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Abstract
Cardiac positron emission tomography (PET) imaging has established themselves firmly as excellent and reliable functional 
imaging modalities in assessment of the spectrum of coronary artery disease. With the explosion of technology advances 
and the dream of flow quantification now a reality, the value of PET is now well realized. Cardiac PET has proved itself as 
precise imaging modality that provides functional imaging of the heart in addition to anatomical imaging. It has established 
itself as one of the best available techniques for evaluation of myocardial viability. Hybrid PET/computed tomography 
provides simultaneous integration of coronary anatomy and function with myocardial perfusion and metabolism, thereby 
improving characterization of the dysfunctional area and chronic coronary artery disease. The availability of quantitative 
myocardial blood flow evaluation with PET provides additional prognostic information and increases diagnostic accuracy 
in the management of patients with coronary artery disease. Hybrid imaging seems to hold immense potential in optimizing 
management of cardiovascular diseases and furthering clinical research.

Keywords  Positron emission tomography · Coronary artery disease · Myocardial viability · Microvascular dysfunction · 
Sarcoidosis · Prosthetic valve · Device infection

Overview of positron emission tomography 
and physics fundamentals

Since the initial clinical usage of positron emission tomog-
raphy (PET), which started more than 40 years ago [1], PET 
has been used for noninvasive evaluation and monitoring 
of various cardiac conditions [2]. Cardiac PET allows not 
only functional but also detailed metabolic evaluation of 
the heart, which is unique compared to other cardiovascu-
lar imaging techniques like echocardiography or cardiac 
computed tomographic angiography that primarily pro-
vide anatomical imaging [3]. It is a highly sensitive imag-
ing technique that can measure the physiologic process of 
metabolism, blood flow, inflammatory, or neoplastic activ-
ity occurring in the body for which a targeted radiotracer 
is available. After the radiotracer is injected into the body, 

it accumulates in the areas of active disease and result-
ing images are then typically combined with an anatomic 
imaging modality such as computed tomography (CT) or 
more recently magnetic resonance (MR), which enables co-
registration and anatomic localization [4]. Combined PET/
CT or PET/MR allows simultaneous imaging of anatomy 
from CT/cardiac magnetic resonance (CMR) and physiol-
ogy from PET. PET is established as one of the best avail-
able tests for the assessment of myocardial tissue viability 
as well as for the evaluation of myocardial perfusion and 
is the current gold standard for noninvasive estimation of 
coronary flow reserve [5, 6]. The high spatial resolution 
(4 mm) of PET makes it more sensitive and specific as 
compared to other nuclear imaging techniques [7] .

PET imaging is based on positron emission by a decaying 
radionuclide. A positron is equivalent to an electron with 
the same mass but opposite electrical charge. Positrons are 
released from a proton inside the nucleus to collide with 
electrons orbiting around the nucleus. When a positron 
collides with an electron, it leads to annihilation reaction, 
forming a pair of 511-keV gamma-ray photons traveling in 
opposite directions [7]. PET imaging allows detection of 
radionuclide-labeled tracer accumulation in tissues with 
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high sensitivity and provides precise quantification of their 
local concentration (Table 1) [8].

Overview of PET isotopes

Various radiotracers used for cardiac PET imaging are sum-
marized as follows.

Radiotracers for myocardial perfusion imaging

PET radiotracers for evaluation of myocardial blood flow 
(MBF) include well-established tracers, such as 15O-labeled 
water (15O-H2O), [9] 13N-labeled ammonia (13NH3) 
[10], and 82Rubidium (82Rb) [11], and newer tracers like 
18F-Flurpiridaz, which has been validated in animals [12] 
and humans [13], and is now being further evaluated in 
phase 3 trials. 15O-H2O is generated by a cyclotron (half-
life 2 min) and is considered the most ideal perfusion tracer 
because of its physiological properties. It is freely diffusible 
and has a high first-pass extraction of 95%. Its uptake is 
nearly linear with no roll-off in extraction at higher coronary 
flows, which results in underestimation of MBF [14]. How-
ever, because of its short half-life seconds, need for onsite 
cyclotron, poor tissue accumulation, and challenges with 
image quality, it is primarily used for research.

13NH3 also requires cyclotron for production (half-life 
9.9 min) and is considered the preferred tracer among the 
available perfusion tracers because of its superior physical 
properties and pharmacokinetics. 13NH3 enters the myocar-
dium either as NH3 or through Na + /K + -ATPase as NH4 + . 
The tracer is then converted and trapped intracellularly as 
13 N-glutamine. This results in a very high extraction frac-
tion of about 80% at baseline MBF, which decreases nonlin-
early with increasing flows due to roll-off [15] 13NH3 pro-
duces high-quality images with excellent resolution because 
of its long half-life of 9.96 min and short mean positron path 
length. Exercise stress PET is feasible with 13NH3.

82Rb is made from strontium-82 (82Sr) using a 82Sr/82Rb 
generator. Na + /K + -ATPase facilitates the uptake of 82Rb 

into the myocardium. 82Rb has a lower first-pass extrac-
tion fraction of 60% at baseline MBF, but at high flows it is 
affected by greater roll-off [15]. Despite this, studies have 
shown reliable MBF quantification with 82Rb. 82Rb has 
longer mean positron range, which attributes to its lower 
spatial resolution and degradation in image quality [16]. 
One of the very important advantages of 82Rb is it does not 
require onsite cyclotron, making it the most widely used 
PET flow tracer in clinical use in the USA. Also, 82Rb’s 
ultrashort half-life of 76 s allows for rapid sequential per-
fusion imaging, although exercise-based testing is not cur-
rently practical or feasible [17].

18F-Flurpiridaz is a newer radiotracer that has been studied 
widely in animals [18]. It has a longer half-life (110 min), 
high myocardial extraction fraction independent of flow, 
excellent spatial resolution, and short mean positron range, 
which allows for high image resolution. 18F-Flurpiridaz can 
be acquired and transported from regional cyclotrons and 
may open the doors of exercise PET imaging given its longer 
half-life. It is currently being evaluated in phase 3 trials and 
hopefully will enter the clinical arena in the near future. 
Table 2 highlights the key clinical characteristics of perfu-
sion radiotracers.

11C-Acetate is a PET radiotracer primarily delegated to 
study oxidative metabolism and is limited to centers with 
cyclotron capabilities and research applications.

