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Background: Cardiac paraganglioma (CPGL) accounts for 1–3% of cardiac tumors and
is usually benign. In total, 35–50% of CPGL lesions secrete catecholamines, causing
hypertension, excessive sweating, palpitations, headache, and other symptoms.
Preoperative imaging evaluation is important to determine the location of the cardiac
mass, its blood supply vessels, and the relationship with surrounding structures.
Multimodal imaging techniques combine with morphological and functional information
to provide powerful methods for preoperative diagnosis and lesion localization.
Furthermore, they can assist to reduce the incidence of intraoperative and postoperative
complications and improve patient prognosis.

Case Report: A 67-year-old woman suffered from paroxysmal palpitations with
a heart rate of 110 beats per minute 1 month ago. Urine catecholamine and
methoxyepinephrine levels were significantly increased. The patient had a 5-year
history of hypertension with a maximum blood pressure of 160/100 mmHg. Computed
tomography (CT) examination found a soft tissue mass in the right atrium with
heterogeneous and significant enhancement, whose blood supply was from the left
ileal branch artery. The patient then underwent cardiac magnetic resonance (CMR).
The lesion showed inhomogeneous iso signals on the T1-weighted image (T1WI),
slightly high signals on the T2 fat-suppression image, inhomogeneous high signals on
the diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC) images.
The mass exhibited heterogeneous and significant enhancement on the first perfusion
and delayed scans after intravenous contrast injection. However, abnormal signals
were surprisingly found in the patient’s right lung, and the possibility of metastatic
lesions could not be excluded. The patient underwent F-18 fluorodeoxyglucose-positron
emission tomography/computed tomography (18F-FDG PET/CT) to rule out metastatic
lesions. A fluorodeoxyglucose (FDG)-avid soft tissue mass was shown in the right atrium,
with the maximum standardized uptake value (SUVmax) at about 15.2, as well as a
pathological intake of brown fat throughout the body. Combined with clinical symptoms,
CPGL was considered without significant sign of metastasis in 18F-FDG PET/CT.
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Finally, the patient underwent surgical resection and the post-operative pathology
confirmed a CPGL.

Conclusion: The combination of 18F-FDG PET/CT with the CMR containing different
image acquisition sequences provides a powerful aid for preoperative non-invasive
diagnosis, localization, and staging of CPGL, which helps to reduce intraoperative and
postoperative complications and improve patient prognosis.

Keywords: heart neoplasms, 18F-FDG, PET/CT, magnetic resonance imaging, x-ray computed tomography,
paraganglioma, case report

INTRODUCTION

Primary cardiac tumors are very rare, with a prevalence
ranging from 0.001 to 0.03%, of which about 20–30% are
malignant (1, 2). Cardiac paraganglioma (CPGL) is extremely
rare as it only accounts for 1–3% of cardiac tumors. In
total, 35–50% of CPGL lesions secrete catecholamines, causing
hypertension, excessive sweating, palpitations, headache, and
other symptoms, most of which can be cured by complete
surgical resection. Preoperative imaging evaluation is important
to determine the exact location of CPGL, the blood supply
vessels, and the relationship with surrounding structures. The
use of multimodality imaging techniques, combined with
morphological and functional information, is helpful in the
preoperative diagnosis, localization of tumors, reduction of the
incidence of intraoperative and postoperative complications, and
improvement of patient prognosis.

