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Simple Summary: Primary hyperaldosteronism, also known as Conn’s syndrome, is one of the most diseases 
related to adrenal glands in elderly cats and are related to dysfunction of glomerular part of adrenal cortex. This 
systematic review describes the clinical presentation of this disease, and survival after surgery treatment. Nine 
studies with seventeen feline patients with primary hyperaldosteronisms were included and PRISMA guidelines 
were used to realize this systematic review. The results obtained show the most prevalent clinical signs are 
hypertension, renal failure, ocular problems, cardiovascular alterations, and nervous system defects. The 
surgical treatment usually has good results, decreasing aldosterone levels. 

Abstract: Background: The main of this study was to realize a systematic review of clinical features and 
prognosis factors associated to diagnosis and prognosis of primary hyperaldosteronism in cats. Methods: 
Clinical cases with hyperaldosteronism confirmed with histopathological analysis have been included. Studies 
without information about clinical confirmation, type of carcinoma or affected system were excluded. A total of 
nine studies with seventeen patients with primary hyperaldosteronisms were used for this systematic review. 
Results: All cats included presented hypertension, renal failure (34.48%), ocular problems (27,59%), 
cardiovascular alterations (24.14%) and nervous system defects (13.79%). High levels of blood pressure and 
serum levels of aldosterone are related to adenocarcinoma, whereas the potassium levels were lower than cats 
with adenoma or bilateral hyperplasia. Conclusions: In primary feline hyperaldosteronism, patients with 
adenocarcinoma show higher levels of aldosterone, higher blood pressure and lower potassium levels than 
patients with adenoma or nodular hyperplasia. Adrenocortical adenocarcinomas are more frequent in older cats 
than young, and these patients present several clinical signs, mainly renal failure, and ocular complications. 
Regardless of aldosterone levels, a favorable prognosis is associated with adrenalectomy. 

Keywords: aldosterone levels; adrenocortical adenocarcinoma; Conn syndrome; feline adenocarcinoma; 
hyperaldosteronism. 
 

1. Introduction 
Primary hyperaldosteronism (PHA), also known as Conn’s syndrome is the most common 

disease related to adrenal glands in cats [1]. This disease are related to dysfunction of glomerular part 
of adrenal cortex, where the mineralocorticoids are synthetized [2]. PHA is characterized by increase 
of aldosterone secretion, steroid hormone which regulates sodium, potassium, and intravascular 
fluids levels. Levels of aldosterone are usually regulated by  renin-angiotensin system [3], but in the 
PHA, aldosterone levels increases without renin-angiotensin system control [4]. Hypersecretion of 
aldosterone could be as result of adrenocortical hyperplasia or neoplasia, which are adenocarcinomas 
or unilateral adenomas frequently [5].  

Prevalence of PHA is high in elderly cats, and the most common clinical signs are elevated blood 
pressures, low potassium levels, and metabolic alkalosis, which produces muscle weakness, apathy, 
anorexia, and even blindness [6]. Diagnosis is carried out by measure of aldosterone plasma 
concentration or calculating the relationship between plasma levels of aldosterone and renin, so high 
levels of aldosterone plus low levels of renin indicated hypersecretion of aldosterone no related to 
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renin-angiotensin system, characteristic of PHA [1]. Other diagnosis method consists to 
administration of fludrocortisone, a synthetic corticosteroid with mineralocorticoid activity [7]. 
Fludrocortisone suppress the renin-angiotensin-aldosterone system, so oral administration for four 
days to healthy cats suppressed the urinary aldosterone-to-creatinine ratio [8]. A non-decrease 
aldosterone levels in urine and/or blood could be used as diagnosis of PHA in cats [9].  

The first-choice treatment in cats with PHA is adrenalectomy, but several patients presented 
adjacent structures invasion by tumor or metastasis [10]. In these cases, chemical treatment including 
antihypertensives, potassium supplement, and aldosterone inhibitors, is the best option [1,11]. 
Diagnostic imaging is necessary to differentiate between tumors and non-tumors mineralocorticoids 
excess and is used to identify neoplasia and to evaluate surgical or non-surgical treatment. However, 
limitations to conventional diagnostic imaging to choose the optimal treatment strategy exists [1]. 

The PHA is a underdiagnosed pathology in cats, with the prevalence is more elevated than other 
pets, since clinical signs are often confused with other disorders as chronic kidney disease [2]. For 
this reason, the diagnosis of PHA remains a challenge in veterinary medicine. 

