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Abstract  

Primary aldosteronism (PA) is the most common potentially curable form of hypertension. The 

overproduction of aldosterone leads to an increased risk of cardiovascular and cerebrovascular 

events as well as adverse effects to the heart and kidney and psychological disorders. PA is mainly 

caused by unilateral aldosterone excess due to an aldosterone-producing adenoma or bilateral 

excess due to bilateral adrenocortical hyperplasia. The diagnostic work-up of PA comprises three 

steps: screening, confirmatory testing and differentiation of unilateral surgically-correctable forms 

from medically treated bilateral PA. These specific treatments can mitigate or reverse the increased 

risks associated with PA. Herein we summarise the prevalence, outcomes and current and future 

clinical approaches for the diagnosis of primary aldosteronism.  
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A) Introduction 

Primary aldosteronism (PA) is an endocrine form of hypertension first described by Jerome Conn in 

1955 in a young woman with an adrenocortical adenoma [1]. The characteristic features of PA are 

hypertension, overproduction of aldosterone and suppressed plasma renin. Once thought to be a rare 

disease with hypokalaemia a requisite for pursuing diagnostic work up, it is now widely accepted 

that PA is the most common form of endocrine hypertension with the majority of patients 

displaying normokalaemia [2]. Patients with PA have an increased risk of cardiovascular and 

cerebrovascular events, heart [3-8] and renal disease [7,9-13], diabetes, metabolic syndrome [8,14-

17] and a reduced quality of life [18-21]. These observations highlight the importance of an early 

diagnosis and appropriate treatment of PA which can reversed by specific surgical or medical 

treatment.  

 

The aldosterone excess originates from one or both adrenal glands (unilateral or bilateral PA) and 

may be caused by germline variants or arise sporadically [22,23]. The sporadic forms of PA 

predominate causing over 95-99% of all diagnosed cases of PA and are mainly due to a unilateral 

aldosterone-producing adenoma (APA) or bilateral adrenal hyperplasia (BAH, also called idiopathic 

hyperaldosteronism) [23]. Rarer forms of sporadic PA include unilateral adrenal hyperplasia (or 

primary adrenal hyperplasia) and the very rare aldosterone-producing carcinomas [24]. 

 

The optimal treatment for patients with unilateral PA is laparoscopic unilateral adrenalectomy, 

patients with bilateral PA are usually treated medically with a mineralocorticoid receptor (MR) 

antagonist. It is therefore essential that unilateral surgically-treatable forms of PA are accurately 

differentiated from bilateral PA. The recommended approach to differentiate unilateral from 

bilateral PA and to identify the adrenal for surgical resection is adrenal venous sampling (AVS) 

[25] although computed tomography (CT) is more widely used mainly due to technical difficulties 

and associated costs of AVS. The Endocrine Society clinical practice guideline for the management 
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of PA recommends three phases in the diagnostic work up of PA which comprise screening, 

confirmatory testing, and subtype differentiation [26].  

B) Prevalence 

Following the initial clinical description of PA, additional cases of PA were rapidly recognized 

[27]. At that time, PA was considered a rare disease comprising < 1% of patients with hypertension 

[28]. A screening test for PA was developed to measure the plasma aldosterone-to-renin ratio 

(ARR) [29] and the wider application of this screening test to include normokalaemic patients with 

hypertension in addition to those with hypokalaemia [30-32] resulted in a 5-15 fold increase in 

detection rates [2].  

 

Prevalence of PA in populations with hypertension 

Considerable variations have been reported in estimates of the prevalence of PA in populations with 

hypertension, partly due to the heterogeneity of the investigated population [33]. The prevalence of 

PA in the general population with hypertension was estimated as 2.6-12.7% [7,30,34-43], 

increasing with the severity of hypertension [7,35] and rising to 20% in patients with resistant 

hypertension [44]. Studies which assessed the incidence of PA according to hypertension grade 

reported a prevalence of 2.0-6.6% in grade I hypertension, 8.0-15.5% in grade II, and 11.8-19% in 

grade III [7,35,45]. The PATO (Primary Aldosteronism in TOrino) study prospectively screened a 

large cohort of 1672 unselected patients with hypertension in primary care using stringent 

diagnostic criteria and reported a prevalence of 5.9% of patients with a diagnosis of overt PA [7]. In 

the PATO study cohort, patients with bilateral disease comprised 65% of the total patients 

diagnosed with PA compared with 27% with unilateral PA; 8% had an undetermined subtype 

(unilateral vs. bilateral) because these patients either refused AVS or the AVS results were 

inconclusive [7]. The wide variance in the reported prevalence of PA in patients with hypertension 

in different studies is shown in Table 1.  
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In a study on screening for PA in 14 specialized hypertension centres, a conclusive diagnosis was 

made in 1125 of 1180 (95.3%) consecutively visited patients with hypertension. Unilateral APA 

was diagnosed in 54 of 1125 (4.8%) and BAH was found in 72 of 1125 (6.4%) patients. The use of 

AVS for subtype differentiation identified a higher prevalence of APA than BAH (62.5% vs 37.5%, 

P = 0.002) [45]. Käyser et al. [33] systematically reviewed 39 studies comprising 42510 patients 

with 36614 patients from hypertension units (26 studies) and 5896 patients from primary care 13 

studies) and reported a prevalence of PA in hypertension referral centres ranging from 0.7% to 

29.8% and from 3.2% to 12.7% in primary care. An additional 9 studies on the prevalence of PA in 

referred patients have since been published [33,46-54], bringing the median prevalence of PA in 

55045 referred patients with hypertension in all 36 studies to date to 7.0%. 

