
© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2016;6(3):297-307qims.amegroups.com

Introduction 

More than two decades ago, simultaneous PET/CT was 
conceptualized, and the first commercial PET/CT scanner 
became available in 2001. The addition of CT to PET 
allowed the PET images to be interpreted with anatomic 
correlation, improving diagnostic confidence and accuracy. 
Such was the success of PET/CT that by 2006, PET-
only scanners were no longer obtainable. In some ways, 
the advance of positron emission tomography/magnetic 

resonance (PET/MR) seems to follow a similar path. But 
does it?

In its early days, PET/CT clinical workload was mostly 
driven by oncologic applications. Nevertheless, owing to 
its high resolution and dynamic functional imaging, PET/
CT gradually found its way in various cardiovascular 
applications, including stress myocardial perfusion imaging, 
myocardial viability imaging, and coronary artery imaging. 
PET/CT is now considered gold standard for myocardial 
perfusion imaging (1). Clinical utility in less-prevalent 
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cardiovascular conditions such as sarcoidosis, amyloidosis, 
etc., are less well-defined. On the other hand, cardiac 
MR provides dynamic functional assessment of the heart, 
valvular assessment, and great vessel assessment. With the 
advance of gadolinium and late gadolinium enhancement 
(LGE) imaging, it also finds its way in assessing myocardial 
perfusion and infarcts. It is also the imaging modality of 
choice for complex congenital heart diseases. 

Unlike standalone cardiac MR and cardiac PET/
CT, which have found their respective niches in clinical 
cardiology, until now cardiac PET/MR remains mostly 
an experimental and preclinical investigative tool (2). In 
theory, PET/MR combines the quantitative measurement 
of PET with dynamic functional and anatomic assessment 
of MR to offer a comprehensive “one-stop” cardiovascular 
examination. In practice, questions remain what incremental 
values a cardiac PET/MR examination offers above current 
standard-of-care imaging modalities. There is also concern 
of cost-effectiveness of PET/MR, i.e., whether PET/MR 
offers incremental benefit over either PET/CT or MR 
alone.

Hybrid PET/MR imaging was approved by the U.S. 
Food and Drug Administration for purchase in 2011 (1). 
Since then, we saw a rapidly increasing body of literature 
investigating its clinical use (Figure 1). Cardiovascular-
specific PET/MR publications was lacking initially, but had 
steadily picked up its pace in the last several years, even 
though it still represents roughly only 6% of total PET/MR 
publications. In this brief review, we look at several areas of 
potential cardiovascular PET/MR applications, including 
in the assessment of coronary artery disease (CAD), carotid 

atherosclerosis, infiltrative, inflammatory or hereditary 
heart diseases, myocarditis, vasculitis, and cardiac mass 
assessment.

Coronary artery disease

Detection of CAD: PET/MR stress test

CAD affects roughly 23.5% of all U.S. population 
according to the Center for Disease Control, and remains 
the leading cause of death in the United States (3). Given 
its high prevalence, CAD is an obvious area of research 
to investigate the potential use of simultaneous PET/MR 
imaging. Early detection of CAD can potentially prevent 
detrimental consequences such as myocardial infarction and 
congestive heart failure, which have significant implications 
in terms of societal financial burdens. 

Currently, stress testing usually comes in one of several 
forms: treadmill ECG stress test, stress echo test, single 
photo electron computed tomography (SPECT) stress 
test, MR stress perfusion test, or PET stress perfusion test. 
Cardiac PET perfusion imaging is considered the reference 
technique for quantitative myocardial perfusion, due to its 
ability to quantify absolute myocardial blood flow (MBF) 
and coronary flow reserve, relative lack of attenuation 
artifact, and superior image quality (4). The most common 
PET perfusion tracers include 13N-NH3, 

15O-H2O, 
82Rubidium, and 18F-Flurpiridaz. 

