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Introduction
The positron emission tomography (PET) is a technology 

in the field of Nuclear Medicine, designed in the late 
1950s for the purposes of mapping brain function.  
The development of this technique and the production of 
new radiopharmaceuticals for positron emitters allowed its 
incipient employment in clinical practice from the years 
1980-19901. Lately, the equipment consists of a system 
that integrates PET and computed tomography (CT), 
bringing benefits of improved image quality and anatomic 
correlation of metabolic findings2. Its applicability has 
been expanded worldwide in recent years.

Fluorodeoxyglucose (18F-FDG) is the most used 
radiopharmaceutical drug for conducting PET tests due to 
its relatively long physical half-life (110 minutes) compared 
to positron-emitting materials, while some others have a 
half-life of just a few minutes or even seconds; and also 
for playing a well-defined biological role in glycolytic 
metabolism1. 

Warburg observed in the 1930s that tumor cells 
preferentially use glucose as energetic substrate, opening 
the way for new investigations to demonstrate the potential 
of 18F-FDG as a metabolic marker of tumor activity, with 
a different uptake according to the malignancy degree of 
the tumor1.

18F-FDG is a glucose derivative bound to the radioactive 
fluorine, which, after intravenous administration, is transported 
through the cell membrane through glucose transporters 
(GLUT). There are about 13 subtypes of GLUT, but only a few 
stand out, like GLUT 1, which presents an increased expression 
in tumor cells. Intracellularly, 18F-FDG is metabolized by 
hexokinase, as well as glucose, 18F-FDG-6-phosphatase, 
which does not continue in the metabolic pathway due to 
the presence of fluorine in its molecule. The cell membrane 
is impermeable to 18F-FDG-6-phosphatase, causing an 
accumulation of this metabolite in metabolically active cells, 
allowing for the production of images3. 

The PET imaging technology allows quantifying the 
concentration of 18F-FDG in tissues. The most commonly 

used parameter is the SUV (Standard Uptake Value).  
The SUV corresponds to the measurement of the 
concentration of 18F-FDG performed by the equipment 
in a particular tissue divided by the material injected dose 
adjusted for the weight. This measure has demonstrated 
diagnostic and prognostic implications4.

The main application of PET-CT is currently in the 
field of oncology. It is used for differentiating benign from 
malignant lesions, for staging and evaluation of treatment 
response of various tumors. The method has also been 
applied in the differential diagnosis between dementia 
and depression in neuropsychiatry; in the diagnosis, 
localization and follow-up of inflammatory and infectious 
processes, reflecting an increased energy demand of 
inflammatory cells; in cardiology, it has been used in 
myocardial viability research2. 

Many articles have demonstrated the role of this technology 
in the evaluation of inflammatory and infectious diseases of 
the cardiovascular system5.

The purpose of this article is to provide a review of the 
literature on this topic to identify clinical situations in which 
there is evidence of the usefulness of PET-CT in diagnostic 
and therapeutic evaluation.

Methodology
A literature review was conducted on articles published 

using the following databases: PubMed and Medline.
The terms used were FDG, fluorodeoxyglucose, Positron 

Emission Tomography, PET/CT (AND) cardiovascular 
inflammation, cardiac sarcoidosis, endocarditis, pericarditis 
and myocarditis.

Through the evaluation of the abstracts, the articles that 
did not address the topic were excluded.

Results
By combining all the above terms, our research resulted in 

1,676 articles in an inquiry made by June 30, 2014. Once any 
duplicate articles were excluded, 294 articles were selected 
according to a visual analysis of the correlation with the subject 
studied between 1999 and 2014.

Approximately 65%   of the articles were published 
between 2011 and 2014, demonstrating the contemporary 
nature of the topic.

Eleven revision manuscripts were found. Just a few of them 
address the issue broadly, noting that some publications focus 
on atherosclerosis and others focus only on inflammatory 
diseases of other causes5,6.
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Search criteria:

Date: 30/6/2014 

Keywords: FDG, fluorodeoxyglucose, Positron Emission Tomography, 
PET (AND) cardiovascular inflammation, cardiac sarcoidosis, 
endocarditis, pericarditis and myocarditis. 

Electronic databases: PUBMED and MEDLINE.
1,676 articles 
found 

The following articles were excluded:

‐ duplicate articles; 
‐ articles not related to the topic.