The main of this systematic review is to describe the most common clinical presentation of PHA 
in cats, and to analyze the survival after surgery treatment. 

2. Materials and Methods 
To carry out this study, an online bibliographic search was performed between 2012 to 2022 for 

studies relating to clinical cases and treatment of feline PHA. The preferred reporting items for 
systematic reviews and meta-analysis (PRISMA) guidelines were followed to report this study. 
Articles were independently selected by two researchers (GR, SM). In case of disagreement, a third 
independent researcher (LL) was consulted. The search utilized the PubMed 
(hĴp://www.pubmed.gov/), Science Direct (hĴp://www.sciencedirect.com), Scopus 
(hĴp://www.scopus.com), and ISI Web of Science (hĴp://www.webofscience.com/wos/) databases, 
using the following terms: (primary AND Conn’s AND syndrome AND cat) OR (primary AND 
hyperaldosteronism AND cat).  

Analysis was restricted to the English and German language, and the abstract were reviewed to 
evaluate the relevance of study to the question. Experimental and observational studies, editorial and 
book chapters were excluded. Also, case reports without detailed description of studied variables 
were eliminated. Studies meeting these criteria were reviewed by the primary author following the 
algorithm show in Figure 1. 
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Figure 1. Flow diagram of study selection process. 

The following data were recorded to animals from each study: age, breed, sex, aldosterone and 
potassium levels, blood pressure, affected system (classified to cardiovascular, urinary, nervous, and 
ocular system), type of tumor (classified to adenocarcinoma, nodular hyperplasia, or adenoma), 
treatment (surgical or not surgical), and survival after six months of diagnosis. 

Statistical analysis was performed by SAS statistical package (North Carolina State University). 
Normality and homoscedasticity of the quantitative variables (aldosterone and potassium blood 
levels, and blood pressure). Relationship between quantitative variables was studied by ANOVA test, 
whereas relationship between qualitative variables (sex, age (between 5 to 10 years-group A, between 
11 to 15 years-group B, more than 15 years-group C), purebred and crossbreed, muscular weakness 
presence and type of tumor) was analyzed by Chi-square test. P-values < 0,05 were considered 
statistically significant. 

3. Results 
A total of 479 studies without duplicated records have been used. Of them, chapter of books 

(n=167), academic press (n=37), conferences of congress (n=51), wriĴen in other languages (n=13), 
related to other species (n=135) and other pathologies (n=51) were removed. In addition, studies 
without patient data or without pathological confirmation (n=11) were excluded. Fourteen studies 
with the inclusion criteria were identified (table 1).  

Table 1. Summary of studies with inclusion criteria included in the systematic review. 

Type of study Number of animals Reference 
Case report 1 [12] 

 2 [13] 
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 1 [14] 
 1 [14] 
 1 [15] 
 1 [16] 
 1 [17] 
 1 [18] 
 1 [19] 
 1 [20] 
 2 [21] 

Case series 7 [22] 
 10 [23] 

Clinical assay 9 [7] 
 
The total of animals included was 39. The epidemiological data of the cats included in this study 

shows in the table 2. Briefly, the most of cats included are males (61,54%), with age ranged from 11 
to 15 years old (58,97%) and around of 90% are crossbreed (short- or longhair). Related to biochemical 
data, the mean of aldosterone levels was 2124,19 ±1471,17 pmol/L, being the normal range between 
87 to 224 pmol/L. The blood potassium levels were 3,14 ± 0,44 mmol/L (normal range 3,5-5,8 mmol/L), 
and the mean of blood pressure was 198,45 ± 26,21 mmHg, with the normal range is 120-160mmHg. 

Table 2. Epidemiological data of animals included in this study. 

Variable Categories Number of cats (%) 
Gender Male 24 (61.54) 

 Female 15 (38.46) 
Age 5 to 10 years 10 (25.64) 

 11 to 15 years 23 (58.97) 
 More than 15 years 6 (15.38) 

Breed Crossbreed 35 (89.74) 
 Purebred 4 (10.26) 

Overall  39 (100) 
 
The blood potassium levels were statistically correlated with age and breed, being lower in 

elderly cats (more 15 years old) (figure 2A), and higher in crossbreed than purebred cats (figure 2B). 
Aldosterone levels only were statistically correlated with presence of muscular weakness, being 
higher in cats with muscular weakness (figure 2C). 
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Figure 2. Biochemical data related to epidemiological factors analyzed. A) Potassium levels (mmol/L) in age-
group A (between 7 to 10 years old), age-group B (between 11 to 15 years old) and age-group C (more than 15 
years old); B) Potassium levels (mmol/L) in purebred (P) and crossbreed (C) cats; C) Aldosterone levels (pmol/L) 
in cats with (Y) or without (N) muscular weakness. 

