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Abstract

Cardiac paraganglioma (PGL) is a rare neuroendocrine tumour causing significant morbidity
primarily due to norepinephrine secretion potentially causing severe hypertension, palpitations,
lethal tachyarrhythmias, stroke and syncope. Cardiologists are faced with two clinical scenarios.
The first is the elevated norepinephrine, whose actions must be properly counteracted by
adrenoceptor blockade to avoid catastrophic consequences. The second is to evaluate the precise
location of a cardiac PGL and its spread since compression of cardiovascular structures may result
in ischaemia, angina, non-noradrenergic-induced arrhythmia, cardiac dysfunction or failure. Thus,
appropriate assessment of elevated norepinephrine by its metabolite normetanephrine is a gold
biochemical standard at present. Furthermore, dedicated cardiac CT, MRI and transthoracic
echocardiogram are necessary for the precise anatomic information of cardiac PGL. Moreover, a
cardiologist needs to be aware of advanced functional imaging using 8Ga-DOTA(0)-Tyr(3)-
octreotide positron emission tomography/CT, which offers the best cardiac PGL-specific
diagnostic accuracy and helps to stage and rule out metastasis, determining the next therapeutic
strategies. Patients should also undergo genetic testing, especially for mutations in genes encoding
succinate dehydrogenase enzyme subunits that are most commonly present as a genetic cause of
these tumours. Curative surgical resection after appropriate a-adrenoceptor and B-adrenoceptor
blockade in norepinephrine-secreting tumours is the primary therapeutic strategy. Therefore,
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appropriate and up-to-date knowledge about early diagnosis and management of cardiac PGLs is
paramount for optimal outcomes in patients where a cardiologist is an essential team member of a
multidisciplinary team in its management.

INTRODUCTION

Paragangliomas (PGLs) are rare neuroendocrine tumours that arise from chromaffin cells
located outside of the adrenal gland. Cardiac PGLs can receive parasympathetic innervation
that may affect the function including the catecholamines content or catecholamine turnover
with implications on cardiac physiology. PGLs are broadly classified into sympathetic and
parasympathetic nervous system tumours.! Sympathetic PGLs produce catecholamines
(particularly norepinephrine or epinephrine) while parasympathetic PGLs are usually non-
functional and mainly located in the head and neck. Cardiac PGLs are rare, accounting for
<0.3% of mediastinal tumours and 1%-3% of primary cardiac tumours.23 Cardiac PGLs
arise from the visceral or branchiomeric autonomic paraganglia resulting in left atrial and
aortic body tumours, respectively. Although cardiac PGLs are commonly described in all
cardiac chambers, left atrial PGLs are the most common, followed by aortic body tumours.
The objective of this comprehensive review is to provide most recent advancements and
future directions in the molecular origins, genetic background, evaluation and contemporary
management of cardiac PGLS.

CURRENT VIEW ON MOLECULAR ORIGINS OF CARDIAC
PARAGANGLIOMAS

Currently, 22 genes are linked to the pathogenesis of PGLs. Among these, approximately
27%—-35% are germline mutations, whereas 30%—-39% are somatic mutations and 7% are
fusion genes.? A previous case series of 10 patients with mediastinal PGLs showed that all
patients (100%) had germline mutations in either SDHB or SDHD.> Moreover, it was found
that underlying mutations in SDHBI CI D (SDHx, presenting with pseudohypoxia) were
implicated in approximately 77% of cardiac PGLs in a multi-institutional case series.?
Figure 1 summarises the anatomic distribution of cardiac PGLs based on the SDHx
mutations that were reported in journals indexed to PubMed between 2000 and 2019.26-18 A
total of 38 patients (39 tumours) had undergone testing for germline genetic mutation and
out of these, 12, 6 and 21 tumours were identified to carry underlying SODHB, SDHC and
SDHD mutations, respectively. However, it is important to note that cardiac PGLs can occur
in non-SDHXx or apparently sporadic patients as well. The solid evidence of PGL hypoxiom
supports the notion that there may be undetected hypoxia-related genes or other cell
signalling/regulating genes that are implicated in the pathogenesis of cardiac PGLS.

