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Abstract : A 6-year-old intact female Shih-tzu dog was referred due to anorexia. Physical examination, complete blood
count, serum chemical analysis, radiography, and ultrasonography were evaluated. Physical examination and
hematological analysis showed normal findings. Abdominal radiographs and ultrasound revealed well-defined masses
in the spleen. Other abdominal organs showed no significant abnormalities. Tissue samples taken via sono-guided fine
needle aspiration of the splenic mass showed many bare nuclei, which were variable in size. Results of histopathological
and immunohistochemical (IHC) analyses performed after splenectomy were consistent with paraganglioma. Based on
these findings, we diagnosed this patient with a paraganglioma of splenic origin. Two months after splenectomy,
abdominal ultrasonography revealed a new neoplastic lesion in the liver. The clients refused further management and
the patient expired three months after initial diagnosis. Necropsy as well as histopathological and IHC examinations
of other systemic organs including the liver, adrenal gland, kidney, brain, urinary bladder, lung, aortic body, carotid
body, and pancreas were performed. The neoplastic tissue in the liver also demonstrated features of a paraganglioma,
and there were no remarkable findings in all other organs.
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Introduction

Paragangliomas are neuroendocrine tumors found at many

body sites (10). They are predominantly vascular neoplasms

that arise from paraganglia (2). Paraganglia are derivatives of

the neural crest, from which endocrine organs derived from

the autonomic nervous system originate. A paraganglion may

be one of two cell types, namely chromaffin and non-chro-

maffin (6). A pheochromocytoma is a neuroendocrine tumor

that arises from chromaffin cells, such as those in the adre-

nal medulla that produce, store, and secrete a variety of neu-

rotransmitters and neuropeptides (6,11). Non-chromaffin

paragangliomas, called chemodectomas, arise from chemore-

cepter organs such as the carotid body and vagal body. They

are generally considered nonfunctional neoplasms (5,6). 

Paragangliomas are rare neuroendocrine tumors in dogs;

however, they are reported frequently in brachycephalic dogs

in the veterinary medical literature (5). Patients may present

with signs and symptoms of catecholamine excess, including

intermittent weakness, episodic collapse, anxiety, decreased

appetite, weight loss, cardiac arrhythmias, or hypertension, or

may be completely asymptomatic (8,13). In general, com-

plete surgical excisions are the only definitive treatment for

these tumors (8,13). However, for malignant paraganglio-

mas, surgical treatment is rarely curative and is considered to

be a palliative therapy (11,13). 

In the present study, the case of an extremely rare primary

splenic paraganglioma was described. To the author’s knowl-

edge, this is the first report of a primary splenic chemodec-

toma in a dog. 

Case Description

A 6-year-old intact female Shih-tzu dog was referred due

to a 4-week history of anorexia. Physical examination, com-

plete blood count, serum chemical analysis, radiography, and

ultrasonography were evaluated for diagnosis. Physical

examination revealed a poor body condition score (1/5) and

mild pododermatitis. Complete blood count and serum bio-

chemical profile showed no remarkable findings. 

Thoracic and abdominal radiographic examinations

obtained in right lateral and dorsal recumbency were per-

formed. In abdominal radiographs, there was a soft tissue

mass with irregular margins in the ventrolateral region of the

mid-abdomen (Fig 1). No thoracic abnormalities were

detected. Following thoracic and abdominal radiography, an

ultrasonographic examination of the abdomen was per-

formed using a high frequency (12 MHz) linear transducer to

assess for concurrent splenic disease and/or other obvious

abnormalities. Several rounded, heterogeneously hypoechoic

abnormal structures were seen in the splenic parenchyma.

The size of these lesions ranged between 5.8 and 21.6 mm

(Fig 2). Severe enlargement of a medial iliac lymph node in

the caudal abdomen was noted (Fig 3). There were no

remarkable findings in other organs such as the liver, kidney,

etc. Fine needle aspiration with ultrasound guidance was per-
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formed on the mass to obtain samples for cytological evalua-

tion. There were anisokaryotic cells with round naked nuclei

and no distinct cell borders within a background of lightly

basophilic cytoplasm. 

The client provided informed consent for surgical treat-

ment, and we performed splenectomy. Histopathological and

immunohistochemical (IHC) examinations were initiated to

diagnose the splenic tumor definitively. The mass was

divided into irregular lobules and composed of nests of poly-

hedral cells separated by a fine fibrovascular stroma. It

expressed neuroendocrine markers, including S100 and chro-

mogranin A (CrA) (Fig 7). The overall pathological and IHC

findings supported the diagnosis of splenic paraganglioma.

Radiographic and ultrasonographic examinations were

repeated 2 months after the patient’s initial presentation. There

were no significant findings on all radiographs (Fig 4). 

Fig 1. Ventrodorsal (A) and right lateral (B) radiographs of the abdomen. An irregularly margined mass with soft tissue opacity is pres-

ent in the ventrolateral region of the mid-abdomen.

Fig 2. Transverse plane ultrasonographic images of the spleen. There is severe generalized splenomegaly, and the normal parenchyma

is replaced by several well-defined mass lesions with heterogeneous echogenicity compared with surrounding splenic tissue.
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On ultrasonographic examination, a well-defined, irregu-

larly margined, and heterogeneously echogenic mass was

associated with the left hepatic parenchyma in the area of left

mid-abdomen. The mass had no identifiable color flow Dop-

pler signal. Normal liver parenchyma was consistently seen

next to the abnormal lesion (Fig 5). Another abnormality on

abdominal ultrasound was a hypoechoic mass with a reverse

“C” shape (Fig 6). This mass was believed to be the splenic

remnant.