 

Prevalence of PA in special populations 

The Endocrine Society Clinical Guideline recommends screening for PA in patients with 

hypertension and obstructive sleep apnoea (OSA) because this category of patients appears to 

display a particularly high incidence of PA [26]. In a study on newly referred patients with 

hypertension, 34% of 53 patients with moderate-to-severe OSA were diagnosed with PA compared 

with an estimated frequency of 10% among patients with hypertension without sleep disorders [55]. 

A similar prevalence of PA (diagnosed by an elevated ARR) of 30% of 343 patients with OSA was 

reported in another study which identified 343 OSA affected patients from 3428 patients with 

hypertension [56]. It should be noted that polysomnography was not used to confirm OSA in all 

patients in the above studies which were also not designed from the outset to investigate the 

frequency of PA in patients with OSA and hypertension, thereby limiting the interpretation of 

results. In an ongoing prospective study aimed to evaluate the prevalence of PA in OSA patients, a 

diagnosis of OSA was confirmed in 91 patients by polysomnography [57]. Of these, 20.9% of 91 

patients were diagnosed with PA with a salt infusion test (SIT) compared with 7.3% (8 of 109) in 
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the group without OSA (P = 0.005). The incidence of PA was still relatively higher when patients 

with resistant hypertension were excluded. An elevated frequency of PA was shown in patients with 

increasing severity of OSA symptoms (severe vs. moderate OSA: 24.5% vs. 16.7%, P = 0.011) [57]. 

The positive correlation of PA and OSA in this prospective study underlined the necessity of 

screening for PA in patients with hypertension and OSA. 

 

Jerome Conn was the first to report impaired carbohydrate tolerance in patients with PA [58]. 

Several studies have since reported a high rate of type 2 diabetes and metabolic syndrome 

coincident with PA [6,14,16,17,59]. PA accounts for a significant proportion of patients in diabetic 

populations with hypertension, ranging from 11.3% to 14% [60-62], compared with 0.93% in the 

general population with diabetes reported in a multicentre cross-sectional study which 

consecutively screened 578 patients [63]. Available data to date were acquired from studies with 

either small cohort sizes or varied study methodologies, therefore large-cohort prospective 

investigations are required for prevalence evaluations, and more importantly, to provide evidence to 

determine if patients with type 2 diabetes especially with hypertension should be systematically 

screened for PA. 

 

The prevalence of PA in patients with adrenal incidentalomas has been evaluated in many studies, 

showing a median of 2% (range, 1.1-10%) [26], with a comparable prevalence in patients with 

unilateral and bilateral incidentalomas (4.3% vs 5.4%, P > 0.99) [64]. Therefore, the Endocrine 

Society Clinical Guideline recommends screening for PA in patients with incidentally discovered 

adrenal lesions [26]. 

 

C) Diagnosis 
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The higher prevalence of adverse effects in patients with PA relative to patients with EH highlights 

the importance for the early diagnosis of patients with PA including accurate subtype differentiation 

to assign the specific treatment option.  

 

 

Screening test 

Endocrine Society Clinical Practice Guideline recommends ARR screening test in patients with 

increased risks of PA: patients with resistant hypertension to ≥ 3 conventional antihypertensive 

drugs, hypertension and hypokalemia (spontaneous or diuretic induced), hypertension and an 

adrenal incidentaloma, hypertension and a family history of early-onset hypertension or 

cerebrovascular accident at age < 40 years, hypertension and sleep apnea, patients with sustained 

blood pressure > 150/100 mmHg, or all first-degree relatives of patients with PA [26]. In total, 

around 50% of the hypertensive population should be screened. 

 

It has been suggested that all patients with hypertension should be screened for PA [65]. One 

supporting example was a 10-fold elevated diagnostic rate of PA achieved in several hypertension 

units in Australia applying such policy [66]. Similarly, an increased screening intensity programme 

in Germany resulted in a higher diagnosis of patients with mild symptoms [67]. However, to date 

there is no compelling evidence to show the benefits from systematic screening considering the 

associated costs and burden on health systems. 

 

Before screening by the ARR test, if hypokalemia is present, it should be corrected to the normal 

range (around 4.0 mmol/L), and patients should be encouraged to liberalize sodium intake (≥ 5g 

NaCl/day) [26,68]. Antihypertensive medication including potassium-wasting or -sparing diuretics 

and products derived from liquorice should be withdrawn for 4 weeks. Two-week withdrawal of 

dihydropyridine calcium channel antagonists, angiotensin-converting enzyme inhibitors, 
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angiotensin receptor blockers, central α-2 agonists, β-adrenergic blockers and renin inhibitors is 

recommended. Verapamil, hydralazine or α-adrenergic blocker including prazosin/terazosin 

hydrochloride can be chosen as substitute [26,68]. However, adjustment of antihypertensive therapy 

is sometimes impractical and may cause severe side effects [69]. Without the replacement, 

interpretation of ARR is possible as long as renin remains suppressed [70]. Thus, omission of the 

medical discontinuity has been suggested [71]. Under such circumstances, antihypertensive 

treatment is only substituted when renin is not suppressed but the ARR and index of suspicion are 

high after the first screening [71].    

 

The assessment of the ARR is based on the measurement of plasma aldosterone concentration 

(PAC) and plasma renin activity (PRA) or direct renin concentration (DRC) [26]. The technique of 

liquid chromatography-tandem mass spectrometry (LC-MS/MS) offers a new option to assess the 

ARR by measuring PAC and plasma renin concentration. It reached a high accuracy in 

differentiating patients with PA from those with EH [72,73]. 

