Main Limita-
tions/Critical

Issues

Current
Maturity

Section 3 18F-FDG
PET [9,17–21]

Glucose
metabolism/
inflammatory
cell activity

Myocardial viability;
cardiac sarcoidosis;
exploratory
transplant rejection;
selected heart failure
phenotyping

Established
metabolic tracer;
useful for
perfusion–
metabolism
mismatch;
valuable in
inflammatory
cardiac disease

Viability-guided
revascularization
benefit inconsistent;
protocol-sensitive;
limited evidence in
transplant rejection

High for
viability and
sarcoidosis;
lower for

rejection and
broader HF

phenotyping

Section 4 13N-ammonia
PET [2,22–34]

Myocardial
perfusion

Coronary artery
disease; MBF/MFR
quantification;
hybrid PET/MR
applications; selected
heart failure settings

High image
quality; robust
kinetics; strong
quantitative
performance

Cyclotron-
dependent;
technically
demanding;
broader
applications often
based on small
single-center
studies

High in
specialized

centers

Section 5 82Rb
PET [35–45]

Myocardial
perfusion

Coronary artery
disease; INOCA;
revascularization-
oriented assessment;
MBF/MFR
quantification

Generator-
produced;
clinically
practical; strong
quantitative and
prognostic
literature

Lower extraction
than some tracers;
strong dependence
on software, dose
protocol, and
motion handling

High

Section 6.1 68Ga-FAPI
PET [46–51]

Fibroblast
activation
pro-
tein/active
remodeling

Early fibrotic
remodeling; heart
failure; exploratory
use in cardiac
amyloidosis

Targets active
fibroblast-driven
remodeling;
biologically novel

Predominantly
preclinical or pilot
evidence;
thresholds and
prognostic role not
standardized

Early/
exploratory

Section 6.2 18F-flurpiridaz
PET [52–56]

Mitochondrial
complex
I/perfusion

Coronary artery
disease; advanced
myocardial perfusion
imaging; quantitative
flow assessment

High-resolution
18F tracer;
favorable
myocardial
retention;
exercise-
compatible
protocols;
advanced clinical
development

Not yet fully
established in
routine practice;
broader real-world
validation still
needed

Advanced
emerging

tracer
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Table 1. Cont.

Section Tracer/Approach
Main

Biological
Target

Principal Clinical
Applications Main Strengths

Main Limita-
tions/Critical

Issues

Current
Maturity

Section 6.3 18F-FDOPA
PET [57,58]

Sympathetic
innerva-
tion/autonomic
dysfunction

Autonomic
dysfunction;
exploratory heart
failure phenotyping

Novel approach
to cardiac
neuronal
dysfunction;
promising pilot
results

Very limited
evidence base; not
a perfusion tracer;
currently niche

Exploratory

Section 6.4

Amyloid PET
tracers (11C-PIB,
18F-florbetapir,
18F-florbetaben,
18F-fluteme-
tamol) [59–70]

Amyloid
deposits

Cardiac amyloidosis:
detection, subtype
characterization,
possible disease
monitoring

Direct
visualization of
amyloid burden;
promising
diagnostic
accuracy

Small cohorts;
heterogeneous
evidence; role
versus bone
scintigraphy and
CMR still unsettled

Intermediate
but not
routine

Section 7

Quantitative/
digital PET
workflow
[14–16,23,35,41–45]

MBF, MFR,
strain,
AI-enhanced
processing

Risk stratification;
multiparametric
integration;
reproducibility
improvement

Expands PET
from visual
imaging to
physiology and
computational
phenotyping

Center dependence;
software variability;
incomplete
standardization;
risk of
overinterpretation

Growing but
still

transitional

3. 18F-FDG PET
18F-FDG PET remains the main metabolic PET approach in cardiology, but its use-

fulness is strongly indication-dependent. In ischemic left ventricular dysfunction, its
traditional role is the identification of perfusion–metabolism mismatch and residual viable
myocardium; in inflammatory disease, especially cardiac sarcoidosis, it is primarily a
marker of active inflammatory cell infiltration; in heart transplantation, its role is still pre-
liminary and should not be overstated. Therefore, a single uniformly favorable narrative for
FDG PET is no longer justified. The current literature supports a selective rather than indis-
criminate use, with stronger evidence in myocardial viability problem-solving and cardiac
sarcoidosis than in transplant rejection or generalized heart failure phenotyping [9,17–21].
A representative example of cardiac FDG PET obtained with the total-body uEXPLORER
PET/CT system (United Imaging Healthcare, Shanghai, China) is shown in Figure 1. The
images demonstrate a regular and homogeneous distribution of myocardial tracer uptake
in the left ventricular walls. The use of the uEXPLORER scanner, characterized by a 194 cm
axial field of view, allows true total-body acquisition in a single bed position and offers
the practical possibility of very short whole-body protocols while maintaining high image
quality. In selected patients, this technical configuration may support rapid total-body
FDG PET/CT acquisitions, with potential advantages in workflow efficiency and patient
comfort [71].