CASE PRESENTATION

A 67-year-old woman came to the hospital with 1-month
paroxysmal palpitations and 1-week bilateral lower limb edema
with aggravation for 2 h. The patient presented with paroxysmal
palpitations with a heart rate of 110 beats per minute 1 month
ago and received no treatment. The patient had a 5-year history
of hypertension and a 4-year history of diabetes mellitus, with a
maximum blood pressure of 160/100 mmHg, and usually took
oral antihypertensive medication to maintain her blood pressure.
Physical examination revealed that the patient had no symptoms
of dyspnea, hemoptysis, cyanosis, or abnormal sensation. Urine
catecholamine and methoxyepinephrine levels were significantly
increased (Table 1). An electrocardiogram (ECG) showed sinus
tachycardia and echocardiography found an enlarged left atrium
and a hypoechoic mass of about 4.6 cm × 4.6 cm at the top
of the right atrium near the superior vena cava, with clear
borders and uniform internal echogenicity. Compression of
the right atrium and superior vena cava is demonstrated in
Figure 1. Computed tomography (CT) examination indicated
a soft tissue mass in the right atrium, about 4.7 cm × 4.4 cm
in size, with a CT attenuation value of about 46 HU in
plain view and a significant heterogeneous enhancement with
a CT attenuation value of about 142 HU after enhancement.

Its blood was supplied by the left circumflex branch of the
coronary artery with a nutrient vessel visible in the lesion
and a draining vein connected to the superior vena cava
(Figure 2). The patient then underwent cardiac magnetic
resonance (CMR) imaging. The lesion was found in the right
atrium with the inferior border reaching the entrance of
the inferior vena cava, with inhomogeneous iso signal on
T1-weighted image (T1WI), patchy low signal inside, and
inhomogeneous slightly high signal on T2 fat-suppression image,
ranging from approximately 5.2 cm × 5.0 cm × 6.0 cm [Left right
diameter (LR) × Anteroposterior diameter (AP) × Superior and
lower diameter (SI)]. The lesion displayed inhomogeneous high
signals on the diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) image. Heterogeneous and significant
enhancement was shown in the first-perfused and delayed
phases after intravenous contrast injection (Figure 3). However,
abnormal signals were surprisingly found in the patient’s
right lung, so an F-18 fluorodeoxyglucose-positron emission
tomography/computed tomography (18F-FDG PET/CT) scan
was performed to rule out metastatic lesions. A soft tissue
mass with a high fluorodeoxyglucose (FDG) uptake was seen
in the right atrium, with the maximum standardized uptake
value (SUVmax) at about 15.2 and a maximum dimension of
approximately 4.1 cm × 5.9 cm, which was poorly demarcated
from the pericardium. In the upper lobe of the right lung, a
mixed-density nodule shadow with a mild FDG uptake was
seen near the pleural, with an SUVmax at about 5.8 and
a size of about 1.7 cm × 2.3 cm, surrounded by a multi-
density nodular shadow with a slightly radioactive uptake
with an SUVmax at about 1.7. Inflammatory lesions were
considered. Furthermore, high FDG uptake of brown fat was

TABLE 1 | Results of laboratory test with reference values.

Variable Value Reference

Urine vanillylmandelic acid (µmol/24 h) 76.00 <6

Urine norepinephrine (µg/24 h) 1130.00 <70

Urine epinephrine (µg/24 h) 369.00 <20

Urea (mmol/L) 8.82 2.2–8.2

Human chorionic gonadotropin (mIU/mL) 7.68 0–5

Erythrocyte sedimentation rate (mm/h) 42.00 0–20

C-reactive protein (mg/L) 6.82 0–5

Immunoglobulin G (g/L) 16.25 5.66–14.25
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FIGURE 1 | Echocardiography of cardiac paraganglioma. An enlarged left atrium and a hypoechoic mass of about 4.6 cm × 4.6 cm at the top of the right atrium near
the superior vena cava was found with clear borders and uniform internal echogenicity, as well as the compression of the right atrium and the superior vena cava.

FIGURE 2 | Computed tomography images of cardiac paraganglioma. (A) Plain image; (B) arterial phase image; (C) venous phase image.

