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Paragangliomas are uncommon neuroendocrine neoplasms that occur in characteristic lo-
cations. While parasympathetic paragangliomas are mainly located at the head and neck,
sympathetic paragangliomas are mostly located below the neck. Among parasympathetic
paragangliomas, pheochromocytomas are the most common. Ninety percent of cases of

pheochromocytomas arise within the adrenal gland. We report a case of a 63-year-old

woman with an extra-adrenal pheochromocytoma of the organ of Zuckerkandl detected

Keywords: by CT and MRI and subsequently confirmed by postoperative histology and immunohisto-
Pheochromocytoma chemistry.
Paraganglioma © 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
Zuckerkandl This is an open access article under the CC BY-NC-ND license
MRI (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Histopathology
Immunohistochemical

N these tumors include headache, palpitation, and diaphore-
Introduction

Paragangliomas are uncommon neuroendocrine neoplasms
that occur in characteristic locations associated with the
paraganglionic system [1]. While parasympathetic paragan-
gliomas are mainly located at the head and neck, sympathetic
paragangliomas are mostly located below the neck [2]. Among
parasympathetic paragangliomas, pheochromocytomas are
the most common. Pheochromocytomas and other sympa-
thetic paragangliomas are catecholamine secreting neuroen-
docrine tumors (NET) [3]. Classic clinical presentations of
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sis [4]. Approximately 85% of these masses occur within the
adrenal glands, whereas 15% are located extra-adrenally along
the sympathetic chain [5]. Up to 98% of extra-adrenal dis-
eases is intra-abdominal, most frequently arise from the or-
gan of Zuckerkandl [6]. Since the imaging features, clinical
manifestations, histologic appearances of this entity are vari-
able, making diagnosis a challenge. We report a rare case
of extra-adrenal pheochromocytoma of the organ of Zuck-
erkandl, which is confirmed by postoperative histopathology
immunohistochemistry.
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Fig. 1 - Axial, sagittal and coronal T2-weighted half-Fourier acquisition single-shot turbo spin-echo (HASTE) images
demonstrate a hyperintense retroperitoneal mass (arrows) on the right side of aorta, adjacent to the bifurcation (arrowhead).

A

Fig. 2 - Axial unenhanced T1-weighted fat saturation MR image (B) shows a mass with avid enhancement (arrows)

compared to unenhanced image (A).

Case report

A 63-year-old female patient presented with complaint of epi-
gastric pain for approximately 1 month. In the past 4 years,
she was diagnosed with pancreatic carcinoma and had un-
derwent a distal pancreatectomy and splenectomy. The pa-
tient also had a history of hypertension and gastroesophageal
reflux disease. On physical exam, she appeared in no dis-
tress and was mildly hypertensive with otherwise normal vi-
tal signs. Abdominal exam revealed no abdominal mass or
organomegaly. Laboratory investigations showed normal find-
ings (complete blood count, serum electrolytes, urinalysis,
thyroid, liver and renal functions). Imaging was obtained to
further evaluate the abdominal pain. Contrast-enhanced ab-
dominal CT scan revealed a 52 x 29 x 27mm well-defined,
vividly enhancing soft tissue mass on the right side of aorta,
closing to the bifurcation. MRI was then performed, showing
a T1W-hypointense, T2W-hyperintense heterogeneous mass
within the retroperitoneum, on the right side of aorta. Vivid
enhancement after intravenous gadolinium administration
was noted (Figs. 1 and 2). The mass showed increased inten-

sity on diffusion-weighted imaging and reduced apparent dif-
fusion coefficient values, which is consistent with restricted
diffusion (Fig. 3). The lesion maintained its signal intensity
on out-of-phase images (Fig. 4). Also, multiple punctate flow
voids were noted on T1- and T2-weighted images. The pa-
tient underwent a complete en bloc removal of the mass. Mi-
croscopically, hematoxylin—eosin staining of the tumor tis-
sue showed that the mass includes chief cells with basophilic
cells and sustentacular cells. Cytoplasmic hyaline globules
were also present. Immunohistochemical staining showed
the tumor tissue was positive for chromogranin A, synapto-
physin, S100, CD34 ,and vimentin. Meanwhile, the tumor tis-
sue was negative for calretinin, HMB45, CK7,CK20, and desmin
(Figs. 5-7). Collectively, these results indicated that the diag-
nosis of the tumor was extra-adrenal pheochromocytoma. In-
formed consent was given by the patient.

Discussion

Pheochromocytomas (PCCs) and paragangliomas (PGLs)
are rare catecholamine-secreting tumors originating from
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Fig. 3 - This mass has high-signal intensity on DWI (A) and low ADC values (B), consistent with diffusion restriction.