3.1. Myocardial Viability and Ischemia

In ischemic cardiomyopathy, FDG PET is conceptually attractive because it identifies
dysfunctional myocardium with preserved glucose metabolism, i.e., tissue that may retain
the potential for functional recovery after revascularization. However, the interpretation
of the contemporary literature is complicated by marked heterogeneity across studies.
Available evidence differs substantially in terms of patient selection, referral for revascular-
ization, imaging comparators, and endpoints, ranging from prediction of left ventricular
functional recovery to survival, structural reversibility, or multimodality agreement. There-
fore, apparently discordant results should not be interpreted as simple contradiction; rather,
they reflect the fact that FDG PET may perform differently depending on whether it is used

https://doi.org/10.3390/app16094355

https://doi.org/10.3390/app16094355


Appl. Sci. 2026, 16, 4355 6 of 20

as a metabolic viability marker, a revascularization-selection tool, or one component of an
integrated imaging strategy [9,17,18,72].

Figure 1. Representative cardiac 18F-FDG PET/CT acquired on a total-body uEXPLORER scanner.
Axial CT image (a), axial PET image (b), fused PET/CT image (c), and whole-body maximum intensity
projection (d) are shown. A regular and homogeneous distribution of myocardial 18F-FDG uptake
is evident in the left ventricular walls. Owing to the 194 cm axial field of view of the uEXPLORER
system, whole-body acquisition can be performed in a single bed position, enabling rapid total-body
imaging protocols in selected clinical settings.

At a higher level of evidence, the recent review by Kjærulff et al. concluded that
preoperative viability PET has not shown consistent predictive value for outcomes after
revascularization in chronic ischemic heart failure, and explicitly suggested that alternative
PET-derived markers such as myocardial flow reserve may ultimately prove more clinically
useful than FDG-based viability imaging alone [9]. This more critical view is supported by

https://doi.org/10.3390/app16094355

https://doi.org/10.3390/app16094355


Appl. Sci. 2026, 16, 4355 7 of 20

the retrospective cohort reported by Luong et al., in which 131 patients were referred for
dynamic 82Rb/18F-FDG PET viability testing and 44 subsequently underwent revascular-
ization. In that study, neither static hibernation measures nor dynamic metabolic variables
predicted improvement in LVEF, and hibernation also failed to predict survival. Agreement
between the PET-defined area of hibernation and the area selected for intervention was also
poor, indicating that metabolic viability imaging did not function as a robust standalone
predictor of revascularization benefit in routine practice [17].

By contrast, more favorable results have been reported in selected observational co-
horts. Park et al. evaluated 53 patients with myocardial scar on SPECT who subsequently
underwent PET viability imaging and found that revascularized patients showed improve-
ment in LVEF, GLS, wall-motion score index, and LVEDV, while mortality was lower in
the revascularized group than in medically treated patients [18]. However, these find-
ings should be interpreted cautiously, since the study was observational and does not
demonstrate that PET-defined viability alone drove outcome differences. Rather, it suggests
that FDG PET may still be clinically useful in selected patients undergoing multimodality
assessment and therapeutic adjudication [18].

A different perspective is provided by the prospective multimodality study of Kaza-
kauskaite et al., in which 31 patients with previous myocardial infarction and symptomatic
heart failure underwent SPECT, FDG PET, and CMR, with 527 segments analyzed. In that
study, CMR classified a substantially larger proportion of segments as non-viable than
either SPECT or FDG PET, indicating that FDG PET was more permissive in labeling dys-
functional myocardium as metabolically preserved. Patients with greater reversibility also
had better exercise capacity, smaller ventricular size, more favorable strain parameters, and
smaller infarct burden. These findings do not establish FDG PET as an outcome-defining
test, but they support its value within an integrated structural–functional–metabolic frame-
work [72].