Radiotracers for myocardial metabolism, viability, 
and inflammation/infection

18F-Fluorodeoxyglucose (FDG) is the most commonly used 
radiotracer for assessing myocardial viability, metabolic 
activity, and inflammation/infection. A glucose analog, 
deoxyglucose, is coupled with the tracer 18F, which enters 
cardiomyocytes using glucose transporters. It then gets phos-
phorylated by hexokinase into 18F-FDG-6-phosphate. Unlike 
glucose, FDG gets trapped inside the cell and does not 
undergo further metabolism [19]. FDG uptake is increased 
in chronically underperfused but viable myocardium (hiber-
nating myocardium) because of preferential utilization of 

Table 1   Some key differences 
in cardiac PET vs SPECT 
imaging

PET SPECT

Type of stress feasible Predominantly 
pharmacologic

Exercise or pharmacologic

Isotope ENERGY for clinical use 511 keV 65–140 keV
Attenuation correction Routine Optional
Sensitivity and resolution Higher Lower
Flexibility of incorporating isotopes into 

biomolecules
Routine Challenging

Cost More Less
Blood flow and flow reserve assessment Well established Limited availability



Heart Failure Reviews	

1 3

glucose by these cells. FDG uptake is decreased or even 
absent in myocardial scars. Because of the relatively long 
physical half-life of 18F nuclide (approximately 120 min), 
it can be produced at a central location and distributed to 
smaller centers, thereby obviating the need of on-site cyclo-
tron at smaller centers. Along the same lines, detection of 
areas of myocardial inflammation and infection using 18F-
FDG is being exploited for evaluating diseases like sarcoido-
sis, prosthetic valve, and cardiac device–based infections.

Newer PET radiotracers in pipeline

The most promising radiotracer developments include the 
application of existing tracers such as 18F-NaF in athero-
sclerosis. Similarly, 18F-based radiotracers for diagnosis of 
cardiac amyloidosis include 18F-florbetaben, 18F-florbetapir, 
and 18F-flutemetamol. For cardiac sarcoidosis, 68 Ga-DOTA-
conjugated peptide compounds—68 Ga-DOTATOC, 68 Ga-
DOTATATE, and 68 Ga-DOTANOC—are quite promising 
as they have no physiological myocardial uptake. The 18F- 
labeled sympathetic nerve PET radiotracer 18F-LMI1195 (also 
known as 18F-flubrobenguane) seems very promising with 
potential to aid clinical decision-making, e.g., for optimal 
selection of patients requiring an implantable cardioverter-
defibrillator or cardiac resynchronization therapy [8].

Current clinical applications of cardiac PET

PET in coronary artery disease and microvascular 
dysfunction

PET is being increasingly used in the diagnosis of coronary 
artery disease (CAD) because of its high accuracy and abil-
ity to provide functional imaging of the heart as compared to 
other noninvasive imaging modalities that primarily provide 
anatomical imaging [20]. PET helps in the diagnosis, risk 
stratification, and prognostication of suspected or known 
CAD. Moreover, it is also helpful in diagnosing endothelial 
and microvascular dysfunction [2].

PET has emerged as a superior imaging technique as 
compared to widely used SPECT [21], because of its higher 

spatial resolution and ability to incorporate routine attenu-
ation correction of images. PET comes with additional 
advantages of reduced radiation exposure, superior soft 
tissue contrast, motion and partial volume correction, and 
multiparametric multiorgan assessments [4]. A normal car-
diac PET is characterized by homogenous distribution of 
radiotracer and normal perfusion (Fig. 1), normal gated wall 
motion, and ejection fraction (EF) with normal stress elec-
trocardiographic response. PET myocardial perfusion imag-
ing (MPI) has a high sensitivity of 92% and high specificity 
of 85% in diagnosing CAD for stenosis > 50% in diameter 
seen on invasive coronary angiography, as shown in case 
example (Fig. 2). The high specificity of PET is due to the 
reduced number of artifacts related to photon attenuation 
leading to less false positives. PET cardiac stress imaging 
is also associated with lower radiation compared to SPECT.

A significant advantage of PET over SPECT is its ability 
to assess absolute MBF in milliliters per gram per minute 
and ability to estimate coronary or myocardial flow reserve 
(MFR) [22, 23]. Assessment of MBF by PET imaging pro-
vides a major boost to PET assessment of CAD and micro-
vascular function by quantifying hyperemic or peak MBF 
(PMBF) [22, 24]. Normal resting blood flow is typically 
between 0.6 and 1.2 ml/min/g, and hyperemic or PMBF typi-
cally should be at least double of resting flow (or higher in 
younger age group where it is 3–4 times baseline flow). Val-
ues of ≥ 1.8 ml/min/gram of PMBF are typically not associ-
ated with obstructive epicardial CAD. Among patients with 
severe 3-vessel CAD, MFR is usually globally reduced and 
is an independent predictor of 3-vessel CAD. Patients with 
more severely reduced stress MBF and MFR are at higher 
CAD than patients with preserved values or modest reduc-
tions. Analysis of relationship between MFR and cardiac 
mortality suggests an excellent prognosis for MFR > 2 and a 
steady increase in cardiac mortality for an MFR < 2. Patients 
with severely decreased MFR < 1.5 are at much higher risk 
of CAD as compared to patients with reduced MFR < 1.8 
or normal MFR greater than 2. Traditional evaluation by 
SPECT MPI [25] is not robust enough for flow quantifica-
tion although new solid-state SPECT systems have enabled 
SPECT flow assessment to become a possibility, however 
still in its infancy compared to PET. Electrocardiogram 

Table 2   Comparison of key properties of cardiac PET perfusion tracers

82 Rb 82Rubidium, 82Sr strontium-82, PET positron emission tomography

15O-Water 13 N-Ammonia 82Rubidium 18F-Flurpiridaz

Positron range, mm 4.14 2.53 8.6 1.03
Half-life, minutes 2.07 9.96 1.25 110
Myocardial extraction fraction 100% 80% 60–65% 94%
Image resolution Intermediate Intermediate-high Lowest Highest
Production On-site cyclotron On-site or nearby cyclotron 82Sr/82Rb generator Regional cyclotron
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(ECG)-gated PET also has some unique advantages as it 
can be used to measure left ventricular EF (LVEF) at peak 
hyperemic stress (not done with SPECT) and enable calcu-
lation of EF reserve (peak stress EF − rest EF). In a normal 
healthy person, LVEF increases during peak vasodilator 
stress in PET, but in severe CAD (as in 3-vessel or signifi-
cant left main disease) patients, it decreases from baseline 
to peak stress with or without worsening perfusion defects 
seen on stress [26]. Serial monitoring of changes in LVEF 
reserve can be used for risk stratification [27].