 

Confirmatory testing 

There are four available confirmation tests: oral salt loading test (SLT), SIT, fludrocortisone 

suppression test (FST), and captopril challenge test (CCT) (summarised in Table 2). Further details 

are provided in the Endocrine Society Clinical Practice Guideline which recommends diagnosing 

PA based on ≥ 1 confirmatory tests, while patients with spontaneous hypokalemia and high PAC (> 

20 ng/dL or > 550 pmol/L) relative to suppressed renin below detection levels can bypass 

confirmatory testing [26,68].  

 

SIT and SLT are not applicable in patients with severe uncontrolled hypertension, renal 

insufficiency, cardiac arrhythmia or severe hypokalemia due to acute volume overload which may 

cause cardio-cerebrovascular events [26,74]. Because aldosterone levels increase in the upright 
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position in nearly all patients with bilateral PA and in up to half of patients with unilateral PA [75], 

the seated position instead of recumbence during saline infusion is suggested as a more effective 

approach [75,76]. The cut-off value for seated saline suppression testing (SSST) was determined as 

162 pmol/L after comparing results of FST and SSST in 100 patients with PA which attained a 

higher sensitivity (87%) than that of recumbent saline suppression testing (38%) without 

compromising specificity (94% vs 94%) [75].  

 

FST is considered as the reference standard when comparing efficacy of confirmation tests due to 

its high reliability [75,76]. It is nevertheless the most complicated and labour-intensive (up to 5-day 

hospitalization), and is thus less available than SIT and CCT in hypertension units [77]. 

 

The CCT is advantageous in terms of simplicity and absence of risk of fluid overload and 

hypokalemia, whereas equivocal results have been reported [78]. A study performed comparisons 

of three tests (SIT, CCT and FST) in 135 patients with PA and 101 patients with EH, and identified 

that a cut-off of post-CCT PAC (11 ng/dL) resulted in a high diagnostic accuracy (a sensitivity of 

90% and specificity of 90%). SIT achieved a similar sensitivity (85%) and specificity (92%) when 

applying an optimised cut-off of post-SIT PAC (8 ng/dL), thus supporting CCT and SIT to be 

feasible alternatives to FST [79]. A meta-analysis systematically reviewed 26 articles with 3686 

patients showed similar pooled sensitivities of CCT (87%) and SIT (85%) with that of FST (87%) 

though the pooled specificities were both lower than the reference test (84%, 87% and 95%, 

respectively) [80]. 

 

Subtype differentiation 

Once the diagnosis of PA is established, adrenal imaging such as computed tomography (CT) or 

magnetic resonance imaging (MRI) is mandatory to exclude the rare but highly malignant disease 

adrenal carcinoma [26]. However, subtype differentiation of unilateral from bilateral PA cannot 
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solely rely on adrenal imaging because of the low sensitivity for detection of micro-APA <10 mm in 

diameter [26] and inability to provide functional information. Many studies have reported a low rate 

of correct subtype differentiation by imaging alone, ranging from 50-80% in patients with confirmed 

PA [81-84]. Only a restricted subgroup of patients can rely on CT for subtype differentiation [26] and 

evidence in support of this comes from two studies which achieved an accuracy of 100% in 

lateralisation among young patients (aged < 35 years) with CT appearance of a large nodule > 10 mm 

in diameter and normal contralateral adrenal gland, marked PAC (> 30 ng/dL) and spontaneous 

hypokalemia [84,85].  

 

AVS is endorsed by Endocrine Society guideline to differentiate unilateral from bilateral forms 

[26]. Prior to AVS, adjustment of antihypertensive medications follows the same principle in ARR 

screening however some evidence suggests that MR antagonist therapy may be continued during 

AVS provided that renin values remain low [86,87].  

 

AVS without stimulation of adrenocorticotropic hormone (ACTH) is performed in the early 

morning after patients have stayed at least 1 h recumbence to avoid confounding posture-induced 

stimulation of the RAS and increase success rate under a higher stimulation level of the morning 

ACTH [68,88]. By contrast, in AVS employing ACTH stimulation via either constant cosyntropin 

infusion (50 µg/h, started 30 min before AVS) or bolus (usually 0.25 mg), the procedure time is 

more flexible, and a less technical-demanding sequential catheterisation can be performed, as well 

as avoiding the risk of allergic reaction [89-91]. However, ACTH stimulation is administered in 

only about 40% of referral units worldwide due to concerns of lowering lateralization [92]. It was 

reported in a recent study that ACTH loading during AVS irrespective of approach improved the 

rate of successful cannulation from 67% to 89% and decreased lateralisation indices from 62% to 

28%, but did not interfere the clinical and biochemical success in patients with APA [93].  
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Selectivity index (SI) is calculated as the ratio of cortisol in the adrenal vein and in a peripheral vein 

and is used to confirm adequate cannulation of adrenal veins. There is no consensus on the 

standardized cut-off of SI. Most specialised centres adopt SI>2 to 3 in unstimulated AVS, and >3 to 

5 in AVS with ACTH stimulation [89,90]. A less stringent cut-off permits higher AVS success rate 

though it potentially compromises specificity [94]. Instead of altering cut-off of SI, a rapid intra-

procedure cortisol assay can promote success rate of catheterisation from 50%-73% to 85-97% [95-