CLINICAL PRESENTATION AND DIAGNOSIS

Clinical presentation

Clinical manifestations of PGLs are highly determined by the biochemical profile of the
tumour. In general, PGLs are broadly classified to three phenotypical biochemical
categories: noradrenergic, adrenergic and dopaminergic as they predominantly produce
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norepinephrine, epinephrine or dopamine and produce their metabolites, normetanephrine,
metanephrine and methoxytyramine, respectively.1® As cardiac PGLs are extra-adrenal and
predominantly associated with SDHx mutations, these PGLs present with the noradrenergic
biochemical phenotype (with or without elevation of dopamine/methoxytyramine), very
rarely with only a dopaminergic biochemical phenotype or biochemically silent.292 Cardiac
PGLs can also be clinically silent and patients may present with non-specific symptoms such
as weight loss, fatigue or fever, which may be attributed to desensitisation of catecholamine
receptors or due to sole dopamine secretion. In fact, a meta-analysis on cardiac PGLs
(n=150) have shown that approximately 77% of the study cohort had norepinephrine-related
symptoms such as hypertension, sweating, diaphoresis, palpitations, headache and dizziness.
22 Chest pain or distress was not quite common and were only seen in approximately 18% of
the patients. Additionally, other constitutional symptoms such as hypertensive crisis, heart
failure, mitral insufficiency, embolisation and compressive or obstructive symptoms were
reported. These symptoms and signs are more related to a specific location of cardiac PGL
rather than its secretory profile. It is yet to be determined if secretion of catecholamines from
cardiac PGLs may have unique local paracrine or autocrine actions on surrounding cardiac
tissue. Table 1 summarises the typical clinical manifestations in patients with cardiac PGL
based on their biochemical profile.

Pathology and metastatic behaviour

Although a tissue diagnosis plays an important role for an accurate diagnosis of cardiac
tumours, extensive vascularity of cardiac PGLs renders the biopsy hazardous. Biopsy is not
recommended, especially in biochemically positive PGLs with a typical positivity of 58Ga-
DOTA(0)-Tyr(3)-octreotide (8Ga-DOTATATE) or 18F-dihydroxyphenylalanine (18F-
FDOPA) positron emission tomography/CT (PET/CT), which all point specifically to the
presence of PGL.23-25

There are no specific histological features, immunohistochemical stains or molecular criteria
that point towards the diagnosis of malignancy, except for the presence of distant metastases.
1 However, some studies have elucidated the role of Grading System for Adrenal
Pheochromocytoma and Paraganglioma (GAPP), modified-GAPP, lack of SDHB staining
and ASES score (age, size, extra-adrenal location), vascular/lymphatic/capsular invasion, the
presence of necrosis and secretory-type score(s) in determining the metastatic potential of
PGLs.2627 These factors/scores, SDHB mutations, a large size (>5-6 cm) and noradrenergic/
dopaminergic biochemical phenotypes are the only reliable predictors of a high risk for
metastasis.2829