294 articles included after 
abstract evaluation

Classification of articles according to the cause of 
cardiovascular inflammation.

‐ revision manuscripts = 11 
‐ atherosclerosis = 106 
‐ cardiac sarcoidosis = 60 
‐ endocarditis = 52 
‐ vasculitis = 45 
‐ pericarditis = 17 
‐ others (myocarditis and valvular 

diseases) = 3 
‐  

(See Chart 1) 
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Because they are the most common issues, we will look into 
some evidence about the role of PET-CT in atherosclerosis, 
cardiac sarcoidosis, endocarditis and vasculitis. We will briefly 
mention other inflammatory processes.

Role of PET-CT in the evaluation of atherosclerosis
Atherosclerosis is a systemic inflammation associated 

with the formation of lipid plaques on vessel walls. 
Atherosclerotic plaque usually evolves over decades, 
comprising non-obstructive lesions, stable obstructive 
lesions and vulnerable (or unstable) plaques. The latter 
are susceptible to rupture and acute arterial thrombosis, 
which is responsible for cardiovascular events such as 
myocardial infarction and cerebral vascular accidents7.

Vulnerable plaque is characterized by a thin fibrous cap 
and lipid-rich or necrotic core. Imaging techniques such as 
computed tomography and magnetic resonance imaging 
can estimate the density of the tissues and demonstrate such 
components; however, finding the plaques that are about to 
induce acute events is a challenge7.

PET with 18F-FDG has been evaluated as an imaging 
method able to play the role of a molecular marker of 
vulnerable plaque due to its ability to signal inflammatory 
processes in activity8.

The first study using fluorodeoxyglucose to identify 
inflammation in plaques causing acute cardiovascular events 
was published in 20029. 18F-FDG uptake in the culprit plaque 
was demonstrated in all patients with recent transient ischemic 
attack and carotid obstruction of at least 70%. Despite the 
small number of individuals, this was the first direct evidence 
of atherosclerotic inflammation in culprit arteries.

Subsequently, Tawakol et al.10 demonstrated that it is 
possible to correlate the degree of vascular 18F-FDG uptake 
with the degree of vascular inflammation through the 
histology of atherosclerotic plaques removed during carotid 
endarterectomy, identifying differences in the content of 
macrophages associated with atherosclerotic inflammation7.

One of the most interesting applications of 18F-FDG in 
atherosclerosis is the assessment of therapeutic response. 
Tahara et al.11 demonstrated a significant reduction in the 
intensity of carotid uptake after three months of treatment with 
simvastatin compared to dietary treatment, demonstrating the 
anti-inflammatory effect of the drug associated with reduced 
LDL cholesterol and increased HDL cholesterol.

One can not only associate cardiovascular risk factors 
with vascular uptake of 18F-FDG12, but also predict clinical 
outcomes, as demonstrated in a study with 513 cancer patients 
with risk factors for atherosclerotic disease who underwent 
PET-CT with 18F-FDG and were evaluated for the presence of 
inflammation in the ascending aorta13. After a mean follow-up 
of four years, we observed a higher number of cardiovascular 
events in those with higher radiotracer uptake, even after 
adjustment for age and clinical factors, demonstrating the 
prognostic impact of the method.

Assessment of coronary atherosclerosis 
The analysis of coronary arteries by PET-CT is especially 

challenging for two main reasons: the physiological uptake 
of the radiotracer by the myocardium14, which makes 
it difficult to properly identify the coronary arteries and 
myocardial pathologies; and the small size of the coronary 
vessels, which are at the limit of the spatial resolution of 
the equipment and can only be properly seen when they 
present a strong intensity of uptake15.

Many groups have been devoted to the subject and it 
seems that a satisfactory suppression of myocardial uptake 
enables the evaluation of proximal epicardial coronary 
arteries, hence decreasing the significance of spatial 
resolution. The strategies undertaken for this purpose employ 
the principle of myocardial metabolic shift to use of fatty 
acids instead of glucose15 with satisfactory success16,17. 

