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Abstract

Case summary A 10-year-old neutered male domestic shorthair cat was presented with an abdominal mass,
associated renal failure, chronic vomiting, anorexia and progressive polyuria/polydipsia lasting for 3 weeks. Clinical
examination and initial blood work revealed azotaemia, hypokalaemia and hypertension. Abdominal ultrasound
showed an adrenal mass with a diameter of 3cm near the right kidney. High serum aldosterone suggested primary
hyperaldosteronism. Surgery enabled identification of the mass and its excision along with the right adrenal gland.
Histologically, carcinoma of the adrenal cortex was diagnosed. Postoperatively, an increase in serum creatinine and
potassium, along with a low serum aldosterone, led to a diagnosis of hypoaldosteronism. Mineralocorticoid therapy
for 6 months was necessary, resulting in clinical and biological improvement.

Relevance and novel information To our knowledge, this case describes the longest-lasting reported secondary

hypoaldosteronism in a cat, after unilateral adrenalectomy for an adrenal carcinoma with hyperaldosteronism.
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Case description

A 10-year-old neutered male domestic shorthair cat was
presented for investigation of chronic vomiting, ano-
rexia and progressive polyuria/polydipsia over a period
of 3 weeks. The referring veterinarian performed an
abdominal ultrasound, which revealed a mass with a
diameter of 3 cm near the right kidney.

Physical examination was unremarkable. Given the
chronic vomiting, anorexia, polyuria/polydipsia and the
abdominal mass, biochemistry, complete blood count
(CBC), urine analysis and blood pressure measurement
were performed. Biochemistry revealed moderate azo-
taemia (serum creatinine 234.3 umol/1, reference interval
[RI] 70.7-212.2) and hypokalaemia (2.9mmol/l, RI 3.5~
5.8). Urinalysis showed low urine specific gravity (1.012).
CBC was unremarkable. The mean systolic blood pres-
sure was over 220 mmHg (RI 80-160) when measured by
Doppler sphygmomanometry.

An abdominal ultrasound revealed a right adrenal
mass measuring 3.5 cm (Figure 1). The contralateral (left)
adrenal gland was below the RI (approximately 0.2 cm in

height, RI 0.35-0.45) (Figure 2). The right kidney was
small (2.8cm, RI 3—4) and irregular. The left kidney was
enlarged (5.1cm).

Given the clinical presentation, biochemistry and
abdominal ultrasound findings, a serum aldosterone test
was run and was found to be severely elevated
(>5000pmol/1, RI 87-224), which was compatible with
primary hyperaldosteronism.

Medical management

The cat received potassium supplementation (4mEq K/
cat PO q12h; K for Cat, MP Labo), spironolactone (2mg/
kg PO q12h; Prilactone Next 10mg, Ceva) and amlodi-
pine (1.25mg/cat PO q24h; Amodip, Ceva) for 1 month
preoperatively.
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Figure 1 Feline abdominal ultrasound. The double arrow
shows a right adrenal mass measuring 3.5cm

Surrenale G |

Figure 2 Feline abdominal ultrasound. The arrow shows a
small left adrenal gland (approximately 1cm)

One week after starting medical therapy, serum potas-
sium and blood pressure were within the normal range
(4mmol/1 and 150 mmHg, respectively).

Surgical management

Thoracic, abdominal and brain CT were performed
before surgery to assess for possible vascular invasion
of the adrenal mass and possible lung and/or cerebro
meningeal metastasis. The adrenal mass was 5-6 cm
in diameter, encompassing the right kidney with
adhesions to the caudal vena cava and abdominal
aorta (Figures 3 and 4). The cat received enoxaparin
(100UI/kg SC g8h; Lovenox, Sanofi) 48 and 24h
before surgery, as well as on the day of the procedure.
Methadone (0.2mg/kg IV; Comfortan, Dechra),

Figure 3 Abdominal CT examination, parasagittal image. The
arrow shows a mass measuring 5-6 cm, encompassing the
right kidney close to the vena cava and aorta

Figure 4 Abdominal CT examination, dorsal image. The
arrow shows a mass measuring 5-6 cm, encompassing the
right kidney

midazolam (0.3mg/kg IV; Mylan) and propofol
(4mg/kg IV; Proposure, Axience) followed by isoflu-
rane gas with tracheal intubation were used for the
general anaesthesia. A xyphopubic laparotomy
allowed visualisation of a right adrenal mass of 5cm
in diameter, firmly attached to the right kidney, cau-
dal venal cava and abdominal aorta.