Current views on biochemical diagnosis of cardiac PGLs

Missing a cardiac PGL can have a detrimental outcome due to excessive catecholamine
levels, which is why highly sensitive biochemical tests should be used to exclude a cardiac
PGL. Given the episodic nature of catecholamine release, the use of catecholamine
metabolites, released continuously and independently of catecholamines has a superior
diagnostic sensitivity over the simple measurement of catecholamines.3 The diagnostic
pitfalls and methods of collecting the biochemical specimens are discussed in detail
elsewhere.23 A recent meta-analysis showed a superior diagnostic accuracy of appropriately
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collected plasma metanephrines as compared with that of 24 hours urine specimens.3!
Alternatively, 24 hours urine metanephrines and creatinine may be measured to identify the
biochemical nature of the tumour. A detailed list of medications that may lead to false-
positive metanephrines is discussed in figure 2.23 A twofold elevation in metanephrines
above the upper reference limit almost always favours the diagnosis of PGLs. However, this
elevation in metanephrines may not be evident all the time due to a very small tumour size
or its low tumoural catecholamine contents that is typical for SDHx-related PGLSs. The
major problem with the biochemical evaluation is the borderline positivity (less than two-
times above the upper reference limit), which may or may not be related to the presence of
PGL. Thus, if a patient has cardiac tumour with no clinical manifestations of PGLs but with
borderline positive biochemical evaluation, patient may be further evaluated by getting the
clonidine suppression test, which is almost 100% specific and 97% sensitive for the
diagnosis of PGLs presenting with the noradrenergic phenotype.32 However, to proceed with
the test, the patient’s cardiac status should be stable without any underlying hypotension
(<110/60 mm Hg) or hypovolaemia at the baseline. In addition to a noradrenergic
phenotype, cardiac PGLs can also present with the dopaminergic phenotype. In a report,
about 60% (8/15) of cardiac PGLs had dopamine elevations.2 Out of these eight patients,
seven had both normetanephrine and dopamine elevation and the remaining one had only
dopamine elevation. The dopaminergic phenotype has been well documented in tumours
harbouring SDHx mutations.? This signifies the importance of adding dopamine and its
metabolite, methoxytyramine in the biochemical evaluation of cardiac PGLs.33 Also, urine
dopamine level is not recommended in the diagnostic workup of cardiac PGL as most of the
dopamine present in the urine is formed in renal cells.3* Nevertheless, when there is a high
suspicion of cardiac PGL, despite normal plasma norepinephrine/normetanephrine/
dopamine/methoxytyramine levels (so-called non-functional PGLS), elevated chromogranin
A can be a good biomarker to prove that such a tumour belongs to neuroendocrine ones.

Richter et al extended the utilisation of liquid chromatography with mass spectrometry
technique to identify the underlying metabolomics by quantifying the metabolites such as
succinate-to-fumarate ratio. This helps in identifying the presence of SDHx mutations, and
new underlying pathogenic variants that have led to the presence of PGL.3% Notably,
succinate-to-fumarate ratio can also be detected by nuclear magnetic resonance (MR)
spectroscopy.3® MR spectroscopy proposed by Varoguax et al has novel implications in
localising and identifying the culprit tumour(s), their underlying genetic defect and
therapeutic response without the need for a tumour sample, which is an enormous advantage
in cardiac PGLs that cannot undergo simple biopsy in most cases.3’

Role of anatomical imaging in localising cardiac PGLs

Anatomical imaging including contrast-enhanced CT scan, dedicated cardiac MRI and
transthoracic echocardiogram (TTE) play a significant role in the localisation of the lesion
and to evaluate the key characteristic features of cardiac PGL.38 These features include
tumour attenuation, contrast enhancement, detailed understanding of the feeding vessel (if
any) and close proximity to surrounding blood vessels and vital structures.
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On cardiac MR, cardiac PGLs are well-circumscribed ovoid/spherical lesions and are
typically hyperintense on T2 imaging sequences.38 In contrast, angiosarcomas of the heart
usually have low-intensity on T2 MRI sequences and are typically irregular nodules.38
Cardiac PGLs should also be high in the differential diagnosis if a mass is located in the left
atrial area and inter-atrial septum beneath the great vessels-ascending aorta and pulmonary
artery (visceral autonomic and branchiomeric PGL, respectively).22 This higher sensitivity
and specificity of cardiac MRI over CT scans has been well documented in multiple case
series.22238 However, one must consider the limitations and contraindications of cardiac
MRI such as the presence of pacemaker and/or surgical clips in place in which contrast-
enhanced CT would be the anatomical imaging modality of choice (in patients with normal
renal function) (figure 3).

On TTE, cardiac PGLs look like echogenic well-defined tumours/masses and are often
misdiagnosed as atrial myxomas.3? One key differentiating feature between the two tumours
is that myxomas have broad bases, whereas cardiac PGLs have narrow origin bases.3?

Role of functional imaging in localising cardiac PGLs

Due to the extreme rarity of cardiac PGLs, patients with symptoms of PGL may not
routinely undergo cardiac imaging.2 Therefore, functional imaging aids with initial thoracic
localisation (figures 4 and 5) and encouraging more cardiac-specific imaging. Furthermore,
it can help to stage and rule out multifocality/metastasis in a patient (figures 4 and 5).2

Ruling out multiplicity/metastasis of the tumours and invasion to the surrounding structures
are crucial steps as they guide the final decision on proceeding with surgery or systemic
therapy.