Rogers et al. compared patients who underwent angioplasty 
with stenting for acute coronary syndrome (ACS) with those 
who underwent an elective procedure. Intense uptake of 
18F-FDG was demonstrated in coronary segments that received 
ACS stenting in contrast to those who were not in an acute 
process. Besides the uptake of the “culprit artery,” patients with 
ACS had a higher uptake in the ascending aorta and in the left 
main coronary artery, underscoring the systemic aspect of the 
disease18. This study corroborated the role of 18F-FDG as a marker 
of inflammatory activity in atherosclerotic coronary disease.

Besides the 18F-FDG, 18F-NaF (fluoride) has been studied 
as a marker of coronary atherosclerosis and other vessels19. 
Its main application is in the evaluation of the skeleton 
due to deposition of hydroxyapatite crystals that make 
up the bone matrix. It is capable of identifying areas of 
active calcification20.  It seems that the uptake of fluoride 
in the vessels is associated with active plaque remodeling, 

 

atherosclerosis: 
38%

cardiac 
sarcoidosis: 21%

endocarditis: 
18%

vasculitis: 16% pericarditis: 6% other: 1%

Chart 1 – Distribution of articles according to the cause of cardiovascular inflammation. (Others: represents myocarditis and valvular heart diseases.)
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identifying its greater susceptibility19. Further studies are 
needed to determine its role in this scenario.

In order to establish the value of imaging methods in the 
identification and management of patients with vulnerable 
plaque, the prospective study BioImage — High Risk Plaque 
Initiative is underway. It is intended to include 6,500 volunteers 
who will undergo vascular ultrasound, magnetic resonance 
imaging, computed tomography and PET-CT, with three-year 
follow-up21. The results may provide insights that will assist us 
in assessing cardiovascular risk.

The role of PET-CT in cardiac sarcoidosis
Sarcoidosis is a systemic disease of an unknown cause 

characterized by the presence of noncaseating granuloma22. 
Cardiac involvement can be as frequent as 76% of patients, as 
observed in an autopsy study. However, severe underdiagnosis 
occurs in life. Myocardial involvement may be responsible for 
half of fatal cases23.

Diagnosis of the disease is always confirmed by biopsy of a 
supposedly involved organ. However, as the disease progresses 
with remissions and relapses, it is important to identify whether 
the inflammatory process is going on, as this determines clinical 
management, whose main item is corticosteroid therapy22.

The first reported use of 18F-FDG for assessment of 
cardiac sarcoidosis was published in 200324. The criteria 
for interpreting the images have ranged from visual analysis 
to the application of SUV and indexes of 18F-FDG uptake. 
Visual analysis identifies as a disease in activity some patterns 
in which there is heterogeneous radiotracer uptake by the 
myocardium with focal areas of greater intensity, which has 
demonstrated a very high sensitivity but a variable specificity24. 
SUV semiquantification in myocardial segments or indices that 
compare the SUV of the heart with the SUV of blood has high 
sensitivity and better specificity25,26.

A recent systematic review27 showed 89% sensitivity and 
78% specificity for the diagnosis of cardiac sarcoidosis by 
18F-FDG, using as a benchmark the criteria of the Japanese 
Ministry of Health, which are universally applied.

Comparison with other imaging methods suggests 
that 18F-FDG is more sensible than 67gallium citrate24, 

28, a radiotracer employed in the study of inflammatory 
processes. Another advantage is the better spatial resolution 
of PET imaging and lower radiation exposure28. 

As for magnetic resonance imaging (MRI), 18F-FDG 
has shown superior sensitivity; however, with lower 
specificity. It seems that both methods can be used in a 
complementary way, as the PET/CT can detect lesions in 
inflammatory activity while magnetic resonance imaging 
may demonstrate areas of fibrosis and estimate cardiac 
function. One of the advantages of Nuclear Medicine on 
magnetic resonance imaging is that it can be applied in 
patients with implantable cardiac devices29.

In 2013, Mc Ardle et al. demonstrated30 that there may 
be an association between the outcome of the 18F-FDG 
study and the clinical presentation of cardiac sarcoidosis. 
They showed that patients with ventricular tachycardia 

present SUV quantifications with higher values than those 
with atrioventricular block. Among the latter, there was a 
greater proportion of basal septum uptake. This study suggests 
that the degree of radiotracer uptake and its location can 
help understanding the patient’s condition and therapeutic 
management.  Blankstein et al.31 showed in 118 patients that 
those with perfusion defects and focal uptake of 18F-FDG 
in the same topography are at increased risk of ventricular 
tachycardia and sudden death, demonstrating the role of 
PET-CT in the prognosis evaluation in cardiac sarcoidosis.

