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Abstract: Pheochromocytoma in dogs is a rare tumor of the adrenal medulla. Clinical signs are often
intermittent and vague, resulting of an intermittent catecholamine over-secretion or neoplastic in-
vasion of adjacent structures. A 12 years old Epagneul Breton with a one year history of CKD, was
examined for an acute onset of severe neurological signs. Based on clinical and instrumental data
hypertensive encephalopathy was suspected, and a cardiac and abdominal ultrasound were per-
formed. A severe hypertensive cardiopathy and a 1 cm right adrenal gland mass with invasion of
caval vena cava were diagnosed. Computed tomography imaging confirmed the suspect of invasive
malignant neoplasia and an emergency pharmacological therapy was started to reduce the systemic
pressure, improve clinical signs and stabilize the dog in view of a surgical resolution. After an initial
improvement the general condition of the patient abruptly worsened, and euthanasia was elected.
Histology examination confirmed a PCC of right adrenal gland, invading the CVC. To the authors
conclusions acute hypertensive encephalopathy is a peculiar form of presentation for PCCs. Ultra-
sound is a useful rapid and economic test to suspect PCC as it can detect adrenal alterations, caval
invasion, metastasis and cardiac sequelae consistent with the condition. PCC can mime multiple
affections, and can be misinterpreted, especially when a concurrent disease has already been diag-
nosed. Veterinarians need to be aware that comorbidities (i.e. CKD) could mask clinical signs and
delate the diagnosis.

Keywords: pheochromocytoma; hypertension; encephalopathy; dog.

1. Introduction

Pheochromocytomas (PCCs) are catecholamine-producing neuroendocrine tumours that arise from
the chromaffin cells (pheochromocytes) of the adrenal medulla or sympathetic paraganglia [1]. Usu-
ally, this rare tumour is solitary and is located in or about the adrenal gland [2]. It can be benign or
malignant and may be functionally active or inactive [3]. When active, PCCs can produce and ex-
crete the polypeptide hormones epinephrine, norepinephrine, and occasionally dopamine. When
non-active they can still be capable of producing clinical signs by virtue of their space-occupying
nature [2]. Therefore, clinical signs either result from the neoplastic production of catecholamines
(e.g., episodic weakness, restlessness, tachycardia, hypertension, and collapse), or from the space-
occupying nature of the tumour. PCCs affect middle-aged to older dogs with no gender or breed
predilection. Because of the vague nature of their manifestations, they frequently are diagnosed as
an incidental finding in dogs and in human beings [4-7]. Based on the rarity of the condition, the
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difficulties in ante mortem dignosis and the low number of cases reported, additional reporting to
describe clinical aspects of diagnosed PCC in dogs is indicated.

The aim of this study is to report a clinical case of an acute onset of hypertensive
encephalopathy in a dog with right adrenal PCC and neoplastic invasion of the caudal
vena cava (CVC) with a brief review of the literature.

2. Case history

A 12-year-old spayed female Epagneul Breton, weighing 14.5 kg, was examined at

the Veterinary Medical Teaching Hospital of University of Bari, Italy for acute onset of
central neurological clinical signs. The owner reported that the day before consulting the
dog showed circling, loss of balance, disorientation, and nocturnal vocalizations. The dog
had a one-year history of polyuria, polydipsia, chronic kidney disease (CKD stage II IRIS)
and in the late months, progressive weight loss, and tremors.
On clinical examination, the animal was tachypnoeic, depressed with an altered mental
status and ataxic, it showed right head-tilt, right drifting, and head pressing. The patient
was hospitalized, and emergency laboratory tests were run, showing an increase of urea
(193 mg/dL; reference interval: 15-50 mg/dL), and creatinine (2.89 mg/dL; reference inter-
val: 0.70-1.40 mg/d). Glucose was in the reference interval (125 mg/dL; reference interval:
70-130 mg/dL), and whole count blood was normal. Repeated indirect blood pressure
measurements were also taken (using SunTech Vet30) (Tablel) showing a severe hyper-
tension. EKG examination showed no abnormalities. Brain computer tomography (CT) in
emergency resulted negative.

Table 1. Blood pressure values during the three days of hospitalization from treatment starting.