The various functional imaging radiopharmaceuticals target different mechanisms of
tumourigenesis in PGLs. The patient’s genetic mutation has an important influence on the
radiopharmaceutical utilisation.242>

Somatostatin receptors (SSTR) are overexpressed in PGLs, especially SSTR2 subtype*? and
68Ga-DOTATATE demonstrates higher affinity for SSTR2, whereas 18F-FDOPA targets the
tumour via the large amino acid transporter system and 123/131|-metaiodobenzylguanidine
(1231311 MIBG) or 18F-fluorodopamine (18F-FDA\) targets norepinephrine transporter
system found in PGLs.2425 However, 18F-fluorodeoxyglucose (8F-FDG) is a non-specific
radiopharmaceutical that enters the tumour through glucose transporters.*!

In the detection of cardiac PGLs, the sensitivity of 18F-FDOPA and 18F-FDG PET/CT have
been reported as 100%.222 However, given the high proportion of SDHx mutations in
cardiac PGLs (~80%), 8Ga-DOTATATE PET/CT scan should be the imaging modality of
choice due to their documented higher sensitivity in SDHx mutations.242542 Besides its
diagnostic value, ¥8Ga-DOTATATE PET/CT should be a method of a choice for cardiac PGL
staging as it has higher sensitivity to detect metastatic disease.242%42 This is particularly
important when deciding how to treat these tumours (discussed in ‘Contemporary
management’ section). Furthermore, it can help in radio-guided surgery using 8Ga-
DOTATATE-based hand-held gamma probes.*3
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Additionally, other radiopharmaceuticals have been used to image cardiac PGLs and have
shown inferior detection rates ranging from 54.5% to 75% with 123/131|-MIBG scintigraphy
and 57.1% with 18F-FDA PET/CT.22 However, 123/131|-MIBG-avid cardiac PGLs can be
treated with conventional 1311-MIBG or high-specific activity 1311-MIBG for metastatic or
inoperable disease.** Furthermore, PET/MRI can provide a comprehensive imaging
evaluation of cardiac PGL.#°

CONTEMPORARY MANAGEMENT

Preoperative medical therapy (adrenoceptor blockade)

Since cardiac PGLs produce catecholamines, patients are prone to life-threatening peri-
operative complications such as hypertensive crisis, cardiac arrhythmias or even myocardial
infarction. To prevent such peri-operative complications, these patients should be placed on
alpha (a)-adrenoceptor and beta (B)-adrenoceptor blockers at least 2 weeks prior to the
surgery (table 1, figure 6).23

Therapy should be initiated with an a-adrenoceptor blocker first followed by a p-
adrenoceptor blocker 2-3 days later if tachycardia is present. This sequential therapy is
primarily based on the fact that using p-adrenoceptor blockers leads to a loss of -
adrenoceptor receptor-mediated vasodilatation with unopposed catecholamine-induced
vasoconstriction (due to unopposed action of catecholamines on a-adrenoceptors), which
can potentially lead to a hypertensive crisis.

Phenoxybenzamine is the commonly preferred long-acting a-adrenoceptor blocker, but
alternative options include short-acting a-blockers (prazosin, terazosin and doxazosin).*6 To
minimise hypotension caused by the a.-adrenoceptor blockers, adequate hydration needs to
be maintained and these medications should be administered at bedtime.

Metyrosine (a-methyl-p-tyrosine), a tyrosine hydroxylase inhibitor blocking the final step in
the catecholamine pathway, may be used in patients in whom a-adrenoceptor and p-
adrenoceptor blockers failed to normalise the blood pressures at their maximum doses.*’

Patients who harbour biochemically silent PGLs are not placed on adrenoceptor blockers.
On the day of surgery, the patients should have adequate volume repletion with 1-2 L of
0.9% normal saline to prevent hypotension and may receive a short-acting a-adrenoceptor
blocker to prevent severe postoperative hypotension.23

In patients with refractory tachycardia due to catecholamine B-adrenoceptor stimulating
activity, ivabradine (I¢ current inhibitor) may be a good option (figure 2).48 Patients who
harbour non-functional PGLs (ie, tumours that do not synthesise catecholamines) or
dopamine-producing cardiac PGLs are not placed on adrenoceptor blockers. The day before
surgery, patients should have adequate volume repletion with 1-2 L of 0.9% normal saline
(most often used) to prevent postoperative hypotension (but not for those with non-
functional or only dopamine-producing PGLs).46
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Surgical management

The initial question regarding the surgical management of cardiac PGLSs is whether the
tumour is resectable. The topography of PGL tumours and their relationship with cardiac
structures should be taken into account when assessing the surgical treatment of cardiac
PGLs.