There is evidence that 18F-FDG is useful in assessing 
therapeutic response32, with a reduction of radiotracer uptake 
after corticotherapy associated with increase in left ventricular 
ejection fraction.

Figure 1 shows the PET images with 18F-FDG in patients with 
previous diagnosis of cardiac sarcoidosis who had worsening 
of cardiac function, raising suspicions of disease reactivation. 
Heterogeneous radiotracer uptake in the left ventricle, even 
after physiological uptake suppression protocol, confirmed 
the clinical assumption. There was pain in the lower limbs. 
Anomalous radiotracer uptake in the leg muscles suggesting 
that inflammation in this topography as well.

The indications for use of PET-CT with 18F-FDG in 
sarcoidosis33, as adopted by the Institute of Cardiology, 
University of Ottawa, Canada, are described in Chart 1. 

The role of PET-CT in infective endocarditis and infections 
of intracardiac devices

The diagnosis of infective endocarditis remains challenging 
despite the diagnostic apparatus available. A positive blood 
culture and the presence of vegetation on echocardiography 
are the pillars that support clinical suspicions. However, this 
combination is not always easily demonstrated. Because of its 
high morbidity and mortality, identifying infective endocarditis 
is imperative for proper treatment34.

Thus, new diagnostic elements have been proposed in 
addition to the traditional Duke criteria34. Among them, there 
is the suggestion of inclusion of PET-CT imaging with 18F-FDG35.

In 2004, Yen et al.36 demonstrated the uptake of 18F-FDG in 
six patients diagnosed with endocarditis by the Duke criteria 
at the same sites demonstrated by echocardiography.

Since then, some case series have been published, 
demonstrating that PET/CT may be useful in infective 
endocarditis and may contribute to the diagnosis, especially 
when there is clinical suspicion; however, blood cultures and 
echocardiography are inconclusive in the treatment follow-
up and in the evaluation of septic embolization due to full 
body images37.

Besides the evaluation of the native valve, 18F-FDG is 
applied in the diagnosis of prosthetic valve infection. Saby et 
al.35, in a prospective analysis of 72 patients with suspected 
prosthetic infection, found a sensitivity of 73% and specificity 
of 85% for PET-CT35. In this important study, the addition of 
PET-CT to the Duke criteria allowed to establish definitive 
diagnosis of prosthesis endocarditis in 97% of the cases versus 
70% when only traditional criteria were used.
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Figure 1 – 18F-FDG test in patients diagnosed with cardiac sarcoidosis and reactivation of the disease.

Chart 1 – Clinical situations in which we should consider the use of 18F-FDG

Patient < 55 years, with 2nd or 3rd degree AVB of unknown etiology.

Unexplained monomorphic VT in the absence of atherosclerotic coronary artery disease and other known myocardial diseases.

Patient with extracardiac sarcoidosis, with ECG, echocardiography or abnormal Holter with suspected cardiac sarcoidosis; to guide the biopsy.

Patient with established cardiac sarcoidosis to evaluate the therapeutic response.

AVB: atrioventricular block; VT: ventricular tachycardia; ECG: electrocardiogram. Adapted from Mc Ardle et al.33.

Limitations of the method in these cases are associated 
with small lesions, especially those smaller than 4 mm38, and 
concomitant antibiotic therapy that may reduce the intensity 
of inflammation39, besides the need for adequate suppression 
of myocardial physiological uptake, as previously said. Early 
after surgical procedures, radiotracer uptake may occur due 
to the inflammatory healing process, which can reduce the 
specificity of the method40.

Millar et al.37 published a review on the subject, suggesting 
an algorithm that includes PET-CT in the investigation of 
patients with suspected infective endocarditis (Algorithm 1).

Patients with suspected infection of implantable cardiovascular 
devices such as a pacemaker or cardioverter-defibrillator can 
benefit from the study with fluorodeoxyglucose, both for 
diagnosing and for assessing the extent of infectious involvement, 
which has an impact on treatment decisions. Sarrazin et al.41 
found a sensitivity of 88% and specificity of 100%.