Day of hospitalization Systolic (mmHg) Diastolic (mmHg) MAP (mmHg)
198 127 135
189 114 139
Day 1 166 120 128
161 98 119
182 113 129
154 118 130
170 105 126
150 107 125
177 117 135
Pay 2 150 102 113
154 102 108
136 107 124
151 98 195
145 112 123
Day 3 161 114 121
160 111 117

A hypertensive encephalopathy was suspected. In the differential diagnosis trau-
matic, toxic, and vascular central damage were also considered. Other causes, including
central neoplasms, were included although less probable due to the rapid onset of the
neurological signs. Being the dog a housed pet and based on the patient’s medical history,
the hypothesis of trauma and toxic ingestion were ruled out.
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An echocardiographic evaluation was performed (ESAOTE Mylab Alpha). Left ven-
tricular concentric hypertrophy along with aortic bulb dilatation, aortic regurgitation, and
interventricular septal hypertrophy, in absence of aortic stenosis, were assessed on ultra-
sound (Figurel), suggesting a severe hypertensive cardiopathy.

The abdominal ultrasound examination revealed and abnormal right adrenal gland
with the presence of a not-occluding structure in the lumen of the caudal vena cava (CVC).
Right adrenal gland cranial pole appeared increased in volume (12x25mm), with a mixed
echogenicity, dishomogeneity and an irregular profile (Figure2) with invasion of the CVC
(Figure3). At colour Doppler, a reduced residual flow was documented at that site in CVC
(Figure4).

Figure 2. Right adrenal gland showed an irregular profile and dishomogeneity.
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Figure 4. Color Doppler on CVC cross-section, showing a residual flow through

the vessel.

An adrenal neoplasm with invasion of the CVC was suspected and it was decided to
perform a total body contrast-enhanced CT investigation to better investigate the adrenal
mass and the caval involvement, to evaluate other possible metastases. CT confirmed the
presence of a mass at the adrenal level and a structure compatible with a neoplastic throm-
bus in the CVC (Figure5).
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Figure 5. Structure invading CVC lumen enhanced by contrast medium. 140

141

In the meantime, the patient was hospitalized and treated with: nitroglycerin patch 142
(10mg/sid), labetalol (0.25mg/kg/ev, then 25 pg/kg/min/CRI), furosemide (0.5 143
mg/kg/h/CRI), prazosin (1 mg/os), and benazepril (0,5 mg/kg/os/bid), with the aim to re- 144
duce the systemic pressure. The patient initially responded to pharmacological therapy, 145
its general conditions improved in three days, and, on owner request, the dog was dis- 146
charged pending adrenalectomy surgery decisions. At discharging, the dog was able to 147
walk without falling, conscious and reactive to stimulus. Unfortunately, after few days at 148
home, the clinical signs deteriorated and, in sight of the patient's general conditions, the 149
owners elected humane euthanasia. 150
A necropsy was performed. In the abdominal cavity, the mass of the right adrenal 151
gland invading the CVC was visualized. It appeared like a clear, yellowish looking neofor- 152
mation. The vessel was grossly distended but it wasn’t completely obstructed. A single 153
specimen including the adrenal mass and the invaded CVC was submitted for histologic 154
examination. Histological diagnosis confirmed the presence of right adrenal pheochromo- 155
cytoma with neoplastic invasion of the CVC. A non-capsulated, not-circumscribed neo- 156
plasm that completely replaces the right adrenal medulla, compressing, and also infiltrat- 157
ing the adrenal cortex was described. The neoplasm was characterized by polygonal cells 158
arranged in compact, lobules, that often were in a palisade pattern. Neoplastic cells had 159
eosinophilic to brownish granular cytoplasm, irregularly round nuclei with finely punc- 160
tuated chromatin, and distinct nucleolus. Occasionally, the neoplastic cells arranged ina 161
palisade pattern around the blood vessels, forming sort of rosettes and they presented 162
multifocal areas of necrosis with diffuse haemorrhagic extravasation, fibrin deposition 163
and rare macrophages. The specimen had moderate anisokaryosis and mild anisocytosis. 164
165