PGLs are frequently close to great vessels and can sometimes involve cardiac cavities.
Moreover, these tumours infiltrate cardiac tissues; hence, resection may be challenging and
at times require reconstruction of cardiac structures. However, in some situations such as
infiltration of an atrioventricular groove or more rarely, involvement of extracardiac
structures, resection becomes almost impossible. Since reconstruction after tumour resection
may require revascularisation of the coronary arteries and reconstruction of great vessels,
preoperative evaluation of the coronary arteries may be required by cardiac-gated CT scan or
coronary angiography. Most commonly, PGLs are fed by coronary arteries, which can be
ascertained by preoperative angiography and preparation for concomitant coronary artery
bypass grafting should be planned.

Additionally, one must be cautious and prepared to tackle the peri-operative complications
such as cardiac arrhythmias and hypertensive crisis.3® Given the cumbersome nature of the
procedure, an accurate assessment of myocardial and valvular function is mandatory. In
patients with poor general condition, surveillance and medical management should be
advocated.

Intraoperatively, given the predilection for PGLs to arise in the atrioventricular groove and
the base of the great vessels, cardiopulmonary bypass is typically required for complete
resection and reconstruction.22 Therefore, these operations should be conducted in centres
with established cardiac surgery programmes in the hands of teams experienced with
complex cardiac surgical reconstruction. With the problematic locations of these tumours,
occasionally surgical treatment can include complete removal of the heart and resection of
the tumour followed by auto-transplantation of the reconstructed heart.4 Fortunately,
technical improvements in the use of the heart-lung machine have obviated the need for
auto-transplantation and affords the ability to completely excise masses that may breach the
walls of the cardiac chambers while allowing for isolation of the tumour from the
circulation. This permits better haemodynamic control if manipulation of the mass leads to
catecholamine release.

Once on cardiopulmonary bypass, the masses can be easily identified and resected. They
may be locally invasive and may also have a thin covering which facilitates removal. Defects
created by removal can be repaired either primarily or with autologous, xenogeneic or
synthetic materials. These resections and concomitant reconstructions can be quite extensive
but are generally successful.30 Given the potential extensive removal of tissue to achieve
complete excision, in very rare cases, cardiac-transplantation may be required as a last
result. Haemorrhage as a result of reconstruction can occur. Particular care and inspection of
the suture lines is necessary particularly once the heart is reloaded with volume and
contracting but prior to completely disengaging from cardiopulmonary bypass support. As
noted, if a main coronary artery is involved, coronary artery bypass may be required and
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either an autologous arterial or venous conduit would be harvested to perform grafting.
Additional anaesthetic management includes being prepared to deal with the residual effects
of the significant preoperative catecholamine blockade and the resulting downregulation of
adrenoceptors, initial pressor requirements once weaned from cardiopulmonary bypass may
be significant.

Postoperatively, recurrence can occur but is rare and the majority of surgically treated
patients do not experience hyper-secretion of catecholamines. Regardless, lifelong
surveillance is usually required. Survival following surgical resection is similar to that of
normal population unless the tumour is metastatic, in which case the ‘5-year survival is
<50% of age-matched controls’.38

