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Abstract

Objectives: Paraganglioma (PGL) is a rare extra-adrenal
neuroendocrine tumor, and intrapericardial PGL is extremely
rare. We report a rare case of intrapericardial nonfunctional
PGL, which may be used as a reference for further analysis.
Case presentation: This article presents the case of a
65-year-old woman with a 2-year history of lower extremity
pain. Ultrasound revealed a hypoechoic mass adjacent to the
right atrium, compressing and narrowing the right atrium.
Computed tomography (CT) showed a low-density mass with
marked enhancement suggestive of a solitary fibrous tumor
or a vasogenic tumor of pericardial origin. Cardiac magnetic
resonance imaging (MRI) confirmed the location and pro-
vided a primary diagnosis of solitary fibrous tumor, heman-
gioma, or hemangiosarcoma. The patient eventually
underwent pericardial tumor resection, and the diagnosis of
PGL was confirmed by postoperative histopathology.
Conclusions: Pathology is considered the gold standard for
the diagnosis of PGL. Imaging examinations can provide
valuable information for the diagnosis and management of
intrapericardial PGL, and surgery remains the treatment of
choice.
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Introduction

Paraganglioma (PGL) is a rare neuroendocrine tumor that
arises from the extra-adrenal sympathetic nervous system

and may have hormonal secreting functions, leading to clin-
ical syndromes such as increased blood pressure and meta-
bolic changes in patients [1]. PGL is mainly found in the
paravertebral sympathetic chain in the thorax, abdomen, and
pelvis, and its occurrence in the pericardium is extremely
rare [2, 3]. The localization and diagnosis of PGL is challenging
and requires a combination of biochemical testing, imaging,
and postoperative histopathologic evaluation to confirm the
diagnosis [2]. This article presents a case of intrapericardial
nonfunctional PGL and systematically analyzes the diagnosis
and treatment of PGL in conjunction with a review of the
literature, especially the imaging features of PGL. We expect
that this case report will provide clinicians with valuable in-
sights to consider in their future work.

Case presentation

A 65-year-old woman with unexplained bilateral lower ex-
tremity pain presented to another hospital two years ago.
There were no abnormal findings associated with color
Doppler ultrasonography of the lower extremity vascula-
ture. However, no cardiac imaging examinations were per-
formed. Recently, the patient returned to the same hospital,
presenting with pain in both lower extremities. Computed
tomography (CT) scan revealed an abnormal soft tissuemass
in the pericardium. Magnetic resonance imaging (MRI)
confirmed an occupying lesion in the right pericardium and
a neoplastic lesion originating from the epicardial myocar-
dium, possibly with a fibrous component, was diagnosed.
The patient was then referred to the Cardiovascular Surgery
Department of Daping Hospital for further treatment as a
“cardiac tumor” and admitted for evaluation.

There was no history of hypertension, and no abnor-
malities were found on physical examination. Biochemical
tests revealed an elevated B-type natriuretic peptide (BNP)
level of 104.22 pg/mL. Bilateral carotid artery and bilateral
lower extremity arteriovenous Doppler ultrasound results
were normal (right femoral vein internal diameter of 9.7 mm
and left femoral vein internal diameter of 9.2 mm). Echo-
cardiography revealed a mass approximately 8.1×7.9 cm
with a lower echo than the liver on the right lateral aspect of
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the heart that was regular and well defined, had an intact
envelope, and no apparent colored blood flow within the
mass. The mass caused a compression of the right atrium,
which measured approximately 22 mm in transverse diam-
eter. Furthermore, the internal diameter of the inferior vena
cava at the entrance of the right atrium was approximately
10.6 mm, and the internal diameter of the inferior vena cava
in the intrahepatic segment was approximately 15.8 mm.
Based on ultrasound, the patient was diagnosed with an
intrapericardial occupying lesion (Figure 1, Supplementary
Video 1). A CT scan of the chest revealed a soft tissue mass
adjacent to the right atrium causing significant compres-
sion and deformation of the right atrium and ventricle.
After contrast administration, the mass showed apparent
heterogeneous enhancement and multiple tortuous
dilated vessels were seen within the mass. Coronary artery
CTA showed a mass adjacent to the right atrium that was
partially encircled by the right coronary artery (Figure 2,
Supplementary Video 2). Cardiac MRI revealed a mass in
the pericardium with hyperintensity on T2-weighted fat-
suppressed (T2WI-FS) suppression imaging. The tumorwas
indistinguishable from the right heart, causing compres-
sion and deformation of the right heart. Cine MRI of the
heart showed no significant myocardial thinning or
thickening in the systolic or diastolic phases of the
ventricle (Supplementary Video 3). The MRI suggested an
intrapericardial occupying lesion between which an iso-
lated fibrous tumor of epicardial or myocardial origin,
hemangioma, or hemangiosarcoma was primarily
considered (Figure 3). Since MRI suggests that the tumor
is highly vascularized, the risk of bleeding after tumor
biopsy is high. To assess the risk of bleeding after surgical

removal of the tumor, the patient underwent coronary
angiography. Coronary angiography revealed that the
tumor received most of its blood supply from the right
coronary artery.