MR perfusion stress test has been used more commonly 
in the last few years, and meta-analysis showed that it was at 
least non-inferior if not superior to SPECT or echo stress 
tests (5). The cardiac MR perfusion stress test offers several 
advantages over PET/CT, including no radiation, no 
blooming effect from calcium, superior soft-tissue contrast 
and functional assessment of the heart, and potentially 
better morphologic assessment of coronary plaques. 

In turn, a simultaneous PET/MR stress test offers 
several potential advantages over individual PET/CT or 
MR stress tests. That includes motion and partial volume 
correction, improved prognostic stratification using both 
functional (MR) and metabolic (PET) information, internal 
validation between MR and PET stress perfusion findings, 
and reduced radiation when compared to PET/CT (6). 

Dr. Woodard’s group at Washington University 
demonstrated the feasibility of a 13N-NH3 PET/MR stress 
test in 2015 (7). Fifteen patients with positive SPECT stress 
test underwent cardiac 13N-NH3 PET/MR perfusion stress 
test, and the PET/MR results were compared to coronary 

Figure 1 The number of total PET/MR (blue) and cardiac-specific 
PET/MR (red) publications in the past several years. Last columns 
on the right represent the number of publications only in the first 
5 months of 2016. PET/MR, positron emission tomography/
magnetic resonance.
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angiographic findings. In this small cohort of patients, 
the PET/MR stress test had a non-significant superior 
diagnostic accuracy when compared to SPECT (64% 
vs. 50%). Interestingly, an abbreviated PET/MR stress 
test, where only stress perfusion images were obtained, 
yielded a similar ability to diagnose CAD. The rationale 
is that MR LGE can serve as “rest” image because it can 
distinguish infarct from normal or ischemic myocardium. 
This approach may potentially be useful in improving the 
competitiveness of a PET/MR stress test by reducing in half 
the total scan time. 

A case study also demonstrated the potential superiority 
of a cardiac PET/MR stress test (8). In this case study, 
a 72-year-old woman who had a SPECT stress test that 
demonstrated mixed infarct and ischemia underwent 
simultaneous 13N-NH3 PET/MR stress test. To the authors’ 
surprise, no LGE was found, which suggested that there was 
actually no myocardial infarction. Subsequent analysis of 
quantitative MBF by PET showed a flow pattern suggestive 
of myocardial steal. Consequently, the area that was 
initially believed to be infarct in SPECT was likely actually 
hibernating myocardium, as determined by simultaneous 
PET/MR imaging. In conclusion, PET/MR stress test 
(either with 13N-NH3 or other tracers) is a promising area 
that warrants further investigations. It is noteworthy of the 
potential limitations of a PET/MR stress test. For example, 
PET/MR has a smaller inner bore than PET/CT, and 
cannot accommodate larger patients. Patients with metal 
implants or with significant renal impairment may not 
undergo contrast MR examination. Consequently, patient 
selection for a PET/MR stress test will be more stringent 
than other existing stress tests, potentially limiting its more 
widespread use. 

Imaging the myocardial infarct

Multiple original studies and review articles investigated 
and speculated the utility of simultaneous cardiac PET/MR 
in myocardial infarct imaging (9-15).

Much of  this  work came from invest igators  in 
University Hospital Essen. In one of the earliest studies 
on simultaneous cardiac PET/MR, Nensa et al. examined 
20 patients with myocardial infarctions by simultaneous 
18F-Fluorodeoxyglucose (18F-FDG) PET/MR (9). Fourteen 
of them had recent acute ST-elevation myocardial 
infarction, one had non-ST-elevation myocardial infarction, 
and five had chronic myocardial infarction. The authors 
found substantial agreement between the reduced 18F-FDG 

in PET with MR LGE images (κ=0.76), and between 
reduced 18F-FDG in PET and MR cine images (κ=0.78) in 
their ability to diagnose myocardial infarct. In a subgroup 
analysis, 18F-FDG tracer uptake was comparable between 
18F-FDG PET/CT and 18F-FDG PET/MR, demonstrating 
feasibility of the PET/MR examination.

