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Abstract

Retroperitoneal paragangliomas are rare tumors of the neuroendocrine system. Only

a few canine case reports are availablewith rare descriptions of their imaging features.

Theobjectives of thismulti-center, retrospective case series studywere todescribe the

diagnostic imaging features of confirmed retroperitoneal paragangliomas and specify

their location. Medical records and imaging studies of 10 affected dogs with cytolog-

ical or histopathologic results concordant with retroperitoneal paragangliomas were

evaluated. Dogs had amedian age of 9 years. Four of themhad clinical signs and labora-

tory reports compatible with excessive production of catecholamines. Six ultrasound,

four CT, four radiographic, and one MRI studies were included. The paragangliomas

did not have a specific location along the aorta. They were of various sizes (median

33 mm, range: 9–85 mm of length). Masses had heterogeneous parenchyma in six of

10 dogs, regardless of the imaging modality. Strong contrast enhancement was found

in all CT studies. Encircling of at least one vessel was detected in six of 10masses, clear

invasion of a vessel was identified in one of 10 masses. In five of 10 cases, the masses

were initially misconstrued as lymph nodes by the on-site radiologist. Retroperitoneal

paragangliomas appear along the abdominal aorta, often presenting heterogeneous

parenchyma, possibly affecting the local vasculature, and displaying strong contrast

enhancement on CT. Clinical signs can be secondary to mass effects or excessive cat-

echolamine production. Underdiagnosis and misdiagnosis of this tumor are suspected

as they can be silent, of small size, or confusedwith other structures.
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1 INTRODUCTION

Paraganglia are derived from the neural crest and are associated with

the autonomic nervous system.1 They are nests of neuroendocrine

cells disseminated all over the body and classified depending on their
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Previous Presentation Disclosure: Abstract submitted to the 2021 EVDI onlinemeeting.

EQUATORNetwork Disclosure: An EQUATOR network checklist was not used in this study

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Veterinary Radiology & Ultrasound published byWiley Periodicals LLC on behalf of American College of Veterinary Radiology.

anatomic location in respect to a specific nervous chain: parasym-

pathetic and sympathetic.2 Tumors arising from these structures are

called paragangliomas and are classified similarly. Sympathetic para-

gangliomas are differentiated from analogous pheochromocytomas

based upon their anatomic localization: only adrenal tumors can be

called pheochromocytomas.3 Sympathetic paragangliomas typically

secrete catecholamines in humans. The same is not considered to be

true in dogs,4 although one case report identified catecholamine over-

production in a dogpresentingwith retroperitoneal paraganglioma.5 In
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humans, the largest extra-adrenal accumulation of sympathetic para-

ganglionic tissue at birth is the organ of Zuckerkandl, caudal to the

inferior mesenteric artery.6 Consequently, this is the typical site of

sympathetic paragangliomas in people.2,7 Although few dogs display

paraganglias at the equivalent anatomic location, larger amount is situ-

ated ventrally to the aorta in the mid-retroperitoneum, most dogs also

have small bodies next to the adrenal gland (AG).8 Because paragan-

gliomas indogs areusually biochemically silent, theyareoftendetected

incidentally.9 They may also cause a mass effect resulting in compro-

mise of adjacent organs. Paragangliomas have been reported to cause

ureteral obstruction in a cat,10 urinoma in a cougar,11 and spinal cord

compression in a dog.12 If these neoplasms are functional, excess of

catecholamines will create similar nonspecific, episodic clinical signs

observed with pheochromocytomas.4,5

Few retroperitoneal paragangliomas have been reported

in dogs5,9,13–15 or have been included in studies evaluating

pheochromocytomas16; all were identified adjacent to the anatomical

location of the AG. Other studies have included diagnostic imaging

description of parasympathetic paragangliomas affecting the head

and neck,17–19 mediastinum,12,20,21 and spine22 of dogs. Aside from a

single ultrasound and CT description in a dog15 or brief,5 nonspecific16

ultrasonographic characterization, no description of diagnostic imag-

ing features of canine retroperitoneal paragangliomas are available to

date. Apart from descriptions in human beings,23–26 this localization

and type of neoplasm has only been described ultrasonographically in

two cats10,27 and onCT study in a cougar.11 In humans, CT examination

is the preferredmodality partly for its excellent spatial resolution.28

The goal of this study was to describe the imaging features of con-

firmed retroperitoneal paragangliomas in a group of dogs and their

topography relative to AGs and adjacent vessels.