98], and its efficacy is currently sought by a randomized prospective study [99]. Lateralisation 

index (LI) is calculated by aldosterone/cortisol ratio in ipsilateral adrenal venous sample corrected 

by that ratio in contralateral sample. Likewise, there is a wide variety of LI cut-off value in referral 

centres [100], and a LI cut-off of 4 was recommended for unstimulated AVS and 2 for ACTH-

stimulated AVS [89,90]. In patients with their LI falling into the range of 2-4, some centres employ 

contralateral ratio (CLR) calculated by aldosterone/cortisol ratio of contralateral adrenal vein 

corrected by that ratio of peripheral vein as a complement to define co-existing contralateral 

suppression (cut-off: CLR ≤ 1) [68,100]. Metanephrine, produced by the adrenal medulla, circulates 

at a much higher concentration and is less sensitive to stress than cortisol. Because of these 

properties, metanephrine is a useful alternative to cortisol for establishing AVS selectivity and 

performs better than cortisol during procedures without ACTH stimulation [101]. Further, for APAs 

with co-secretion of cortisol and aldosterone, cortisol may confound the interpretation of AVS 

results when used for the normalisation of blood dilution in unstimulated procedures and the 

assessment of lateralisation [102].  

 

D) Future approaches for subtype differentiation 

Novel approaches have been investigated in recent years to replace or serve as a conjunction with 

traditional methods in lateralisation. Positron emission tomography (PET)-CT using radiotracer 11C-

metomidate, an inhibitor of 11β-hydroxylase and aldosterone synthase, was demonstrated as a 

potential non-invasive alternative to AVS [103]. The high specificity and affinity of 11C-
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metomidate to CYP11B enzymes permit distinguishing cortical masses from medullary masses, and 

dexamethasone prior to imaging increased the difference of maximum standardised uptake values 

between tumour and normal adrenal by 25.6% (P < 0.01) which was absent in BAH, thereby 

differentiating unilateral from bilateral PA [104,105]. A recent study reported that a treatment 

decision based on 11C-metomidate PET-CT achieved biochemical cure in 2 of 4 patients with PA 

[106]. Radiotracer 68Ga-Pentixafor binding to chemokine receptor 4, which is overexpressed in 

APA [107], may serve as another alternative as long as uptake difference between unilateral and 

bilateral subtypes is proven.  

 

Mutated forms of the potassium channel KCNJ5 drive aldosterone excess in a large proportion of 

APAs [108]. In a recent development, macrolide antibiotics have been identified which inhibit 

KCNJ5 mutants and blunt the expression of CYP11B2 and aldosterone production in KCNJ5-

mutated adrenocortical and adenoma cells in vitro and ex vivo [109,110]. A study is now dedicated 

to assessing the utility of the macrolide antibiotics clarithromycin and roxithromycin during AVS or 

the diagnostic work-up of PA to identify patients with KCNJ5-mutated APAs [111].  

 

LC-MS/MS-based peripheral venous steroid profiling has shown potential utility for the 

classification of unilateral and bilateral forms of PA [112-114]. The use of LC-MS/MS in this 

respect is likely associated to the underlying genotype of APAs which can be predicted with 92% 

accuracy [115].   

 

E) Outcomes of treatment 

The potential reversal of adverse effects associated with PA after treatment have been intensively 

studied. LV hypertrophy can be reversed after surgical or medical management as demonstrated by 

a regressed rate of LV hypertrophy and LV mass index to levels comparable with optimally treated 

patients with EH [116]. A lower LV mass index in surgically-treated patients with PA compared 
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with MR antagonist therapy one year after initiation of treatment (P = 0.024) has been reported 

[117]. A retrospective cohort study compared cardiovascular outcomes between 602 patients with 

PA treated with MR antagonists and 41853 age-matched patients with EH at ten-year follow-up and 

reported an excess incidence of adverse outcomes including atrial fibrillation and mortality limited 

to patients with sustained suppressed renin activity (<1 μg/L per h) (adjusted hazard ratio [HR] 2.83 

[95% CI 2.11–3.80] and 1.79 [1.14–2.80], respectively, vs EH) [118].  

 

Evaluation of atrial fibrillation in 201 surgically-treated and 195 medically-treated patients with PA 

compared with 40092 age- and blood pressure-matched patients with EH with mean follow-up of 8 

years demonstrated a higher risk in medically-treated patients with sustained renin suppression (<1 

μg/L per h) (adjusted HR, 2.55 [95% CI, 1.75-3.71]). In contrast, medically-treated patients with 

elevated renin levels and patients with surgical therapy showed similar risks of atrial fibrillation 

relative to patients with EH [119]. The incidence of atrial fibrillation has also been prospectively 

assessed in patients with EH and patients with PA treated surgically or medically after a median of 

11.8 years. Both univariate (90.0% vs 97.8%, P=0.002) and multivariate analyses (HR, 1.82 [95% 

CI, 1.08–3.08]) showed that medically treated patients displayed a lower atrial fibrillation-free 

survival than patients with EH, whereas a similarity of survival rates was noted in adrenalectomized 

patients with PA and EH with optimal treatment [120]. 

 

A large population cohort study compared (mean follow up, 5.2 years) of 2367 patients with PA 

with diabetes excluded with 9468 propensity score-matched patients with EH and identified that the 

risk of newly developed diabetes was attenuated in patients with PA treated with unilateral 

adrenalectomy (HR 0.60, P < 0.01, vs EH). The decreased incidence of diabetes was also shown in 

surgically-treated patients with APA (n=596) relative to matched patients with EH (n=3016) (HR 

0.61, P < 0.001). In contrast, MR antagonist therapy had no protective effect from diabetes in 



 13 

patients with PA (including those with APA), and even resulted in an increased risk in patients with 

PA than those with EH (HR 1.16, P < 0.001) [121]. 

