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Canine hypercortisolism (HC), also known 
as Cushing’s syndrome or hyperadrenocorticism 
(HAC), is a common endocrinopathy characterized 
by several clinical signs secondary to chronic 

exposure to glucocorticoid effects (SANDERS et 
al., 2018). Adrenocorticotropic hormone (ACTH)-
dependent form, which occurs as a result of 
corticotroph adenomas (pituitary-dependent HC), is 
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ABSTRACT: Hypercortisolism is a common endocrinopathy in dogs; however, in a few cases, bilateral functional adrenocortical adenomas 
cause spontaneous disease, and thrombotic events are considered uncommon complications. The aim of this report was to describe a case 
of bilateral adrenocortical adenoma in a dog with hyperadrenocorticism associated with distal aortic and iliac thrombosis, with emphasis 
on clinical and pathological aspects. A 15-year-old spayed female Dachshund with a previous clinical history of hyperadrenocorticism 
presented with acute bilateral hindlimb paraparesis. A vertebral thoracolumbar radiography was performed and did not present any evidence 
of intervertebral disk disease or vertebral abnormalities; however, abdominal ultrasound and vascular Doppler evaluation revealed bilateral 
adrenal enlargement in addition to an aortic and external iliac artery thrombus. The animal was euthanized. At necropsy, both adrenal glands 
were enlarged by well-demarcated neoplastic nodules in the parenchyma, and a thrombus caudal to the abdominal aorta bifurcation within the 
external iliac arteries that extended to the left external iliac artery was noted. Histological evaluation revealed a well-differentiated neoplastic 
proliferation of cortical epithelial cells, consistent with bilateral adenoma, and muscular necrosis in the pelvic limbs was also observed. 
Bilateral functional adrenocortical adenoma; although, very rare, should be considered as a cause of hypercortisolism, and aortic thrombosis 
in dogs should be considered as a possible consequence. 
Key-words: canine, aortic, thrombosis, hyperadrenocorticism, adrenal gland cortex.

RESUMO: Hipercortisolismo é uma endocrinopatia comum em cães, no entanto, apenas em poucos casos adenomas adrenocorticais 
funcionais bilaterais são a causa de doença espontânea, e eventos trombóticos são considerados complicações incomuns. O objetivo deste 
relato foi descrever um caso de adenoma adrenocortical bilateral em um cão com hiperadrenocorticismo associado a trombose aórtica distal 
e ilíaca, com ênfase nos aspectos clínicos e patológicos. Um cão, Dachshund, fêmea castrada, de 15 anos, com histórico clínico prévio de 
hiperadrenocorticismo, apresentou paraparesia aguda dos membros posteriores. Foi realizada radiografia toracolombar vertebral, a qual 
não mostrou nenhuma evidência de doença do disco intervertebral ou anormalidades vertebrais; no entanto, ultrassonografia abdominal e 
Doppler vascular revelaram um trombo na aorta e artéria ilíaca externa, e adrenomegalia bilateral. O animal foi submetido à eutanásia. Na 
necropsia, ambas as adrenais estavam distendidas por nódulos neoplásicos bem delimitados no parênquima e notou-se um trombo caudalmente 
à bifurcação da aorta abdominal às artérias ilíacas externas, estendendo-se à ilíaca externa esquerda. Na avaliação histológica observou-se 
proliferação neoplásica bem diferenciada de células epiteliais corticais, consistente com adenoma bilateral; também foi observada necrose 
muscular nos membros pélvicos. O adenoma adrenocortical funcional bilateral, embora muito raro, deve ser considerado uma causa de 
hipercortisolismo, e a trombose aórtica em cães deve ser considerada uma possível consequência. 
Palavras-chave: caninos, aorta, trombose, hiperadrenocorticismo, córtex adrenal.
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the most common cause of spontaneous disease in 
dogs (80-85% of cases). less commonly, ACTH-
independent HC occurs as a result of a functional 
unilateral, or eventual bilateral, adrenal cortex 
neoplasia secreting cortisol autonomously (15-20% 
of cases), and is also known as adrenal-dependent 
HC (ADH) (PETERSoN, 2007; PACE et al., 
2013). A variety of clinical manifestations can be 
observed for HC, of which thromboembolic events 
are considered to be uncommon complications. 
However, when thromboembolic events develop in 
dogs with Cushing’s, pulmonary vessels are primarily 
involved (NICHoLS, 1997; BEHREND et al., 2013). 
The aim of this report was to describe the clinical 
and pathological aspects of distal aortic and iliac 
thrombosis in a dog with ACTH-independent HC 
associated with bilateral adrenocortical neoplasia.