In a subsequent study, they shifted their attention to 
the areas around the acute myocardial infarction scar (the 
“at-risk” area) (10). Twenty-five patients who suffered 
from acute coronary occlusion and received interventional 
reperfusion underwent simultaneous cardiac 18F-FDG 
PET/MR. Areas at risk were estimated by MR using an 
endocardial surface area method, and by PET by reduced 
myocardial 18F-FDG uptake. These two methods yielded 
good correlation (r=0.7, P=0.001). They noted that the 
areas of reduced 18F-FDG tended to be larger than the 
infarct size marked by LGE, similar to what others have 
observed (10). 

Another group (11) investigated the correlations between 
18F-FDG PET uptake pattern, MR LGE, and MR T2 
mapping, again in the context of acute myocardial infarction. 
Twenty-one patients with ST-elevation myocardial 
infarction underwent simultaneous 18F-FDG PET/MR 
examination. 18F-FDG and T2 mapping correlated well, 
while the areas marked by MR LGE tended to be smaller 
than those measured by the other two methods. The 
authors contended that these areas demarcated by MR 
LGE are likely non-salvageable myocardium, whereas areas 
with no LGE but reduced 18F-FDG uptake are likely “at-
risk” salvageable myocardium. Indeed, the salvage ability 
was demonstrated when functional recovery of the “at-risk” 
areas were observed in follow-up MR cine imaging, whereas 
recovery was less likely in the infarct core. 

In conclusion, simultaneous PET/MR myocardial infarct 
imaging showed promise in identifying infarct and at-risk 
myocardium. Questions remain as to how a comprehensive 
cardiac PET/MR examination provides additive value 
over existing imaging modalities. One consideration is 
that for the subgroup of patients who suffered substantial 
myocardial infarction and subsequently developed 
significant systolic heart failure, they are at higher risk 
for ventricular arrhythmia. Fibrosis and scar imaging by 
simultaneous PET/MR can potentially be investigated in 
these patients. The findings can be correlated with risk 
of arrhythmia to yield potential outcome assessments, 
which may lend insight into the assessment of sudden 
cardiac death risk and potentially guide patient selection of 
implantable cardiac defibrillator (ICD) implantation. 
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Salvage after myocardial infarction: stem cell therapy

After myocardial infarction, fibrosis takes place to replace 
the necrotic myocardium, and the heart undergoes 
dilatation to allow the thinned area of the heart to withstand 
pressure and volume load, in the process called ventricular 
remodeling. This, coupled with the loss of myocardial 
tissue and contractility, can lead to the development of 
heart failure. Stem cell transplant represents a potentially 
promising therapeutic salvage therapy for myocardial 
function. However, currently, there is insufficient evidence 
for a beneficial effect of stem cell therapy in patients who 
suffered from acute myocardial infarction. In a systematic 
review of 41 RCTs totaling 2,732 patients, stem cell therapy 
was found to have no clear benefit on morbidity, quality 
of life/performance, or left ventricular ejection fraction 
measured by MR (16). 

There are currently no published simultaneous PET/
MR studies on human stem cell therapy post myocardial 
infarction. There are, however, pre-clinical animal studies 
looking at co-registered PET/MR images following stem 
cell transplant (17,18). Stem cells were labelled with super-
paramagnetic iron oxide (SPIO) and 18F-FDG for separate 
MR and PET tracing. These studies found that there was 
generally good agreement on the size and location of the 
engrafted stem cells shown by co-registered PET and MR 
images. Functional outcomes were not measured in these 
studies. 

In conclusion, while the use of PET/MR to track 
cardiac stem cell engraftment is still not done clinically, it 
remains a viable noninvasive monitoring option post stem 
cell transplant to monitor the location and viability of the 
transplanted cells, and warrants further investigations.