Soft tissue dissection allowed a monobloc resection of
the mass (adrenal gland and right kidney) after ligation
of the phrenico-abdominal vein, the renal vein, a branch
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Figure 5 A right adrenal mass after surgery, which measured
5c¢m, isolated from the right kidney and vessels

Figure 6 Histological analysis of an adrenal mass at 400X
magnification reveals infiltration of the renal capsule by

a nodular neoformation that is non-encapsulated and
poorly delineated. Tumour proliferation closely mimics

the endocrinoid architecture of the corticoadrenal region,
with small nests juxtaposed with well-differentiated

tumour epithelial cells. These findings strongly suggest
corticoadrenal carcinoma

of aright hepatic vein and the renal artery (Figure 5). The
mass was dissected off the aorta and vena cava to enable
en-bloc resection. The right ureter was ligated and
removed. The rest of the laparotomy did not identify any
other abnormalities. Histopathological analysis revealed
a corticoadrenal carcinoma (LAPVSO) (Figure 6).
Histopathological analysis revealed a cortico-adrenal
carcinoma (Laboratoire ~d’Anatomie Pathologique
Vétérinaire du Sud-Ouest [LAPVSQO]) (Figure 6).
Buprenorphine (0.02mg/kg IV q8h; Vetergesic, Ceva)
was given for 3 days postoperatively. Twenty-four hours
after surgery, the cat became more alert. Electrolytes,
serum creatinine and blood pressure had normalised
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Figure 7 (a) Serum creatinine, (b) serum potassium and (c)
Na:k ratio vs time graph. Day 0 is the cat’s first presentation;
the arrow is on the day of the surgery. The asterisk represents
desoxycorticosterone pivalate injections

(Figure 7a,b). Prednisolone (0.5mg/kg then 0.28 mg/kg
PO q24h; Dermipred, Ceva) was also given.

At postoperative day 4, an increase in serum creati-
nine was observed (218.3umol/1) and blood pressure
was normal (140mmHg). At postoperative day 25, the
cat was clinically normal, and serum potassium, creati-
nine and blood pressure were stable (4.2mmol/l,
180.3 umol/1 and 152mmHg, respectively) (Figure 7a,b).

At postoperative day 70, the cat vomited three times a
week over a period of 10 days and serum creatinine
increased (358 umol/1) (Figure 7a). Serum potassium
also increased (6.9 mmol /1), with a low Na:K ratio (23, RI
>27) (Figure 7b,c). An adrenocorticotropic hormone
(ACTH) stimulation test was performed and a normal
response was observed (pre-ACTH cortisol 41.4nmol/l,
post-ACTH cortisol 144.2nmol/l, RI 40-138). Serum
aldosterone was less than 20pmol/l (RI 87-224), com-
patible with hypoaldosteronism. Desoxycorticosterone
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Table 1 Prednisolone tapering protocol used after surgery (hypoaldosteronism was diagnosed 2 months [70 days] after

surgery)

Time after surgery 0 1
(months)

Prednisolone dosage

0.28mg/kg g24h g24h

pivalate was administered at 1.5mg/kg SC (Zycortal,
Dechra) and glucocorticoid supplementation was con-
tinued (prednisolone, 0.28 mg/kg PO q24h; Dermipred,
Ceva). At 15 days after injection, normonatraemia and
normokalaemia, with a normal Na:K ratio of 29, were
observed. Serum creatinine had decreased to 315.6 umol /1
but was still elevated. One month later, a second injec-
tion of desoxycorticosterone pivalate was administered
at the same dosage. Serum creatinine and potassium
were 371.3 umol/l and 5.2mmol/I, respectively, with an
Na:K ratio of 31 (Figure 7) supporting an appropriate
dosage interval. The interval between two injections was
considered correct. A total of six injections of desoxycor-
ticosterone pivalate were needed, with one injection
every 4 weeks. Prednisolone was tapered then stopped
6 months postoperatively (Table 1). At 920 days after
diagnosis and 640 days after the last desoxycorticoster-
one pivalate injection, the cat was clinically normal with
serum potassium and sodium within the reference inter-
val (K 4.3mmol/1, Na 150mmol/1, Na/K 35) (Figure 7)
but persistently elevated creatinine.

Discussion

Of interest in this case is the chronic clinical hypoaldo-
steronism observed after unilateral adrenalectomy for
primary hyperaldosteronism, with a prolonged need for
mineralocorticoid supplementation. This emphasises
the need for close monitoring not only in the short term,
but also the medium to long term.

Secondary hypoaldosteronism developing after adre-
nalectomy is well described in human medicine, even if
it is unusual: only 16% of patients that underwent adre-
nalectomy developed hypoaldosteronism, and only 5%
of them required treatment.'-® Short-term postoperative
hypoaldosteronism has been described in cats but often
with low clinical relevance and rarely needing medical
supplementation with mineralocorticoids.* If treatment
is needed, it is often short-term and usually involves oral
fludrocortisone.> However, one recent study mentioned
three cases of clinical hypoaldosteronism secondary to
adrenalectomy requiring long-term treatment, with one
cat treated until its death at 5 months post adrenalec-
tomy.® The proposed pathophysiology for postoperative
hypoaldosteronism is suppression of zona glomerulosa
cells by the contralateral neoplastic adrenal gland with