PMBF measurement by PET also helps in enhanced char-
acterization of CAD burden and identification of balanced  
ischemia by detecting decreased MBF in all vascular ter-
ritories, a situation where SPECT imaging has been shown 
to underestimate disease. In one study, SPECT imaging 
was found to detect only about 10% of patients with severe 
3-vessel CAD or significant left main coronary artery steno-
sis of 50% or greater [28]. Addition of gated SPECT images 
can improve the identification of this subset to about 25% 
and thus still leaves substantial area of uncertainty. On the 
other hand, PET can identify the hemodynamically signifi-
cant culprit lesion along with the true extent of ischemia 
in a multi-vessel territory in most cases [29]. Furthermore, 

diffuse reduction in PMBF and reduction in MFR in an oth-
erwise normal or mildly abnormal scan with abnormal EF 
reserve are valuable adjunctive clues in PET to multi-vessel 
disease. Three examples of multi-vessel ischemia on 82Rb 
stress PET perfusion are shown in Figs. 3–4. Furthermore, 
evaluating PMBF by PET (with a global marked blunted or 
flat response in PMBF) can provide insights into potential 
possibility of pharmacologic vasodilator non responsive-
ness with PET as a cause of non-diagnostic scan, which 
cannot be achieved with current SPECT technology. MBF 
and MFR are also the best current noninvasive method to 
evaluate the coronary microcirculation. Abnormalities of 
PMBF and MFR in the absence of significant epicardial 
CAD can help diagnose microvascular dysfunction. An 
example case is shown in Fig. 4. Abnormal MFR (< 2) has  
been found to be an independent prognostic factor of car-
diac mortality regardless of presence or absence of epicar-
dial CAD [30]. Thus, stress PET may be a valuable tool in 
assessment of patients with subjective or objective evidence  
for ischemia with no obstructive CAD on angiography for 
evaluation of microvascular disease. Cardiac PET can also 
evaluate endothelium-dependent vasoreactivity by using 
the cold pressor test, thereby providing an estimate of 

Fig. 1   A 72-year-old female with severe bilateral knee arthritis, 
diabetes, hyperlipidemia, and hypertension underwent 82Rb PET 
regadenoson stress for preoperative risk assessment for carotid sur-
gery. Rest and stress perfusion were normal and rest EF was 64% and 
peak stress EF was 68% and stress electrocardiogram was normal. 
Abbreviations: 82Rb, Rubidium-82; ANT, anterior; CTAC, computed 

tomography–based attenuation correction; EF, ejection fraction; 
HLA, horizontal long axis; INF, inferior; LAD, left anterior descend-
ing artery; LAT, lateral; MBF, myocardial blood flow; MFR, myocar-
dial flow reserve; PET, positron emission tomography; Rst, rest; SA, 
short axis; SEP, septal; SRS, summed rest score; SSS, summed stress 
score; Str, stress; VLA, vertical long axis
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endothelial integrity that can be compromised in patients 
with coronary risk factors [31], such as diabetes, hyperten-
sion, hypercholesterolemia, and smoking.

Hybrid PET/CT imaging allows simultaneous integra-
tion of coronary anatomy and function with myocardial 
perfusion and metabolism in a single examination, thereby 
improving better diagnostic accuracy [20, 32]. Estimation 
of calcium burden and score and combining coronary CT as 
indicated in patients with suspected CAD not only provide 
better definition of hemodynamic significance of coronary 
stenosis, but also refine long-term prognosis [33]. Fig. 5 is 
an example of PET/CT in a patient with extensive calcific 
burden but with normal perfusion. Thus, the complementary 
assessment of atherosclerosis with calcium evaluation and 
functional data with perfusion helps risk stratify patients for 
long-term aggressive risk reduction yet avoidance of any 
invasive workup given normal functional information. Such 

a decision can be further enhanced by concomitant evalua-
tion of flow data, which can help rule out balanced ischemia.

PET in special patient populations with CAD

Left bundle branch block

In the Framingham study [34], CAD was found in 40% of 
patients with left bundle branch block (LBBB) and was asso-
ciated with a fourfold increase in cardiovascular mortality. 
It is well recognized that evaluating patients with LBBB for  
CAD by stress echocardiography and SPECT is usually con-
founded by septal wall motion abnormalities and septal per-
fusion defects, respectively [35]. Various studies have found 
that septal defects on SPECT imaging can be seen in 4 to 
53% of studies [36]. Proposed explanations for these septal 
defects include reduced septal blood flow due to cardiac 

Fig. 2   A 70-year-old woman with chest discomfort undergoing Rb-82 
stress PET showing reversible perfusion defect in the inferior infero-
lateral walls. Coronary angiography showed 80% stenosis in a domi-
nant left circumflex artery. Abbreviations: 82Rb, Rubidium-82; ANT, 

anterior; CTAC, computed tomography–based attenuation correction; 
HLA, horizontal long axis; INF, inferior; LAT, lateral; PET, posi-
tron emission tomography; Rst, rest; SA, short axis; SEP, septal; Str, 
stress; VLA, vertical long axis
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dyssynchrony, partial volume effects, and septal microvas-
cular dysfunction [37, 38]. PET stress MPI has emerged as 
a promising noninvasive imaging method for diagnosis and 
risk stratification of CAD. It has several advantages com-
pared to SPECT MPI due to superior spatial resolution. In 
addition to assessing myocardial perfusion, left ventricular 
function, and wall motion, 82Rb-PET can quantify global and 
regional MBF during both rest and stress and can also meas-
ure coronary flow reserve, providing further clarification 
on the true nature of observed septal defects [39, 40]. PET 
has been found to improve the diagnostic utility of MPI in 
patients with LBBB. In a study of 440 patients with LBBB 
undergoing MPI, 67 underwent PET imaging and 373 under-
went SPECT imaging. Septal perfusion defects were found 
to be significantly less common with PET as compared to 
that with SPECT (1.5% vs 19.3%, P < 0.001) [41]. Another 
study by Vidula et al. revealed that in detecting obstruc-
tive CAD, PET when compared to SPECT demonstrated 
higher sensitivity (88% vs 60%), specificity (56% vs 14%), 
positive predictive value (64% vs 20%), negative predictive 
value (83% vs 50%), and overall superior diagnostic accu-
racy (area under the curve 0.72 [95% CI 0.50–0.93] vs 0.37 
[95% CI 0.20–0.54], P = 0.01). LBBB/ventricular-paced 

rhythm-related septal and anteroseptal defects were signifi-
cantly less with PET compared to SPECT (septal: 17% vs 
72%, P = 0.001; anteroseptal: 8% vs 47%, P = 0.02) [42].

Obesity

The diagnosis of CAD and risk stratification in obese 
patients can be very challenging due to various limitations of 
commonly used imaging modalities in this population [43].