A median sternotomy was performed, and the pericar-
dium was incised and suspended. A solid tumor measuring
approximately 7 cm×6 cm×6 cm extending from the right
atrium to the surface of the right ventricle was visualized
under the epicardium of the right heart, and the surface
of the tumor was richly vascularized. Ultrasonography
showed that the right coronary artery surrounded the
tumor. Under extracorporeal circulation, the gap between
the epicardium and the surface of the tumor was gradually
separated, and the tumor was completely removed. There
was no rupture or perforation of the ventricular wall. The
cavity formed after tumor resection was heavily oozing
blood, which was difficult to stop. A bovine pericardial
patchwas used to shunt blood from the tumor cavity into the
right atrium. After complete hemostasis, a pericardial
mediastinal drain was placed. The postoperative tumor
specimen was analyzed by a pathologist. The tumor cells
were arranged in cords and glands. And there were abun-
dant interstitial blood vessels. The cytoplasm was eosino-
philic and partially transparent. Immunohistochemical
stains were positive for CD56, Synaptophysin, S-100, Chro-
mogranin A, SDHB, Sox-10, ATRX, CD34, Des, FH, GATA-3,
H3K27me3, and Vimentin, but negative for SC, CA9, CK, Cal-
retinin, SMA, Stat6, and WT-1. Finally, this tumor was diag-
nosed as PGL (Figure 4). The patient had a good
postoperative prognosis with stable vital signs and was dis-
charged 10 days after surgery. The patient will be followed
closely in the future.

Figure 1: Echocardiography findings of PGL. (A) The four-chamber cardiac section below the xiphoid: a mass approximately 8.1×7.9 cm in size and less
echogenic than the liver (red pentagram) was seen adjacent to the right side of the heart, causing compression and deformation of the right atrium and
ventricle. (B) The apical four-chambered heart. This mass (red pentagram) compresses the right atrium and ventricle, resulting in increased blood flow
velocity in the right heart and colored confusion artifacts.
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Discussion

PGL is a rare type of neuroendocrine neoplasm, with
intrapericardial PGL accounting for less than 2 % of all
paragangliomas [1]. Paragangliomas and pheochromocy-
tomas are neuroendocrine tumors of the same pathologic
type and cannot be distinguished by histologic type [4]. The
only difference is the site of origin, which is called pheo-
chromocytoma when it is located in the adrenal gland and
PGL when it is located outside the adrenal gland [5]. Para-
gangliomas originate from neural crest tissue (paraganglia
of visceral autonomic and branch nerves) and are strongly
associated with mutations in the SDHx, FH, PHD1/2 and
EPAS1/HIF2A genes, with the head and neck being the most
common site [5, 6]. Clinical manifestations vary depending
on whether the tumor tissue is functional or not. PGL is
divided into non-functional PGL and functional PGL
(non-functional PGL: the tumor does not secrete

catecholamines and the patient has no clinical symptoms or
only symptoms of tumor compression; functional PGL: the
tumor secretes catecholamines and the patient has symp-
tomatic hypertension) [1, 5, 7]. This patient in our study had
no history of hypertension. And histologic analysis and
immunohistochemical staining confirmed the diagnosis of
PGL. Therefore, the present case can be classified as non-
functional PGL.

Using “intrapericardial” and “paraganglioma” as search
terms, we cumulatively searched 21 papers from 1987 to 2022
[3, 7–26]. All the literature is a single case report with 12
females, eight males, and 1 case where gender was not
explicitly reported. The minimum age of the patients was 25
years, and the maximum age was 78 years. In all cases, 11
cases of PGL were functional, 8 cases of PGL were
nonfunctional, and the type of PGL was unknown in two
patients. The smallest mass was 2.6 cm and the largest was
9.0 cm. 19 tumors were surgically resected, 1 tumor was

Figure 2: Chest CT and coronary CTA findings of PGL. (A–C) Chest CT. A largemass similar in density to the liver (red pentagram)was seen adjacent to the
right side of the heart, whichwas not clearly delineated from the right atriumand ventricle. CT attenuationwas 34Hounsfield units (HU) on non-enhanced
CT ((A) non-enhanced CT). After contrast administration, the mass (red pentagram) was continuously and heterogeneously enhanced (B) arterial phase;
(C) venous phase. (D) Volume rendering showed that themass was partially surrounded by the right coronary artery, which wasmoderately displaced by
the mass.
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treated with radiation, and 1 tumor had no clear reported
treatment (see Supplementary Table 1 for more
information).