Taken together, current FDG PET evidence in ischemic left ventricular dysfunction
should be interpreted with caution. Higher-level reviews and recent retrospective cohorts
do not support a uniform prognostic or treatment-directing role for FDG viability imaging
across all patients considered for revascularization. More favorable findings tend to emerge
in selected cohorts, particularly when FDG PET is used in conjunction with other imaging
modalities or in clinically unresolved cases. Accordingly, the more positive observational
results should be regarded as context-specific or hypothesis-generating rather than as
definitive evidence for routine viability-guided decision-making. At present, the literature
supports FDG PET primarily as a problem-solving and multimodality tool rather than as a
standalone determinant of revascularization benefit [9,17,18,72].

3.2. Cardiac Sarcoidosis

In cardiac sarcoidosis, FDG PET addresses a different biological question: not myocar-
dial viability, but active inflammatory myocardial involvement. The available literature
suggests that FDG PET contributes to risk stratification, particularly when abnormal uptake
is combined with perfusion abnormalities or involves the right ventricle. However, this
evidence remains heterogeneous and is influenced by differences in patient preparation,
image interpretation, and comparator modalities [19,21]. Meta-analytic data support a
prognostic role for abnormal FDG PET patterns, but they also indicate that the incremental
value of PET should be interpreted in relation to cardiac MRI rather than as a universally
superior alternative [19,21]. Accordingly, FDG PET in cardiac sarcoidosis is best regarded
as a complementary inflammatory imaging tool whose interpretation remains strongly
protocol-dependent.
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3.3. Metabolic Imaging in Heart Failure

Beyond revascularization-oriented viability assessment, FDG PET may also capture
broader aspects of metabolic reserve and ventricular remodeling in ischemic heart failure.
However, the evidence base remains largely observational and multimodality-driven, with
endpoints ranging from reversibility to mortality prediction rather than from standardized
therapeutic algorithms [9,17,72,73]. Therefore, FDG PET in heart failure should currently
be interpreted as a selective adjunct for unresolved clinical questions, not as a uniform
phenotyping platform across all heart failure populations.

4. 13N-Ammonia PET
13N-ammonia PET remains one of the reference tracers for myocardial perfusion

imaging because it combines high image quality with robust kinetic properties for dynamic
quantification of myocardial blood flow and myocardial flow reserve. Its main clinical
strength is not merely visual detection of perfusion defects, but the possibility of moving
from relative perfusion assessment to absolute physiological quantification. This is particu-
larly relevant in multivessel coronary artery disease, balanced ischemia, and microvascular
dysfunction, where conventional relative imaging may underestimate disease burden. Re-
cent reviews consistently frame 13N-ammonia PET as a quantitative platform rather than a
simple perfusion scan, and this distinction is central to its present clinical value [2,22,23].

4.1. Myocardial Perfusion and Coronary Artery Disease

In patients with suspected or known coronary artery disease, 13N-ammonia PET
is primarily used to identify ischemia and to quantify the functional consequences of
epicardial and microvascular disease. Contemporary reviews emphasize that both absolute
stress MBF and MFR can identify myocardial territories subtended by hemodynamically
significant stenoses and improve risk stratification beyond visual perfusion assessment
alone [2,22,23]. In this regard, the tracer is best viewed as an established quantitative
perfusion platform rather than as a purely visual test.

4.2. Quantification of Myocardial Blood Flow

The real added value of 13N-ammonia PET lies in dynamic acquisition and kinetic
modeling. Absolute MBF quantification requires dynamic multiframes, estimation of
tracer extraction from blood to myocardium, and conversion of kinetic parameters into
physiological flow values. Modern PET systems, list-mode acquisition, and dedicated
software have made this workflow increasingly feasible in clinical practice, but the method
remains technically demanding and strongly dependent on acquisition and post-processing
quality [2,23,24].

A practical step toward wider adoption is simplification of quantification protocols.
In the comparative study by Chang et al., including 14 healthy volunteers and 23 clinical
patients, global and regional MBF and MFR derived from a simple retention model showed
strong correlations with those obtained from the standard two-compartment model. The
authors also proposed normal reference values for a short 13N-ammonia retention proto-
col. This is methodologically important because it addresses one of the main barriers to
routine use of quantitative PET, namely the complexity and duration of standard kinetic
analysis [24].