2 MATERIALS AND METHODS

2.1 Experimental design and subject selection

Dogs with retroperitoneal paragangliomas were enrolled in this multi-

center, retrospective, case series study. Databases of medical records

from four university veterinary teaching hospitals and one private

clinicwere screened from2008 to2020 for canine patients that under-

went abdominal imaging and had a confirmed diagnosis of retroperi-

toneal extra-adrenal paraganglioma. Imaging studies included CT,MRI,

ultrasound (US), or a combination of them. The use of data was

approved by each hospital. Institutional Animal Care and Use Commit-

tee approval was not needed for the review of the medical records. All

decisions for subject inclusion or exclusion were made by a European

College of Veterinary Diagnostic Imaging-certified veterinary radiolo-

gist (P.P. or J.M.) and a diagnostic imaging resident (A.G.).

Dogswere only included if they had at least one imaging study of the

abdomen performed no more than 2 weeks before the diagnosis and

if they had a cytological or histopathological diagnosis consistent with

paraganglioma. Breed, age, sex, clinical reason for imaging study, and

main clinical and laboratory findings were recorded by the diagnostic

imaging resident (A.G.).

2.2 Data recording

All imaging studies obtained were reviewed on an imaging software

station (Osirix, Bernex, Switzerland) on a computer (MacBook Pro,

macOS Catalina Version 10.15.7, Apple, One Apple Park Way, Cuper-

tino, CA) by board-certified radiologists (European College of Veteri-

nary Diagnostic Imaging, P.P. or J.M.) and a diagnostic imaging resident

(A .G.). Initial imaging reports were recorded and reviewed a posteriori

after blind assessment by the observers. Reports of abdominal radio-

graphs or other included body parts in different modalities were also

recorded. ForCT studies, images before and after intravenous injection

of iodinated contrastmediumwere used for evaluation, using a soft tis-

sue algorithm and displayed with a soft tissue window (window width:

400HU,window level:+40HU).Multiplanar reformatted imageswere

obtained for better characterization of the lesions. Cross-sectional

images were evaluated for following criteria: size of tumor (maximal

length, width, and height), shape (rounded, oval, irregular), margination

(distinct, vague outline), enhancement pattern (homogeneous, hetero-

geneous), location and topography (using branches of the aorta and

ipsilateral AG as landmarks), contact with adjacent organs, presence

or absence of mass effect, number (uni- or bilateral, possible metas-

tasis), as well as nature of other lesions if present. Specifically eval-

uated for CT images, pre- and postcontrast attenuation values were

recorded: regions of interest were manually drawn over the masses

while excluding mineralized and non-contrast enhancing areas, exam-

ple is illustrated in Figure 1B. For MRI studies, all available sequences

wereevaluated. In theseacquisitions, signal characteristics—compared

to adjacent muscles—were evaluated.

Ultrasonographic images and video clips, when available, were

reviewed. Ultrasonographic images were evaluated for the size of

the tumor (length, width and height), shape (rounded, oval, irregu-

lar), margination (distinct, vague outline), echogenicity (compared to

adjacent organs, homogeneous/heterogeneous), location and relative

topography (using surrounding organs), contact with adjacent organs,

presence or absence of mass effect, number (uni-, bilateral, possi-

ble metastasis), vascularization as assessed on Doppler examination

(intensity, blood flow pattern), and nature of other lesions if present.