166

4. Discussion 167

This report documents a case of PCC of right adrenal gland invading the CVC in a dog 168
showing acute hypertensive encephalopathy. 169

Adrenal tumours are common in dogs and may secrete an excessive amount of one 170
or more type of hormones, causing tumour-related syndromes [8,9]. They may originate 171
in the cortex (adenoma, adenocarcinoma, and metastatic neoplasia) or medulla (pheochro- 172
mocytoma, neuroblastoma, ganglioblastoma and myelolipoma) [10]. In dogs, pheochro- 173
mocytomas (PPCs) account for approximately 0.01-0.1% of all canine tumours [11] and 174
affect middle-aged to older animals with no apparent sex or breed predilection [4]. They 175
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are usually solitary, slow-growing tumours that extend into the lumen of adjacent vessels, 176
particularly the caval vena cava (CVC) [4,12,13]. 177
In dogs, PCCs should be considered malignant, due to the high incidence of neo- 178
plastic invasion into surrounding tissues (up to 56% of cases [4,11,14,15] and the meta- 179
static behaviour (regional lymph nodes, liver, spleen, pancreas, lung, heart, central nerv- 180
ous system, kidney and bone) [3,4]. 181
182

The clinical signs associated with canine PCC are vague, non-specific, intermittent, and 183
depending on the functional status of the neoplasia, the excessive secretion of catechola- 184
mines, the space-occupying nature of the tumour and the local invasion. Most of the as- 185
sociated clinical manifestations can be explained on the basis of the pharmacologic effects 186
of catecholamines resulting in hypertension [16]. They include, but are not limited to, pol- 187
yuria, polydipsia, weakness, exercise intolerance, lethargy, respiratory signs (panting, 188
dyspnoea, coughing), episodic collapse, anorexia, weight loss, vomiting, anxiety, tremors, 189
restlessness, irritability, depression, neurologic signs, retinal haemorrhage, retinal detach- 190
ment, epistaxis, pulse deficits, systolic murmur, and arrhytmias [3,4]. Among arrhyth- 191
mias, premature supraventricular and ventricular complexes and tachycardia are the most 192
common. The conduction disturbances are due to myocardial damage, ischaemia, and fi- 193
brosis, which are a result of prolonged exposure to catecholamines from the PCC [17,18]. 194
Some patients may present acute signs associated with a hypertensive crisis (shock, pul- 195
monary oedema, ventricular fibrillation, or cerebral haemorrhage) [16]. 196
Our patient was presented for an acute onset of severe neurological signs due to hy- 197
pertensive encephalopathy in absence of cerebral haemorrhage. This report highlight that 198
PCC should be included also in the differential diagnosis of dogs presented in emergency 199
with acute central neurological disorders. 200
201

The pattern of secretion of PCCs can be persistent but more often is paroxysmal [2]. 202

The pharmacologic effects of the catecholamines and the subsequent hypertension pro- 203
duced can be episodic. In fact, arterial hypertension has been documented in about 50% 204
of affected patients during clinical examination [4]. Subsequently, a normotensive state 205
during physical examination does not rule out the disease [4]. 206
The concurrent presence of PCCs with other pathological conditions (e.g. diabetes 207
mellitus, hyperadrenocorticism, hepatic disease, renal disease, and other neoplasms) has 208
often been reported [2,5]. Hematologic, and biochemical abnormalities are usually 209
aspecific in a patient with PCC and can derive from organs damage resulting from the 210
hypertensive state. Thus, ante-mortem diagnosis is extremely challenging, requires a high 211
index of suspicion and it is often achieved postmortem. 212
In our clinical case, ambiguous clinical signs (PU/PD, weight loss) and systemic hy- 213
pertension were reported in the past year history and were interpreted as consequences 214
of CKD. Anywayj, it’s not possible to exclude the possibility that a non-manifest PCC was 215
already present and that kidneys’ damage resulted from the hypertensive state and not 216
vice-versa. 217
218