Fig. 4 - Axial T1-weighted in-phase (A) and out-of-phase (B) MR images show lesion with no signal intensity drop on

out-of-phase image.

chromaffin cells of the adrenal medulla or extra-adrenal
paraganglia [7]. These tumors arise within the adrenal glands
in approximately 85% of cases. In the remaining 15% of
cases, tumors originate from extra-adrenal paraganglionic
chromaffin tissues and are referred to as extra-adrenal PCCs
or PGLs [8,9]. Depending on the anatomic site and secre-
tory products, PGLs are categorized into parasympathetic
and sympathetic subtypes. According to the World Health
Organization Classification of Tumors, updated in 2017, “A
pheochromocytoma is an intra-adrenal sympathetic para-
ganglioma” [10,11]. Approximately 98% of sympathetic PGLs
are found below the diaphragm, in association with the celiac,
superior mesenteric, inferior mesenteric ganglia, and organ
of Zuckerkandl. The organ of Zuckerkandl, which is a group of
paraganglia located in the interaortocaval region from the su-

perior mesenteric artery or renal arteries to aortic bifurcation,
is the most frequent location [12]. Clinically, diverse presen-
tations of PCC and PGL are related to the hypersecretion of
catecholamines, typically producing paroxysmal symptoms,
hypertension, and suprarenal or midline abdominal masses.
The classic triad of extra-adrenal pheochromocytoma in-
cludes paroxysmal attacks of headache, palpitations, and
diaphoresis [9,10,13]. Differential diagnosis includes other
abdominal masses, especially malignant tumors. Pheochro-
mocytoma has been called the “ten percent” tumors based on
the fact that 10% of the cases are bilateral, 10% are extra-
adrenal, 10% are clinically silent, and 10% of intra adrenal
PCCs are malignant [14].

The imaging findings of PCCs are variable due to the
presence of internal necrosis, cystic degeneration, and hem-
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Fig. 5 - Hematoxylin - eosin staining x100 (A) and x400 (B) of the tumor tissue demonstrates that the mass includes chief
cells with basophilic cells and sustentacular cells, creating “Zellballen” pattern.

Fig. 7 - Calretinin (A), HMB45 (B) and desmin (C) negative, IHCx40.

orrhage [15]. Unenhanced CT may show well-defined mass
with attenuation ussually higher than 10HU, differentiating
it from an adrenal adenoma. Contrast-enhanced CT may
demonstrate vivid enhancement with variable washout pat-
terns due to rich capillary network. Although MRI features of
PCC are also variable because of the previously mentioned fac-
tors, the most common appearance is a mass with “light bulb”
hyperintensity on T2W imaging and hypointensity on T1W
imaging. Lesion typically show strong enhancement after

gadolinium administration [16,17]. However, it is noted that
a very high lesion signal intensity on T2W sequences is not
pathognomonic for PCCs. Additionally, only approximately
65% of cases are correctively diagnosed as PCCs, whereas 35%
are misclassified as malignant lesions or benign adenomas
due to the lack of high signal intensity at T2W imaging.
Punctate flow-voids representing tumor vessels are referred
to as “salt-and-pepper” pattern characteristically seen on
T1- and T2-weighted images. The tumors commonly do not
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contain a large amount of intracellular lipid so they will not
demonstrate signal loss on out-of-phase sequences [16-18].

In histological studies, PCCs and PGLs are made up of chief
cells or pheochromocytes and “supporting” cells or sustentac-
ular cells. These cells may present several different patterns,
“Zellballen” or cell-nesting and trabecular patterns are seen
most [9,13,19]. Immunohistochemically, the chief cells of the
tumor are positive for chromogranin A and synaptophysin,
which are most common generic neuroendocrine markers,
meanwhile, the sustentacular cells express S100 protein [4,20].
The most mentioned pathological differential diagnosis of
PGLs presenting in the abdominal cavity are other NET, espe-
cially in the setting of concurrent pancreatic carcinoma, such
as this case. Both PCCs/PGLs and NET show positive staining
for chromogranin A and synaptophysin. However, the absence
of positivity for cytokeratins such as CK7,CK20, CAMS5.2,...help
to distinguish them from NET [4].

The term “malignant pheochromocytoma” and “benign
pheochromocytoma” from the 2004 WHO classification of
endocrine tumors are no longer used. According to the
2017 WHO classification of endocrine tumors, all PCCs/PGLs
could have metastatic potential and several factors may be
used to stratify the risk. Currently, no individual scheme
stratifying metastatic risk has been officially recommended.
However, some immunohistochemical markers, such as Ki-67
proliferative index and SDHB, may be used to identify risk
stratification [4,20,21]. A seminal study of PCCs and sympa-
thetic PGLs by Linnoila et al. in 1990 demonstrated 4 adverse
factors: extra-adrenal location, confluent necrosis, coarse
nodularity, and absence of hyaline globules. The most power-
ful predictor among these features is extra-adrenal location,
which is known to correlate with SDHB [19,20]. In 2005, a
scoring system called GAPP was developed by Kimura et al.
GAPP scores based on histological, immunohistochemical,
and biochemical characteristics to predict the metastatic
potential of tumors and the patients’ prognosis with tumors
that metastasize [19].

The optimal treatment of pheochromocytoma is surgical
resection. Before the operation, antihypertensive medications
are often given to lower blood pressure and prevent hyper-
tensive crisis during operation. In patient with malignant dis-
ease, palliative chemotherapy, and radiation therapy is indi-
cated [8,22].

Conclusion

PCCs and PGLs are unusual tumors that occur in characteris-
tic anatomic sites and are often detected by imaging examina-
tion. The disease presenting with a variability of clinical man-
ifestations and imaging findings makes it challenging to di-
agnose correctly. Immunohistochemical studies have impor-
tant roles in both the pathologic diagnosis and prognosis of
PCC/PGL.
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