Stress echocardiography is limited by poor acoustic win-
dows and is significantly dependent on the operator’s experi-
ence. The use of echo enhancing agents improves endocar-
dial definition and left ventricular opacification; however, 
the prognostic value of this technique is still uncertain in 
obese patients. Transesophageal dobutamine stress echocar-
diography can help overcome the issue of poor acoustic win-
dows, but this is a semi-invasive modality. CT angiography 
and calcium score are often limited due to noisy images, 
need for strict heart rate control, and the continued inabil-
ity to estimate physiologic significance of moderate ana-
tomic stenosis in most centers [43]. Stress perfusion CMR 
is usually limited due to its cost and limited availability. 
Moreover, CMR cannot usually be performed in patients 

Fig. 3   A 70-year-old diabetic male with prior nondiagnostic SPECT 
from artifacts referred for vasodilator 82-Rb PET stress imaging. Per-
fusion images show a large area of reversible defects in the mid-distal 
septum and anterior anterolateral walls extending to apex suggesting 
LAD (left anterior descending artery) ischemia. Additional reversible 
inferolateral defect suggesting left circumflex ischemia. Gated rest EF 
was 46% and peak stress EF was 44%. Coronary angiography showed 

60% left main, 80% LAD and 90% left circumflex disease. Abbrevia-
tions: 82Rb, Rubidium-82; LAD, left anterior descending; PET, posi-
tron emission tomography; SPECT, single photon emission computed 
tomography. Abbreviations: ANT, anterior; CTAC, computed tomog-
raphy-based attenuation correction; HLA, horizontal long axis; INF, 
inferior; LAT, lateral; Rst, rest; SA, short axis; SEP, septal; Str, stress; 
VLA, vertical long axis
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with severe renal impairment and implanted devices and 
some obese patients cannot fit in the scanner console and 
are claustrophobic.

The use of SPECT MPI for evaluation of CAD in obese 
patients also has certain limitations including its suscepti-
bility to attenuation in the absence of attenuation correc-
tion, photon scatter, and reduced signal-to-noise ratio [44]. 
Moreover, limited table load and gantry approach with 

diameter of the SPECT scanner limit its use in extremely 
obese patients [45].

PET provides better diagnostic accuracy than SPECT in 
obese patients as it has a higher spatial resolution (5–7 mm) 
as compared to SPECT (10–15 mm) [44]. In a meta-analysis 
of 3099 patients, Mc Ardle et al. found that for the diagnosis 
of obstructive CAD, PET had greater diagnostic accuracy 
than SPECT, with sensitivity of 90% and 85%, specificity 

Fig. 4   Perfusion PET images (a) show small anterior-apical wall 
reversible defect (top panel). Bottom panel flow analysis (b) shows 
diffuse severe reduction in PMBF (MC str) in all 3 coronary ter-
ritories along with reduction in MFR globally. Gated stress EF was 
56% and peak stress EF was unchanged at 56%. Patient underwent 
coronary angiography showing significant distal left main of 70% and 
90% large diagonal stenosis and nondominant RCA disease. Abbrevi-

ations: ANT, anterior; CTAC, computed tomography–based attenua-
tion correction; EF, ejection fraction; HLA, horizontal long axis; INF, 
inferior; LAD, left anterior descending artery; LAT, lateral; LCX, 
left circumflex artery; MFR, myocardial flow reserve; PET, positron 
emission tomography; PMBF, peak myocardial blood flow; RCA, 
right coronary artery; ROI, region of interest; Rst, rest; SA, short 
axis; SEP, septal; Str, stress; VLA, vertical long axis
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of 88% and 85%, and area under the curve of 0.95 and 0.90 
for PET and SPECT, respectively [46]. Unlike SPECT, PET 
can also quantify MBF, which is a measure of microvascular 
function, and can help detect subclinical CAD as well as 
identify a balanced reduction in MBF in coronary arteries. 
In a study on 75 obese patients who underwent thallium-201 
SPECT imaging, 82Rb PET, and subsequent cardiac cath-
eterization, PET was also found to have significantly greater 
specificity than SPECT (84% vs 64%) [47]. Bateman et al. 
reported that the overall diagnostic accuracy was much bet-
ter for PET than SPECT at stenosis thresholds of 50% (87% 
vs 71%) and 70% (89% vs 79%) [48].

Cardiac PET has been found to be very useful not only for 
the diagnosis of CAD, but also for risk stratification in obese 
patients. In a study on 90 obese patients who were referred 
for PET after an equivocal SPECT, prognostic value of 82Rb 
PET was evaluated. The annual rate of cardiac events was 
found to be only 1.3% in patients within normal PET MPI 
vs 15.2% in patients with abnormal PET MPI. In this study, 
in patients with normal 99mTc SPECT MPI, the vasodila-
tor-induced changes in ECG were found to be associated 
with adverse outcomes even in the presence of a normal 
perfusion scan. However, patients with a normal 82Rb PET 
MPI were found to have excellent prognosis, irrespective 

of vasodilator-induced ECG changes [49]. Another large 
multi-center study on 7061 patients by Chow et al. revealed 
that patients with normal PET MPI findings were found to 
have excellent prognosis in terms of annual rates of cardiac 
death [50].

Heart failure and myocardial viability

Normal myocardium has variable avidity for glucose and 
dietary carbohydrate intake triggers insulin secretion which 
activates glucose transporter GLUT4 in normal myocardium 
thereby allowing glucose to enter myocytes. In the absence 
of carbohydrates and insulin, the myocardium uses free fatty 
acids for energy. However, in inflammatory cells, glucose 
enters the cell via GLUT1 and GLUT3 which are constitu-
tively expressed. After entering the myocyte via a glucose 
transporter, 18F-FDGis trapped by phosphorylation, thereby 
allowing metabolic imaging. When using 18F-FDG to assess 
myocardial viability, the substrate and hormonal level in the 
blood need to favor metabolism of glucose over fatty acids 
by the myocardium; therefore, a high insulin state is pre-
ferred. This increases the 18F-FDG uptake in heart muscle, 
resulting in superior image quality and reducing regional 
uptake variations.

Fig. 5   82Rb stress PETCT perfusion images (a) in a 66-year-old dia-
betic with chest pain with extensive left main LAD and left circum-
flex coronary calcification. Minimal anteroapical reversible perfusion 
defect were present on PET (top panel). But global reduction in MFR 
was noted with flow analysis (b, bottom panel). Coronary angiogra-
phy showed diffuse non-obstructive disease. Overall findings favored 
diffuse atherosclerosis plus concomitant microvascular dysfunction. 

Abbreviations: 82Rb, Rubidium-82; LAD, left anterior descending; 
MFR, myocardial flow reserve; PET, positron emission tomogra-
phy. Abbreviations: ANT, anterior; INF, inferior; LAD, left anterior 
descending artery; LAT, lateral; LCX, left circumflex artery; RCA, 
right coronary artery; ROI, region of interest; Rst, rest; SEP, septal; 
Str, stress
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Standardized protocol involves loading the patient with 
glucose after a fasting period of at least 6 h to induce an 
endogenous insulin response. Increase in plasma glucose 
stimulates pancreatic insulin production, which in turn 
reduces plasma fatty acid levels and also normalizes plasma 
glucose levels. Glucose loading involves an oral load of 25 
to 50 g but intravenous loading can also be used. Intravenous 
route avoids potential problems due to variable gastrointes-
tinal absorption times or inability to tolerate oral loading.