Carotid atherosclerosis

In addition to CAD detection and myocardial infarction 
imaging, carotid atherosclerosis imaging is the next main 
area of cardiovascular PET/MR research. Stroke is a highly 
morbid condition, and carotid plaques are estimated to 
account for 15–20% of all ischemic strokes (19,20). The 
classical thinking is that strokes related to carotid artery 
disease are caused by vulnerable plaques, typically lesions 
that have thin or ruptured fibrous cap, large lipid-rich core or 
necrotic core, or intraplaque hemorrhage (21). Metabolically 
active macrophages mediate this inflammatory process, 
leading to plaque instability. However, luminal narrowing 
alone was not particularly predictive of stroke risk (22), and in 

one study, up to 40% of patients with ischemic stroke had no 
definitive stenotic carotid lesions (23). Furthermore, higher 
18F-FDG uptake was found to be an independent predictor 
of stroke recurrence, regardless of degree of luminal  
stenosis (24). Therefore, emphasis has been made to identify 
high-risk vascular plaques with non-significant luminal 
obstruction. Given the robust capabilities of PET/MR to fuse 
high resolution anatomic and metabolic plaque properties, 
this represents a promising area of clinical application for 
early high-risk carotid atherosclerosis detection. 

Various groups have investigated simultaneous carotid 
PET/MR imaging (25-30). Ripa et al. in 2013 reported 
comparison of PET/MR and PET/CT images of carotid 
arteries in six HIV-positive patients at increased risk for 
atherosclerosis (25). Quantitative comparison of 18F-FDG 
uptake revealed strong agreement between PET data 
acquired by PET/MR and PET/CT, despite differences in 
the methods of PET attenuation correction, reconstruction 
algorithm, and detector technology between 18F-FDG 
PET/CT and 18F-FDG PET/MR. This proof-of-principle 
study demonstrated feasibility of PET/MR in carotid 
atherosclerosis imaging. However, in this small cohort of 
patients, no hemodynamically significant atherosclerotic 
disease was found, and the comparison of PET/MR and 
PET/CT was done in healthy carotid artery segments. 

In 2014, Dr. Woodard’s group at Washington University 
reported a study where 22 high risk patients underwent 
simultaneous carotid 18F-FDG PET/MR imaging (26). 
Lesions identified as lipid-pool lesions by MR were more 
likely to be metabolically active on 18F-FDG PET when 
compared to lesions with fibrous plaque composition, even 
in hemodynamically non-obstructive lesions. 

Rischpler et al. published an article earlier this year, 
where they studied a group of 18 patients who suffered from 
cryptogenic ischemic stroke and possessed non-stenotic 
carotid atherosclerotic plaques (27). MR images showed 
that up to 40% of these patients had American Heart 
Association type VI complicated plaques in the ipsilateral 
carotid artery, versus 0% on the contralateral side. Higher 
18F-FDG uptake was found in these plaques, showing 
correlation between PET and MR findings. This study 
demonstrated that metabolically active and anatomically 
complex pathologies can be identified and characterized by 
18F-FDG PET/MR in hemodynamically non-significant 
carotid segments ipsilateral to their stroke. 

The above studies utilized 18F-FDG for PET imaging. It 
is worth noting that other specialized PET tracers are being 
explored for atherosclerotic imaging, including 18F-galacto-
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RGD to target angiogenesis, 18F-sodium fluoride to target 
calcification, and 64Cu-DOTATATE to target macrophages. 
One study by Pedersen et al. reported 10 patients with 
significant carotid atherosclerosis underwent simultaneous 
64Cu-DOTATATE PET/MR carotid imaging (30). PET 
signal uptake was shown to correlate significantly with 
CD-163 gene expression (by real time polymerase chain 
reaction). Thus, using targeted PET tracers, morphologic 
findings by MR can now be analyzed not just against 
inflammation (by 18F-FDG PET), but also against various 
genetic expression patterns, furthering our understanding 
of the disease pathogenesis and potentially advancing 
therapeutic decision makings. 

