OPEN

Case Report REPORTS
Journal of Feline Medicine and Surgery Open
Acute adrenal haemorrhage in two i
- . © The Author(s) 2019
cats with aldosterone-secreting ricl auso guidlnes:
adenocarcinomas foarnals sageplb comomelsopenreports

This paper was handled and processed
by the European Editorial Office (ISFM)
for publication in JFMS Open Reports

Nicolle Kirkwood, Lara Boland, Laurencie Brunel, ®SAGE
Alison Wardman and Vanessa R Barrs

Abstract

Case summary Two 13-year-old domestic shorthair cats were diagnosed with unilateral right adrenocortical carcinomas
(ACCs) and primary hyperaldosteronism (PHA). Both had polyuria, polydipsia and weight loss, and developed
severe anaemia from an episode of acute adrenal haemorrhage. In one case, this occurred during hospitalisation
and treatment of severe muscle weakness with cervical ventroflexion, while the other cat had acute collapse at
home. A diagnosis of PHA was confirmed in both cases based on measurement of plasma aldosterone and renin
activity. In one case, basal progesterone was also measured and was elevated. On ultrasonography and CT in one
case, haemorrhage into the right retroperitoneal space was identified. Unilateral adrenalectomy was performed
in both cases and there was no evidence of venous tumoral invasion in either. On histopathology of the excised
adrenal glands both were ACCs with tumour necrosis, and one had extensive intratumoral haemorrhage. Both cats
were diagnosed with International Renal Interest Society stage 2 or 3 chronic kidney disease postoperatively; one
survived for 18 months and the other was well 8 months postoperatively.

Relevance and novel information Acute adrenal haemorrhage secondary to adrenal neoplasia has been reported
in only one other cat, in which tumour type and function were not specified. Acute adrenal haemorrhage can occur
as a consequence of tumour necrosis and rupture and can cause severe hypovolaemia and anaemia in cats with
primary hyperaldosteronism.
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Introduction left parasternal systolic murmur was auscultated, the
Aldosterone-secreting adrenal tumours are increasingly ~haircoat was unkempt with a heavy flea burden and the
recognised in cats.# Here we report life-threatening ~abdomen appeared mildly pendulous. Six weeks previ-
acute adrenal haemorrhage in two cats with aldosterone- ~ ously, the cat had presented with pollakiuria and poly-
secreting adrenal carcinomas. Case 1, diagnosed in 2017 ~ dipsia. Bacterial cystitis due to Escherichia coli was
is described in detail, while Case 2, diagnosed in 2003, diagnosed and pollakiuria resolved after a single dose of
was similar and is presented in summary.
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A 13-year-old female spayed domestic shorthair (DSH)

catwas presented for polyphagia, polyuria and polydip- /"2 2'me s BySC, PRD, MVetCiinStud, FANZCVS (Feline
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Figure 1 Case 1. (a) Discrete, enlarged, rounded right adrenal gland (18.7 mm), the day before an episode of acute
haemorrhage. (b) Preoperative CT examination of the abdomen, post-contrast. A strongly enhancing right adrenal mass
(arrows) issurrounded by a poorly defined non-contrast-enhancing area of hypoattenuation (asterisks), extending between the
renal fossa of the caudate lobe of the liver to the right renal vein. There is ventral displacement and compression of the caudal
vena cava (arrowhead). (c) The excised adrenal gland with an adherent peripheral haematoma

cefovecin subcutaneously (8 mg/kg) (Convenia; Zoetis).
At that time, there was mild azotaemia (creatinine 187
umol/1 and urea 11.46 mmol/]; reference intervals [RIs]
90-180 umol/1 and 7.2-10.7 mmol/l, respectively) and
hypokalaemia (3.1 mmol/l; RI 4.0-4.6 mmol/l), and
urine specific gravity (USG) was 1.014.

Haematology results on day 1 were within the RIs.
Abnormalities on serum biochemistry included hypoka-
laemia (3.1 mmol/1; RI 3.7-5.4 mmol/1), metabolic alka-
losis (bicarbonate 25 mmol/l; RI 12-24 mmol/1) and
elevated creatinine kinase (CK; 5569 IU/1 [RI 64-400
1U/1]). Urea (9.1 mmol/1; RI 5.0-15.0 mmol /1), creatinine
(110 pmol/1; RI 80-200 umol/1) and symmetrical dimeth-
ylarginine (8 ug/dl; RI 0-14) were not elevated. Primary
hyperaldosteronism was suspected owing to the pres-
ence of PUPD, weight loss, persistent hypokalaemia,
metabolic alkalosis and elevated CK. Further investiga-
tion, including systolic arterial blood pressure (SABP)
measurement, abdominal ultrasonography and plasma
aldosterone:renin measurement were recommended.