In the recent years a biochemical diagnosis of PCC in dogs has become possible. It is based 219
on the measurement of plasma and urinary catecholamines, in particular their metabo- 220
lites: metanephrines (MTNs) such as free normetanephrine (NMN), and metanephrine 221
(MN) [12,19-23]. Recently, in human medicine, measurement of salivary MTNs has been 222
shown to be a promising tool in the biochemical diagnosis of PCC [24] as well as a high 223
value of urinary vanillylmandelic acid (VMA) [22]. In veterinary medicine, van den Berg 224
et al., (2022), have tried to determine reference intervals for plasma, urinary and salivary = 225
free MTNs, NMN and 3-methoxytyramine (3MT) in a large population of healthy dogs. 226
They also have assessed an upper reference limit (URL) for plasma free NMN (3.56 227
nmol/L) which has showed good diagnostic performance in detecting PCC with high sen- 228
sitivity and specificity [19]. 229
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Differently, measurement of plasma and urine catecholamine concentrations showed 230
poor diagnostic sensitivity and specificity for identifying PCC [23,25]. Although PCC 231
should stimulate hight circulating catecholamine concentration in patient blood or urine, 232
levels may be normal because of their variable secretion. Furthermore, high levels of 233
stress, excitement or concurrent disease can falsely alter the catecholamine concentration 234
in healthy patients [2]. Differently, because of their continuous neoplastic production and 235
secretion, MTNs have higher diagnostic accuracy [26]. In fact, free MTNs are catechola- 236
mines metabolites that enter the blood stream once they have formed. In patients with 237
PCCs, they derived almost entirely from catecholamine metabolism within the tumour. 238
This process happens regardless the variable secretion of catecholamines and the quantity 239
of free MTNs produced (and subsequently present in the blood stream) is proportional to 240
the chromaffin cell mass, and therefore it is proportional to the neoplastic invasion [26,27] 241
without sympathetic catecholamine release influence [12]. 242
Currently, there is no consensus about the use of plasma or urine, but a strong preference 243
for NMN determination [21]; in fact, either urine or plasma free NMN concentration 244
showed high sensitivity and specificity for diagnosis of PCC, whereas free MN concentra- 245
tion showed moderate sensitivity and high specificity [12]. Furthermore the urinary and 246
plasma free NMN have shown superiority in differentiating between PCC, hypercorti- 247
solism (HC), and nonadrenal disease [21]. It has to be remembered that discern between 248
PCC and HC could be challenging in clinical practice, since adrenal medulla or cortex 249
tumour cannot be distinguished ultrasonographical and many clinical signs of PCC and 250
HC overlap. 251

In our case we did not need biochemical diagnosis because the evidences were 252
enough to put PCC at the top of the differential diagnosis (constant systemic hyperten- 253
sion, adrenal mass with caval invasion, negative cranic TC). 254

In our case, ultrasound was a basic and immediate mean to address to the final diag- 255
nosis documenting an adrenal mass invading the CVC. Furthermore, a severe hyperten- 256
sive cardiopathy was documented at echocolordoppler further supporting the suspected 257
diagnosis. In our case CEUS and/or FNA sampling were not performed. Due to the pres- 258
ence of caval invasion, malignancy was immediately suspected, and a CT evaluation was 259
preferred. Once the CVC invasion was also confirmed by CT, a surgical approach was 260
planned. 261