FIGURE 3 | Cardiac magnetic resonance images of cardiac paraganglioma. (A) T1-weighted image; (B) T2 fat-suppressed image; (C) diffusion-weighted imaging;
(D) apparent diffusion coefficient image; (E) first-perfused image; (F) delayed scans image.
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demonstrated symmetrically along the bilateral intermuscular
neck, posterior cervical triangle, mediastinum, intrapericardial,
sternum, spine, parasternal, perirenal, and retroperitoneal area
with the SUVmax at about 34.4, which were typically related
with the high secretion of catecholamine hormones from
paragangliomas (Figure 4). Therefore, based on the clinical
symptoms and multiple imaging findings, a CPGL in the
right atrium was considered. The patient underwent a surgical
resection under general anesthesia and extracorporeal circulation

after preoperative blood pressure control with the α-blocker
phenibutramine and metoprolol tartrate-extended release tablets.
During surgery, the tumor was found to be grayish-yellowish-
red in color, partially located in the atrial wall and the right
atrium. The tumor had a short tip connected to the interatrial
septum and a smooth and intact membrane, with a size of
approximately 7.5 cm × 6.0 cm × 3.5 cm. Histopathological
examination showed that the tumor cells were organoid and
glandular vesicle-like in arrangement, with indistinct boundaries,

FIGURE 4 | 18F-FDG PET/CT images of cardiac paraganglioma. (A,B) The whole-body maximum intensity projection showed an intensely hypermetabolic thoracic
mass. (C–E) In a cardiac lesion with a high FDG uptake, the SUVmax is about 15.2. (F–H) In the upper lobe of the right lung, a mixed-density nodule with a mild
FDG-avid was found near the pleural, with the SUVmax at about 5.8 and a size of about 1.7 cm × 2.3 cm, inflammatory lesions were considered. (I–K) High FDG
uptake of brown fat was demonstrated symmetrically along the perirenal and retroperitoneal area with the SUVmax at about 34.4, which was usually caused by the
high secretion of catecholamine hormones from paragangliomas.

FIGURE 5 | Histologic and immunohistochemical features of cardiac paraganglioma. (A) Hematoxylin-eosin (HE) staining showed that the tumor cells were
polygonal, with round-like nuclei and rare nuclear fission images (magnification, ×200). In immunohistochemical staining, the tumor cells were positive for CD56 (B),
SYN (C), CgA (D), and S-100 (E). Moreover, 3% of them were positive for Ki-67 (F) [magnification (B–F) ×200].

Frontiers in Medicine | www.frontiersin.org 4 June 2022 | Volume 9 | Article 942558

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles


fmed-09-942558 June 28, 2022 Time: 7:51 # 5

Huang et al. Primary Right Atrial Paraganglioma

an eosinophilic cytoplasm, round-like nuclei, rare nuclear fission
images, abundant interstitial vessels, fibrous tissue hyperplasia,
and collagenization with pigmentation. Immunohistochemistry
showed Cytokeratin (CK) (−), Epithelial membrane antigen
(EMA) (−), Neural cell adhesion molecules (CD56) (+),
Synaptophysin (SYN) (+), Chromogranin A (CgA) (+), S-
100 (+), Ki-67 (3% +), Melan-A (−), and Homatropine
methyl bromide-45 (HMB45) (−). Based on the results of
pathological morphology and immunohistochemistry, the tumor
was diagnosed as CPGL (Figure 5). The patient showed a good
prognosis after surgery with normal blood pressure and no
complications or tumor recurrence.

DISCUSSION

We report a case of a 67-year-old female patient with primary
right atrial paraganglioma and a review of the literature on
imaging performed with MRI and nuclear medicine imaging.
This case should be excluded from other primary cardiac tumors,
such as a mucinous tumor, hemangioma, or angiosarcomas, with
a different prognosis. Pheochromocytomas and paragangliomas
are a series of neuroendocrine tumors originating from the
adrenal medulla and chromaffin cells of the parasympathetic
or sympathetic ganglia, respectively. Paragangliomas are often
referred to as extra-adrenal pheochromocytomas (3). CPGL is
extremely rare and occurs often in the left atrium, the left
ventricle, and the left atrioventricular sulcus due to the proximity
of the paraganglia cells to the left atrium and less in the
right atrium, the right ventricle, and the atrial septum (4).
In total, 35–50% of CPGLs secrete catecholamine hormones,
which cause symptoms such as persistent or paroxysmal
hypertension, headache, palpitations, and profuse sweating (5, 6).
The occurrence of CPGL is associated with genetic mutations
and is manifested as autosomal dominant inheritance, so the
family history may provide an important diagnostic clue (7). The
differentiation of benign and malignant CPGL cannot be based
on the histopathological criteria but rather on the presence of
distant metastases and biological behavior of recurrence (8, 9).