On each of these three modalities, the vascular relation with

the tumor was assessed according to a grading system previously

described.29 The size of the AGswas collected for each dog, if possible,

using the maximal caudal pole diameter and compared to previously

suggestedbodyweight-grouped cut-off values.30 Diagnosis of paragan-

glioma was based on material obtained from US-guided fine-needle

aspirates or biopsy, surgical resection, or necropsy. If performed,

results of immunohistochemical profile for chromaffin cell mark-

ers were recorded. Corresponding reports, and surgery or necropsy

reports, were documented.

2.3 Data analyses

Descriptive analyses were performed by a diagnostic imaging resident

(A.G.) Imaging features for each case were entered into a web-based

application (Google sheets, Google LLC, Mountain View, California,
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F IGURE 1 Computed tomography appearance of different
retroperitoneal paragangliomas. Left is to the right. A, Case 4. Dorsal
multiplanar reconstruction inminimal intensity projection in arterial
phase after intravenous contrast injection in a 7-year-old neutered
female Shih-Tzu displaying an oval mass with strong heterogeneous
contrast-enhancement, multifocal mineralization foci, and close
contact (grade-4) with the right renal vein (arrow), and ipsilateral
adrenal gland (+). B, Case 6. Post-contrast CT images of a

USA).When cases includedmore than one diagnostic imagingmodality

assessment, cross-sectional imaging findings were given preference.

Percentages andmedian values (range: minimum–maximum) were cal-

culated.

3 RESULTS

3.1 Dogs

Ten dogs were included. Age ranged from 7 to 14 years with a median

age of 9 years. Mixed breed accounted for four of the 10 dogs, Boxer

breed for two, and one each of other breeds (German Shepherd dog,

Shih Tzu, Australian Cattle dog, Jack Russel Terrier). There were four

spayed females, three intact males, and three neutered males. The

median bodyweight of the dogswas 15 kg (range: 5.5–38.5 kg). Individ-

ual signalment and clinical signs of the dogs is available in Supporting

information 1.

3.2 Clinical findings

On physical examination, four of 10 dogs presented an abdominal

mass on palpation, one dog had a heart murmur, and six of 10 did

not present any abnormalities. Reported reasons of the imaging study

were nonspecific, they are summarized in Table 1. Among the three

referred dogs, two had suspected adrenal nodules based on previ-

ous ultrasonographic assessment in the context of a splenic torsion

or work-up of hypothyroidism, respectively. The third one was pre-

sented because of the growth of an already-diagnosed retroperitoneal

paraganglioma despite varying doses of oral chemotherapy treatment

(Toceranib phosphate, Palladia, Pfizer, Kalamazoo,Michigan).

3.3 Laboratory findings

Various laboratory investigations were performed, including complete

blood count and biochemistry in all dogs and urinalysis in five of

10 cases. In seven of 10 cases, results were within normal limits or

retroperitoneal paraganglioma in an 8-year-old German Shepherd
Dog. Transverse plane in venous phase after intravenous contrast
injection showing a rounded heterogeneousmass withmineralization
focus (*) in close contact with three vessels (arrows): from dorsal to
ventral, grade-2 with the aorta and caudal vena cava and grade-4 with
the left renal vein. Example of ROI placement is demonstrated by the
blue circle. C, Dorsal postcontrast multiplanar reformatted CT image
illustrating the topography of the tumor (arrowhead) located caudally
to the left renal artery (Renal a.). Note the caudal position and distance
compared to the ipsilateral adrenal gland (Left AG) located caudally to
the celiac (Celiac a.) and cranial mesenteric arteries (Cr. Mes. A.). The
contact with the caudal vena cava (*) is visible. Images reconstructed
with standard algorithm and displayedwith a windowwidth and
window level of 40HU and 400HU. Images acquired in sternal
recumbency, with a kVp of 120 (A,B,C), mA of 412 (A), 319 (B,C), and a
slice thickness of 0.9mm (A), 2.5 mm (B,C) [Color figure can be viewed
at wileyonlinelibrary.com]
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TABLE 1 Reported reason of imaging study