  

A study which retrospectively investigated renal parameters in 400 medically treated, 120 surgically 

treated patients with PA and 15474 age- and glomerular filtration rate-matched patients with EH 

showed that surgical removal of an APA mitigated the risk of chronic kidney disease to a level 

comparable to that in patients with EH (HR 0.71 [95% CI 0.39-1.30]). In contrast, the increased risk 

of chronic kidney disease was maintained in medically-treated patients with PA (HR 1.63 [95% CI 

1.33-1.99], vs EH) in whom the adjusted annual glomerular filtration rate continued to decline at a 

greater level compared with patients with EH (HR −1.6 [95% CI, -1.4 to -1.8] vs −0.9 [95% CI, -0.9 

to -1.0]) [122]. 

 

An international initiative using the Delphi method established a set of standardised criteria for the 

assessment of outcomes after surgical management of unilateral PA. The PASO (Primary 

Aldosteronism Surgical Outcome) study defines six different outcome levels (complete, partial and 

absent clinical or biochemical success). Clinical success was defined by blood pressure 

measurements and antihypertensive medication usage, biochemical success was determined by 

hormonal and biochemical parameters. Application of these criteria to an international cohort of 

patients determined complete clinical success in 37% and significant clinical benefits in 84% of 705 

patients. Partial and absent biochemical success was identified in 6% of 699 patients indicating 

persistent aldosteronism (or conceivably recurrence) despite successful AVS using stringent LI 

(ranging from 4.4 to 10) and total unilateral adrenalectomy [123]. Clinical remission (complete 

clinical success) after surgery can be predicted using a 25-point score developed by the PASO 

investigators (PASO score) based on 6 presurgical parameters (known duration of hypertension, 

sex, antihypertensive medication dosage, body mass index, target of organ damage and size of 

largest nodule at imaging). The use of the score was rendered user-friendly in an online tool (PASO 
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predictor) which applies an optimal cut-off of 16 points with an area under the curve of 0.839 to 

predict clinical remission after surgery with 79.2% accuracy (71.3% of sensitivity and 84.4% of 

specificity) [124]. A downloadable PASO predictor is available at: 

https://github.com/ABurrello/PASO-Predictor/raw/master/00 - PASO Predictor.xlsm.  

 

F) Summary and perspectives 

Powerful approaches for screening, confirmatory testing and lateralisation of aldosterone 

production have been developed for the diagnosis of PA. Despite this, PA remains underdiagnosed 

exposing these patients to an increased risk of cardiovascular, metabolic, renal and psychological 

complications. The screening of all patients with hypertension has been suggested by several 

experts but the increased burden on health systems warrants a cost-benefit analysis. Innovative 

approaches which may find an application in the future diagnostic work up of PA include molecular 

imaging to decrease invasive investigations, mass spectrometry to improve the specificity of the 

assays and harmonize the reference intervals between laboratories and macrolide antibiotics to 

characterize primary hyperaldosteronism linked to mutations in APAs. Adrenalectomy reverses the 

risk of specific complications associated with PA but medical treatment requires close surveillance 

for effective antagonism of the MR to avoid long-term complications. 
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Practice points 

• PA is a common endocrine cause of hypertension which can be surgically cured or treated 

with specific pharmacologic therapy  

• PA is underdiagnosed and individuals with untreated (or inappropriately treated) PA have an 

increased risk of cardiovascular events and target organ damage  

• Diagnosis of PA is achieved by a 3-step procedure comprising screening, confirmation 

testing and subtype differentiation 

• Screening is performed by assessment of the ARR in patients with a higher likelihood of PA 

• Confirmatory testing is necessary to demonstrate autonomous production of aldosterone  

• AVS is recommended to localize the overactive adrenal in patients who wish to pursue 

surgical treatment  

• AVS can be bypassed in patients with a unilateral adrenal mass (>10 mm diam) and a 

normal appearing contralateral gland with marked aldosterone excess and spontaneous 

hypokalaemia 

• Adrenalectomy for unilateral PA results in cure of hypertension in 37% of patients but 

significant clinical benefits are achieved in 84% 

• Titration of MR antagonist therapy to increase plasma renin levels may be an effective 

approach to avoid excess cardiovascular risk associated with medically-treated patients 
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Research agenda 

• Screening of all patients with hypertension maybe justified but a cost-benefit analysis is 

required considering the increased burden to health systems 

• Accurate methods to select patients with unilateral PA for adrenalectomy are needed to 

avoid AVS in medically-treated patients  

• Further research should define the utility of novel approaches such as mass spectrometry 

measurements, functional imaging and macrolide antibiotics in the diagnostic workup of 

PA 

 

References 

[1] Conn JW. Presidential address. I. Painting background. II. Primary aldosteronism, a new 

clinical syndrome. J Lab Clin Med 1955; 45: 3-17. 

*[2] Mulatero P, Stowasser M, Loh KC, Fardella CE, Gordon RD, Mosso L, et al. Increased 

diagnosis of primary aldosteronism, including surgically correctable forms, in centers from five 

continents. J Clin Endocrinol Metab 2004; 89: 1045-50. 

[3] Milliez P, Girerd X, Plouin PF, Blacher J, Safar ME, Mourad JJ. Evidence for an increased 

rate of cardiovascular events in patients with primary aldosteronism. J Am Coll Cardiol 2005; 45: 

1243-8. 