4.3. Use in Heart Failure

The role of 13N-ammonia PET in heart failure is more nuanced than in coronary artery
disease. The evidence base is thinner and often centers on ischemic cardiomyopathy or left
ventricular dysfunction rather than on heart failure as a broad syndrome. In this context,
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the tracer is useful less for a generic heart failure assessment and more for characterizing
coronary flow capacity, residual ischemic burden, and physiological reserve in dysfunc-
tional ventricles. Bober et al. explicitly framed PET stress testing with coronary flow
capacity as a way to rethink evaluation of patients with coronary artery disease and left
ventricular dysfunction, rather than as a standalone heart failure tool [25].

A critical study here is the PAREPET sub-analysis by Wang et al., which included
174 paired dynamic 11C-meta-hydroxyephedrine and 13N-ammonia PET scans in patients
with ischemic cardiomyopathy and LVEF ≤ 35%. During follow-up, 13N-ammonia-derived
MBF did not improve sudden cardiac arrest risk discrimination compared with HED uptake
defect scores alone [26]. This is an important negative result because it argues against over-
interpreting quantitative perfusion metrics as universally informative prognostic markers
in advanced ventricular dysfunction.

4.4. Additional Clinical Applications

Beyond its established role in perfusion quantification, several additional applications
of 13N-ammonia PET have been explored. However, these should be interpreted as
extensions of the technique rather than as equally validated clinical indications, since most
available evidence remains based on modest single-center cohorts.

In the study by Kiko et al., 52 patients with suspected coronary artery disease under-
went simultaneous 13N-ammonia PET/MRI during vasodilator stress. Although global
left ventricular function remained stable in most patients, the few individuals who showed
stress-related LVEF decline also had lower CFR and more extensive vessel disease [27].
Likewise, Maurer et al. demonstrated good agreement between gated 13N-ammonia PET
and CMR for LVEF, but less robust agreement for absolute ventricular volumes [28]. These
studies support technical feasibility, yet their sample size limits broader clinical inference.

Feature-tracking and strain-based approaches further widen the spectrum of potential
applications. Kawakubo et al. showed that strain parameters derived from a single 13N-
ammonia PET scan differed according to abnormal MFR status [29], while Endo et al.
and Yamamoto et al. reported associations between MFR, myocardial strain parameters,
and adverse outcomes in hybrid PET/MRI cohorts [30,31]. These data are conceptually
interesting, but they remain largely hypothesis-generating and have not yet established a
standardized clinical role.

4.5. Challenges and Future Directions

Despite its strengths, 13N-ammonia PET remains constrained by logistics and stan-
dardization issues. Its short half-life requires on-site cyclotron production and radiochem-
istry support, which limits dissemination compared with generator-based or longer-lived
tracers. In addition, image quality and quantitative reliability remain sensitive to motion,
attenuation artifacts, misregistration, extracardiac activity, and protocol heterogeneity [32].

The next phase of development is likely to be driven by workflow simplification and
computational correction. Shorter protocols, simplified retention models, mini-cyclotron
solutions, and stronger harmonization of acquisition and post-processing are obvious
practical priorities. Artificial intelligence is also beginning to enter this space. Sun et al.
demonstrated the feasibility of generating attenuation-corrected rest and stress static or
dynamic 13N-ammonia PET images from non-attenuation-corrected data using a generative
adversarial network, suggesting that some current technical bottlenecks may eventually be
addressed algorithmically [24,33].

Taken together, current evidence supports 13N-ammonia PET primarily as a robust
quantitative platform for myocardial perfusion assessment and coronary flow evaluation. By
contrast, its use for functional multiparametric modeling, strain analysis, and broader heart
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failure phenotyping remains promising but still depends on relatively small and center-specific
studies, which currently limit external validity and routine clinical generalization.

5. Rubidium-82 PET
Rubidium-82 PET is one of the most widely used tracers for myocardial perfusion

imaging because it is generator-produced and therefore more accessible than cyclotron-
dependent tracers. Its main clinical advantage is the possibility of combining rapid per-
fusion imaging with quantitative assessment of myocardial blood flow and myocardial
flow reserve in routine practice. However, its strengths should not be overstated. Although
82Rb PET is highly practical and clinically mature, its lower extraction characteristics
compared with high-extraction tracers mean that interpretation of diffuse or global disease
may sometimes be less straightforward, especially when subtle reductions in flow need to
be distinguished from technical or biological variability [35].