FDG PET imaging is a well-accepted modality for hiber-
nating myocardium assessment for myocardial metabolic 
integrity by glucose utilization concept [5, 6]. Although 
observational studies have clearly shown benefit of revascu-
larizing hibernating myocardium, randomized trials have not 
shown survival benefit of revascularization as compared to 
optimal medical treatment [51–53]. Three randomized con-
trol trials, namely, the PET and recovery following revascu-
larization (PARR-2) trial [51], the Heart Failure Revascu-
larization (HEART) trial [52], and the surgical treatment for 
ischemic heart failure (STICH) trial [53] did not show clear 
survival benefit of revascularizing viable myocardium over 
medical treatment. However, these results are widely debated 
[54] as these trials had significant methodological limita-
tions. European Society of Cardiology 2016 guidelines [55] 
recommended noninvasive stress imaging to assess for induc-
ible ischemia and viable myocardium in patients with heart 
failure and CAD before the decision on revascularization 
[53]. Various studies have demonstrated a direct relationship 
between the number of dysfunctional viable segments and the 
magnitude of LVEF recovery after revascularization [56].

Chronic progressive CAD leads to reduction in blood 
flow as coronary obstruction worsens and resultant con-
tractile dysfunction, which has potential to recover after 
revascularization (hibernating myocardium), and multiple 
modalities are available to evaluate hibernating myocardium 
[57–59].

To distinguish ischemic viable myocardium from the scar, 
FDG images are compared with perfusion images (13 N-NH3 
PET, 99mTc-Tetrofosmin, 99mTc-MIBI, and 201Tl SPECT). 
Myocardial segments with reduced perfusion as well as 
reduced FDG uptake (“flow-metabolism match”) suggest 
irreversible injury and nonviable myocardium (Table 3). On 

the other hand, segments with reduced perfusion but rela-
tively preserved FDG uptake (“flow-metabolism mismatch”) 
suggest viable myocardium as shown in Fig. 6.

The magnitude of flow-metabolism mismatch was found 
to have linear correlation with the magnitude of improve-
ment in heart failure symptoms after revascularization. In 
elderly patients, viable myocardium detected by cardiac 
FDG PET/CT was found to be associated with better clini-
cal outcomes when revascularized [59]. 18F-FDG PET has 
a sensitivity and specificity of 92% and 63%, respectively, 
to predict improvement of regional function following 
revascularization.

PET imaging in heart failure provides data for diagno-
sis, prognosis, and disease monitoring [60]. PET and CMR 
scans are being used more frequently in the evaluation of 
heart failure patients, either simultaneously or separately, 
with application of post-acquisition fusion of independently 
acquired scans. Quantitative measurements of MBF and 
metabolism using PET provide state-of-the-art methodol-
ogy for evaluation and management of patients at all stages 
of heart failure [61]. In early stages of heart failure, quantita-
tive measurements of absolute MBF provide assessment of 
coronary microvascular function, which helps in prognosti-
cation [62] as well as in monitoring the response to therapy. 
In more advanced stages of heart failure, quantitative MBF 
and glucose metabolism by PET help in assessment of myo-
cardial viability [52, 63], prognosis, and selection of patients 
for coronary revascularization [64]. Besides using PET to 
assess MBF and LVEF reserve, neurohormonal PET imag-
ing is coming up as a promising tool to evaluate sympathetic 
innervation in heart failure [65, 66]. This is further discussed 
in detail in the “Emerging applications of PET” section.

In patients with heart failure with preserved ejection 
fraction and normal epicardial perfusion on cardiac PET, 
abnormal MFR is associated with LV diastolic dysfunction 
and reduced LV and LA strain.

Sarcoidosis

Sarcoidosis is a multisystem granulomatous disease that 
can cause inflammatory cardiomyopathy associated with 
arrhythmia, heart failure, and sudden cardiac death [67]. The 
diagnosis of cardiac involvement is challenging and often 
unrecognized. The Japanese Circulation Society Criteria 
(2017) and the Heart Rhythm Society criteria are used to 
establish diagnosis of cardiac sarcoidosis [68, 69]. FDG PET 
is a very well-established imaging modality for the diagnosis 
of extra-cardiac sarcoidosis, and it also plays a significant 
role in the diagnosis of cardiac sarcoidosis by detecting active 
inflammation in myocardium [8, 70]. In a meta-analysis of 17 
studies with 891 patients, the pooled sensitivity, specificity, 
positive likelihood ratio, and negative likelihood ratio with 
18 F-FDG PET/CT were found to be 84%, 83%, 4.9, and 0.2, 

Table 3   Various patterns of perfusion and metabolic uptake with18F-FDG

Perfusion Metabolism Interpretation

Normal Normal Viable myocardium
Reduced Normal Hibernating Myocardium
Reduced Reduced Non-viable myocardium
Normal Reduced Reverse mismatch (altered 

glucose metabolism)
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respectively. Furthermore, the pooled diagnostic odds ratio 
was 27 (95% CI 14–55) with an area under the curve of 0.90. 
The moderate specificity and sensitivity of 18F-FDG PET 
were further enhanced using combined MPI data [53] 18F-
FDG PET is also found to be helpful for monitoring therapy 
efficacy and for deciding treatment continuation or treat-
ment change [8]. It is important to point out the FDG PET 

abnormalities in isolation cannot be used to diagnose sar-
coidosis as focal FDG uptake is nonspecific and just denotes 
an area of inflammation.

FDG uptake on PET imaging is known as a surrogate 
for active inflammation [71], and late gadolinium enhance-
ment on CMR is a surrogate for scar and fibrosis. PET 
provides information about myocardial and extra-cardiac 

Fig. 6   Integrating coronary calcium information with 82Rb stress 
PET and quantitative PET flow analysis. 82Rb PET/CT in a 70-year-
old man with abnormal electrocardiogram. Attenuation CT (a, top 
panel) shows extensive coronary calcification, but PET perfusion 
(b, bottom panel) was normal. Rest EF was 56% and stress EF was 
62%. Thus atherosclerosis is identified warranting medical therapy 

to reduce long-term risk, yet short-term prognosis is good based on 
perfusion and hence no intervention is needed. Abbreviations: 82Rb, 
Rubidium-82; ANT, anterior; CT, computed tomography; EF, ejection 
fraction; INF, inferior; LAT, lateral; PET, positron emission tomogra-
phy; SEP, septal
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inflammation whereas CMR provides information about 
myocardial structure, function, and pattern of injury on late 
gadolinium enhancement [4]. Quantification parameters 
such as maximal and mean standardized uptake values, par-
ticularly at the basal septum, were found to be predictors 
of composite endpoint of ventricular tachycardia, automatic 
implantable cardioverter-defibrillator placement, complete 
heart block, pacemaker placement, atrial fibrillation, heart 
failure, and cardiac-related hospital admissions after a mean 
follow-up of 3 years [72].