Clinical signs

Dysorexia/anorexia 3/10

Lethargy 3/10

Hypertensive crises 3/10

Polyuria/polydipsia 2/10

Hematuria/dysuria 1/10

Polyphagia 1/10

Vomiting 1/10

Ataxia 1/10

Syncope 1/10

Physical examination finding

Palpation of an abdominal mass 4/10

Other

Suspected adrenal mass 2/10

Suspected retroperitoneal mass 1/10

unveiled minimal nonspecific abnormalities. Among these cases, spe-

cific endocrine tests were performed on two dogs: one had a normal

response toadrenocorticotropic hormone test stimulationandanother

had a normal urinary catecholamine to creatinine ratio. The remaining

three dogswere also presenting hypertensive crises: all of them had an

elevation of the secretion of catecholamines as assessed by the mea-

surement of the concentration of metanephrines in plasma (2/3) or by

a urinary normetanephrine to creatinine ratio (1/3). Two of these dogs

were also tested for hyperadrenocorticism using low-dose dexametha-

sone stimulation or adrenocorticotropic hormone test stimulation, one

dog each, yielding results within normal limits.

3.4 Diagnostic imaging findings

Four dogs underwent CT, one dog anMRI scan, six dogs had a US scan.

One dog underwentUS andCTwith a 2-year time interval. The imaging

technique details are available in Supporting Information 2.

The paragangliomas were left-sided (4/10) and right-sided (1/10),

remaining cases were considered central when their localization was

centered on the mid-line (5/10). Four AGs in three animals could not

be identified on US exam (three right, one right AG); nonetheless,

associated masses were conspicuously located caudally to the usual

anatomic location of AGs. Compared with ipsilateral or closest AG, the

masses were caudal in most cases (4/9), and if at the same level, medial

(3/9) or lateral (2/9). Their localization was slightly more often cen-

tered between the origin of the phrenicoabdominal and renal arteries

(3/10), followed by between the origin of the renal and ovarian or tes-

ticular arteries (2/10). Their localization is illustrated in Figure 2 and

in the Supporting Information 3, also summarizing general diagnostic

imaging findings. In one dog, available still US images did not allow to

conclude on its position along the aorta. However, according to the

medical record, it was found on the caudal third of the right ureter.

F IGURE 2 Representations of the different retroperitoneal
masses of all included dogs. Eachmass numbermatches the case
number as shown in the Supporting Information 1 [Color figure can be
viewed at wileyonlinelibrary.com]

Paragangliomas were defined as oval in most cases (6/10), round

(1/10), and irregular (3/10) (bilobated, amorphous, or lobulated). Their

margination wasmainly distinct (9/10), and ill-defined in one case with

capsular rupture (1/10). Margination of the mass assessed both on US

and CT was first described as ill-defined on US but as distinct on the

CT performed 2 years later. Mineralization was unfrequently identi-

fied (2/10). Paragangliomas had various sizes, with median length of

33 mm (range: 9–85 mm), median width of 23 mm (range: 4–80 mm),

and median height of 18 mm (range: 4–72 mm). The mass reassessed

in a 2-year period approximately gained 9 mm of length and 5 mm of

height (38% increase; width not measurable on available US images).

Effect of the masses on adjacent vasculature differed between cases.

The caudal vena cava and the aorta were most commonly affected;

grading onarterial vessels ranged fromgrade1 to5whereas grading on

venous vessels ranged from grade 1 to 7. In one case, clear invasion of

the caudal vena cavawas identified (grade-7), in other cases (4/10), this

vessel and the renal and phrenicoabdominal veins were either totally

compressed (grade-6), subject to a smoothly marginated mass effect

(grade-4) or encircled (grade-3). The aorta was encircled in three of
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10 cases, the celiac artery was subject to a mass effect with irregu-

lar margins in one case (grade-5). The third-largest mass compressed

the cauda vena cava, created a smoothlymarginatedmass effect on the

renal vein, and encircled the phrenicoabdominal vein, aorta, and the

celiac, cranial mesenteric, and phrenicoabdominal arteries. The largest

mass only had a small contactwith the aorta (grade-2). In a 2-year span,

onemasswent fromhavinga contact under-90◦with twovessels (aorta

and cranial mesenteric artery) to encircling four vessels (caudal vena

cava, aorta, and ipsilateral renal artery and vein).