The evidence base for 82Rb PET is broader than for most other cardiac tracers and
includes registry-level outcome data as well as multiple methodologic studies. Never-
theless, not all endpoints are equally robust. The strongest clinical message relates to its
role in quantitative perfusion assessment in coronary artery disease and ischemia with
non-obstructive coronary arteries, whereas software-dependent quantification thresholds
and dose-related technical variability still limit full standardization.

5.1. Myocardial Perfusion and Coronary Artery Disease

In coronary artery disease, the main strength of 82Rb PET lies in the combined as-
sessment of relative perfusion abnormalities and coronary vasodilator function. This is
clinically important because perfusion defects alone may underestimate balanced multives-
sel ischemia or diffuse non-obstructive disease, whereas MFR and MBF provide a more
physiological description of coronary circulatory impairment [35].

The diagnostic literature suggests that 82Rb PET can extract clinically relevant infor-
mation beyond conventional perfusion scoring. In a retrospective angiographic study of
105 patients, Van Tosh et al. showed that regional asynchrony derived from 82Rb PET/CT
performed better than MFR in identifying both multivessel disease and individual stenosed
territories [36]. In non-obstructive disease, Zampella et al. reported that both total per-
fusion defect and MFR independently predicted events in patients with ischemia and
non-obstructive coronary arteries, with the highest risk observed when increased defect
burden and reduced MFR coexisted [37].

The same principle extends to revascularization-oriented assessment. Assante et al.
showed that worsening of either ischemic perfusion defect or MFR after coronary revascu-
larization was associated with a higher event rate, emphasizing that technically successful
intervention does not necessarily normalize physiology [38]. In the Danish multicenter
registry, revascularization was associated with better outcomes only in patients with im-
paired MFR, suggesting that 82Rb PET may help identify a subgroup more likely to derive
prognostic benefit from revascularization [39]. These studies support a real clinical role for
82Rb PET, but they also remain observational and should be interpreted as decision-support
evidence rather than as definitive treatment algorithms.

Among prospective quantitative studies, Dietz et al. showed that reduced stress
MBF, reduced MFR, and impaired myocardial flow capacity were all associated with
adverse outcomes, but only reduced stress MBF remained independently predictive after
mutual adjustment [40]. This is one of the more clinically useful studies in the current
82Rb literature because it addresses which quantitative metric may carry the greatest
independent prognostic information.
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5.2. Quantification of Myocardial Blood Flow

The differentiating feature of 82Rb PET is quantitative MBF and MFR assessment.
This allows a transition from relative perfusion imaging to physiological characterization
of the coronary circulation, which is especially important in diffuse coronary disease,
microvascular dysfunction, and borderline or discordant cases. However, this is also
the most methodologically fragile part of the technique, because quantitative outputs
are highly dependent on software, motion correction, dose administration, and low-end
calibration [35,41,42].

Liu et al. supported the feasibility of highly automated quantification using the Yale-
MQ software, but Byrne et al. demonstrated that repeatability and absolute MFR values
varied across commercial platforms [41,43]. Bober et al. further showed that low-end
resting MBF values in regions of transmural scar varied substantially by software package,
indicating that biologically plausible quantification is not guaranteed across platforms [44].

Dose prescription also matters. Arida-Moody et al. showed that BMI-adjusted dosing
reduced scanner saturation while maintaining image quality and yielding only modest biases
in MBF and MFR [42]. Tavoosi et al. showed that exponential dosing improved consistency of
image quality across a broad range of body weights [45]. Together, these data indicate that
82Rb PET quantification is clinically powerful but methodologically conditional.

5.3. Clinical Strengths and Methodological Constraints

Taken together, 82Rb PET is currently one of the most clinically mature and pragmati-
cally deployable quantitative perfusion tracers in cardiology. Its strongest evidence base
concerns coronary artery disease, INOCA, and physiologic risk stratification. However,
the interpretation of quantitative thresholds remains center-sensitive, and the apparent ro-
bustness of the technique should not obscure the substantial influence of software, protocol
design, and tracer administration on the final measurements.

6. Novel Radiopharmaceuticals
6.1. 68Ga-FAPI PET

68Ga-FAPI PET targets fibroblast activation protein, which is expressed in activated
fibroblasts rather than in mature fibrosis. In cardiovascular disease, FAPI uptake should
therefore be interpreted mainly as a marker of active fibrotic remodeling, not as a direct
surrogate of established scar burden [46–48].