A literature search was performed on PubMed database from
2005 to 2022, using the keywords containing paraganglioma,
cardiac, and heart. The MRI, single photon emission
computed tomography (SPECT), SPECT/CT, positron emission
tomography (PET)/CT, and PET/MRI manifestations of CPGL
are summarized in Tables 2, 3 (1, 10–30). The purpose of
imaging for CPGL is not only to localize and characterize the
tumor but also to determine whether the surgical resection
can be successfully undergone and to perform the post-
treatment follow-up. CPGL, containing paraganglia cell nests
and surrounding supporting cells, is a blood-rich tumor that
often involves the coronary artery as the trophoblastic vessel.
In this case, the left ileal branch is the blood-supplying artery.
Echocardiography is the most common initial test. CPGL is
mostly presented as a hypoechoic mass, suggesting the presence
of a cardiac tumor. CPGL usually appears as round or ovoid
in CT. When the tumor is large, cystic degeneration and
necrosis, as well as hemorrhage, may occur. MRI is better than

echocardiography and CT scan by providing more details of
CPGL and its relationship to the surrounding structures. Due
to the absence of radiation, MRI is more suitable for pediatric
patients and screening. CPGL typically shows an equal or a low
signal on T1WI but the signal will increase when the foci are
accompanied by bleeding. High signals were found on T2WI with
no reduction of signal in the antiphase. CPGL shows significant
enhancement after contrast administration whereas extensive
perfusion is seen in the early phase (31). Tumor necrosis can be
detected on MRI and is a common feature seen in CPGL (23).

For metastatic lesions, functional imaging usually has a
higher sensitivity, especially for bone metastases and distant
soft tissue metastases that may be difficult to visualize on
CT or MRI. Radionuclide imaging techniques are available
for detecting, staging, and following up on paragangliomas.
Beyond their ability to detect and localize paragangliomas, these
imaging methods can provide valuable additional information
(32). In SPECT imaging, 123I-labeled metaiodobenzylguanidine
(MIBG) is a guanethidine analog that is structurally similar
to norepinephrine and is taken up by adrenergic storage
cells in the adrenal gland and the paraganglia, allowing it
to visualize neuroendocrine tissues. The sensitivity of 131I-
MIBG scintigraphy is limited, so 123I-MIBG scintigraphy was
introduced to improve image quality and increase sensitivity
(33). Van Der Horst-Schrivers et al. (34) considered that the
sensitivity of 123I-MIBG scintigraphy for non-metastatic and
metastatic PGL has been documented to be 96 and 79%,
respectively. Timmers et al. (35) researched different functional
imaging methods in the localization of pheochromocytoma
and paraganglioma, the sensitivity rates to the detection
rate of 6-Fluoro-(18F)-l-3,4-dihydroxyphenylalanine (18F-DOPA
PET), 18F-fluorodopamine PET, 18F-FDG PET, and 123I-MIBG
scintigraphy in non-metastasis PGL were 81, 77, 88, and 77%,
respectively, and their sensitivity rates to the detection rate of
metastatic PGL were 45, 76, 74, and 57%, respectively. 18F-
FDG PET/CT is recommended for patients with a biochemically
established diagnosis of PGL when the aim is to localize the
primary tumors and exclude metastases. In this case, the glucose
metabolism of the soft tissue mass in the right atrium was
high but metastatic lesions in the lung were excluded, which
provided a powerful help for surgical resection. However, the
FDG uptake alone cannot make an accurate judgment on the
histological origin of the tumor so other imaging features from
CMR should be integrated to further localize, characterize, and
quantify the lesions.