On CT, masses were heterogeneous in two of four cases with an

attenuation of 30–50HU (Figures 1 and 3). After intravenous injection

of contrast medium, all masses presented a strong contrast enhance-

ment in all phases. The four masses kept their pattern after injection

of contrast medium. The perilesional fat attenuation was invariably

normal. Computed tomography findings are compiled in Supporting

Information 4.

Magnetic resonance imaging evaluation included T1-weighted (T1-

W), T2-W, short-tau-inversion-recovery (STIR), and postcontrast T1-W

with fat saturation sequences. When compared to adjacent muscles,

the lesionwasheterogeneous, hypointenseonT1-Wsequences, hyper-

intense on T2-W and STIR sequences, and displayed heterogeneous

contrast enhancement on T1-W postcontrast images with fat satura-

tion as shown on Figure 4. No gradient-recalled echo sequences were

available.

Based on US images and video clips for two dogs masses were

mostly heterogeneous (4/6), being cavitary in one case and including

multiple small-sized round anechoic structures in another. Examples

are displayed in Figures 5 and 6. The ultrasonographic features are

summarized in Supporting Information 5. All paragangliomas were

hypoechoic compared to surrounding fat tissue, which appeared

abnormally hyperechoic in one of six cases. Doppler interroga-

tion was available in three cases, each evaluated as moderate

amount of blood flow detected. In one, the radial pattern could be

identified.

As assessed on CT, MRI, or US, contact with one or both AGs (3/10)

or kidneys (2/10) was not uncommon with resulting mass effect in

two and one cases, respectively, one AG being consequently deformed.

Among the 17 AG included in the images, eight had dimensions consid-

ered enlargedwith amedian height of 6.9mm (range: 5.0–9.9mm).

According to diagnostic imaging reports, all dogs had unrelated

other lesions. One dog also had a large hepatic mass and mottled

spleen, later diagnosed as lymphoma; another had a urachal diver-

ticulum abscess. Nodules were found in the spleen (3/10); left AG

(1/10); testes (1/10), or in the subcutaneous tissues (1/10). Two dogs

presented unilateral slight pyelectasia and associated perirenal fat

stranding. Most of them displayed spinal degenerative changes. The

retroperitoneal masses, later diagnosed as paragangliomas, were ini-

tially suspected to be of lymphoid nature in five of nine cases by

involved radiologists. Four dogs had abdominal radiographs performed

at the same time, where masses appeared as retroperitoneal soft-

tissue opacity masses in three of four cases. The other one was of

mixed-opacity, includingmultiple foci ofmineralization. Thoracic radio-

graphswere also performed in these four dogs and all CTs also included

F IGURE 3 Postcontrast CT images of a retroperitoneal
paraganglioma in case 7, a 13-year-old crossbreed neuteredmale dog.
A, Transverse post-contrast CT image illustrating the tumor
(arrowhead) demonstrating homogeneous contrast enhancement.
Note the close contact with the caudal vena cava (*) and aorta (#) (both
grade-2). B, Sagittal postcontrast multiplanar reformatted CT image
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the thoracic part (4 dogs), yielding only incidental findings (spondylosis,

mild cardiac silhouette enlargement, or subcutaneous bullet).

3.5 Tissue sampling and analysis

Tissue samples were obtained via surgery (6/10), fine-needle aspira-

tion (2/10), US-guided biopsy (1/10), or necropsy (1/10). In one case,

aortic adhesion was surgically identified. Histology and immunohisto-

chemistry were performed in five cases, histology alone in three cases,

and cytology in two cases. The aforementioned deformed AGwas nor-

mal on histological analysis after adrenalectomy. Only two dogs had

a first diagnosis of paraganglioma; four samples were initially diag-

nosed as pheochromocytoma, and four others were suggestive of neu-

roendocrine neoplasia. Among the five immunohistochemical results,

synaptophysin was positive in two cases, chromogranin was positive in

two cases and negative in one, and cytokeratin was positive in one case

and negative in two.