An optimal FDG PET imaging for cardiac sarcoidosis 
necessitates adequate suppression of physiologic FDG 
uptake, which in turn is highly dependent on strict diet 
preparation prior to the study. Most centers are currently fol-
lowing low-no carbohydrate, high-fat diet, at least 10–12 h 
of fasting, and optional single bolus of intravenous heparin 
injection (which promotes lipolysis) to adequately suppress 
physiologic FDG uptake [73]. PET imaging for cardiac sar-
coidosis includes simultaneous perfusion imaging as well as 
18 F-FDG uptake imaging. Typical pattern for cardiac sar-
coidosis includes mismatched perfusion-metabolic defects 
(Fig. 7). Other patterns include focal areas of uptake or less-
specific focal on diffuse uptake of FDG (Fig. 8). Finally, 

perfusion defects with no myocardial uptake could suggest 
areas of scarring [74].

68Ga-DOTA-conjugated peptides are newer radiotracers 
that have been found to be promising in diagnosing cardiac 
sarcoidosis because of their benefit of no physiologic uptake 
in myocardium [75].

Emerging applications of cardiac PET

Prosthetic valve endocarditis

Mechanical or biological prosthetic valve endocarditis 
(PVE) constitutes about 10–30% of all cases of infective 
endocarditis. Patients with prosthetic valves are at high 
risk of infective endocarditis, with an incidence of about 
0.3–1.2% per patient-year [76, 77]. PVE is associated with 
high morbidity and mortality, with periannular complication 
rates above 50% and mortality rates reaching 30–50% [77]. 
Diagnosing PVE can be much more challenging as com-
pared to native valve endocarditis, due to relatively atypical 
clinical presentation and lower sensitivity of Duke criteria 
for PVE [78]. The diagnosis of PVE is based on clinical 

Fig. 7   A 62-year-old female with single vessel disease, known 
occluded dominant left circumflex artery, and prior fixed lateral 
wall defect suggesting infarct on SPECT presenting with angina 
like symptoms. PET rest-stress with FDG viability scan done for 
consideration of ischemia assessment and viability assessment for 
LCX CTO intervention. The rest-stress PET shows large predomi-
nantly fixed lateral wall defect, but FDG images show substantial 

hibernating myocardium with entire lateral wall uptake of FDG. She 
underwent successful recanalization of LCX CTO with significant 
symptom improvement. Abbreviations: 82Rb, Rubidium-82; CTAC, 
computed tomography-based attenuation correction; CTO, chronic 
total occlusion; FDG, flourodeoxyglucose; LCX, left circumflex; 
PET, positron emission tomography
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signs and symptoms, blood cultures, and imaging. Transtho-
racic (TTE) and transesophageal echocardiograms (TEE) are 
still the mainstay of work-up; however, almost 30% of PVE 
patients show normal or inconclusive echocardiographic 
images [76, 78]. Cardiac CT has been used in the work-up, 
but it only offers anatomical information without providing 
functional data.

In recent years, nuclear imaging techniques, especially 
PET/CT with 18F-FDG, have gained significant importance 
in work-up and diagnosis of PVE. Because of its ability to 
measure metabolic tissue activity, PET can locate metabolic 
or functional abnormalities and differentiate them from sur-
rounding healthy tissues [77]. Meta-analyses and system-
atic reviews of several small studies [79, 80] evaluated the 
performance of FDG PET/CT for the diagnosis of PVE and 
reported a pooled sensitivity of 77% (95% CI 72–81%) and 
specificity of 78% (95% CI 72–83%) [79]. Furthermore, 
a prospective multicenter study on 115 patients reported 
sensitivity of 74%, specificity of 75%, positive predictive 
value of 91%, and negative predictive value of 42% [81]. 
In a recent study by de Camargo et al. on 188 patients with 
PVE/ascending aortic prosthesis infection, the sensitivity, 

specificity, and positive and negative predictive values of 
18F-FDG PET/CT focal uptake were 93%, 90%, 89%, and 
94%, respectively [82].

FDG PET/CT provides incremental information to other 
imaging modalities, especially TTE and TEE. This, as a 
result, improved sensitivity of Duke criteria for diagnosis 
of PVE from 70 to 97% without reducing the specificity with 
addition of FDG PET/CT data. A significant proportion of 
patients with PVE can be reclassified from Possible Infec-
tive Endocarditis to Definite Infective Endocarditis category, 
resulting in a reduction of Possible Infective Endocarditis 
cases from 56 to 36%.

The 2015 European Society of Cardiology guidelines have 
recognized FDG PET/CT as a major criterion for the diagno-
sis of PVE [76]. Fig. 9 illustrates a case of PVE and the value 
of FDG PET in PVE. In recent years, novel radiotracers have 
been studied as alternatives to FDG to overcome the limi-
tations of FDG seen early after prosthetic valve surgery as 
postoperative imaging can be associated with false positives 
or nonspecific uptake in inflamed tissue. Most studies have 
suggested waiting a minimum of 4–6 weeks after surgery to 
avoid such false positive findings [77].

Fig. 8   A 60-year-old female with history of pulmonary sarcoidosis 
presenting with sudden syncopal episode. Twelve-lead electrocardio-
gram showed complete heart block. Cardiac catheterization showed 
no coronary artery disease, and she received a permanent pacemaker. 
82Rb 18F-FDG PET was done to evaluate for cardiac sarcoidosis. Top 
images show large perfusion defect along the septum extending to 
basal anterior wall and perfusion defects in distal inferior wall. Meta-
bolic images show substantial mismatch with FDG uptake in the sep-

tum parts of basal anterior wall and distal inferior wall. Patient was 
diagnosed with active cardiac sarcoidosis and initiated on steroids. 
Abbreviations: 82Rb, Rubidium-82; ANT, anterior; CTAC, computed 
tomography–based attenuation correction; FDG, flourodeoxyglucose; 
HLA, horizontal long axis; INF, inferior; LAT, lateral; PET, posi-
tron emission tomography; Rst, rest; SA, short axis; SEP, septal; Str, 
stress; VLA, vertical long axis
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Cardiac implantable electronic device infections

The presentation of cardiac implantable electronic device 
(CIED) infections can be quite variable in nature, extent, and 
severity. Moreover, they are often associated with involve-
ment of extracardiac sites, which makes it more challenging 
to diagnose CIED infections [83]. These patients can present 
with superficial incisional infection, device pocket infection, 
systemic infection, or cardiac valve endocarditis. Diagnosis 
with high accuracy is important as management of respec-
tive conditions can differ considerably ranging from short 

course of antibiotics to debridement to complete CIED sys-
tem explantation [84].