The most coherent current application is heart failure and myocardial remodeling.
Song et al. combined experimental work with preliminary human imaging and showed that
myocardial 68Ga-FAPI uptake peaked early after injury, whereas histologic fibrosis became
more evident later [47]. Similarly, Wang et al. demonstrated in a pressure-overload heart
failure model that myocardial 68Ga-FAPI-04 signal correlated with FAP-positive tissue and
predicted later functional deterioration [49]. These studies support biological plausibility
but also illustrate that much of the evidence remains preclinical or early translational.

Cardiac amyloidosis is an additional but still exploratory application. In biopsy-
proven AL amyloidosis, Wang et al. reported visible myocardial 68Ga-FAPI-04 uptake in
most patients and significant correlations with markers of disease severity [50]. By contrast,
evidence in ATTR remains limited to isolated reports such as the case described by Kibar
et al. [51]. Accordingly, 68Ga-FAPI PET should currently be regarded as promising but
exploratory, with clear biologic interest but insufficient clinical validation.

6.2. 18F-Flurpiridaz PET

18F-flurpiridaz is a mitochondrial complex I-targeting perfusion tracer developed to
improve PET myocardial perfusion imaging. Its main practical advantages are the physical
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properties of fluorine-18, which support high-resolution imaging, longer distribution time,
and exercise-capable protocols, together with favorable myocardial retention and a strong
basis for absolute flow quantification [52–55].

6.2.1. Clinical Applications

The clearest clinical application of 18F-flurpiridaz is myocardial perfusion imaging
for suspected coronary artery disease. In first-in-human evaluation, flurpiridaz showed
high and sustained myocardial retention after injection and no major safety concerns [53].
Phase II and phase III studies then showed that flurpiridaz PET could effectively detect
coronary artery disease and compare favorably with conventional myocardial perfusion
imaging techniques [52,54]. The flurpiridaz 301 trial subset further suggested that stress
MBF and MFR derived from dynamic flurpiridaz imaging add diagnostic information
beyond patient characteristics and relative perfusion analysis alone [55].

6.2.2. Challenges and Future Directions

Despite this favorable development pathway, 18F-flurpiridaz is not yet a fully settled
clinical standard. The second phase III study was designed specifically to strengthen
evidence in suspected coronary artery disease and clinically relevant subgroups such as
women, obese patients, and diabetic patients [56]. This in itself indicates that broader
validation was still considered necessary. Accordingly, flurpiridaz should currently be
regarded as the most mature among emerging perfusion tracers, but its ultimate routine role
will depend on further real-world implementation and on demonstration of incremental
value over already established PET perfusion workflows.

6.3. 18F-FDOPA

18F-FDOPA occupies a much more niche position in cardiac PET. It is not a perfusion
tracer and should not be presented as such. Its emerging cardiac role is linked to imaging
of myocardial sympathetic innervation and autonomic dysfunction, which makes it mecha-
nistically closer to innervation tracers than to conventional PET perfusion agents [57,58].
A representative 18F-FDOPA PET/CT study acquired on the uEXPLORER system in a
patient with Parkinson’s disease is shown in Figure 2. In addition to the characteristic
striatal uptake pattern, the images demonstrate reduced ventricular myocardial uptake of
the radiotracer, consistent with impaired cardiac sympathetic innervation [71].

The currently available evidence is limited but consistent. In patients with auto-
nomic dysfunction and dopaminergic impairment, Goyal et al. showed that myocardial
18F-FDOPA uptake was significantly lower than in controls, with the myocardium-to-
mediastinum ratio yielding an AUC of 0.941 for discrimination [57]. In heart failure,
Thanigainathan et al. reported reduced myocardial uptake compared with controls and
suggested that regional heterogeneity might be associated with worse clinical status [58].
These findings are interesting, but the evidence base remains small and centered on feasi-
bility rather than routine clinical applicability. Accordingly, 18F-FDOPA should currently
be regarded as an exploratory tracer for myocardial sympathetic dysfunction rather than as
a broadly applicable cardiac PET agent.
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Figure 2. Representative 18F-FDOPA PET/CT acquired on the uEXPLORER system in a patient
with Parkinson’s disease. Axial brain CT, PET, and fused PET/CT images are shown in panels
(a–c), axial thoracic CT, PET, and fused PET/CT images in panels (d–f), and whole-body maximum
intensity projection in panel (g). The study demonstrates reduced radiotracer uptake in the ventricular
myocardium, in keeping with cardiac sympathetic dysfunction in Parkinson’s disease.