3.6 Outcome

Outcome of four caseswas available: one hypertensive dog underwent

an excision of the paraganglioma and ipsilateral adrenalectomy, result-

ing in a complete normalization of its blood pressure. Another hyper-

tensive dog received phenoxybenzamine treatment, without any effect

on its blood pressure as assessed for 13 days. The follow-up was then

lost for 7monthswhen thedogdieddue to foreignbody ingestion.Con-

cerning the dog followed for 2 years, after the first visit, it presented

an excellent clinical condition except for the development of cutaneous

flushing and pruritus not responding to antiparasitic treatments; sec-

ondary effect of the paraganglioma was suspected and antipruritic

treatment was initiated. One dog, presenting with ataxia, was eutha-

nized after CT acquisition for unrecorded reasons.

4 DISCUSSION

This studydescribed thediagnostic imaging features of retroperitoneal

paragangliomas and their clinical presentation in10dogs. Interestingly,

five of 10 cases were initially misconstrued as lymph nodes by on-site

radiologists. Findings outlined converging characteristics among dif-

ferent diagnostic imaging modalities. Retroperitoneal paragangliomas

were depicted as rather distinct oval to lobulated mass located along

illustrating topography of the tumor (arrowhead) locatedmedially to
the left adrenal gland (AG), ventrally to the aorta (#), caudally to the
cranial mesenteric artery. C, Dorsal postcontrast CT image illustrating
normal appearance of the left adrenal gland (Left AG) andmedial
position of the paraganglioma (arrowhead), ventrally to both aorta (#)
and caudal vena cava (*). Images reconstructed with standard
algorithm and displayedwith a windowwidth andwindow level of 40
HU and 400HU. Images acquired in sternal recumbency, with a kVp of
120, mA of 319 and a slice thickness of 2mm

F IGURE 4 MRI acquisition (1.5 T) of the case 3, a 7-year-old
neutered female Boxer dog. A, Transverse T2-weighted Spin-echo
sequence, (TR: 5670ms, TE 109ms), 6-mm slice thickness. Themass is
amorphous with ill-definedmargination, heterogeneous and
hyperintense compared to paraspinal muscles. It is here slightly
right-sided. The caudal vena cava (arrow) is severely compressed. The
right adrenal gland is dorsal (arrowhead) within normal limits. B,
Dorsal T1-weighted with fat saturation sequence after intravenous
contrast medium injection, (TR: 935ms, TE: 14ms) 6-mm slice
thickness. Themass is heterogeneous and compresses the caudal vena
cava (arrows): grade-6. C, Sagittal T1-weighted Spin-echo sequence,
(TR: 246ms, TE: 14ms), 3-mm slice thickness: themass is hypointense
compared to paraspinal muscles and demonstrates irregular margins
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F IGURE 5 Ultrasonographic appearance of themass of Case 9,
(microconvex probe, 11MHz) a 9-year-old neuteredmale Boxer dog:
A, Lobulated hypoechoic mass with invasion of the caudal vena cava
(arrow) is identified. B, Themass (‡) is in close proximity to the left
adrenal gland (LT ADR, arrowhead), within normal limits. C, The
contralateral adrenal gland (arrowhead) is within normal limits (RT
ADR: right adrenal gland)