*[4] Catena C, Colussi G, Nadalini E, Chiuch A, Baroselli S, Lapenna R, et al. Cardiovascular 

outcomes in patients with primary aldosteronism after treatment. Arch Intern Med 2008; 168: 80-5. 

[5] Savard S, Amar L, Plouin PF, Steichen O. Cardiovascular complications associated with 

primary aldosteronism: a controlled cross-sectional study. Hypertension 2013; 62: 331-6. 

[6] Mulatero P, Monticone S, Bertello C, Viola A, Tizzani D, Iannaccone A, et al. Long-term 

cardio- and cerebrovascular events in patients with primary aldosteronism. J Clin Endocrinol Metab 

2013; 98: 4826-33. 



 17 

*[7] Monticone S, Burrello J, Tizzani D, Bertello C, Viola A, Buffolo F, et al. Prevalence and 

clinical manifestations of primary aldosteronism encountered in primary care practice. J Am Coll 

Cardiol 2017; 69: 1811-20. 

[8] Monticone S, D'Ascenzo F, Moretti C, Williams TA, Veglio F, Gaita F, et al. 

Cardiovascular events and target organ damage in primary aldosteronism compared with essential 

hypertension: a systematic review and meta-analysis. Lancet Diabetes Endocrinol 2018; 6: 41-50. 

[9] Ribstein J, Du Cailar G, Fesler P, Mimran A. Relative glomerular hyperfiltration in primary 

aldosteronism. J Am Soc Nephrol 2005; 16: 1320-5. 

*[10] Sechi LA, Novello M, Lapenna R, Baroselli S, Nadalini E, Colussi GL, et al. Long-term 

renal outcomes in patients with primary aldosteronism. JAMA 2006; 295: 2638-45. 

[11] Reincke M, Rump LC, Quinkler M, Hahner S, Diederich S, Lorenz R, et al. Risk factors 

associated with a low glomerular filtration rate in primary aldosteronism. J Clin Endocrinol Metab 

2009; 94: 869-75. 

[12] Sechi LA, Di Fabio A, Bazzocchi M, Uzzau A, Catena C. Intrarenal hemodynamics in 

primary aldosteronism before and after treatment. J Clin Endocrinol Metab 2009; 94: 1191-7. 

[13] Wu VC, Kuo CC, Wang SM, Liu KL, Huang KH, Lin YH, et al. Primary aldosteronism: 

changes in cystatin C-based kidney filtration, proteinuria, and renal duplex indices with treatment. J 

Hypertens 2011; 29: 1778-86. 

*[14] Fallo F, Veglio F, Bertello C, Sonino N, Della Mea P, Ermani M, et al. Prevalence and 

characteristics of the metabolic syndrome in primary aldosteronism. J Clin Endocrinol Metab 2006; 

91: 454-9. 

[15] Fischer E, Adolf C, Pallauf A, Then C, Bidlingmaier M, Beuschlein F, et al. Aldosterone 

excess impairs first phase insulin secretion in primary aldosteronism. J Clin Endocrinol Metab 

2013; 98: 2513-20. 



 18 

[16] Hanslik G, Wallaschofski H, Dietz A, Riester A, Reincke M, Allolio B, et al. Increased 

prevalence of diabetes mellitus and the metabolic syndrome in patients with primary aldosteronism 

of the German Conn's Registry. Eur J Endocrinol 2015; 173: 665-75. 

[17] Akehi Y, Yanase T, Motonaga R, Umakoshi H, Tsuiki M, Takeda Y, et al. High prevalence 

of diabetes in patients with primary aldosteronism (PA) associated with subclinical 

hypercortisolism and prediabetes more prevalent in bilateral than unilateral PA: a large, multicenter 

cohort study in Japan. Diabetes Care 2019; 42: 938-45. 

[18] Sukor N, Kogovsek C, Gordon RD, Robson D, Stowasser M. Improved quality of life, blood 

pressure, and biochemical status following laparoscopic adrenalectomy for unilateral primary 

aldosteronism. J Clin Endocrinol Metab 2010; 95: 1360-4. 

[19] Ahmed AH, Gordon RD, Sukor N, Pimenta E, Stowasser M. Quality of life in patients with 

bilateral primary aldosteronism before and during treatment with spironolactone and/or amiloride, 

including a comparison with our previously published results in those with unilateral disease treated 

surgically. J Clin Endocrinol Metab 2011; 96: 2904-11. 

*[20] Velema M, Dekkers T, Hermus A, Timmers H, Lenders J, Groenewoud H, et al. Quality of 

life in primary aldosteronism: a comparative effectiveness study of adrenalectomy and medical 

treatment. J Clin Endocrinol Metab 2018; 103: 16-24. 

[21] Reincke M. Anxiety, depression, and impaired quality of life in primary aldosteronism: why 

we shouldn't ignore it! J Clin Endocrinol Metab 2018; 103: 1-4. 

[22] Prada ETA, Burrello J, Reincke M, Williams TA. Old and new concepts in the molecular 

pathogenesis of primary aldosteronism. Hypertension 2017; 70: 875-81. 

[23] Perez-Rivas LG, Williams TA, Reincke M. Inherited forms of primary hyperaldosteronism: 

new genes, new phenotypes and proposition of a new classification. Exp Clin Endocrinol Diabetes 

2019; 127: 93-9. 

[24] Young WF, Jr. Diagnosis and treatment of primary aldosteronism: practical clinical 

perspectives. J Intern Med 2019; 285: 126-48. 