Muscular weakness appears in 56,41% of animals, and adenoma and adrenal adenocarcinoma 
are the most frequent cause of PHA development, being the percentage of affected animals 30,77 % 
for both types. Related to system affected, the most frequent affectation is in ocular system (47,07%), 
followed by urinary system affectation (34,48%) and cardiovascular system (24,14%). The 
neurological signs are low frequency (13,79%). In ocular system, retinal detachment and subsequent 
blindness appears in 62,5% of cats. The cardiovascular signs as gallop rhythms, tachycardia, systolic 
murmurs, and ventricular hypertrophy are described (table 3). 

Table 3. Clinical manifestations of animals included in the study. 

Muscular 
weakness

Type of tumor 
Affected system 

Referenc
e 

Ocular Urinary Cardiovascular Neurologic  

YES 
Adenocarcinom

a 

Hypertensiv
e 

retinopathy, 
bullous 
lesion in 
tapetal 
fundus, 
tortuous 
retinal 
vessels 

 
Systolic 

murmur grade 
III/IV 

 [12] 

NO 
Adenocarcinom

a (n=2) 
  

Systolic 
murmur grade 

III/IV (n=2), 
tachycardia 

(n=1) 

 [13] 
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YES 
Adenocarcinom

a 
 

Polyuria, 
polydipsia, 
azotemia  

  [5] 

NO 
Nodular 

Hyperplasia 
 

Interstitial 
nephritis, 

glomerulosclerosis
, and renal fibrosis 

Left ventricular 
hypertrophy, 

fibrosis of 
myocardium 

and blood 
vessels 

Multifocal 
intravascula
r thrombi in 

vessels of 
the 

brainstem 
and 

cerebellum 

[14] 

NO   Renal infarction 
Systolic 

murmur grade 
IV/V 

 [15] 

YES Adenoma   

Gallop rhythm, 
tachycardia, 
hypertrophic 

cardiomyopath
y 

 [16] 

YES 
Adenocarcinom

a 

Tortuous 
retinal 
vessels, 
partial 
retinal 

detachment 

Chronic kidney 
disease (IRIS II) 

Gallop rhythm, 
tachycardia, 
hypertrophic 

cardiomyopath
y 

Cervical 
ischemic 

myelopathy, 
ataxia 

[24] 

NO 
Adenocarcinom

a 
 

Bilateral 
hypertensive 
retinopathy 

Systolic 
murmur grade 

III/IV, left 
ventricular 

hypertrophy, 
tachycardia 

 [18] 

NO Adenoma     [19] 

NO  
Partial retinal 
detachment 

Azotemia 
Systolic 
murmur 

 [20] 

YES 

Adenoma (n=1), 
Nodular 

hyperplasia 
(n=1) 

 

Bilateral chronic 
renal inflammation 
and fibrosis (n=1), 

Azotemia (n=1) 

Cardiac and 
blood vessels 
hypertrophy 
and fibrosis 

(n=1) 

Multiple 
cerebral 
infarcts, 
posterior 

third ataxia 
(n=1) 

[21] 

NO 

Adenoma (n=4), 
Adenocarcinom
a (n=2), nodular 

hyperplasia 
(n=1) 

Retinal 
detachment 

and 
blindness 

(n=4), Retinal 
folds (n=1)  

Azotemia (n=3)   [22] 

YES 
Adenocarcinom

a (n=6), 
Adenoma (n=4) 

Retinal 
detachment 

and 
blindness 

(n=3) 

   [23] 

NO      [7] 
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With surgical treatment (adrenalectomy), the free survival after six months is 83,33%, whereas 

without surgical treatment, life expectancy is lower than six months in all cases, regardless of pre-
intervention aldosterone levels. 

4. Discussion 
In this systematic review, literature regarding the clinical signs, prognosis factors, treatment, 

and efficacy in feline PHA have been analyzed. This disease in more frequent in older cats. However, 
it is underdiagnosed because clinical signs are often confused with other disorders as chronic kidney 
disease. For this reason, this systematic review could serve to improve the decision tools for the 
diagnosis and treatment of this disease in feline veterinary medicine. 