Management of metastatic disease

Potential therapeutic options for metastatic disease include conventional chemotherapy with
cyclophosphamide, vincristine and dacarbazine (CVD regimen); temozolomide
monotherapy; radiopharmaceuticals such as conventional or high-specific activity 131|-
MIBG in 123/131)_MIBG-positive tumours; peptide receptor radionuclide therapy (177Lu/%0Y-
DOTA peptides) either alone or in combination with octreotide, lanreotide or low-dose
capecitabine in 88Ga-DOTATATE-positive tumours and molecular targeted therapies such as
tyrosine kinase inhibitors (sunitinib, cabozantinib).5152 In patients with rapidly progressive
disease, especially in the tumours with SDAHB mutations, combination chemotherapy with
CVD followed by temozolomide monotherapy would be a reasonable first-line option.52 In
the patients who have failed temozolomide monotherapy (172 mg/m?2/day for 5 days/month),
long-term low-dose temozolomide (metronomic regimen) (75 mg/m?2/day with 3 weeks on
and 1 week off treatment) in combination with lanreotide may be tried.>3 Alternatively, in
patients with slowly progressive disease, systemic radiotherapy (1311-MIBG or 177Lu/90Y-
DOTA peptides) should be considered.

Furthermore, patients harbouring metastatic disease should be highly encouraged to
participate in clinical trials that evaluate the role of targeted therapies such as tyrosine kinase
inhibitors, Poly (ADP-ribose) polymerase inhibitors, hypoxia-inducible factor-2a inhibitors,
hypomethylating agents and topoisomerase inhibitors.52 It is important to note that these
patients are prone to hypertensive crisis and should be placed on adequate a.-adrenoceptor
and p-adrenoceptor blockade along with metyrosine.

CONCLUSION AND FUTURE DIRECTIONS

Cardiac PGLs are exceptionally rare tumours. We emphasise the importance of biochemical
evaluation and functional imaging for establishing a definitive diagnosis (figure 6).
Simultaneously, patients with confirmed PGLs should be screened for the presence of
predisposing germline mutations, especially SDHx. Curative surgical resection after
appropriate a-adrenoceptor and p-adrenoceptor blockade remains the main treatment option.
Referral to a tertiary care centre that has multidisciplinary team approach involving
cardiologists, endocrinologists, nuclear medicine physicians, cardiothoracic surgeons and
oncologists (in the case of metastatic disease) is essential for optimal outcomes. The
availability of metabolomics (succinate-to-fumarate ratio) and proton MR spectroscopy may
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play an important role in management of cardiac PGLs, especially in difficult tumour
locations or inoperable tumours, and 88Ga-DOTATATE-PET/MRI can provide a
comprehensive evaluation of cardiac PGL. Going forward, further research on the genetic
basis and metabolomics of cardiac PGLs will undoubtedly help in developing effective
forms of therapies.
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Figure 1.
Schematic representation of mutation-wise distribution of cardiac paragangliomas in genes

encoding subunits of succinate dehydrogenase enzyme that were reported to PubMed
between the years 2000 and 2019.
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Figure 2.
Schematic representation of synthesis, release and action of catecholamines and the

respective metabolites released from cardiac paraganglioma and drugs that act on the
catecholamine pathway. The a-adrenoceptor and p-adrenoceptor blockers reducethe effects
of catecholamines on end organs such as blood vessels, heart and others that harbour
adrenoceptors. Metyrosine blocks the rate-limiting step in catecholamine synthesis by
inhibiting tyrosine hydroxylase. Calcium channel blockers cause smooth muscle relaxation
in the blood vessel. Ivabradine, an I¢ current inhibitor, acts on the sinoatrial node (SA node),
thereby targeting the chronotropic effect of catecholamines at SA node. Agents such as
sympathomimetic drugs (ephedrine, caffeine, amphetamine and nicotine) cause
displacement of norepinephrine from the stores (vesicular sequestration, dominant
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mechanism indicated by bold arrow) and partly by inhibiting monoamine oxidase (MAO).
MAO inhibitors block the conversion of catecholamines to dihydroxyphenylglycol (DHPG),
thereby increasing the concentrations of norepinephrine. Antidepressants such as selective-
norepinephrine re-uptake inhibitors, and tricyclic antidepressants that inhibit norepinephrine
re-uptake leading to increased concentration of norepinephrine. RBC, red blood cell.
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Figure 3.
The axial (A), coronal (B), sagittal (C) and reformatted three-dimensional images (D) of a