 19 

[25] Melby JC, Spark RF, Dale SL, Egdahl RH, Kahn PC. Diagnosis and localization of 

aldosterone-producing adenomas by adrenal-vein cateterization. N Engl J Med 1967; 277: 1050-6. 

*[26] Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, et al. The 

management of primary aldosteronism: case detection, diagnosis, and treatment: an Endocrine 

Society Clinical Practice Guideline. J Clin Endocrinol Metab 2016; 101: 1889-916. 

[27] Conn JW. Aldosterone in clinical medicine; past, present, and future. AMA Arch Intern 

Med 1956; 97: 135-44. 

[28] Ross, E.J. Aldosterone and aldosteronism. London: Whitefriars Press; 1975. 

[29] Hiramatsu K, Yamada T, Yukimura Y, Komiya I, Ichikawa K, Ishihara M, et al. A screening 

test to identify aldosterone-producing adenoma by measuring plasma renin activity. Results in 

hypertensive patients. Arch Intern Med 1981; 141: 1589-93. 

[30] Gordon RD, Klemm SA, Stowasser M, Tunny TJ, Storie WJ, Rutherford JC. How common 

is primary aldosteronism? Is it the most frequent cause of curable hypertension? J Hypertens Suppl 

1993; 11: S310-1. 

[31] Gordon RD, Stowasser M, Tunny TJ, Klemm SA, Rutherford JC. High incidence of primary 

aldosteronism in 199 patients referred with hypertension. Clin Exp Pharmacol Physiol 1994; 21: 

315-8. 

[32] Stowasser M. Primary aldosteronism: rare bird or common cause of secondary 

hypertension? Curr Hypertens Rep 2001; 3: 230-9. 

[33] Kayser SC, Dekkers T, Groenewoud HJ, van der Wilt GJ, Carel Bakx J, van der Wel MC, et 

al. Study heterogeneity and estimation of prevalence of primary aldosteronism: a systematic review 

and meta-regression analysis. J Clin Endocrinol Metab 2016; 101: 2826-35. 

[34] Loh KC, Koay ES, Khaw MC, Emmanuel SC, Young WF, Jr. Prevalence of primary 

aldosteronism among Asian hypertensive patients in Singapore. J Clin Endocrinol Metab 2000; 85: 

2854-9. 



 20 

[35] Mosso L, Carvajal C, Gonzalez A, Barraza A, Avila F, Montero J, et al. Primary 

aldosteronism and hypertensive disease. Hypertension 2003; 42: 161-5. 

[36] Omura M, Saito J, Yamaguchi K, Kakuta Y, Nishikawa T. Prospective study on the 

prevalence of secondary hypertension among hypertensive patients visiting a general outpatient 

clinic in Japan. Hypertens Res 2004; 27: 193-202. 

[37] Schwartz GL, Turner ST. Screening for primary aldosteronism in essential hypertension: 

diagnostic accuracy of the ratio of plasma aldosterone concentration to plasma renin activity. Clin 

Chem 2005; 51: 386-94. 

[38] Westerdahl C, Bergenfelz A, Isaksson A, Wihl A, Nerbrand C, Valdemarsson S. High 

frequency of primary hyperaldosteronism among hypertensive patients from a primary care area in 

Sweden. Scand J Prim Health Care 2006; 24: 154-9. 

[39] Williams JS, Williams GH, Raji A, Jeunemaitre X, Brown NJ, Hopkins PN, et al. 

Prevalence of primary hyperaldosteronism in mild to moderate hypertension without hypokalaemia. 

J Hum Hypertens 2006; 20: 129-36. 

[40] Fogari R, Preti P, Zoppi A, Rinaldi A, Fogari E, Mugellini A. Prevalence of primary 

aldosteronism among unselected hypertensive patients: a prospective study based on the use of an 

aldosterone/renin ratio above 25 as a screening test. Hypertens Res 2007; 30: 111-7. 

[41] Westerdahl C, Bergenfelz A, Isaksson A, Nerbrand C, Valdemarsson S. Primary 

aldosteronism among newly diagnosed and untreated hypertensive patients in a Swedish primary 

care area. Scand J Prim Health Care 2011; 29: 57-62. 

[42] Karashima S, Kometani M, Tsujiguchi H, Asakura H, Nakano S, Usukura M, et al. 

Prevalence of primary aldosteronism without hypertension in the general population: Results in 

Shika study. Clin Exp Hypertens 2018; 40: 118-25. 

[43] Kayser SC, Deinum J, de Grauw WJ, Schalk BW, Bor HJ, Lenders JW, et al. Prevalence of 

primary aldosteronism in primary care: a cross-sectional study. Br J Gen Pract 2018; 68: e114-e22. 



 21 

[44] Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB, Weissmann P. Hyperaldosteronism 

among black and white subjects with resistant hypertension. Hypertension 2002; 40: 892-6. 

[45] Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, et al. A prospective study of 

the prevalence of primary aldosteronism in 1,125 hypertensive patients. J Am Coll Cardiol 2006; 

48: 2293-300. 

[46] Noilhan C, Barigou M, Bieler L, Amar J, Chamontin B, Bouhanick B. Causes of secondary 

hypertension in the young population: A monocentric study. Ann Cardiol Angeiol (Paris) 2016; 65: 

159-64. 

[47] Galati SJ, Cheesman KC, Springer-Miller R, Hopkins SM, Krakoff L, Bagiella E, et al. 

Prevelence of primary aldosteronism in an urban hypertensive population. Endocr Pract 2016; 22: 

1296-302. 