In conclusion, we believe that simultaneous carotid 
PET/MR imaging is a promising area where 18F-FDG and 
other novel PET tracers may be used to combine with high 
resolution MR images to better characterize early carotid 
artery disease. Specific limitations to carotid simultaneous 
PET/MR include motion artifacts with head movement, 
radiation exposure, as well as 18F-FDG PET signal spillover 
and interference from adjacent metabolically active 
structures such as the neck musculatures. Cost-effectiveness 
and superiority of the PET/MR exam will also need to be 
demonstrated. 

Hereditary, infiltrative and inflammatory 
cardiovascular diseases 

Hypertrophic cardiomyopathy (HCM) 

HCM is the most common hereditary cardiovascular 
disease, affecting approximately 1 in 500 individuals. Single-
nucleotide mutations in at least 11 sarcomere-related genes 
are associated with this autosomal dominant disease. HCM 
is characterized by abnormal left ventricular hypertrophy 
and myocardial fibrosis, leading to dynamic left ventricular 
outflow tract obstruction, syncope, cardiac arrhythmia, 
stroke, heart failure and sudden death. Several risk factors, 
such as family history of sudden death, left ventricular wall 
thickness ≥30 mm, non-sustained ventricular tachycardia, 
and unexplained syncope, were investigated in their ability 
to predict sudden cardiac death and candidacy for ICD (31). 
However, due to variable expressivity and penetrance (age-
related), these risk factors showed a low positive predictive 
value (31). 

LGE MR can readily pick up intramyocardial fibrosis in 
HCM patients, and this was shown to be associated with 
arrhythmia and sudden death (32). 18F-FDG PET studies 

on HCM patients were much less common (33,34), and 
cardiac PET imaging was not investigated previously in any 
outcome studies.

To date, there is one publication (case study) that looked 
at simultaneous PET/MR evaluation of an HCM patient (35).  
A 25-year-old man with incidental Echocardiographic 
finding of non-obstructive HCM with a LV septal thickness 
of 30mm underwent simultaneous 18F-FDG PET/MR. 
PET demonstrated patchy 18F-FDG defects within the 
hypertrophic septum. MR demonstrated reduced MBF in 
the hypertrophic septum, and LGE MR showed overlap of 
contrast enhancement with the area of reduced 18F-FDG 
uptake. Together, PET/MR demonstrated good correlation 
between anatomic, functional and metabolic impairments. 

Nevertheless, despite good PET and MR correlation, 
there is currently no evidence to suggest superiority in using 
simultaneous PET/MR for HCM assessment. In patients 
with renal impairment prohibiting Gadolinium contrast MR 
study, simultaneous 18F-FDG PET/MR may be considered 
to assist in speculating the size and extent of fibrosis. 

Anderson-fabry disease (AFD)

AFD is a rare X-linked lysosomal storage disease that is 
known to have potential cardiac involvement. Cardiac 
manifestations including arrhythmias, accelerated CAD, 
valvulopathy and heart failure, and may occur in up to 
60% of all patients (36). Prior cardiac MR studies showed 
a characteristic basal inferolateral wall LGE pattern (37), 
and prolonged T2 relaxation time (38). On the other hand, 
existing cardiac PET studies had mostly looked at coronary 
microvascular dysfunction by quantitative MBF assessment 
in AFD patients (39).

There is evidence that early treatment with enzyme 
replacement therapy improves cardiovascular outcome (40). 
Hence PET/MR presents a potentially useful surveillance 
tool for early detection of cardiac involvement in AFD 
patients. 

There is one simultaneous cardiac 18F-FDG PET/MR 
study exploring early detection of cardiac involvement in 
AFD patients (41). In this study, 13 AFD patients with no 
known cardiac involvement and preserved left ventricular 
systolic function by echocardiogram underwent simultaneous 
cardiac 18F-FDG PET/MR. Six out of 13 patients had 
positive MR findings (LGE and positive short inversion 
time inversion recovery), whereas all patients demonstrated 
either homogenously or heterogeneously increased 18F-FDG 
uptake. No outcome data were acquired in this study. 
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Extrapolating from this limited data set, PET appeared to 
be more sensitive than MR in picking up early subclinical 
cardiac involvement, although both PET and MR were able 
to detect cardiac involvement earlier than echocardiography 
assessment of systolic dysfunction. Whether this early 
detection can translate into clinical benefit (with early 
enzyme replacement therapy) remains to be answered. 