A 15-year-old spayed, female Dachshund 
weighing 8.6 kg and exhibiting bilateral hindlimb 
paraparesis over the previous two days in addition 
to excessive vocalization was brought to a veterinary 
hospital. Eight months earlier, the dog was diagnosed 
with ADH based on the presence of classic clinical 
signs, compatible complementary exams, and a 
consistently positive low-dose dexamethasone 
suppression test (LDDST) (Table 1) (PETERSoN, 
2007; BEHREND et al., 2013). However, despite 
the diagnosis, the owners declined to initiate medical 
treatment with trilostane or mitotane. 

on physical examination, severe bilateral 
alopecia and abdominal muscle atrophy associated 
with abdominal enlargement (“pot belly”) were 
evident. The dog was normohydrated, capillary refill 
time was < 2 seconds, and the dog also showed a good 
muscular mass index of 3/3, despite being overweight 
with a corporal condition score of 7/9 (ideal 5/9) 
(LAFLAMME, 1997). The left femoral pulse was 
absent or weak in the right side, and the temperature 
of the left hindlimb was clearly lower than that of the 
right hindlimb. A neurological exam showed no sign 
of brain impairment; however, the patient was very 
excited and vocalized during the exam. Although, 
nociception was still preserved in the hind limbs, 
the panniculus and patellar reflexes were bilaterally 
absent, and the flexor reflex was reduced in the left 
hindlimb. A blood sample collected for CBC and 
serum biochemistry analysis showed progression of 
the abnormalities previously reported upon the ADH 
diagnosis (Table 1). Mild thrombocytosis was also 
observed. A vertebral thoracolumbar radiography 
was performed and did not show any evidence of 
intervertebral disk disease or vertebral abnormalities; 
however, an abdominal ultrasound revealed bilateral 

adrenal enlargement progression (Table 1) in addition 
to an aortic and external iliac artery thrombus.

The aortic lumen was filled with 
echogenic material immediately caudal to external 
iliac arteries and measuring 1.8 x 0.5 cm. Moreover, 
hyperechogenic material measuring 2.25 x 0.24 cm 
was also discovered inside the left external iliac artery. 
Vascular color Doppler evaluation showed a weak 
blood flow signal, with a 4.1 cm/second systolic peak 
velocity (SpV) (Reference value 145.79 ± 25.28 cm/s 
[MELLo et al., 2016]). A small reduction in blood 
flow was measured in the right femoral artery, with an 
SPV = 70 cm/second, while a very weak blood flow 
was recorded in the left femoral artery, with an SpV 
= 5.8 cm/second. (Reference value 138.00 ± 30.93 
[MELLo et al., 2016]). Due to the aortic thrombosis 
diagnosis, the owners decided upon euthanasia, and 
the dog was submitted for necropsy.

At necropsy, both adrenal glands were 
enlarged, and there were well-demarcated neoplastic 
nodules obliterating the parenchyma on the cut surface. 
The left adrenal gland was larger with a firm reddish 
mass at the caudal pole measuring approximately 
3.0 cm in diameter. The right adrenal nodule was 
1.4 cm in diameter, with a yellowish surface (Figure 
1A). A 2.5 cm long thrombus was observed caudal 
to the abdominal aorta bifurcation within the external 
iliac arteries and extending the left external iliac 
artery (Figure 1B). No other thrombi were noted 
distally. No gross changes to the hypophysis were 
observed. Additionally, the skeletal musculature of 
both pelvic limbs had extensive pale whitish areas, 
and hepatomegaly was observed. Multiple tissue 
samples were collected, fixed in 10% neutral buffered 
formalin, routinely processed for histopathology, and 
stained with hematoxylin and eosin (HE).