contrast-enhanced cardiac-gated CT of a woman aged 50 years without mutation in genes
encoding subunits of succinate dehydrogenase enzyme demonstrates a well-circumscribed
cardiac mass (arrows) measuring 3x2x2 cm. This mass is located superior to left atrium (B,
C) with the inferior border extending to the left atrioventricular groove. The mass is
bordered laterally by the left atrial appendage (C) and medially by the main pulmonary
artery (superiorly, (B, C)) and proximal left anterior descending artery (*, (C)). The
proximal left circumflex courses just inferior to the mass (+, (D)). There is no evidence of
luminal compression in the left anterior descending or left circumflex arteries by the mass.
Ao, aortic root; LA, left atrium; LV, left ventricle; PA, pulmonary artery; PV, pulmonary
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vein; RVOT, right ventricular outflow tract; asterisk (*), left anterior descending artery; plus
(+), left circumflex.
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Figure 4.
Functional positron emission tomography/CT (PET/CT) imaging of a cardiac paraganglioma

of a woman aged 50 years without mutation in genes encoding subunits of succinate
dehydrogenase enzyme. The anterior maximum intensity projection images (A-D) and fused
axial PET/CT images (E-H) of $8Ga-DOTA(0)-Tyr(3)-octreotide PET/CT (A, E), 18F-
fluorodeoxyglucose (B, F) and 18F-dihydroxyphenylalanine (C, G) PET/CT scans
demonstrate a cardiac paraganglioma (yellow arrows) located in between pulmonary trunk
and left atrium and superior aspect of left ventricle. However, this lesion lacks avidity on
18F_fluorodopamine (D, H). Furthermore, $8Ga-DOTA(0)-Tyr(3)-octreotide and 18F-
dihydroxyphenylalanine PET/CT demonstrate a small right glomus jugulare paraganglioma
(red arrows; A, B) and 18F-fluorodeoxyglucose PET/CT alone demonstrates a gastrohepatic
nodule (blue arrow, (B)).
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Figure 5.
Functional positron emission tomography/CT (PET/CT) and contrast-enhanced cardiac-

gated CT imaging of a woman aged 34 years with mutation in succinate dehydrogenase D
gene. The anterior maximum intensity projection images (A—C) of 88Ga-DOTA(0)-Tyr(3)-
octreotide PET/CT (A) and 18F-dihydroxyphenylalanine demonstrates a pericardiac
paraganglioma (yellow arrows; A, B) as well as a left carotid body paraganglioma (red
arrows; A, B). However, 18F-fluorodeoxyglucose (C) PET/CT scan demonstrates faint
uptake in the left carotid body paraganglioma (red arrow, (C)) but lacks avidity in the
pericardiac paraganglioma. This pericardiac paraganglioma was not localised on contrast-
enhanced chest CT. The patient further underwent a contrast-enhanced cardiac-gated CT
imaging to further characterise this pericardiac mass. The axial (D), coronal (E), sagittal (F)
and reformatted three-dimensional images (G) demonstrate a well-circumscribed pericardiac
mass (yellow arrows; D—G measuring 0.6x0.7x1.1 cm. This mass is located adjacent to mid-
distal right carotid artery (*, (D)) without impingement of vessel lumen. The mass is outside
the right ventricular free wall (yellow arrows, (D—F)) in the basal portion of the right atrial-
ventricular groove (F) and within the pericardium. Ao, aortic root; LV, left ventricle; PV,
pulmonary vein; RA, right atrium; RV, right ventricle; asterisk (*), right carotid artery.
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Flow chart enumerating the diagnosis and management of cardiac paraganglioma. *Results
are to be interpreted with caution that biochemical evaluation may be negative in non-
functioning paraganglioma. #Results are to be interpreted with caution that anatomical
imaging may miss small paragangliomas and functional imaging can act as complimentary
diagnostic tool. BP, blood pressure; HR, heart rate, 8Ga-DOTATATE, $8Ga-DOTA(0)-
Tyr(3)-octreotide; PET/CT, positron emission tomography/CT.

Heart. Author manuscript; available in PMC 2020 September 10.