Echocardiography, TTE, and TEE are the mainstay of 
initial work-up for CIED infections. TTE is considered better 
in defining pericardial effusion, pulmonary vascular pres-
sure, and ventricular dysfunction; TEE is considered supe-
rior in defining the presence and size of lead vegetations, 
particularly in the superior vena cava and right atrium [85]. 
However, both TTE and TEE may not be able to differentiate 
a sterile thrombus from infected vegetation. Furthermore, 
a negative echocardiogram does not exclude CIED lead 
endocarditis, due to its limited ability to visualize extracar-
diac portion of the CIED leads. Chest CT or ECG-gated 
CT angiogram may detect structural damage caused by the 
infection, such as abscesses or vegetations [83].

FDG PET/CT has emerged as a promising multimodality 
imaging technique capable of identifying infective foci and 
at an earlier stage, prior to development of morphological 
changes and extensive structural damage [83, 86]. PET/CT is 
now recommended in the diagnostic work-up and evaluation 
of suspected CIED infections [84] as the accuracy of PET/
CT has been found to be very good, especially for diagnosis 
of CIED generator pocket infections [87, 88]. The inflam-
matory changes secondary to device implantation usually 
resolve within about 6 weeks of the procedure. Any FDG 
uptake beyond this time period is usually concerning for an 
infectious process.

Figure 10 is an example of PET/CT found to be very use-
ful in differentiating true pocket infection from superficial 
incisional infection, thereby helping in deciding on an opti-
mal management plan [89]. In a meta-analysis of 14 studies 
for diagnosis of local pocket infections, PET/CT was found 
to have pooled sensitivity of 96% and pooled specificity of 
97%; and for diagnosis of CIED lead infections, the pooled 
sensitivity was 76% and specificity was 83% [90]. The abil-
ity to scan the whole body with FDG PET/CT is quite useful 
in detecting embolic foci and metastatic sites of infection, 
such as pulmonary emboli, splenic emboli, spine infections, 
and mycotic aneurysms. These extracardiac findings can fur-
ther support the diagnosis of lead or valvular endocarditis 
as well as help guide appropriate antimicrobial regimen and 
decision to explant the device.

PET/CT may provide prognostic information as shown by 
Diemberger et al.; they reported significantly increased mor-
tality in patients with PET/CT evidence of lead infection, 
without pocket involvement. These patients were more likely 
to have Staphylococcus aureus infection, positive blood cul-
tures, and vegetations, all of which were concerning for a 
non-pocket-related source of endovascular infection [91].

PET/CT also has high diagnostic accuracy for left ven-
tricular assist device infections, with sensitivity of 87–100% 
and specificity of 79–91% [92]. In a study by de Vaugelade 
et al. where patients underwent both PET/CT and white 

Fig. 9   An 84-year-old male with suspected prosthetic aortic valve 
endocarditis (valve replaced in 2006) with positive blood culture for 
Streptococcus viridans. Transthoracic echocardiogram showed prob-
able vegetations. 18F-FDG PET/CT shows uptake in the valve (horizon-
tal arrow; SUVmax 3.5) suggesting infection. Uptake in the pacemaker 
pocket (vertical arrow) was considered reactive inflammatory changes 
related to recent implantation. Image courtesy of Dr. P. Arumugam and 
Dr. S. Muthu, Manchester University NHS Foundation Trust, Manches-
ter, UK. Abbreviations: 82Rb, Rubidium-82; CT, computed tomogra-
phy; FDG, flourodeoxyglucose; PET, positron emission tomography; 
SUVmax, maximum standardized uptake value
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blood cell SPECT, the sensitivity and specificity of PET/
CT were 95.2% and 66.7%, respectively, compared to 71.4% 
and 100% for white blood cell SPECT [93]. Given the higher 
specificity of white blood cell SPECT, it may be appropriate 
to perform this if suspicion of left ventricular assist device 
infection is high or PET/CT results are equivocal. Finally, 
PET/CT imaging has also been found useful in serial moni-
toring of cardiovascular infections to assess the response to 
antibiotic therapy.

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is characterized by 
asymmetric left ventricular hypertrophy in the absence of 
any other cardiac or systemic disease. Symptoms and clini-
cal course of HCM can vary significantly, ranging from 
the patient being totally asymptomatic to a wide range of 
complications including refractory heart failure, repeti-
tive syncope, angina, or sudden cardiac death. Literature 
indicates that a significant proportion of HCM patients 
have stress-induced perfusion defects as well as functional 
abnormalities, secondary to the following 4 mechanisms: (1) 
increased energy demand of hypertrophic myocardium, (2) 
inflammatory response caused by inflammatory cells, (3) 
demand myocardial ischemia due to supply/demand mis-
match, and (4) myocardial ischemia due to microangiopathy 
and coronary microvascular dysfunction [94]. Quantitative 
myocardial perfusion PET has emerged as an effective tool 
for measuring MBF and assessing coronary microvascu-
lar dysfunction. PET can quantify MBF to identify these 
subendocardial perfusion abnormalities in HCM patients. 

Figure 11 is a case example of a patient with mid-apical 
hypertrophic obstructive cardiomyopathy and chest pain. 
Significant ischemia was seen in the left anterior descending 
distribution, but coronary angiography showed no obstruc-
tive CAD, thus confirming the etiology of ischemic response 
was likely microvascular dysfunction. Also of note, the rest-
ing perfusion images showed increased radioisotope uptake 
in mid apical segments related to asymmetric hypertrophy.

Aoyama et al. in their study on HCM patients also found 
that 18F-FDG uptake was increased in hypertrophied myo-
cardium in hypertrophic nonobstructive cardiomyopathy 
patients, whereas uptake was extensively accumulated 
beyond the hypertrophied myocardium in hypertrophic 
obstructive cardiomyopathy patients. Also, the extent of 
FDG uptake was closely related to troponin level, as well 
as degree of LV diastolic dysfunction and brain natriuretic 
peptide levels [95].

Aortic stenosis

Cardiac PET when used with CT/MR provides benefits of 
both anatomical and molecular techniques for comprehen-
sive imaging assessment of aortic stenosis (AS). PET/CT 
can be used to measure inflammation and valvular calcifi-
cation activity in AS, thereby providing important insights 
into the pathogenesis as well as serving as a useful surrogate 
endpoint of disease activity [96].

Angina is one of the common symptoms in AS patients, 
but interestingly about one-fourth of these patients have 
no significant epicardial CAD. Angina in these patients is 
attributed to decreased MFR with chronic pressure overload. 