Histological examination of the adrenal 
glands revealed a well-differentiated and partially 
encapsulated neoplastic proliferation of cortical 
epithelial cells, which replaced more than 80% of the 
parenchyma (Figure 1C). Tumor cells were polyhedral 
and arranged in nests, with a broad and finely 
vacuolated cytoplasm, oval nuclei, finely granular 
chromatin, and inconspicuous nucleoli (Figure 1D). 
Mitoses average less than one per individual 400x 
powered objective, and there was mild anisocytosis 
and anisokaryosis. Additionally, multifocal intratumoral 
necrosis, hemorrhage, mineralization, and thrombosis, 
as well as intratumoral extramedullary hematopoiesis, 
were identified. In addition, multiple, prominent 
dilated thin-walled sinusoids filled with blood were 
present (telangiectasis). The thrombus within the 
aortic and external iliac artery lumen was formed of 
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fibrin, red blood cells, and leukocytes. The skeletal 
musculature contained multifocal areas of mild fiber 
necrosis associated with mild inflammatory infiltrate 
of lymphocytes, plasma cells, and macrophages. In 
the liver, several hepatocytes were enlarged and had 
a poorly defined pale eosinophilic cytoplasm with 
microvacuolation and central nucleus, compatible 
with glycogen accumulation. Marked cytoplasmic 
macrovacuolation of hepatocytes was also noted in a small 
number of hepatocytes, often displacing the nucleus 
to the periphery (fat accumulation). No histological 
changes were observed in the pituitary gland.

In the present case, the diagnosis of aortic 
and iliac thrombosis due to adrenal-dependent-HC 
was based on clinical and pathological findings. 
Distal aortic thrombosis associated with a bilateral 
adrenocortical adenoma is an uncommon condition in 
dogs (BEHREND et al., 2013; PACE et al., 2013). 
Dogs with hypercortisolism may have several 
comorbidities because long-term hypercortisolism 
causes multiple organ dysfunction (NICHolS, 
1997). Although infrequent, aortic thrombosis has been 
recognized as a secondary complication in dogs with 
HAC (BoSWooD et al., 2000; LAKE-BAKAAR et 

Table 1 - Hematology, serum biochemistry, urine analysis, and an adrenal ultrasound of a patient at the time of hypercortisolism 
diagnosis and eight months later, at which time it was presented to the hospital with aortic thromboembolism. 

parameter Hypercortisolism Diagnosis 8 mo later with thromboembolism Reference Interval 

Erythrocytes (x106/µl) 7.58 7.52 5.5.-8.5 
Hemoglobin (g/dl) 17 17.1 12-18 
Hematocrit (%) 47 49 37-55 
platelets (x103/µl) 500 520 200-500 
leucocytes (x103/µl) 7.7 8.2 6-17 
Neutrophil 6.16 6.64 3-11.5 
Eosinophil 0.07 0 0.1-1.25 
Monocytes  0.54 0.57 0.15-1.35 
lymphocytes 0.92 0.98 1-4.8 
Total protein (g/l) 8.2 9.2 6-8 
Albumin (g/l) 3.4 2.9 2.6-3.3 
ALT (U/L) 168 347 <102 
ALP (U/L) 381 952 <156 
Cholesterol (mg/dl) 330 - 135-270 
Creatinin (mg/dl) 0.4 0.6 0.5-1.5 
glucose (mg/dl) 60 94 60-118 
phosphorus (mg/dl) 6.2 - 2.6-6.2 
Triglycerides (mg/dl) 284 - 32-138 
Urea (mg/dL) 27 33 20-60 
USG 1,036 - > 1,030 
UP:CR 0.04 - < 0.2 

left Adrenal gland 

Adrenomegaly and 
hyperechogenicity with 

caudal pole severe 
thickening, 4.13 x 1.04 x 

2.92 cm 

Adrenomegaly with oval and 
heterogeneous appearance with 
2.55 cm caudal pole thickness 