the aorta, as they are related to the sympathetic nervous system. They

were mostly left-sided or central in the retroperitoneum, being often

too large to be precisely assigned to one side. They were of various

sizes, measuring under 1 cm in length in two cases and up to 7 cmdiam-

eter, in keeping with what is described in humans.23,31 Mineralization

was uncommon,which is comparable to peoplewhere it is found in 10%

of paragangliomas.23,26

F IGURE 6 Ultrasonographic appearance of different
retroperitoneal paragangliomas. A, Case 4, a 7-year-old neutered
female Shih-Tzu (linear probe, 18MHz). Oval heterogeneous nodule
showingmineralization (*) and close contact with the caudal vena cava
(arrow). B, Case 8.Microconvex probe, 8MHz. Small rounded
homogeneously hypoechoic nodule (arrowhead) representing a
paraganglioma suspected to be hormonally active in 13-year-old
crossbreed neuteredmale dog. The left renal artery is on the right of
the image and left phrenicoabdominal artery on the left [Color figure
can be viewed at wileyonlinelibrary.com]

Computed tomography features observed in our study were consis-

tent with those described in pheochromocytoma in dogs where fast

and strong contrast enhancement is common,32,33 and with the only

previously described canine retroperitoneal paraganglioma.15 Rich

capillary network and subsequent intense postcontrast attenuation

are also described in humans23,25 and leopard.11 Heterogeneity of

the parenchyma is also a common finding in retroperitoneal paragan-

gliomas in people as cystic changes, necrosis, hemorrhage, and miner-

alization are frequent.1,23,25

The includedMRI showedanamorphousheterogeneousmass. Para-

gangliomas often display a “salt-and-pepper” appearance in people, as

flow voids from vascularity create punctate areas of low signal inten-

sity and hemorrhage causes areas of hyperintense signal.1,23,26 Simi-

larly, a case report of a paraganglioma in the cauda equina of a dog

presented heterogeneous signal on T2-W images with well-defined
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rounded hyperintense structures within the mass, likely representing

cystic components.22

In our case series, on US, most masses were heterogeneous with

suggested rich vascular network. As stated previously, cystic and

necrotic areas are common findings in paragangliomas in different

species.26,33 Contrary to the findings of Pagani et al. concerning

pheochromocytomas,34 masses described in our studywere often oval,

well-delineated and nonencapsulated.

Consistent with the anatomic study describing the largest amount

of paraganglial tissue between the AGs and the caudal mesenteric

artery,8 we located most of the tumors cranial to the latter, with the

most common location being bounded by the phrenicoabdominal and

renal arteries. Quite similarly, previous case reports in dogs described

masses positioned around the celiac artery,13–15 rightAG,9 or caudal to

the right kidney.5 In people, localizationwas found not to be associated

with outcome.35

Descriptions of pheochromocytoma in dogs have shown that they

were likely to invade adjacent vessels.32,33 The different masses in this

study had various effects on regional vessels. Interestingly, the largest

mass was found to only be in mild contact with the aorta, whereas

oneof the smallestmasseswas compressing the ipsilateral phrenicoab-

dominal vein and in contact with the caudal vena cava and aorta. It is

hypothesized that effects on vessels are conditional on anatomic loca-

tion of the mass. Only one mass invaded the caudal vena cava. During

surgery of one case, adhesion to the aortawas identified; thismasswas

described as encircling the vessel with distinct margins on CT. In total,

encircling of at least one vessel was detected in six of 10 masses, high-

lighting the tendency of retroperitoneal paragangliomas to adhere to

local vasculature.

In our study, older animals were affected (range 7–13 years), com-

parable to published case reports that included dogs aged 9 to 11

years.5,13–15 However, younger dogs may be affected as a mediastinal

paraganglioma was described in a 1.5-year-old dog.12 In humans, this

neoplasia typically affects middle-aged adults without sparing pedi-

atric patients.2,23,26

Compared to US-extrapolated reference values for AG size, seven

of 16 assessedAGswere enlarged. However, the differencewasmostly

minimal and could be secondary to variation of measurement and spa-

tial resolution in each modality. Benign lesions of AGs are also com-

mon in older dogs, usually representing age-related hyperplasia.34

Nonetheless, we cannot exclude a concomitant malignant process. In

previously reported cases, one dog had concurrent nodular hyperplas-

tic areas13 and another had a cortical adenoma.14 Four AGs were not

identified during US examination; however, the location of each mass

was considered too caudal.