Two days later (day 3), the cat re-presented with
marked cervical ventroflexion and was mildly dehy-
drated (body weight 4.23 kg). SABP (Doppler method)
was 150 mmHg and fundoscopy was unremarkable. On
urinalysis, USG was 1.015 and urine sediment was
benign. Blood was collected for basal aldosterone, pro-
gesterone and renin assays. On abdominal ultrasonogra-
phy the right adrenal gland was enlarged, rounded and
discrete (19 mm diameter) (Figure 1). The left adrenal
gland appeared normal (cranial pole height 3.4 mm, cau-
dal pole height 3.5 mm, length 11 mm).

The cat was hospitalised (day 3) and treatment was
commenced with spironolactone (6.25 mg PO q24h)
and potassium gluconate (4 mmol PO ql2h).
Intravenous fluid therapy (IVFT) was not administered
owing to financial constraints and the cat ate on

admission to hospital. However, on day 4, weakness
and dehydration worsened (body weight 4.1 kg).
Despite a stable packed cell volume (PCV; 0.30 1/1 [RI
0.30-0.45]), total serum protein (TSP) increased (90 g/1;
RI 39-78 g/1), hypernatremia developed (167 mmol/l;
RI 147-156 mmol/l) and hypokalaemia worsened
(2.9 mmol/1; RI 4.0-4.6 mmol/l). SABP was also ele-
vated at 180 mmHg. Crystalloid IVFT (Hartmann's
solution) at 13 ml/h and potassium chloride (KCl) at
0.4 mmol/kg/h IV was commenced. Spironolactone
was continued and potassium gluconate was increased
to 4 mmol PO q4h. After 4 h, potassium was 3.9 mmol/1
and KCl supplementation was reduced to 0.13 mmol/
kg/h1V.

On day 5 body weight had increased by 400 g, and the
cat became tachycardic (heart rate 260 beats/min) and
tachypnoeic (respiratory rate 60 breaths/min). Initially,
fluid overload was suspected. However, on physical
examination several hours later mucous membranes
were pale, PCV (0.131/1) and TSP (52 g/1) had decreased
markedly, and SABP was 150 mmHg. Serum potassium
was 3.6 mmol/l and sodium was 160 mmol/l. Acute
haemorrhage from the adrenal mass was suspected.
Repeat abdominal ultrasonography revealed a new 5 cm
diameter heterogeneous area, in the right retroperitoneal
space adjacent to the enlarged right adrenal gland
(17 mm diameter). Free fluid was also present in the
right retroperitoneal space, and there was scant free fluid
between liver lobes. These findings were consistent with
a periadrenal haematoma and haemorrhage into the ret-
roperitoneal space and peritoneal cavity. Possible causes
were considered to be rupture of the mass or neoplastic
invasion of adrenal vessels with erosion of the vessel
wall. There was no evidence of coagulopathy - pro-
thrombin and partial thromboplastin times and platelet
count were within the Rls.
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Blood typing was performed (Quick Test; Alvedia
Veterinary Diagnostics) and the cat was blood type B, for
which no immediate donor was available. Supportive
therapy with IVFT, KCI and spironolactone were contin-
ued, and the flea burden was treated with nitenpyram
11.4 mg PO (Capstar; Novartis), then topical imidaclo-
prid (Advocate; Bayer). From days 6 to 8 the cat was
clinically stable, cervical ventroflexion resolved, poly-
phagia returned, SABP ranged from 110-140 mmHg,
PCV and TSP increased to 17 1/1 and 75 g/1, respectively,
and the median serum potassium was 3.8 mmol/L

Results of endocrine testing confirmed hyperaldo-
steronism and hyperprogesteronism; plasma aldoster-
one was 38,100 pmol /I (RI 60-980 pmol/I), plasma renin
activity was 422 fmol/1/s (RI 130-2350 fmol/1/s) and
the aldosterone:renin ratio was markedly increased
(69.9; RI 0.4-1.5). Basal progesterone was also elevated
(30.6 nmol/I; RT <2.0 nmol/1).

On day 8, a blood type B donor was sourced, and
52.5 ml of whole blood was administered preoperatively.
On day 9, preoperative PCV was 0.28 1/1, potassium was
3.8 mmol/], sodium was 153 mmol/1 and SABP was 145
mmHg. CT of the abdomen and thorax was performed
under general anaesthesia. There was ventral displacement
and compression of the caudal vena cava by the right adre-
nal mass and no evidence of vena caval invasion or tumour
thrombi. There was a large, localised right retroperitoneal
effusion with marked mass effect and no evidence of
abdominal or thoracic metastases (Figure 1). At surgery to
remove the right adrenal gland (Figure 1), via a ventral
midline approach, a haematoma (45 mm diameter) was
observed in close proximity to the right adrenal gland, just
ventral to the caudal vena cava.