Fig. 10   A 69-year-old male 
with ICD for primary preven-
tion in 2020. Local tenderness 
and redness at site of pocket. 
18F-FDG PET/CT shows 
circumferential heterogeneous 
increased uptake around the 
generator box, prominent uptake 
is seen superiorly with SUVmax 
5.3 with no extension to the 
ICD leads. Image courtesy: 
Dr. P. Arumugam and Dr. S. 
Muthu, Manchester Univer-
sity NHS Foundation Trust, 
Machester, UK. Abbreviations: 
18F-FDG PET/CT, flourine-18 
flourodeoxyglucose positron 
emission tomography computed 
tomography; ICD, implantable 
cardioverter defibrillator; SUV-
max, maximum standardized 
uptake value
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Pathophysiology for decreased MFR in AS has 3 proposed 
mechanisms: capillary rarefaction, perivascular fibrosis, 
and reversal of endo-epicardial gradient [97]. Impairment of 
MFR is thought to cause subendocardial ischemia and, sub-
sequently, myocardial apoptosis. Zhou et al. in a recent study 
hypothesized that subendocardial ischemia in AS leads to 
progressive abnormalities in MFR and, ultimately, subclini-
cal LV dysfunction [98]. This study further suggested emerg-
ing role of cardiac PET and MBF assessment to identify the 
high-risk subset of AS patients as patients with abnormal 
MFR had worse outcomes when compared to patients with 
normal MFR over the 7.2 median years of follow-up. In an 
expert review regarding the role of multimodality imag-
ing in AS, the Heart Valve Clinic International Database 
Group has proposed a potential role of advanced imaging, 

including PET, to further risk stratify challenging subsets of 
AS patients [99].

Cardiac autonomic neuronal function

The primary extrinsic control of cardiac performance in 
human body comes from autonomic nervous system. Altered 
autonomic activity plays an important role in the progression 
of various cardiac pathologies. Some studies have shown a 
mechanistic role for heterogeneous sympathetic innerva-
tion causing life-threatening ventricular arrhythmias [48]. 
123I-Metaiodobenzylguanidine (123I-MIBG) is commonly 
used radiotracer for SPECT and 11C-metahydroxephedrine 
(11C-HED) is the most commonly used radiolabeled catecho-
lamine tracer for PET imaging in humans. Uptake of these 

Fig. 11   A 70-year-old female with apical hypertrophic cardiomyopa-
thy with chest pain. 82Rb rest-stress regadenoson PET shows moder-
ate sized, moderate intensity reversible perfusion defect in the mid-
distal anterior wall, septum, and apex and peri-apical areas. The rest 
image shows asymmetric intense uptake of isotope in the mid-distal 
ventricular myocardium corresponding to asymmetric apical hyper-
trophic cardiomyopathy phenotype. Coronary angiography showed 

nonobstructive disease confirming that the observed ischemic defect 
was related to other mechanisms including microvascular dysfunc-
tion. Abbreviations: 82Rb, Rubidium-82; AC, attenuation correction; 
Ant, anterior; Horiz, horizontal; Lat, lateral; PET, positron emission 
tomography; Post, posterior; Rst, rest; Sep, septal; Str, stress; Vert, 
vertical
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radiotracers is a reflection of neuronal integrity. The extent 
of decrease in 11C-HED uptake in heart failure patients corre-
lated well with their New York Heart Association functional 
classification and EF. This decrease in the extent of 11C-HED 
uptake was also found to be an independent predictor for sud-
den cardiac death in ischemic cardiomyopathy as well as for 
combined endpoint of death or cardiac transplantation [49].

123I-MIBG predominantly emits 159-keV gamma rays but 
also admits low-abundance high-energy 529-keV rays which can 
affect image quality. 123I-MIBG also accumulates in the liver and 
lungs thereby affecting image quality. Imaging in prone position 
has been shown to improve image quality thereby improving 
prognostic value of SPECT myocardial perfusion imaging. On 
the other hand, 11CHED has homogeneous tracer distribution 
thereby providing much better resolution which allows improved 
regional analysis and kinetic modeling, thereby providing much 
better quantification. However, the requirement of onsite cyclo-
tron and specialized centers for interpretation and radiosynthesis 
limits overall clinical application.

Limitations of PET

Although the advantages and myriad applications of cardiac  
PET have been well outlined, PET/CT imaging can be associ-
ated with several limitations, some unique to the technology 
and some similar to SPECT [8]. These include inadequate 
patient preparation, motion scatter, and PET/CT mismatch 
artifacts. Issues related to inadequate patient preparation 
for viability studies include elevated blood glucose lead-
ing to no suppression of myocardial uptake, and use of 
interfering drugs such as antibiotics and steroids result-
ing in reduced sensitivity of 18F-FDG PET/CT. For stress 
PET, inadequate preparation includes caffeine consumption  
which can decrease sensitivity of vasodilator stress. Issues 
leading to acquisition artifacts include motion, metal/scatter/ 
beam–hardening/calcification artifacts, arrhythmias, and 
suboptimal standardization. Furthermore there are recon-
struction related artifacts such as truncation and mismatch 
of fusion of PET and CT. Finally, issues related to reading 
errors are usually secondary to false positive uptake in sur-
rounding tissue, various pathological conditions such thrombi 
or tumor, and a short interval between surgery and imaging.

PET/MR hybrid imaging also comes with certain limita-
tions. The primary technical challenge is attenuation cor-
rection, which is the process through which the collected 
data are corrected for attenuation caused by body tissues 
and the components of the MR scanner. As compared to 
PET/MR, PET/CT provides more accurate attenuation cor-
rection because the Hounsfield unit of x-ray attenuation is 
more accurately transformed into equivalent linear attenu-
ation coefficient for PET photons [4]. Another limitation is 
attenuation correction at the edge of the field of view as the 

magnetic field becomes inhomogeneous in that area, espe-
cially in the obese population. Metallic implants, including 
coronary stents and prosthetic valves, also lead to artifacts 
that are more pronounced in MR imaging as compared to 
CT imaging. Another limitation of PET/MR scans is that 
they are much more expensive as compared to other imaging 
modalities both in their initial cost as well as running cost.

Conclusions

Cardiac PET and hybrid PET imaging with PET/CT and 
PET/MR imaging have proved themselves as precise imag-
ing modalities that provide functional imaging of the heart in 
addition to anatomical imaging. Cardiac PET has established 
itself as one of the best available techniques for evaluation of 
myocardial viability. It is also recommended for the optimal 
management of reduced LV function and ischemic cardio-
myopathy. Hybrid PET/CT provides simultaneous integra-
tion of coronary anatomy and function with myocardial per-
fusion and metabolism, thereby improving characterization 
of the dysfunctional area and chronic CAD. The availability 
of quantitative MBF evaluation with PET provides addi-
tional prognostic information and increases diagnostic accu-
racy in management of patients with CAD. Hybrid imaging 
seems to hold immense potential in optimizing management 
of cardiovascular diseases and furthering clinical research.

Future cardiac PET research lies in further understanding 
and development of molecular imaging and in establishing new 
perfusion tracers that are more specific for particular etiologies, 
like sarcoidosis and amyloidosis. Another area of research lies 
in the development of perfusion tracers suitable for PET imag-
ing at centers without an on-site cyclotron facility.
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