In conclusion, simultaneous PET/MR for AFD warrants 
further investigations. Given the potential reward in early 
detection and treatment of AFD, simultaneous cardiac 
PET/MR may be considered when feasible. 

Amyloidosis 

Amyloidosis PET/MR imaging is an interesting field that 
will likely receive increasing attention in the future. Cardiac 
amyloidosis frequently results from deposition of the 
immunoglobulin light chain (AL type) or the transthyretin 
(TTR type). Traditionally, diagnostic imaging of cardiac 
amyloidosis is done by Echocardiography or MR. On MR 
imaging there is a combination of characteristic findings 
including global subendocardial LGE, abnormal myocardial 
and blood-pool Gadolinium kinetics (difficulty optimizing 
TI during LGE), and severe concentric left ventricular 
hypertrophy and diastolic dysfunction (42). 

There are recent advances in PET amyloid imaging with 
several tracers, including 11C-PiB (43), florbetapir (44), 
florbetaben, and flutemetamol (45). Whereas these tracers 
are formally indicated for neuroamyloid imaging for the 
diagnosis of Alzheimer’s disease, studies have shown that 
several of these tracers were detected in the myocardium 
in patients with systemic amyloid and suspected cardiac 
involvement (43-45). 

To date, no studies were published investigating 
cardiac amyloid by simultaneous PET/MR. However, 
with the advances in plaque-specific PET tracers; we 
expect simultaneous PET/MR cardiac amyloid assessment 
studies to come in the near future. Potential benefits of 
a simultaneous PET/MR cardiac amyloid study include 
comprehensive survey of extracardiac amyloid involvements, 
added diagnostic accuracy (especially when Gadolinium 
cannot be administered due to renal impairment, which is 
not uncommon in patients with amyloid), and potentials for 
disease prognostication. 

Cardiac sarcoidosis 

Sarcoidosis is an inflammatory disease characterized by non-

caseating granuloma formation in the lungs and mediastinal 
lymphadenopathy, with cardiac involvement in approximately 
30–85% of cases (46). Most notable cardiac co-morbidities 
include atrioventricular conduction block and ventricular 
arrhythmia, sometimes necessitating pacemaker or ICD 
implantation. In cardiac sarcoidosis, the infiltrative fibrosis 
occurs in a patchy non-homogenous manner, rendering a 
high false negative rate in endomyocardial biopsy. Therefore, 
noninvasive imaging plays an important role in identifying 
potential cardiac sarcoidosis. 

MR imaging is currently considered standard-of-care 
for the detection of cardiac sarcoidosis. It allows regional 
wall motion assessment (typical for cardiac sarcoidosis), 
cardiac edema assessment by T2 imaging, and LGE 
evaluation of fibrosis. The extent of cardiac edema seen 
on T2-weighted MR images may be used in longitudinal 
follow-up to guide immunosuppressive therapy or monitor 
disease progression (47). 

There is also a well-established body of literature on the 
use of PET/CT imaging in cardiac sarcoidosis. 18F-FDG-
PET/CT imaging was useful in disease prognostication (48), 
and reduction of 18F-FDG-PET tracer uptake was shown to 
correlate with improvement of AV conduction disease (49).  
Most cardiac sarcoidosis PET studies were done using the 
18F-FDG tracer, which detects inflammation, but at least one 
study investigated the tracer of 13N-NH3, which detects tissue 
perfusion. Both tracers had similar sensitivity in detecting 
cardiac sarcoidosis (50), but 18F-FDG may be more sensitive 
than 13N-NH3 in monitoring response to steroid therapy (50). 
When compared to MR, PET also has the added benefit of a 
comprehensive whole-body assessment to detect or monitor 
extracardiac sarcoidosis. 