0.5mg/kg g24h then 0.28mg/kg 0.28mg/kg 0.19mg/kg
g24h

0.19mg/kg 0.19mg/kg
every other day twice a week

Stop
g24h

failure of these cells to resume function after surgery.
The use of preoperative spironolactone could have a
protective effect on the juxtaglomerular apparatus by
correcting the metabolic disorders caused by excessive
aldosterone. It prevents the juxtaglomerular apparatus
from being fully suppressed preoperatively and resumes
subnormal function postoperatively with an exagger-
ated release of renin in the early postoperative stage
while zona glomerular cell activity is still low.3” This
may explain the late onset of hypoaldosteronism in our
case. Hypoaldosteronism might have several conse-
quences, including decreased renal perfusion and pro-
gression of kidney disease. Treatment is based on clinical
signs, cortisolemia and aldosteronaemia. In our case, the
use of mineralocorticoids was necessary, with desoxycor-
ticosterone pivalate. In dogs, a starting dose of 1.5mg/kg
every 28 days is frequently used.®'2 Recently, a study on
hypoadrenocorticism in cats recommended a higher
starting dose of desoxycorticosterone pivalate than in
dogs (1.5mg/kg in dogs vs 2.2mg/kg in cats) but the
doses of desoxycorticosterone pivalate at the end of the
follow-up period varied, between 1.3 and 3.0mg/kg.! In
our case, the latter paper had not been published, and we
chose the canine dose of 1.5mg/kg, which proved effec-
tive. Low-dose glucocorticoid supplementation was also
maintained based on clinical response. Rechecks of blood
pressure plus serum electrolytes and creatinine were
performed every 2 weeks and then monthly, with the
dose of desoxycortisterone pivalate adjusted accord-
ingly. In our case, glucocorticoid supplementation and
mineralocorticoid treatment resulted in rapid clinical
and biological improvement. Prednisolone was tapered
and then stopped 6 months after surgery. The dose of
desoxycorticosterone pivalate was reduced to 1.3mg/kg
7 months after surgery and then stopped 1 month later.
No further administration was necessary, as electrolyte
concentrations remained normal and the cat was clini-
cally well.

Aldosterone promotes kaliuresis and increases peri-
pheral vascular resistance.!* Signs of hypokalaemia and /
or systemic hypertension are regularly observed with
hyperaldosteronism.'*1¢ In cats, persistent weakness
due to hypokalaemic polymyopathy is the most com-
mon clinical sign, with severe hypertension reported in
up to 85% of cases.!#1517-19
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Moderate to marked azotaemia and creatine kinase
increased activity may also be observed.?

The gold standard for diagnosing primary hyperaldo-
steronism is based on the association of clinical signs con-
sistent with hyperaldosteronism, increased basal plasma
aldosterone concentration, decreased plasma renin con-
centration and visualisation of an adrenal tumour.?-23

The use of plasma renin activity (PRA) helps differen-
tiate a primary vs secondary hyperaldosteronism. PRA
is below or within the reference intervals for primary
hyperaldosteronism, and is increased for hyperaldoster-
onism secondary to chronic renal disease, heart failure or
other conditions that stimulate the renin-angiotensin—
aldosterone system.

However, very few laboratories are able to measure
plasma renin activity and this was not available in our case.
Moreover, in our case, International Renal Interest Society
(IRIS) stage 3 chronic kidney disease was suspected and
could have led to a difficult interpretation of PRA.

The management of primary hyperaldosteronism in
cats starts with the medical management of electrolyte
disorders and hypertension using intravenous or oral
potassium supplementation and amlodipine.!® We also
chose to add spironolactone as a competitive antagonist
of aldosterone. In cats and dogs, medical treatment alone
allows an estimated survival time of 7 months to
2.5 years for adenoma or adenocarcinoma of the adrenal
gland with hyperaldosteronism.!%24

After medical stabilisation, adrenalectomy remains the
treatment of choice in both species and is associated with
the resolution of primary hyperaldosteronism and with
prolonged median survival in cats with a unilateral adre-
nal mass.!#162425 Survival rates have significantly improved
over the past 10 years: (60-80% between 2002 and 2013 vs
97% in 2023).1924% In our case, a nephrectomy was per-
formed as well as an adrenalectomy due to the size of the
tumour and its adhesion to the right kidney. Perioperative
and postoperative complications were not observed in our
case, but complications have been reported in 17-47% of
cases, including anorexia, vomiting, hyperthermia,
abdominal haemorrhage, acute renal failure, sepsis and
thromboembolism.”?4?5 The management of tumour
metastases and thrombi is important, as the presence of
thrombi can increase complications.?® Heparin and/or
clopidogrel 48-72h preoperatively is recommended; in our
case, the cat received enoxaparin 48 h and 24 h before sur-
gery, as well as on the day of the procedure.?” The median
postoperative survival is approximately 3.5 years, with our
case still alive 2.5 years after surgery.

Conclusions

To our knowledge, this case describes the longest-lasting
reported secondary hypoaldosteronism in a cat, after uni-
lateral adrenalectomy for an adrenal carcinoma with
hyperaldosteronism. Here, hypoaldosteronism resolved

9 months after surgery and required six injections of des-
oxycorticosterone pivalate. Although this complication is
rare in humans and cats, and most do not need long-term
medical management after unilateral adrenalectomy, this
case illustrates that some may need careful postoperative
monitoring for many months.
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