The indications for the use of PET-CT in infective 
endocarditis and infection of intracardiac devices are listed 
in Chart 2, as proposed by Millar et al.37.

Studies demonstrate the usefulness of 18F-FDG in the 
diagnosis of prosthetic valve infection, with diagnostic 
accuracy greater than 95%42, which is higher than the 
computed tomography used alone42,43. The pattern of focal 
uptake at the prosthesis site shows high sensitivity and 
specificity for diagnosing the infection, whereas the presence 
of diffuse linear uptake can be interpreted as inflammation in 
the presence of prosthetic material44.

The role of PET-CT in vasculitis
Vasculitis represents an inflammation of the blood vessels 

with leukocyte infiltration and no structural damage to 
the vessel wall and surrounding tissue. They are classified 
according to the size of the affected vessels. The main large-
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Algorithm 1 – Algorithm proposed for investigating infective endocarditis. 
Adapted from Plank et al. IE: infective endocarditis. Antib.: Antibiotic therapy.
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vessel vasculitis are giant cell arteritis and Takayasu’s arteritis. 
Medium-vessel vasculitis includes polyarteritis nodosa in adults 
and Kawasaki disease in children. Other types of vasculitis 
involve small and medium vessels45. 

The diagnosis of these diseases can be challenging, 
especially in the early stages of the disease because the 
symptoms are usually nonspecific. This is confirmed by 
the biopsy; however, imaging studies play an important 
role in assessing the extension of inflammation and its 
consequences such as vascular stenosis45.

Due to limited spatial resolution, PET-CT with 18F-FDG 
has proven useful in cases of large vessel vasculitis, although 
there are isolated reports of its use in inflammation of 
smaller vessels45.

Takayasu’s arteritis affects the aorta and its major 
thoracic branches; mainly affecting young people 
or middle-aged adults. It commonly progresses with 
recurrences. The identification of inflammation activity 
is essential for the implementation of corticotherapy46. 
ESR and C-reactive protein are nonspecific markers of 
recrudescence of the inflammatory process47.  PET-CT can 
establish whether the disease is active, quantify its intensity 
according to the degree of uptake and its extension due 
to its ability to take images of the entire body48.

In the early stages of the disease, vascular uptake presents 
a linear pattern. The distribution along plaques at later stages 
is mostly common48.

Tezuka et al.46, using a semiquantitative evaluation with 
SUV, observed that values   starting from 2.1 are associated with 
sensitivity of 92.6% and specificity of 91.7% for diagnosing 
and evaluating relapse of Takayasu, proving to be superior to 
serum inflammatory markers.

Meta-analysis of six studies49 showed sensitivity of 
70.1% and specificity of 77.2% of 18F-FDG for the diagnosis 
of Takayasu arteritis, further emphasizing its additional 
value compared to current diagnostic methods. One of 
the main advantages of Nuclear Medicine is the ability to 
identify the inflammatory process before the evolution  
to vascular stenosis48.

Reduced uptake of radiotracer is associated with clinical 
improvement and reduced thickening of the aortic wall50.

In Figure 2, we present the case of a young man diagnosed 
with Takayasu arteritis, where the 18F-FDG showed disease 
activity and improved uptake after implementation of therapy.

Giant cell arteritis or temporal arteritis affects people 
older than 50; involving the aorta and its branches, 
particularly the temporal artery. Due to its small size, 

Chart 2 – Indications for the use of PET-CT in cases of infective endocarditis and infection of intracardiac devices

Cases of infective endocarditis or infection of intracardiac devices, which are difficult to diagnose because of negative findings on echocardiography and/or blood culture.

Cases of fever of unknown origin or bacteremia of unknown focus in patients with intracardiac devices or in patients with a strong clinical suspicion of infective endocarditis.

Early detection and assessment of embolic events and metastatic infection in cases of infective endocarditis or infection of intracardiac device.

Assistance to decision in the extraction of intracardiac devices (generating source and/or cables) with infection.

IE: infective endocarditis. Adapted from Millar et al.37.

PET-CT typically has difficulties in assessing the temporal 
artery; however, it can analyze the other branches 
involved51. The vessels typically demonstrate linear and 
continuous uptake of moderate intensity52.