In humans, most paragangliomas are functional, the excessive

secretion of catecholamine causing paroxysmal or permanent

hypertension.2,23 In our study, three dogs presented hypertensive

crises, one also showing syncope. Abnormally elevated values of cate-

cholamines were revealed. The cut-off of four times the upper normal

limits, normally used to diagnose functional pheochromocytoma,36

was not reached. However, the authors still strongly suspect functional

paragangliomas as this cut-off is not sensitive in the diagnosis of

pheochromocytoma. Besides, one of these dogs showed symptom res-

olution after surgery. Another did not exhibit any known hypertensive

crises, as this happens in 6.1% of pheochromocytomas and paragan-

gliomas in people,37 but presented recurring cutaneous flushing and

pruritus not responding to antiparasitic treatments. A secondary effect

of catecholamines was assumed as it has been described in functional

pheochromocytoma.38

Most of the usual symptoms associated with pheochromocytoma

are nonspecific,38 such as those presented by dogs of this study:

lethargy, anorexia, vomiting, polyuria/polydipsia, or dysuria. In peo-

ple, 30% of retroperitoneal paragangliomas and pheochromocytomas

are estimated to be incidental findings.37 In our study, three of 10

cases were incidentalomas. Silent cases are more likely to be larger

in humans23,31 and therefore have space-occupying related conse-

quences. Most masses were in contact with other organs such as kid-

neys and AGs, and some created mass effects on these organs but

also on the intestinal tract, possibly creating identified nonspecific

intestinal signs. Two dogs presented unilateral nephromegaly, pyelec-

tasia, and retroperitoneal steatitis. It is therefore suspected that their

masses created a partial ureteral obstruction. Such a consequence has

been described before.10,11 Due to the paucity of published studies

in veterinary medicine about retroperitoneal paragangliomas and as

they can be very small, and located in a similar anatomic region, these

masseswere quite often (5/9)mistaken in imaging reports for enlarged

renal or lumbo-aortic lymphnodes. In twocases, eachwith amass local-

ized around the renal artery, dogs were referred for an adrenal nodule,

confusion supposedly due to their close locations.

In one study in people, the metastatic rate of retroperitoneal para-

ganglioma was 66%.35 However, here, among the sampled lesions, no

metastaseswere identified. Nevertheless, few of thempresented unin-

vestigated nodules. In previously described canine cases of retroperi-

toneal paragangliomas, 2/4 hadmetastasis located in themediastinum,

liver, and heart.13,14 Similarly, splenic and hepatic metastases were

found in leopard.11 Nuclear imaging could identify metastases, as

described in people.23,25 In two case reports of canine pheochromo-

cytoma, the authors identified pheochromocytoma ormetastasis using

nuclear medicine.39,40

The limits of this study are mainly related to its multicentric ret-

rospective nature as imaging studies were performed with different

machines, parameters, and protocols. Some clinical data were also par-

tially missing. Cytologic and histopathologic diagnoses were variously

denominated. As pheochromocytoma and paraganglioma are histolog-

ically and cytologically similar, lesions with a diagnosis of pheochromo-

cytoma were considered paragangliomas because the sample did not

involve an AG. Some samples had a nonspecific diagnosis of neuroen-

docrine tumors, but paragangliomas—or composite paragangliomas—

were considered to be the only likely primary neuroendocrine tumor

in the retroperitoneum. Metastatic tumors were excluded as no other

neuroendocrine tumors were identified in included dogs. The small

sample prevented any inferential statistical analysis.

To conclude, paragangliomas of the retroperitoneal space are rare

neuroendocrine tumors located along the aorta, often presenting

heterogeneous parenchyma, possibly affecting local vasculature and
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displaying strong contrast enhancement on CT. These tumors aremost

likely underdiagnosed and misdiagnosed, as they can be silent, small-

sized, or confused with enlarged lymph nodes or AGs. If they produce

clinical signs, it can be secondary to direct catecholamine secretion

and/or mass effect.
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