In the pre-simultaneous PET/MR era, correlative studies 
of separate PET and MR images demonstrated comparable 
accuracy of both modalities in detecting myocardial lesions (51).  
In general, 18F-FDG PET detects active cardiac sarcoid 
disease, whereas LGE MR primarily detects more advanced 
fibrotic lesions. The active flare and chronic fibrotic changes 
represent two different stages of disease, which may overlap 
with each other, and distinguishing between these two phases 
may have therapeutic implications in terms of intensity of 
immunosuppressive therapy. Hence, a simultaneous cardiac 
PET/MR examination may be uniquely useful in providing a 
comprehensive assessment of the overall disease state. 

To date, there is one publication (case study) examining 
cardiac sarcoidosis by simultaneous 18F-FDG PET/MR 
imaging (52). A 72-year-old woman with normal coronary 
arteries and mediastinal lymphadenopathy underwent 
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simultaneous 18F-FDG PET/MR to assess the possibility 
of cardiac involvement (52). MR showed septal and 
inferoseptal hypokinesis by cine, lack of edema on T2-
weighted MR images, and subepicardial LGE in the 
anteroseptum and inferoseptum. 18F-FDG PET showed 
decreased 18F-FDG uptake in the region of LGE, and 
increased 18F-FDG uptake around the fibrosis. Therefore, 
the combined 18F-FDG PET/MR data was able to identify 
both active and chronic disease in this particular case. Of 
note, T2-weighted MR sequences failed to detect tissue 
edema in areas with increased 18F-FDG uptake. This 
suggests that the combined 18F-FDG PET/MR may provide 
incremental value over standalone MR imaging. 

In conclusion, cardiac sarcoidosis PET/MR imaging is 
a promising field, given its ability to characterize active vs. 
chronic disease, to identify extracardiac involvements, and 
to potentially guide longitudinal therapy response. One 
limitation is that many patients with sarcoidosis undergo 
ICD implantation for arrhythmia and sudden death 
prevention, rendering them unsuitable candidate for PET/
MR imaging. 

Myocarditis

In recent years, the use of cardiac MR has become more 
common in assisting the diagnosis of myocarditis. A subset 
of patients with myocarditis has a rapidly deteriorating 
clinical course, which warrants early investigation and 
aggressive intervention. The patchy nature of myocarditis 
means that endomyocardial biopsy may fail to make the 
diagnosis, and an accurate noninvasive imaging test would 
be most welcomed. On MR imaging there is characteristic 
epicardial LGE pattern (53). However, many patients with 
rapidly deteriorating myocarditis also suffer from acute 
renal failure from cardiorenal syndrome, prohibiting them 
from getting LGE MR imaging. Thus, 18F-FDG PET 
offers a potentially useful complement to MR in these 
situations. 

Rischpler et al. showed a case study in his review article 
in 2015, demonstrating good correlation of myocardial 
segments with increased 18F-FDG uptake on PET and LGE 
on MR (14). The area of increased 18F-FDG PET uptake 
was much larger than MR LGE. 

Since myocarditis often time has a self-limited clinical 
course, the addition of PET imaging to the standard MR 
exam may allow us to speculate whether the acute disease 
flare state is still ongoing, potentially offering guidance for 
the duration of aggressive medical therapy. 

Vasculitis 

One study examined 12 patients with known large vessel 
vasculitis and compared between 18F-FDG PET/MR and 
18F-FDG PET/CT (54). SUVs obtained by PET/MR 
and PET/CT correlated well, demonstrating feasibility 
of the PET/MR exam. The addition of MR morphologic 
information to PET 18F-FDG uptake data led to an 
increased number of vessel segments (from 86 to 95 
segments) being diagnosed to be vasculitic. The authors 
therefore concluded that simultaneous PET/MR exam 
for vasculitis is feasible, and holds promise for better 
determining the extent of disease involvement. 