Cardiac paraganglioma should be distinguished from a cardiac
mucinous tumor, cavernous hemangioma, and angiosarcoma
(10, 30). Mucinous tumors are the most common cardiac tumors
mostly occurring in the left atrium with visible tips attached to
the atrial septum or the atrial wall, and the lesions can follow
the movement of the heart. Cardiac cavernous hemangiomas
occur mostly in the left ventricle and showed hypodense on the
CT scan. After enhancement, the lesions may show a gradual
filling from the margin to the center. Angiosarcoma is the most
common cardiac malignancy, which is mostly located in the
right atrium, with dyspnea and chest pain as the main clinical
manifestations. The imaging shows a mass with heterogeneous
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TABLE 2 | Magnetic resonance imaging findings of cardiac paraganglioma.

Sr. no. References Age (years) Sex Location T1WI T2WI Enhancement
patter

Density
characteristics

1 Duan et al. (10) 22 Woman Left atrium Hyperintense Hyperintense NA Heterogeneous

2 Patrianakos
et al. (11)

38 Man Transverse sinus Isointense to
myocardium

Strong hyperintense NA NA

3 Arcos et al. (1) 22 Woman Left atrioventricular
groove

Slight hyperintense Slight hyperintense Focal late gadolinium
enhancement

Heterogeneous

4 Berona et al.
(12)

34 Woman Left atrium Hyperintense Hyperintense NA NA

5 Degrauwe et al.
(13)

43 Man Intrapericardial Isointense Hyperintense Intense enhancement Homogenous

6 Gahremanpour
et al. (14)

24 Woman Left atrial Hyperintense Hyperintense Substantial contrast
enhancement

NA

7 Bhojwani et al.
(15)

42 Man Left anterior
descending artery

Intermediate
hyperintense

Hyperintense Avid contrast
enhancement

NA

8 Del Forno et al.
(16)

46 Woman Right atrioventricular
groove

Hypointense Hyperintense NA Heterogeneous

9 Beroukhim
et al. (17)

16 Man Between the aorta and
the main pulmonary
artery

Isointense Hyperintense Peripheral
hyperenhancement

Heterogeneous

10 Manabe et al.
(18)

46 Woman Between the pulmonary
artery trunk and the left
atrium

NA Hyperintense Avid enhancement Heterogeneous

11 Semionov and
Sayegh, (19)

25 Woman Right intrapericardial NA NA Avid enhancement NA

12 Tomasian et al.
(20)

25 Woman Left atrial Hypointense Hyperintense Intense enhancement Heterogeneous

13 Alghamdi et al.
(21)

39 Man Between the left atrial
appendage and the
main pulmonary artery

NA NA Avid enhancement Heterogeneous

14 Thomas et al.
(22)

32 Woman Right atrioventricular
groove

NA NA Avid enhancement Heterogeneous

15 McGann et al.
(23)

54 Man Right atrium NA NA Thin, circumferential rim
of contrast-enhanced
tissue

Heterogeneous
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TABLE 3 | The single photon emission computed tomography (SPECT) and positron emission tomography (PET) findings of cardiac paraganglioma.

Sr.no. References Age (years) Sex Location Imaging methods Metabolism Distant
metastasis

1 Duan et al. (10) 22 Woman Left atrium 18F-FDG PET/CT Hypermetabolic
(SUVmax 29.5)

None

2 Michałowska et al. (24) 25 Man Atrioventricular groove 99mTc-HYNICTOC SPECT/CT Hypermetabolic None

3 Huot Daneault et al. (25) 47 Man Right atrium 18F-FDG PET/CT Marked
hypermetabolism
(SUVmax 36)

Diffuse
bone
metastatic

3 Huot Daneault et al. (25) 47 Man Right atrium 68Ga-DOTATATE PET/CT Hypermetabolic
(SUVmax 14)

Diffuse
bone
metastatic

4 Wu et al. (26) 21 Man Right atrioventricular
sulcus

18F-FDG PET/CT Hypermetabolic None

4 Wu et al. (26) 21 Man Right atrioventricular
sulcus

123 I- MIBG scintigraphy Hypermetabolic None

5 Arcos et al. (1) 22 Woman Left atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

6 Gahremanpour et al. (14) 24 Woman Left atrial 123 I-MIBG scintigraphy Hypermetabolic None

7 Almenieir et al. (27) 24 Woman Right ventricle 18F-FDG PET/CT Hypermetabolic None

8 Bhojwani et al. (15) 42 Man Abutting the left anterior
descending artery

18F-FDG PET/MRI Hypermetabolic
(SUVmax 16)