Ultrasound imaging is a rapid, non-invasive, and reliable modality to evaluate sus- 262
pected adrenal lesions. An adrenal mass can be detected by ultrasonography in 50% to 263
83% of cases of canine PCC [2,3,5], but failing at visualising it does not rule out a possible 264
PCC diagnosis. Although not pathognomonic, structural features (i.e., lesion shape, size, 265
and echotexture) are often useful diagnostic criteria. Large masses or nodules 2 2 cm 266
strongly suggest malignant adrenal gland neoplasia [28,29]. At ultrasound examination, 267
PCC can appear as a large, irregular, amorphous, encapsulated mass, associated with loss 268
of shape and parenchymal structure. Mixed echogenicity, due to the presence of haemor- 269
rhagic/necrotic areas, is also characteristics. Most PCC are unilateral (only 10% are bilat- 270
eral) [15,30], and the contralateral adrenal gland is of normal size and shape. PCCsindogs 271
are more likely to be aggressive and vascular invasion and metastases are commonly re- 272
ported, respectively in up to 85% and 40% dogs [4,5,28,29,31]. Tumour thrombus may ex- 273
tend into the phrenicoabdominal vein and caudal vena cava [29]. 274
Even though the contrast-enhanced ultrasound (CEUS) examination of adrenal lesions is 275
poorly reported in veterinary literature, CEUS imaging can be a valuable tool in order to 276
assess the malignancy of an adrenal lesions. Few studies describe the features of PCC dur- 277
ing CEUS examination [32,34]. PCC seems to be characterized by a fast wash-in followed 278
by a seemingly fast wash-out and shows both hypo perfused areas and intralesional mi- 279
crocirculation, as a probable result from the presence of haemorrhagic and necrotic areas 280
and tumour neo-angiogenesis [33]. CEUS can also potentially differentiate PCC from 281
other adrenal condition (i.e. adenocarcinoma, cortical adenoma); PCC, in fact, has a 282
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significantly lower mean transit time compared to both adenocarcinoma and cortical ad- 283
enoma [32-34]. However, cytology and histology are necessary to obtain the final diagno- 284
sis. 285

Computed tomography imaging (CT) has now become a routinary examination for 286
preoperative assessment of dogs with adrenal mass. It is considered more accurate than 287
ultrasonography for the assessment of vascular invasion [35]. When a PCC is suspected, 288
a CT scanning is the gold standard and a prerequisite before a surgery is planned; it allows 289
to conduct a screening for possible metastasis (including lymph nodes, liver, lungs, kid- 290
ney, spleen, and bone) [3], and assessing the vascular invasion influence the surgical ap- 291
proach for the tumour resection [15]. The histologic composition of adrenal neoplasms is 292
heterogeneous in both humans and dogs with variable amounts of haemorrhage, necrosis 293
and/or mineralization occurring in benign and malignant neoplasms [36]. Therefore, dif- 294
ferent neoplasm, such as PCC, adenocarcinoma, or adenoma, may appear similar in CT = 295
images [37,38]. 296

PCC, like other neuroendocrine tumours, has a typical cytologic features: naked uni- 297
form nuclei, typical disposition of nuclei in rows and rosette-like structures, fine chroma- 298
tin with inconsistent nucleoli [39]. 299
Cytology can be an immediate, minimally invasive method to discern the origin of a pri- 300
mary adrenal mass (as PCC). In fact, can be a useful tool in discerning a cortical tumour 301
from a medullary one, since discerning the two of them can be challenging if only sus- 302
tained by clinical, diagnostic imaging and laboratory findings. In dogs, fine needle aspi- 303
ration can be performed percutaneously under ultrasound guidance, as minimally inva- 304
sive procedure. Even though, risk of complications (bleeding, hematic contamination, ne- 305
oplastic spreading along the needle path) discourages veterinarians from performing ad- 306
renal cytologic samples, in veterinary medicine, risk assessment is only anecdotal. Evi- 307
dence is based on few reports in human literature [40-43], in which are reported compli- 308
cations after PCC aspiration (fatal haemorrhage, hypertensive crisis or paradoxical hyper- 309
tensive and hypotensive crises). Some studies [39,44] suggest that, in optimal conditions, 310
fine needle aspiration (FNA) of adrenal lesion can be considered a minimally risky proce- 311
dure. Pey et al.,2020, in their study, report that the complications rate was similar to what 312
has recently been published about FNAs of the adrenal lesions and comparable to the 313
complication rate of FNAs of other abdominal organs. Although for the majority of ad- 314
renal tumours the resolution is surgical, cytological examination allows the clinician to 315
advance a more accurate diagnostic suspicion of PCC and to implement pre-operative 316
pharmacological therapies before surgical procedures. 317

The definitive diagnosis of PCC relies on histopathology of the adrenal mass [12,13]. 318
Histological PCC appearance can vary. Usually, they present a typical morphology, char- 319
acterized by polygonal cells with round to oval nuclei and prominent nucleoli, granular 320
cytoplasm arranged in small nest, separated by fibrovascular stroma. Tumour cells are 321
often subdivided into small lobules by connective tissue septa and capillaries, creating a 322
papillary pattern [30]. However, morphology can be atypical. In these cases, immuno- 323
histochemistry pays an important role in confirming diagnosis [45]. 324