The clients refused further management and the patient

expired three months after initial diagnosis. We performed

necropsy with the client informed consent. Necropsy find-

ings included a firm and irregular mass that appeared in the

liver parenchyma and a second mass at the site of the

removed spleen. Aside from the neoplastic tissue in the liver,

there were no remarkable findings in other systemic organs

including adrenal gland, kidney, brain, urinary bladder, lung,

aortic body, carotid body, and pancreas. Therefore, the patient

was diagnosed with distant hepatic recurrence of primary

splenic paraganglioma two months after splenic resection. 

Discussion

Paraganglia play an important role in the maintenance of

homeostasis by acting directly as chemoreceptors or through

the secretion of catecholamines in response to stress (2). In

dogs and cats, the location of paragangliomas can be associ-

ated with any autonomic ganglia throughout the body, and

are commonly reported in the aortic body, carotid body, and

heart base (3,4,10). To date, endocrine activity of paragangli-

omas has not been demonstrated, and therefore it is currently

unclear if the tumors secrete relevant amounts of catechol-

amines in dogs (10,11). 

In the present study, the patient was diagnosed with pri-

mary splenic paraganglioma based on the absence of any

other tumor in the chest and abdominal cavities. An imaging

diagnosis of splenic paraganglioma based on computed

tomography (CT) or magnetic resonance imaging (MRI)

scans is not normally possible due to the nonspecific imag-

ing features of this tumor (13). In the present case, splenic

paraganglioma was not suspected before histopathologic

Fig 3. Sagittal images of a left medial iliac lymph node. The lymph node has a homogeneous hypoechoic echo pattern. The abdominal

aorta is in the far field. Thin focal peripheral hyperechoic areas are seen on the interface between the node and the surrounding tissue.

This lymph node measured 11.1mm in length.

Fig 4. Ventrodorsal (A) and right lateral (B) radiographs of the abdomen performed as a follow-up forty days after initial radiographic

examination. Imaging findings are within normal limits.
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diagnosis since the features of this tumor were nonspecific

and the patient did not present with characteristic clinical

signs of catecholamine excess or even symptoms of a space

occupying lesion.

The definitive diagnosis of paragangliomas requires histo-

pathological evaluation and IHC positivity for specific mark-

ers including CrA (1,6,7). In general, neuroendocrine tumor

cells are highly cellular and consist of loosely cohesive

sheets with undefined intercellular junctions and cytoplas-

mic margins (3,7,11). This splenic tumor was divided into

irregular lobules and composed of nests of polyhedral cells

that were separated by a fine fibrovascular stroma. 

Previous studies (1,3) have suggested that CrA and S100

can be considered the most useful markers for the evaluation

of neoplasia associated with a histological morphology. In

general, nests of the neoplastic cells in paragangliomas are

surrounded by sustentacular cells, which exhibit positive

nuclear staining for S100 protein (1,3,12). In addition, most

Fig 6. Transverse images obtained of the mid-abdomen in the dog. A hypoechoic mass measuring 12 mm in length with a reverse ‘C’

shape is identified.

Fig 5. Transverse images obtained on follow-up examination 2 months after initial ultrasound examination showing the left portion

of the liver in the dog. A well-defined, irregular, heterogeneously echogenic lesion can be seen. The lesion has a peripheral hypoechoic

halo and a more echogenic center. The diameter of this lesion is 5.5 cm (C, D). The difference between the echogenicity of the normal

hepatic parenchyma (H) and the abnormal mass (M) is clearly identified (A, B).
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of these cells showing positive staining of cytoplasmic pro-

cesses were located at the periphery of clusters of neoplastic

chief cells (1,3). S100 is generally used in conjunction with

CrA to demonstrate the cellular makeup of paragangliomas

(1,3). Chromogranins, the structural protein of chief cells,

have high specificity for neuroendocrine tumors (1,11). The

staining of CrA is generally considered to be related to secre-

tory granules expressed by the neoplasm (1,3). The results

supported the diagnosis of paraganglioma in this case. The

present tumor expressed neuroendocrine markers including

S100 and CrA. 

Paragangliomas have a marked tendency to invade local

lymphatics but rarely metastasize; however, the presence of

distant metastases indicates malignancy (2,4,7,13). In human

medicine, 10% of all paragangliomas are malignant (6).

According to a previous study (3), local invasion was pres-

ent in 43% of cases of dog chemodectomas, while metasta-

ses occurred in 22% of cases. The major criterion for

malignancy of paragangliomas is the presence of metastasis

to regional lymph nodes or to distant regions such as lung,

bone, liver, spleen, kidney, and the central nervous system

(CNS) (6,8). 

Most splenic paragangliomas are considered metastatic (8).

However, with the present patient, although we did not con-

duct CT examination, primary splenic tumor was noted based

on X-ray and ultrasonography as well as the inability to find

metastasis. To the author’s knowledge, there are no previous

reports of primary splenic paraganglioma reported in veteri-

nary medicine. 

This case report describes the clinical characteristics of

canine splenic paraganglioma, including the gross appear-

ance, diagnostic imaging features, findings on histopatho-

logic and IHC examination, and prognosis.
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