A meta-analysis using six studies described 80% sensitivity 
and 89% specificity for diagnosing the disease52.

As in Takayasu’s disease, decreased uptake correlates with 
clinical improvement and PET-CT appears to be more accurate 
than magnetic resonance imaging for clinical follow-up53. 

PET-CT may be indicated in the scenario of vasculitis, as 
suggested by Zerizer et al.54, as shown in Chart 3.

The role of PET-CT in other cardiovascular inflammations
Diseases that involve the pericardium may present 18F-FDG 

uptake. Although it is not possible to clearly identify the 
etiology of the process, the intensity of radiotracer uptake 
may help distinguish between infection/inflammation and 
neoplastic involvement. Pericarditis by neoplasia demonstrates 
intense uptake, while no neoplastic involvement usually 
demonstrates mild to moderate intensity55. 

Ozawa et al.56 observed 100% sensitivity and specificity for 
the diagnosis of acute myocarditis with fluorodeoxyglucose 
compared to endomyocardial biopsy when the test was 
performed within two weeks from disease onset. After this 
period, there is a reduction in the detection of inflammation, 
which may be associated with the evolution of the 
pathophysiological mechanism. 

In our literature research, we did not find any publication 
contemplating PET-CT in the Chagas’ disease, demonstrating 
a gap in knowledge in this area, which may call for research 
projects in our country, where the disease remains endemic 
in some areas57.

The role of PET-CT in cardiac transplantation
There is little evidence about the role of 18F-FDG in 

rejection after heart transplantation.
Rejection is an inflammatory process that is always 

present in transplantation because there is no genetic 
compat ib i l i t y  bet ween indiv idua l s  who are  not 
monozygotic twins. Therefore, systematic surveillance 
is done through endomyocardial biopsy. Noninvasive 
imaging methods available are not yet able to replace it 
in this evaluation58.

In 1992, Hoff et al.59 used 18F-FDG to research acute 
graft rejection in heterotopic heart transplantation in rats. 
They found an increased uptake of 18F-FDG in transplanted 
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hearts with mild to severe rejection compared to histological 
analysis. It was observed that in rats undergoing isograft with 
no rejection there was no significant uptake of radiotracer. 
The study suggests a diagnostic role of the method in post 
cardiac transplantation rejection. 

In humans, Rechavia et al.60 studied 10 men aged 
between 13 and 60 months after cardiac transplantation 
without rejection by endomyocardial biopsy and compared 
them with 9 healthy volunteers, observing that these 
had higher intensity of 18F-FDG uptake than the control 
group. They suggest that the transplanted heart shows 
homogeneous increase of glucose metabolism, possibly 
due to inefficient use of metabolite or due to stimulus to 
uptake by increase of circulating catecholamines related 

to chronically denervated heart. These findings seem 
to become more challenging to suppress myocardial 
physiological uptake of the radiotracer in this group of 
patients; however, the researchers did not use any protocols 
that have proven effective in non-transplanted patients.

Hence, as there is  no response to the use of 
fluorodeoxyglucose in post-heart transplantation rejection, 
the Instituto Nacional de Cardiologia is conducting a research 
project along with the cardiovascular science graduate 
program of Universidade Federal Fluminense in order to 
study this scenario. 

Figure 3 shows the case of a patient with heart failure after 
heart transplantation with diagnosis of humoral rejection 
proven by endomyocardial biopsy. Study was performed 

Chart 3 – Indications for 18F-FDG in vasculitis

Initial diagnosis in patients with nonspecific symptoms and fever of unknown origin.

Identify areas of increased uptake that could be used as the site for biopsy.

Evaluate the extent of the disease, which will affect the treatment and identify sites at risk for complications.

Evaluate response to treatment.

Source: Adapted from Zerizer et al.54.

Figure 2 – In the top row, there is uptake of 18F-FDG in the thoracic aorta and its branches. At the bottom line, there is reduced intensity of uptake after initiation of therapy. 
On the left, PET images. On the right, the relevant PET-CT images.
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post-heart transplant rejection.

Conclusion
PET-CT with 18F-FDG has proven to be a useful tool 

in diagnosing and monitoring various cardiovascular 
inflammatory processes. 

This technology is widely available in our country and 
can assist the physicians in evaluating patients in this 
clinical scenario.
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