A total of fourteen studies with 39 individual clinical cases have been included. Despite these 
small numbers, the quality of information provided, and the strict inclusion criteria used in this 
review, ensure concrete and effective conclusions for use in the feline PHA diagnosis and treatment. 
Epidemiological data shows that the most common patients with PHA are elderly (more than ten 
years old) and crossbreed animals. Mean values of aldosterone levels and blood pressure were 
elevated, whereas potassium levels were low comparing with normal standard range, according with 
the pathogenesis of disease. In fact, the renin-angiotensin-aldosterone system regulates blood 
pressure, and renal retention of sodium and water, so dysregulation of this system provokes high 
levels of blood pressure and low levels of potassium in blood [25,26]. Potassium has an 
antihypertensive effect by promoting sodium excretion, so low levels of potassium are reflected in a 
blood pressure increase [27]. 

Potassium levels are lower in cats with more than 15 years old. These results are in accordance 
with results observed in chronic kidney disease, where age is a relevant factor of hypokalemia [28]. 
Related to breed, crossbred cats show higher potassium levels than purebred cats. Up to now, no 
study relates potassium levels to feline breed, although some papers have found genetic factors 
associated with hypokalemia, mainly in Burmese breed [29] and in human [30]. Aldosterone levels 
only present correlation with muscular weakness, so that high levels of aldosterone increase the 
probability of suffering muscular weakness, typical clinical sign of PHA. This result indicate that an 
increase of aldosterone levels regardless renin-angiotensin system could be a prognostic factor of 
PHA development. Also, these levels are not related to age, sex, or breed, so could be a good 
prognostic factor. 

Type of tumor which provokes the PHA disease are not related with none of epidemiological or 
biochemical factors studied. According to results of [6], the most common tumor is adenocarcinoma, 
although nodular hyperplasia are underdiagnosed, so imaging diagnosis are not able to visualize 
adrenal gland mass.  

A 47,07% of cats presented ocular affectation, including retinal detachment. The retinal 
detachment is associated to elevated blood pressure, and other clinical ocular signs are related in 
PHA patients, as intraocular hemorrhages, hyphemia, and mydriasis, all related to blood pressure 
[6]. [31] found retinal detachment as the most common sign, and related hypertension with renal 
failure progression. The second system altered was urinary system. Likewise, [13] shows urinary 
system failure. However, lack correlation between blood pressure and renal failure indicates that 
other etiologies could be the cause, as hypokalemia, or increase of aldosterone or angiotensinogen II 
levels [5]. a continuous monitoring of renal function is necessary in these patients, regardless the 
blood pressure. An increase in aldosterone levels over time can cause fibrotic damage to the kidney 
and heart [1]. If aldosterone levels do not completely suppress the renin-angiotensin-aldosterone 
system, the increased of angiotensinogen II can trigger renal fibrosis, which could explain the urinary 
system alterations. The same mechanism is described as triggering fibrosis of the heart [6], explaining 
the cardiovascular problems encountered in our results. In addition to failures in the ocular, renal, 
and cardiovascular systems, the observed results also showed neurological problems associated with 
PHA, as ataxia, and multifocal intravascular thrombi around the brainstem and cerebellum. These 
neurological signs are related to chronic hypertension (Mau et al., 2020), and between 29 to 46% of 
hypertensive cats presents neurological failure [31]. Related to hypokalemia, other neurological signs, 
as hyporeflexia, ventroflexion of the neck, flaccid paresis, and muscle hypotonia has been described 
in the literature [6]. 
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If it is possible, the adrenalectomy is carried out, with free survival after six months in 83,33% of 
the cases. However, if the surgical treatment is not possible, the prognosis is lower, and in all the 
cases, the patients do not survive more than six months. These results are similar to human, where if 
surgical treatment is not possible, treatment with mineralocorticoid receptor antagonists is the 
election treatment [32]. Low-sodium diet is recommended to maintain a high-normal serum 
potassium concentration to mitigate the clinical signs [33]. This systematic review has limitations 
related mainly with the number of studies and the number of clinical cases included. This factor 
should be taken into account when interpreting the results of this systematic review.  

5. Conclusions 
In conclusion, the high prevalence of feline PHA is in elderly cats, and the most frequent clinical 

signs are polyuria, polydipsia, blindness, and muscular weakness. On physical examination, cardiac 
murmur and arrhythmias are common. Adenocarcinomas are the most usual cause, and provokes 
high aldosterone concentrations, hypertension, and low levels of potassium. These levels are 
statistically correlated to age and feline breed, whereas high levels of aldosterone could indicate 
muscular weakness. Finally, high levels of aldosterone are not related to survival after adrenalectomy, 
which is the treatment with beĴer prognosis. 
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