6.4. Radiopharmaceuticals for Cardiac Amyloidosis Imaging

Cardiac amyloidosis is one of the few areas in which truly target-specific PET ra-
diopharmaceuticals may offer information different from traditional perfusion or fibrosis
tracers. The main agents studied so far are amyloid-binding tracers such as 11C-PIB, 18F-
florbetapir, 18F-florbetaben, and 18F-flutemetamol. In contrast to bone-seeking tracers,
these compounds aim to visualize amyloid burden more directly [59–70].

The aggregate diagnostic literature is encouraging, although still based on relatively
small studies and heterogeneous cohorts. In the meta-analysis by Kim et al., amyloid PET
showed high pooled sensitivity and specificity for cardiac amyloidosis [59]. A second
meta-analysis by Kim et al. reported similarly high performance for amyloid PET but
substantially weaker sensitivity for 18F-NaF [60]. These studies support the diagnostic
validity of amyloid PET, but they also reflect the limitations of a small evidence base
composed of heterogeneous tracers and modest sample sizes.

Among individual tracers, 18F-florbetapir is the most established in the early cardiac
PET literature, with pilot imaging data from Dorbala et al. and autoradiographic support
from Park et al. [61,62]. 18F-florbetaben has also shown promising pilot and comparative
results, including work by Law et al., Kircher et al., and Genovesi et al. [63–65]. The 11C-PIB
literature is biologically compelling, but its broader dissemination is limited by the short
half-life of carbon-11 [66,69,70]. More recently, 18F-flutemetamol has also entered the field,
although experience remains comparatively limited [67,68].
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From a clinical perspective, the main limitation of amyloid PET is not biological
plausibility but positioning within existing diagnostic pathways. Bone scintigraphy retains
a major practical role, especially in non-biopsy ATTR diagnosis, and CMR remains highly
informative for tissue characterization. Therefore, PET has not displaced these modalities.
The most realistic current interpretation is that amyloid PET may become useful in selected
scenarios such as equivocal conventional imaging, direct amyloid burden assessment,
early disease characterization, subtype clarification, or longitudinal treatment monitoring.
However, the available evidence is still not strong enough to support routine first-line use
in clinical cardiology.

7. Integrative Synthesis and Clinical Positioning
The preceding sections suggest that cardiac PET cannot be treated as a single homoge-

neous technology. Rather, the evidence base differs markedly according to tracer, biological
target, and clinical scenario. Established perfusion tracers such as 13N-ammonia and 82Rb
are supported by the most robust data for coronary physiology and quantitative myocardial
perfusion assessment. FDG PET remains highly relevant, but mainly in selected settings
such as viability problem-solving and inflammatory cardiac disease, with more limited
evidence for routine treatment-direction across broad populations. Novel tracers such as
FAPI, FDOPA, and amyloid PET compounds are biologically interesting and potentially
transformative, but they remain uneven in maturity and clinical readiness.

A practical implication is that tracer selection should be driven by the underlying
clinical question rather than by generalized enthusiasm for PET. In suspected or known
coronary artery disease, quantitative perfusion PET currently provides the clearest clinically
actionable information. In ischemic left ventricular dysfunction, FDG PET should be
interpreted within a multimodality framework rather than as a standalone arbiter of
revascularization benefit. In cardiac amyloidosis and emerging remodeling or autonomic
applications, PET should presently be positioned as a complementary or selective tool
rather than as a universal replacement for established pathways.

Across tracers, several methodological constraints recur: software dependence, proto-
col variability, acquisition-related bias, limited inter-center standardization, and uneven
external validity of small or single-center studies. These issues explain why apparently
impressive tracer-specific findings do not automatically translate into routine clinical adop-
tion. In this sense, the central challenge of cardiac PET is not only biologic innovation, but
also methodological stabilization.

To facilitate clinical integration, Table 2 summarizes a pragmatic tracer-selection
framework according to the main clinical scenarios discussed in this review.

Table 2. Suggested clinical positioning of cardiac PET tracers according to the principal clinical scenario.