Maximum thickness 0.74 
cm 

Right Adrenal gland 

Adrenomegaly 1.95 x 0.8 x 
0.47 cm with a nodular 

hyperechoic area at cranial 
pole 0.96 x 0.61 cm 

Adrenomegaly with oval and 
heterogeneous appearance with 1.4 

cm caudal pole thickness 

Maximum thickness 0.74 
cm 

Basal cortisol 
post-4h cortisol 
post-8h cortisol 

2.72 µg/dl 
3.52 µg/dl 

3 µg/dl 

- 
- 
- 

0.5 – 6 µg/dl 
< 1 µg/dl 
< 1 µg/dl 

 

* ALT = alanine aminotransferase, ALP = alkaline phosphatase, USG = urinary specific gravity, UP:CR = urinary protein to creatinine 
ratio. 
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al., 2012; WINTER et al., 2012). The reported frequency 
ranges from 0% to 5.5% in relation to other diseases 
associated with canine aortic thromboembolism or 
aortic thrombosis (WILLIAMS et al., 2017).

While aortic thrombosis and aortic 
thromboembolism have often been used as synonyms in 
dogs, distinguishing between the two terms is currently 
considered to be more appropriate in veterinary medicine 
(WILLIAMS et al., 2017). In cats, thromboembolism 
is a well-defined condition, often involving thrombus 
formation within the left atrium, secondary to heart 
disease and, with acute embolization (SMITH & 
ToBIAS, 2004). Nevertheless, previous studies have 
reported that aortic thrombosis in dogs is mainly 
caused by primary thrombus formation at the distal 
aorta, similarly to in the present study (BoSWooD 
et al., 2000; WINTER et al., 2012). Thus, primary 
thrombosis, rather than thromboembolism, should 
considered first when aortic thrombi are documented 
in dogs (LAKE-BAKAAR et al., 2012).

Thrombosis in dogs with hypercortisolism 
is mainly correlated with a hypercoagulable state 
associated with factors expected to occur in HC 
such as thrombocytosis (NICHolS, 1997). A 
previous study reported a mild increase in platelet 
count (500–600.000/µl) in more than 50% of 
dogs with thrombocytosis caused by endocrine 
diseases, similarly to the observations in the present 
case (WooLCoCK et al., 2017). other causes of 
thrombosis in dogs with Cushing’s syndrome include 
decreased antithrombin concentrations secondary to 
glomerular changes and proteinuria, and decreased 
fibrinolysis (JACoBy et al., 2001). Relative increases 
in the concentrations of circulating procoagulant 
molecules, such as factor VIII and fibrinogen (DAL 
Bo et al., 1983; JACoBy et al., 2001), have also 
been suggested as a cause.

When thromboembolic events occur in 
dogs with hypercortisolism, pulmonary vessels 
are primarily involved in acute respiratory distress 

Figure 1 - Bilateral adrenocortical adenoma in a dog with hyperadrenocorticism associated with distal aortic 
and iliac thrombosis. (A) The left adrenal gland parenchyma was distended by a well-delimited, 
larger reddish mass, and the right adrenal gland presented a yellowish nodule. Bar = 1.5cm. (B) An 
irregular reddish thrombus within the lumen was noted caudal to the aortic bifurcation within the 
external iliac arteries, extending the left external iliac artery. (C) A well-differentiated neoplastic 
proliferation of epithelial cells surrounded by a compressed glomerular layer in the adjacent cortex 
was observed. Hematoxylin and eosin (HE), 100x. (D) The neoplastic cells were polyhedral, with 
abundant and lightly eosinophilic, often vacuolated, cytoplasm. HE, 200x. 
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(NICHoLS, 1997; BEHREND et al., 2013). In contrast, 
in the present case a single thrombus was observed only 
in the aorta and iliac extern arteries. A distal portion 
of the aorta appears to be the most common site of 
primary thrombi in dogs (LAKE-BAKAAR et al., 
2012). In humans, patients with abnormally small or 
large aortic diameters cranial to the aortic bifurcation 
have an increased incidence of peripheral thrombosis. 
Aortic thrombosis is also associated with aneurysmal 
or atherosclerotic aortic regions (VAN DEN BoSCH 
et al., 2001; CRAWFoRD et al., 2014).

