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Molecular Imaging of a Cardiac Paraganglioma 

Imágenes moleculares de un paraganglioma cardíaco
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We present a 12-year-old male patient, with no rel-
evant medical history, who began with intense head-
ache associated with severe arterial hypertension of 
unknown cause. Lab test detected elevated urinary 
normetanephrine. Abdominal magnetic resonance im-
aging (MRI) showed no specific features.

Exploratory positron emission tomography com-
bined with computed tomography (PET-CT) with 
18F-DOPA (a radiotracer analogue of L-DOPA) was 
requested due to suspicion of a functioning paragan-
glioma of unknown location.

The 18F-DOPA PET-CT showed a hyperenhancing 
intracardiac mass located in the right atrium, with 
intense enhancement in the arterial phase of intrave-
nous contrast, as can be seen in Figure 1.

It is important to highlight the great difference 
that exists between the pathological uptake of the 
mass and the physiological fixation of the cardiac tis-
sue, due to the presence and functionality of L-amino 
acid transporters (LAT) and the enzymes of the bio-
genic amine metabolic pathway, in relation to the neu-
roendocrine nature of the tumor.

The exact localization of the pathology was crucial 
for surgical planning. In the 18F-DOPA PET-CT per-
formed for evaluation after surgery, the suture threads 
are observed after complete excision. (Figure 2)

Paragangliomas are neuroendocrine tumors that 
originate in paraganglionic cells derived from the neu-
ral crest. These cells form accumulations or conglom-
erates called paraganglia, which are located very close 
and related to the ganglia of the Autonomous Nervous 
System (ANS) in its two subdivisions and are dissemi-
nated throughout the body.

Although they can be of sympathetic or parasym-
pathetic lineage, paraganglia have morphologically no 
differences. The sympathetic ones are located nearby, 
on the surface or embedded in the capsules of the 
sympathetic chain ganglia or in the fibers of the large 
autonomic plexuses. The adrenal medulla is a sympa-

thetic paraganglion specialized in producing epineph-
rine.

The parasympathetic paraganglia are located 
along the cranial and thoracic branches of the glos-
sopharyngeal and vagus nerves, at the level of the 
head, neck, and middle and anterior mediastinum. 
Despite containing neurosecretory granules and hav-
ing the potential to exhibit signs of physiological activ-
ity, the vast majority of paragangliomas arising from 
parasympathetic paraganglia are non-secreting. On 
the other hand, paragangliomas of sympathetic origin 
may or may not secrete biogenic amines. (1)

Germline mutations in more than 20 genes have 
been identified as responsible for more than a third 
of paragangliomas, thus revealing their rich heredi-
tary nature. Depending on the mutation that causes 
them, they are classified into three clusters or genetic 
groups: pseudohypoxic, related to the kinase signal, 
and those related with WNT signaling. Each of these 
groups present distinctive differences from each other 
in terms of their biochemical, genetic and molecular 
characteristics, and each of these particular profiles 
has a direct impact on the clinical presentation. (2)

Less than 2% of paragangliomas are located in the 
thorax, and cardiac locations are extremely rare. (3)

Paragangliomas of the heart originate from the 
visceral paraganglia; they are described at the level of 
all cardiac chambers, predominantly the left atrium, 
and present high morbidity due to the high levels of 
norepinephrine they produce, with the consequent 
cardiovascular signs and symptoms. (4)

The most common clinical presentation of cardiac 
paragangliomas is, as described above, characteristi-
cally noradrenergic. Distinctive symptoms are hy-
pertension, palpitations and arrhythmia. It may also 
have a silent profile, when dedifferentiation does not 
allow the production of biogenic amines.

The vast majority of cardiac paragangliomas are 
pseudohypoxic, with a starting point in mutations of 
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the different subunits of the mitochondrial succinate 
dehydrogenase (SDH) complex, predominantly SDHB, 
SDHC and SDHD. These paragangliomas are charac-
terized by having a high density of somatostatin recep-
tors and also variable presence/functionality of LAT 
and enzymes of the noradrenergic metabolic pathway, 
their vesicles housing dopamine or norepinephrine 
when they are functional, as occurs in most cases. (4)

Fig. 1. 18F-DOPA PET - CT 
showed a hyperenhancing 
and hypervascularized mass 
at the level of the right atri-
um.

Fig. 1. 18F-DOPA PET-CT treat-
ment response assessment. 
The hyperenhancing mass 
observed in Figure 1 is no 
longer noticeable, and the 
post-surgical morphological 
changes are seen.

The radiopharmaceuticals used to evaluate these 
tumors are 68Ga-DOTAs (somatostatin receptor li-
gands) and 18F-DOPA (LAT amino acid substrate). 
Therefore, PET-CT with 18F-DOPA is one of the mor-
phometabolic tools used for its study.

18F-DOPA is a radiolabeled amino acid that is intro-
duced into the cells through the aforementioned LAT. 
It is a substrate of the cytoplasmic aromatic amino acid 
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decarboxylase (AADC) enzyme, which transforms L-
DOPA into dopamine, the first of the biogenic amines 
in the metabolic pathway. It will then be converted 
within the vesicles into norepinephrine, according to 
the functionality of the dopamine beta-hydroxylase 
enzyme. (5) These radiolabeled biogenic amines (18F-
dopamine and 18F-norepinephrine), which originate 
from 18F-DOPA administered to the patient, are stored 
in the secretory granules of the paraganglioma, and 
constitute one of the molecular tools indicated for 
staging and evaluating the response to treatment.

In conclusion, molecular images are an essential 
tool for the correct staging and assessment of response 
to treatment of cardiac paragangliomas. Accurate lo-
calization is crucial for the correct pre-surgical plan-
ning, and post-surgical molecular verification must 
correlate with biochemical negativization, and clinical 
improvement.
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