Page 20

‘(uoisusyodAy anneladoisod pione 01 A1a6ins Jo Aep

ay1 uo pasn AjjeaidAy 1ou ale s1ex00]q Joydadoualpe-o Hunae-Buol) A1abins alojaq ybiu syl Jo uordasal [ealbins ay Jo Aep ayr uo pue syuaited uoisusladAy auljIapIoq pue aAISUIOWIOU Ul pasn \A__m,u_a\ﬂ._.H

‘uoisualodAy aniresadolsod Buisnes Jo s _m_ESon_qN

*S91.J8]0} Juailed e se ainssaid Poojq 0} a1l pue JyBIu 18 8SOp MO| & 1B SUOIIRIPaW ay} BurIelS AQ PaSILUIUILL 8] UBD YIIYM ‘108149 PIS UOWWIOD 1S0W 8y} SI UOISUa10dAY D11RISOULIO PIAI
*

(saulwrejoyaared
swoldwAs Aue Buronpoud jou)
"3UON o14193ds-uouyarewoldwAsy J3|Is Ajjealwaydolg

(ybiy Atan are
*(uoisuayodAy [eaibinsisod wanaid 01) Asebins  sjans] aulwedop 1 Ajuo) esoyuielp

810430 Aep 8y} UO 8Ul[es [eWLIOU 9%6°0 J0 T Z—T Buipnjoul uonajdas swnjoA ayenbspe aney pinoys uoisusjodAy yum Bunuasaid syuaired ‘uoisusjodAy ‘onrewordwAsy a1bsuiwedoq
“eIpJe2AyE] PAONPUI-BUILWLR|0YISIeD AI0J0RIJ8I PUE 8I9ASS Ul (J0JIGIYUI JUSLIND J|) BUIPEIGeA] 17
"9SeasIp 213BISE18W Se YINS UspIng JNowny aAISUBIXa UM Palelodosse Aj[ensn sjans| aulwe|oydsled
yb1y yum syusned ui Ajerdadss ‘Bnip uo-ppe ue se pasn AjeatdAl (J031giyul SISsYIuAS sulwe|oydsred) aulsolAsiN €
"|0Ju09 ainssaid poojq
Jewndo Joy Adelay) uo-ppe ue se Jo sjuaired aaisualowou Jo aaisusladAy Ajybis ul Ajje1oadss ‘s1sx20]q [auueyd wnidfed 2z
JojoAlgau ‘|ojoidosiq ‘|ojoldolaw ‘|ojously . seposida Buiysnyy
g . Ajasel ‘sisaloyderp ‘Ajaixue
$19%00]q Jojdagouaipe-g anilos|asolpsed “eyuoepII| 2AL ‘D1BBOA|BIBdAL
UISOZE.3) ‘UISOZEXOp ‘UuIsozeld . ‘A13IXUE/SSBUSNOAIBU (surydauelsw
‘ayoepeay ‘eipJesAyoeysuonended /auniydauida)
£, S110019 Jojdadousipe-e Bupoe-Hoys- . a1posida ‘uoisuanadAy arposidg a1b18usIpY
aulwezuagAxouayd . elwiseyos!
ueblo ‘ssauajed ‘Buliiwion/easneu
Ly Sei00|q 101da20uaipe- aAnadwod-uou Bunde-buo . ‘A181XUR/SSBUSNOAIBU ‘Bydepesy (sunydaueiswiou
‘sisaloyderp ‘uonednsuod /aunydauidalou)
*abex00|q J01daoouaipe-g Aq pamojjo} abexoo|q Joidadouaipe-o T ‘uoisuauadAy paureisns o161aualpeloN
adAouayd
suondo onnadeaay | swordwAs pue subis [eardA L [eaILay0Ig

Tellaetal.

sewolBuebe.ed Jo suondo annadesay) pue suoleiuasald [ealuljd pajerdosse ‘sadAlousyd jeatwayoolg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2020 September 10.

Heart. Author manuscript



	Abstract
	INTRODUCTION
	CURRENT VIEW ON MOLECULAR ORIGINS OF CARDIAC PARAGANGLIOMAS
	CLINICAL PRESENTATION AND DIAGNOSIS
	Clinical presentation
	Pathology and metastatic behaviour
	Current views on biochemical diagnosis of cardiac PGLs
	Role of anatomical imaging in localising cardiac PGLs
	Role of functional imaging in localising cardiac PGLs

	CONTEMPORARY MANAGEMENT
	Preoperative medical therapy (adrenoceptor blockade)
	Surgical management
	Management of metastatic disease

	CONCLUSION AND FUTURE DIRECTIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1