In addition to HC, protein-losing 
nephropathy, protein-losing enteropathy, infective 
endocarditis, and malignant neoplasia have also been 
recognized as causes of aortic thrombosis in dogs, 
and they must be differentiated (WILLIAMS et al., 
2017; WINTER & BUDKE, 2017; RIPPLINGER et al., 
2020). In the present case, these causes were excluded.

Clinical signs of acute aortic thrombosis 
usually include hindlimb paresis or paralysis, absent 
or reduced femoral pulses, and cold extremities 
(BoSWooD et al., 2000; GoNÇALVES et al., 
2008; LAKE-BAKAAR et al., 2012), similar to 
those observed in the present case. Hindlimb pain or 
nonspecific signs of discomfort, such as restlessness, 
panting, and vocalization, may also be noted 
(WILLIAMS et al., 2017). Acute paresis or paralysis 
of the hind limbs associated with pain is frequently 
associated with intervertebral disk degeneration 
(IVDD) in Dachshunds and others chondrodystrophic 
breed. Therefore, IVDD should be considered as an 
important differential clinical diagnosis for aortic 
thrombosis in these breeds (JEFFERy et al., 2013). 
In this case, thoracolumbar vertebral radiography 
was sufficiently able to rule out an IVDD diagnosis. 
Moreover, the observed femoral pulse weakness 
supported the thrombi hypothesis.

primary cortisol-secreting adrenocortical 
tumors are the less frequent cause of naturally 
occurring Cushing’s syndrome in dogs (15-20% of 
cases), and the bilateral presentation in this case, is 
very uncommon (PETERSoN, 2007). Adrenocortical 
adenomas occur more frequently than carcinomas, 
and are usually a single, partially or completely 
encapsulated well-demarcated nodule (RoSol & 
MEUTEN, 2016). As seen in the present study, larger 
cortical adenomas are yellow to red and may distort 
the external contour of the affected gland (RoSoL 
& GRoNE, 2016). These findings are important 
in differentiating between bilateral adenomas and 
nodular cortical hyperplasia commonly seen in 
older dogs, as nodular cortical hyperplasia usually 
consists of multifocal nodules of different sizes in 

both adrenals, often outside the capsule, with no 
encapsulation (RoSoL & GRoNE, 2016).

Bilateral larger adenomas also must be 
differentiated from adrenocortical carcinomas, 
which can also present yellow to red nodules. In 
addition, both can be very similar histologically. 
However, carcinomas are larger than adenomas, 
and the definitive criteria of malignancy are local 
invasion through the adrenal capsule into surrounding 
tissues, vascular invasion, and metastasis (RoSol & 
MEUTEN, 2016). In the present case, the absence 
of local invasion and metastasis allowed bilateral 
adrenocortical adenoma to be confirmed. Moreover, 
the absence of hypophyseal abnormalities upon post-
mortem examination, as well as the hormonal profile 
during the LDDST, ruled out ACTH-dependent HC 
as a cause of bilateral adrenal tumor (BEHREND et 
al., 2013) and thrombosis (BoSWooD et al., 2000).

Although very rare, bilateral functional 
adrenocortical adenoma should be considered as 
a cause of hypercortisolism in dogs, especially 
in cases where an abdominal ultrasound reveals 
heterogeneous bilateral adrenal enlargement and no 
suppression is detected in an LDDST. In addition; 
although uncommon, primary aortic thrombosis in 
dogs should be considered an important consequence 
of hypercortisolism and should be considered a 
differential diagnosis of canine hindlimb paresis. 
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