Clinical Scenario Most Informative
PET Approach Main Rationale Main Competing

Modalities/Caveats

Suspected or known CAD
requiring physiologic
assessment

13N-ammonia PET or
82Rb PET

Best current evidence for
quantitative myocardial
perfusion, MBF/MFR, and
risk stratification

CCTA, invasive FFR/iFR, and
CMR remain important
comparators; PET adds value
when quantitative flow
assessment is desired

Ischemic LV
dysfunction/viability
assessment

18F-FDG PET (usually
with multimodality
integration)

Useful for
perfusion–metabolism
mismatch and selected
problem-solving cases

Should not be treated as a
standalone gatekeeper for
revascularization; CMR often
provides complementary
structural information
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Table 2. Cont.

Clinical Scenario Most Informative
PET Approach Main Rationale Main Competing

Modalities/Caveats

Cardiac
sarcoidosis/inflammatory
myocardial disease

18F-FDG PET

Useful for detection of
active inflammatory
involvement and
longitudinal inflammatory
assessment

Interpretation remains highly
protocol-dependent and
complementary to CMR rather
than universally superior

Heart failure with interest
in remodeling biology

68Ga-FAPI PET
(exploratory)

Potential marker of active
fibroblast-driven
remodeling

Current evidence remains
largely preclinical or pilot-level;
not a routine clinical indication

Autonomic dysfunction or
cardiac sympathetic
dysfunction

18F-FDOPA PET
(exploratory)

Potential marker of
impaired sympathetic
innervation

Evidence base remains small;
broader clinical positioning not
yet established

Suspected cardiac
amyloidosis

Amyloid PET tracers
in selected cases

Direct visualization of
amyloid burden may be
useful in equivocal or
research-oriented scenarios

Bone scintigraphy and CMR
remain central in routine
diagnostic pathways; PET is not
first-line in most cases

High-performance
emerging perfusion
imaging

18F-flurpiridaz PET

Promising advanced
perfusion tracer with
favorable physics and
quantitative potential

Most mature among novel
tracers, but still not universally
established in routine practice

8. Conclusions
Cardiac PET has evolved from a niche imaging technique into a broad quantitative

and molecular platform with relevance across ischemic, inflammatory, autonomic, and
infiltrative cardiovascular disease. The field is strongest where PET adds physiologic
or biologic information that competing modalities cannot easily provide, particularly in
quantitative myocardial perfusion imaging and selected problem-solving indications.

At the same time, the current literature does not support a uniform view of PET as
a methodologically neutral or universally superior technology. The maturity of evidence
differs substantially across tracers, and broader implementation remains constrained by
issues of standardization, reproducibility, software dependence, and incomplete exter-
nal validation.

As a critical narrative review based on a structured search of recent literature, this
article cannot provide a formal evidence-based ranking of all tracers or indications. Nev-
ertheless, the available data support a selective, clinically question-driven use of cardiac
PET and suggest that future progress will depend as much on harmonized workflows and
robust validation as on the development of new radiopharmaceuticals.
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Abbreviations
The following abbreviations are used in this manuscript:

AI Artificial intelligence
AL Amyloid light-chain
AUC Area under the curve
ATTR Transthyretin amyloidosis
CAD Coronary artery disease
CFR Coronary flow reserve
CMR Cardiovascular magnetic resonance
CNN Convolutional neural network
CT Computed tomography
DPD 3,3-diphosphono-1,2-propanodicarboxylic acid
EF Ejection fraction
FAP Fibroblast activation protein
FAPI Fibroblast activation protein inhibitor
FDG Fluorodeoxyglucose
FDOPA Fluorodopa
FFR Fractional flow reserve
GLS Global longitudinal strain
HED meta-Hydroxyephedrine
INOCA Ischemia with non-obstructive coronary arteries
ITPD Ischemic total perfusion defect
LGE-CMR Late gadolinium enhancement cardiovascular magnetic resonance
LV Left ventricle/left ventricular
LVEDV Left ventricular end-diastolic volume
LVEF Left ventricular ejection fraction
MACE Major adverse cardiac events
MBF Myocardial blood flow
MFR Myocardial flow reserve
MRI Magnetic resonance imaging
PET Positron emission tomography
PIB Pittsburgh compound B
ROC Receiver operating characteristic
RV Right ventricle/right ventricular
SiPM Silicon photomultiplier
SPECT Single-photon emission computed tomography
TPD Total perfusion defect
NT-proBNP N-terminal pro-B-type natriuretic peptide
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