None

9 Manabe et al. (18) 46 Woman Between the pulmonary
artery trunk and the left
atrium

123 I-MIBG scintigraphy Obvious focal
hypermetabolic

None

9 Manabe et al. (18) 46 Woman Between the pulmonary
artery trunk and the left
atrium

18F-FDG PET/CT Hypermetabolic
(SUVmax 15.6)

None

10 Semionov and Sayegh (19) 25 Woman Right intrapericardial 18F-FDG PET/CT Hypermetabolic
(SUVmax 31)

None

11 Tomasian et al. (20) 25 Woman Left atrial 18F-FDG PET/CT Hypermetabolic None

12 Thomas et al. (22) 32 Woman Right atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

13 Dhanasopon et al. (28) 24 Woman Left atrium 18F-DOPA PET/CT Hypermetabolic None

14 Yuan et al. (29) 15 Woman Right atrium 123 I-MIBG scintigraphy Hypermetabolic None

15 Sheehy et al. (30) 37 Woman Right atrioventricular
groove

18F-FDG PET/CT Hypermetabolic None

MIBG, metaiodobenzylguanidine; FDOPA, 6-18F-fluoro-L-3, 4-dihydroxyphenylalanine; HYNICTOC, hydrazinonicotinyl-Tyr3-octreotide; FDG, fluorodeoxyglucose.

density/signal and enhancement due to the existence of necrosis.
Extensive pericardial involvement and hemorrhagic pericardial
effusion can be found. Due to the low incidence and variety of
cardiac tumors, it is easy to miss or misdiagnose them by relying
on one examination alone. Therefore, in addition to imaging
methods, the diagnosis of cardiac tumors should be based on
clinical and pathological examinations.

Complete surgical resection is the most effective treatment
modality for CPGL; in some cases of CPGL, heart transplantation
might be necessary (3). The role of adjuvant therapy in CPGL
is unclear. Ayala-Ramirez et al. (36) evaluated the clinical
benefit of systemic chemotherapy in patients with metastatic
pheochromocytoma. The study by Tanabe et al. (37) describes
the response to cyclophosphamide, vincristine, and dacarbazine
(CVD) in 17 patients with malignant paraganglioma. Tumor
volume or biochemical markers were decreased by only 30%
in 47.1% of the patients and the progression-free survival
was 31–60 months (37). Patients with complete resection of
the tumor have a good long-term prognosis (38). However,
more than 50% of CPGL have intraoperative or postoperative

complications, whereas their proximity to the vasculature and
complex surrounding tissue relationships make the procedure
technically challenging, and the mortality rate is quite high
(29). Adequate preoperative preparation is important to prevent
intraoperative life-threatening conditions, such as a hypertensive
crisis (39). This case was managed as a complete resection
of the tumor under extracorporeal circulation with a good
postoperative prognosis.

CONCLUSION

In this case, the glucose metabolism of the right atrial soft tissue
mass was high, along with pathological brown fat uptake and
clinical symptoms, so CPGL was considered, which is consistent
with the pathological diagnosis. The combination of 18F-FDG
PET/CT with the CMR containing different image acquisition
sequences provides a powerful aid for preoperative non-invasive
diagnosis, localization, and staging of CPGL, which helps to
reduce intraoperative and postoperative complications and to
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improve the patient prognosis. In addition, the combination of
functional and anatomical imaging of PET/CT examination can
help to find or exclude metastatic lesions in patients.
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