Pharmacological therapy is not recommended except in the case of inoperable or met- 325
astatic PCCs. It consists in administration of alfa-blocker (phenoxybenzamine or 326
prazosin). Calcium channel blockers may be of use in controlling hypertension, due to 327
their blocking action on synaptic calcium channel and direct vasodilatory effects [2]. 328
Also, since preoperative administration of an alpha-blocker (phenoxybenzamine or 329
prazosin) has reduced mortality in human patients [46,47] and, previous studies have 330
showed a significant decrease in perioperative mortality in dogs when preoperative al- 331
pha-blocker therapy was given; pharmacological treatment with alpha-blockers is recom- 332
mended before surgery [1,13]. A low dose should be used initially with gradual increase 333
to achieve normotension. Beta-blocking agents may be used to control arrhythmias or 334
tachycardia but should never be used without concurrent alpha-blockade to avoid a state 335
of severe hypertension with loss of the vasodilatory effects [2]. 336
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In our dog supportive pharmacological therapy was immediately started to reduce sys- 337
temic pressure with the aim to contrast hypertensive encephalopathy and stabilize the 338
patient as much as possible until surgery decisions were taken. The emergency protocol 339
included labetalol, a combined alpha- and beta-adrenoceptor blocking agent that was 340
used off label with some positive results in the first 72hours of monitoring. Despite the 341
scant literature in terms of dosage and effects in dogs, we choose to continue with the 342
alpha blocker prazosin at 1 mg. The drug is more commonly used for urinary tract ob- 343
struction in cats. 344
Adrenalectomy is the treatment of choice for PCC. Surgical resection of invasive PCC can 345
be technically demanding [2,5] but in absence of local invasion, it can often be completely 346
resected [16]. Nonresectable tumours should be debulked as much as possible to reduce 347
the circulating catecholamine concentrations and improve the efficacy of pharmacological 348
management [2]. Potential risk factors associated with poor short-term survival time in 349
dogs undergoing adrenalectomy include size, tumour type, additional surgical proce- 350
dures performed in the same anaesthetic event, metastasis, and acute adrenal haemor- 351
rhage [14, 48-50]. 352
After a resection of a functional PCC, postoperative mortality can be influenced by the 353
patient's response to a sudden removal of the source of catecholamine release [51]. When 354
the tumour is excised, the decrease in circulating catecholamines may lead to pronounced 355
hypotension [2], sometimes it can be considered refractory hypotension, a postoperative 356
complication with (or without) systemic consequences [51]. If blood pressure does notto 357
decline after the surgical adrenal removal, unidentified metastases are likely to be present 358
[2,5,16]. 359
Short-term mortality rates after adrenalectomy have decrease in the last few years, as En- 360
right et al, 2022, show in their study. They assess a short-term surgical success rate with 361
44/53 dogs (83%) surviving to discharge from the hospital [51]. 362
Unfortunately, our patient’s clinical conditions abruptly deteriorated before surgery was 363
performed. Histology examination confirmed a PCC of right adrenal gland, invading the 364

CVC. 365
366
5. Conclusions 367
368
369

This report describe a dog developing acute hypertensive encephalopathy due to PCC 370
and highlight that PCC should be included in the differential diagnosis of dogs presented 371
in emergency with acute central neurological disorders. 372

Ultrasound is a useful and immediate test that should be included in the diagnostic 373
protocol of dogs with acute onset of neurological signs with or without documented hy- 374
pertension. In fact a normotensive state during physical examination does not rule out the 375
disease. Also, echocardiographic features of hypertensive cardiopathy could help to ad- 376

dress the diagnosis even in absence of registered hypertension. 377
Despite the final exitus of this specific case, pharmacological therapy seems to be able to 378
reduce systemic pressure with initial improvement of clinical conditions. 379

Early diagnosis is particularly relevant in view of a resolutive surgical approach. Vet- 380
erinarians need to be aware that comorbidities (i.e. CKD) could mask clinical signs and 381

delate the diagnosis. 382
383
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