Analgesia consisted of a ketamine constant rate infu-
sion (CRL 0.5 mg/kg/h IV) and methadone (0.1 mg/kg
IV g4h). A hydrocortisone CRI (0.5 mg/kg/h) was
administered to manage a potentially hypofunctional
left adrenal. Within 8 h postoperatively the cat was eat-
ing, and serum potassium was 4.2 mmol/l. On day 11,
spironolactone, hydrocortisone and IVFT were ceased
and oral prednisolone (1.25 mg q24h) was prescribed
until day 50. On day 14 PCV was 0.26 1/1 and TSP was
74 g /1. Oral potassium was tapered and ceased on day
15. No further electrolyte abnormalities were docu-
mented. The cat was discharged from hospital on day 16.

Histopathology revealed an adrenal adenocarcinoma
(ACC) with no evidence of vascular invasion. The
periphery of the mass was necrotic and considered the
likely site of the haemorrhage. There was no haemor-
rhage within the tumour.

At rechecks 5 weeks postoperatively body weight,
gait, posture, vital signs and serum potassium were nor-
mal, and anaemia had resolved. At a recheck 8 months
postoperatively the cat was reported to be in good health

by the owner, body weight was stable (4.3 kg) and SABP
was 160 mmHg, but International Renal Interest Society
(IRIS) stage 2 chronic kidney disease (CKD) was diag-
nosed (urea 10.01 mmol/1 [RI 7.2-10.7 mmol /1], creati-
nine 181 umol/1 [RI 90-180 umol/1], USG 1.018).

Case 2

One of the authors (VRB) was presented with a similar
case in 2003. A 13-year-old male castrated DSH collapsed
acutely indoors one evening, preceded by vomiting once.
The cat vocalised continuously after the event, and
appeared to be in pain when picked up by its owner, a
veterinary nurse. The cat had a history of polyuria, poly-
dipsia and weight loss for several months beforehand.

On clinical examination, the cat was hypothermic
(37.0°C), tachycardic and had pale mucous membranes.
The cat was stabilised with crystalloid IVFT overnight. On
presentation at referral several days later the cat had a body
condition score of 3/9, pale mucous membranes and was
tachycardic with a IV /VI parasternal systolic heart mur-
mur, SABP of 220 mmHg and normal fundoscopy.
Abnormalities on haematology and biochemistry included
a PCV of 18 1/1, TSP of 59 g/1, serum potassium of
2.17 mmol/1 (RI 3.7-5.4 mmol/l), creatinine 468 pmol/1
(RT 9-190 umol/1) and a USG of 1.021. Plasma sodium
was within the RI (149 mmol/1; RI 144-157 mmol/1).
Abdominal ultrasonography confirmed the presence of
an irregular, large right adrenal mass, which measured 5
X 2.7 cm diameter at the largest dimension and displaced
the caudal vena cava to the right side. Partial attenuation of
the caudal vena cava was assessed to be a consequence of
haematoma formation at the site of the adrenal mass,
although invasion of the caudal vena cava could not be
excluded. Thoracic radiographs were unremarkable.

Spironolactone (6.25 mg PO g24h) and amlodipine (1.25
mg PO q24h) were commenced. Serum aldosterone was
elevated (1916 pmol/L; RI 60-980 pmol/I), renin activity
was 0 fmol/1/s; RI 130-2350 fmol/1/s), and a diagnosis of
hyperaldosteronism was confirmed. An exploratory ven-
tral midline celiotomy was performed 1 week later. The cat
was blood typed (type A [Rapid-H; DSM Laboratories])
and given a 50 ml type A blood transfusion preoperatively.
At surgery the right adrenal mass was adherent to, but not
invading, the vena cava. A right adrenalectomy was per-
formed. The adrenal mass contained a large amount of
intratumoral haemorrhage and necrosis on cut section
(Figure 2). Histological examination confirmed an ACC
arising from the zona glomerulosa with extensive intratu-
moral necrosis and haemorrhage. The cat recovered well
postoperatively.