Cardiac mass

Malignancy in the heart is uncommon but potentially 
serious. Benign primary cardiac lesions include myxoma, 
l ipoma,  f ibroe las toma,  rhabdomyoma,  e tc . ,  and 
malignant primary cardiac lesions include angiosarcoma, 
rhabdomyosarcoma, mesothelioma, f ibrosarcoma, 
lymphoma, etc. Primary malignancy of the heart is much 
less common than metastatic diseases, which commonly 
arise from the lungs, breasts, renal cell cancer and 
melanoma. In addition, left ventricular thrombus is the 
most common non-tumor mass found during cardiac 
imaging. The clinical presentation of cardiac mass is 
variable, ranging from asymptomatic incidental findings, 
to debilitating symptoms such as heart failure and syncope, 
often depending on the location of the mass. 

Multiple imaging modalities are currently used 
for cardiac mass imaging, including transthoracic 
echocardiography, transesophageal echocardiography, 
CT, MR and PET or PET/CT. Generally, transthoracic 
echocardiography and CT are the first line imaging 
modalities in detecting abnormal cardiac masses, owing to 
their widespread use. MR imaging is generally considered 
the gold standard (55,56): in a skilled center, a combination 
of cine, T1-weighted, T2-weighted, fat-suppression, first 
pass perfusion and LGE can assess the location, size, 
vascularity, and tissue characteristics of the cardiac mass. 
In one study, cardiac MR was noted to have a diagnostic 
accuracy of 92% (56). On the other hand, cardiac 18F-FDG 
PET/CT imaging of cardiac masses also carries a high 
diagnostic accuracy of 96% (57). Whole-body PET can be 
done more readily than whole-body MR due to scan time, 
and that allows for detection of extracardiac malignancy. To 
date, there is no specific PET tracer developed for detection 
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of primary cardiac malignancy: 18F-FDG is the most widely 
used PET tracer for examining malignancy. 

The argument for the use of PET/MR in cardiac mass 
imaging is that independent PET and MR data may 
provide reassurance that a lesion may be morphologically 
and metabolically benign, thus circumventing the risk of a 
potentially high-risk cardiac surgery. 

To date, there is one publication on cardiac mass 
assessment by simultaneous 18F-FDG PET/MR imaging (58).  
Twenty patients with cardiac masses underwent integrated 
PET/MR imaging. Thirteen (13/20, 65%) were found to 
be malignant and seven (7/20, 35%) were benign. In this 
small cohort, there was 100% sensitivity and 92% specificity 
in determining tumor malignancy. However, since the 
standalone MR and PET already have high diagnostic 
accuracy, the incremental value of simultaneous PET/MR 
remains unclear. 

In conclusion, because of already high performance of 
standalone PET/CT and MR imaging, cost concern and 
limited availability of PET/MR scanners, there is currently 
no strong argument for routine simultaneous PET/MR 
imaging in cardiac mass assessment. Simultaneous PET/
MR may be considered in selected cases where incremental 
benefit can be expected. 

Conclusions 

In summary, in recent years, increasing attention was paid to 
the use of simultaneous PET/MR in cardiovascular imaging. 
Here we reviewed publications where simultaneous PET/
MR was used to examine patients with various cardiovascular 
diseases, including CAD, myocardial infarction, carotid 
artery disease, sarcoidosis, amyloidosis, HCM, AFD, 
myocarditis, vasculitis, and cardiac masses. With General 
Electrics’ simultaneous Signa PET/MR system approved 
fairly recently in 2014 [Siemens’ Biograph mMR was the 
first one approved (2)], we anticipate further increase in both 
the overall PET/MR as well as cardiovascular-specific PET/
MR publications in the years to come. Even though a “killer-
application” has not been demonstrated for cardiovascular 
PET/MR, many areas, such as CAD detection, myocardial 
infarct imaging, and early carotid artery disease detection, 
show promise and warrant further investigations. 
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