We further analyzed the diagnostic program of these
previously reported intrapericardial PGL and summarized
some of their features. The gold standard for the diagnosis of
PGL is a surgical biopsy of the lesion, but the benign or
malignant nature of PGL is not determined by pathology, but
by the presence of distant metastases and the biological
behavior of recurrence (tumors larger than 5 cm have a
higher risk of malignancy) [1, 27]. Imaging examinations also
play an important role in its diagnosis [1]. Echocardiography
is used as a routine preoperative test, and PGL presents as an
intrapericardial hypoechoic mass on echocardiography, but
its specificity is poor [27, 28]. Due to the low lipid content of
PGL, non-enhanced CT is also valuable in the diagnosis of
PGL (CT values greater than 10 HU are more likely to be PGL,
at which point enhanced CT andMRI are required to further
define PGL) [1, 29]. PGL shows isointense or hypointense
relative to muscle on T1WI, but the signal intensity is
increased if the lesion is accompanied by hemorrhage. PGL

shows hyperintense on T2WI and there is no signal reduc-
tion in the fat-suppressed sequence [27]. Because PGL is a
vascular-rich tumor, it shows significant enhancement on
both contrast-enhanced CT scans and contrast-enhanced
MRI scans. If necrosis is present within the PGL, the PGL will
show heterogeneous enhancement [27, 29]. Functional im-
aging based on physiological metabolism (131I/123I-MIBG,
18F-FDOPA, 18F-FDG, 68GA-DOTA-SSA) also plays an important
role in the diagnosis of parasympathetic neuroma when it is
functional, especially for bone or distant soft tissue metas-
tases that are difficult to detect on CT or MRI [5, 27].

Consistentwith the previous references, the diagnosis of
PGL in this case was made by pathological examination. The
PGL lesion presented as a hypoechoic solid mass on echo-
cardiography and had a CT of 34 HU. And the PGL in this case
showed significant and heterogeneous enhancement on
contrast-enhanced CT. The PGL in this case showed hypo-
intense on T1WI and hyperintense on T2WI, and there was
no significant signal reduction on compression fat T2WI.
Nevertheless, the patient in our study did not have a PET-CT
scan for economic reasons.

Figure 3: CardiacMRI findings of PGL. Amass adjacent to the right side of the heart with long T1 and T2 signals completely surrounded by the outer edge
of the pericardium. (A) Axial T1WI; (B) axial T2WI-FS; (C) coronary T2WI; (D) sagittal T2WI-FS.
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We also further analyzed the treatment of these previ-
ously reported intrapericardial PGL and summarized
some of their features. Surgical resection is the treatment of
choice for a well-defined diagnosis of PGL [5, 25, 27]. And
echocardiography, CT, MRI, and functional imaging can help
localize the PGL and clarify the degree of infiltration of the

PGL with surrounding tissues, which in turn can help clini-
cians develop a surgical plan [14, 15, 18, 25, 27, 29]. The
vascular nature of PGL not only determines the high risk of
bleeding during biopsy but also increases the technical dif-
ficulty of surgical resection of PGL [18]. CT angiography can
delineate the trophoblastic arteries of PGL, allowing the

Figure 4: Final pathology slide of PGL specimen. (A) Surgical specimen (size: 7 cm×6 cm×6 cm). (B) Hematoxylin and eosin staining of paraganglioma
(×400), scale bar: 10 μm. Immunohistochemistry results: (C) Synaptophysin (×100); (D) S-100 (×100); (E) Chromogranin A (×100); (F) CD56 (×100). Scale bar:
50 μm.
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clinician to embolize the arteries and reduce the risk of
intraoperative bleeding [25]. If this PGL is functional, the
surgeon should give the patient α-adrenoceptor antagonist
(phenoxybenzamine, doxazosin) and β-adrenoceptor
antagonist (take-home pay, atenolol) two weeks before sur-
gery to avoid intraoperative hypertensive crisis [3]. Because
paragangliomas arising anywhere in the retroperitoneum
or adjacent to the spine are usually adjacent to large blood
vessels, most surgeons choose an open surgical approach,
while a few may choose a minimally invasive approach
depending on the circumstances [5]. Patients with multiple
and metastatic lesions should receive pharmacologic treat-
ment (including chemotherapy and targeted therapy) as
appropriate [30]. Paragangliomas carry a risk of recurrence,
so patients should be followed with biochemical tests and
imaging throughout their lives after surgery [5].

Compared with previous studies, we report this case of
PGL with rich imaging, which may provide some reference
value for the study of PGL. However, there are some short-
comings in this case. First, the tumor was resected without a
clear pathologic diagnosis of the tumor, which may pose a
greater risk to the outcome. Second, after the tumor was
diagnosed as PGL by postoperative pathology, no functional
imaging was performed to assess for definitive metastases,
which may be important during patient follow-up.

Conclusions

In conclusion, intrapericardial PGL is a rare occurrence.
Our study reported a case of intrapericardial PGL diagnosed
by pathology. We reviewed and analyzed the imaging fea-
tures and treatment of PGL. This case report may serve as a
reference for further analysis.
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