At a recheck examination 9 months later, the PCV was
321/1, TSP was 75 g/l and the cat was diagnosed with IRIS
stage 3 CKD. It lived for approximately 18 months after
surgery.
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Figure 2 Case 2. (a,b) Right adrenal tumour adherent to, but not invading, the caudal vena cava. (c) The excised adrenal
tumour containing (d) extensive areas of intratumoral necrosis and haemorrhage

Discussion

Severe preoperative acute adrenal haemorrhage has been
reported rarely in humans with adrenal tumours, most
commonly associated with phaeochromocytoma (48%)
and ACCs or metastases (20%).5> Acute adrenal haemor-
rhage has also been reported in dogs with adrenal disease
and is associated with a high perioperative mortality of
50%.% In a report of 60 cases in dogs, on histology 68%
were ACCs or adenomas of unknown functional status,
11% were phaeochromocytomas and 10% had adrenocor-
tical hyperplasia.® In cats, acute adrenal haemorrhage
secondary to adrenal neoplasia has been reported in only
one other case, which was described in a case series of 33
cats with adrenal tumours of any origin. Tumour type
and whether the tumour was functional were not speci-
fied.* Intra- and postoperative haemorrhage have been
reported frequently in association with adrenalectomy in
cats with adrenal neoplasia.>*78 Risk factors for haemor-
rhage have not yet been clearly identified but do not
appear to be related to tumour type, venous invasion or
systemic hypertension.!

Primary hyperaldosteronism (PHA) results from
mineralocorticoid excess arising from autonomous pro-
duction of aldosterone from the zona glomerulosa of the
adrenal cortex. The first reported case in the cat was
related to an ACC in 1983.° Since this time increasing
numbers of cases have been reported, and it is now con-
sidered to be one of the most common adrenal disorders
in cats.1011 Most cases are associated with either adrenal
adenomas or carcinomas.!~ Bilateral hyperplasia of the
zona glomerulosa, a more common cause of hyperaldo-
steronism in people, was thought to be rare in cats; how-
ever, it may be more prevalent than originally thought in
cats and may have an association with CKD. Cases of
PHA may be overlooked as the hypertension and
hypokalaemia are often attributed to CKD, whereas the
CKD may be the result of PHA.1?

Case 1 had an average serum potassium of 3.0 mmol /1
and was exhibiting signs of profound muscle weakness

with elevated CK before treatment. Although the degree
of hypokalaemia in cases of hyperaldosteronism can
vary from mild to severe, signs of muscle weakness in
cats are usually reported when serum potassium is <2.5
mmol/1, similar to case 2.1410 Muscle weakness has been
reported in other cases with potassium concentrations in
the low normal-to-mildly decreased range.>* Other fac-
tors such as anaemia and subclinical hypoadrenocorti-
cism have been postulated to contribute to muscle
weakness in such cases.*

Polyuria and polydipsia were noted in case 1 in the
absence of azotaemia on day 1. Polyuria and polydipsia
can occur due to a combination of systemic hyperten-
sion, CKD and secondary nephrogenic diabetes insipi-
dus due to hypokalaemia.!? Interestingly, 50% of reported
cats with PHA are azotaemic, but there is a tendency for
phosphorus concentrations to be low to normal due to
volume expansion leading to increased fractional clear-
ance of calcium, with development of secondary hyper-
parathyroidism.#1011 The presence of azotaemia and
hypokalaemia with a normal-to-low serum phosphorus
should alert the clinician to the possibility of PHA.

As in case 1, aldosterone-secreting adrenal tumours
producing excesses of one or more adrenocortical hor-
mones (often progesterone) have been reported previ-
ously, caused by paraneoplastic aberrant steroid
synthesis pathways or enzyme deficiencies resulting in
proximal hormone precursors accumulating, or being
redirected to other pathways.813-16 A tumour secreting
aldosterone may also secrete increased levels of aldoster-
one intermediates such as progesterone due to an
enhanced biosynthetic pathway.!* Case 1 exhibited
abdominal distension, PUPD and was polyphagic ini-
tially, so baseline progesterone levels were performed.
Levels of other adrenocortical steroid hormones could
have been elevated, but only progesterone was meas-
ured. Although a post-adrenocorticotrophic hormone
stimulation progesterone level was not measured, eleva-
tion of basal levels may be sufficient for diagnosis.!*
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Adrenal hormone panels measuring cortisol, progester-
one, 17-hydroxyprogesterone, androstenedione, oestra-
diol and testosterone could also have been considered;
however, limitations include access to reference labora-
tories and lack of hormone RlIs for cats!#

Conclusions

Acute, severe adrenal haemorrhage can occur in cats
with aldosterone-secreting carcinomas associated with
spontaneous rupture of the tumour. Haemorrhage can
occur both within and external to the tumour, in the ret-
roperitoneal space and abdominal cavity.
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