[48] Wang L, Li N, Yao X, Chang G, Zhang D, Heizhati M, et al. Detection of secondary causes 

and coexisting diseases in hypertensive patients: OSA and PA are the common causes associated 

with hypertension. Biomed Res Int 2017; 2017: 8295010. 

[49] Yamashita T, Shimizu S, Koyama M, Ohno K, Mita T, Tobisawa T, et al. Screening of 

primary aldosteronism by clinical features and daily laboratory tests: combination of urine pH, sex, 

and serum K. J Hypertens 2018; 36: 326-34. 

[50] Van Der Sande NGC, Blankestijn PJ, Visseren FLJ, Beeftink MM, Voskuil M, Westerink J, 

et al. Prevalence of potential modifiable factors of hypertension in patients with difficult-to-control 

hypertension. J Hypertens 2019; 37: 398-405. 

[51] Chang CH, Hu YH, Huang KH, Lin YH, Tsai YC, Wu CH, et al. Higher screening 

aldosterone to renin ratio in primary aldosteronism patients with diabetes mellitus. J Clin Med 

2018; 7. 

[52] Kotliar C, Obregon S, Koretzky M, Botto F, Di Leva A, Boscaro M, et al. Improved 

identification of secondary hypertension: use of a systematic protocol. Ann Transl Med 2018; 6: 

293. 



 22 

[53] Eugenio Russmann ML, Delfino L, Fierro F, Santoro S, Perez M, Caruso G, et al. Primary 

aldosteronism: Aldosterone/renin ratio cut-off points. Endocrinol Diabetes Nutr 2019; 66: 361-7. 

[54] Gilani M, Asif N, Nawaz A, Akram A. Frequency of primary hyperaldosteronism in young 

hypertensives in a tertiary care setting of Rawalpindi. J Coll Physicians Surg Pak 2019; 29: 58-61. 

[55] Di Murro A, Petramala L, Cotesta D, Zinnamosca L, Crescenzi E, Marinelli C, et al. Renin-

angiotensin-aldosterone system in patients with sleep apnoea: prevalence of primary aldosteronism. 

J Renin Angiotensin Aldosterone Syst 2010; 11: 165-72. 

[56] Sim JJ, Yan EH, Liu IL, Rasgon SA, Kalantar-Zadeh K, Calhoun DA, et al. Positive 

relationship of sleep apnea to hyperaldosteronism in an ethnically diverse population. J Hypertens 

2011; 29: 1553-9. 

[57] Prejbisz A, Kolodziejczyk-Kruk S, Lenders JWM, Januszewicz A. Primary aldosteronism 

and obstructive sleep apnea: is this a bidirectional relationship? Horm Metab Res 2017; 49: 969-76. 

[58] Conn JW. Hypertension, the potassium ion and impaired carbohydrate tolerance. N Engl J 

Med 1965; 273: 1135-43. 

[59] Reincke M, Meisinger C, Holle R, Quinkler M, Hahner S, Beuschlein F, et al. Is primary 

aldosteronism associated with diabetes mellitus? Results of the German Conn's Registry. Horm 

Metab Res 2010; 42: 435-9. 

[60] Umpierrez GE, Cantey P, Smiley D, Palacio A, Temponi D, Luster K, et al. Primary 

aldosteronism in diabetic subjects with resistant hypertension. Diabetes Care 2007; 30: 1699-703. 

[61] Mukherjee JJ, Khoo CM, Thai AC, Chionh SB, Pin L, Lee KO. Type 2 diabetic patients 

with resistant hypertension should be screened for primary aldosteronism. Diab Vasc Dis Res 2010; 

7: 6-13. 

[62] Murase K, Nagaishi R, Takenoshita H, Nomiyama T, Akehi Y, Yanase T. Prevalence and 

clinical characteristics of primary aldosteronism in Japanese patients with type 2 diabetes mellitus 

and hypertension. Endocr J 2013; 60: 967-76. 



 23 

[63] Tancredi M, Johannsson G, Eliasson B, Eggertsen R, Lindblad U, Dahlqvist S, et al. 

Prevalence of primary aldosteronism among patients with type 2 diabetes. Clin Endocrinol (Oxf) 

2017; 87: 233-41. 

[64] Pasternak JD, Seib CD, Seiser N, Tyrell JB, Liu C, Cisco RM, et al. Differences between 

bilateral adrenal incidentalomas and unilateral lesions. JAMA Surg 2015; 150: 974-8. 

[65] Maiolino G, Calo LA, Rossi GP. The time has come for systematic screening for primary 

aldosteronism in all hypertensives. J Am Coll Cardiol 2017; 69: 1821-3. 

[66] Stowasser M, Gordon RD. Primary aldosteronism--careful investigation is essential and 

rewarding. Mol Cell Endocrinol 2004; 217: 33-9. 

[67] Heinrich DA, Adolf C, Rump LC, Quack I, Quinkler M, Hahner S, et al. Primary 

aldosteronism: key characteristics at diagnosis: a trend toward milder forms. Eur J Endocrinol 2018; 

178: 605-11. 

[68] Williams TA, Reincke M. MANAGEMENT OF ENDOCRINE DISEASE: Diagnosis and 

management of primary aldosteronism: the Endocrine Society guideline 2016 revisited. Eur J 

Endocrinol 2018; 179: R19-R29. 

[69] Fischer E, Beuschlein F, Bidlingmaier M, Reincke M. Commentary on the Endocrine 

Society Practice Guidelines: consequences of adjustment of antihypertensive medication in 

screening of primary aldosteronism. Rev Endocr Metab Disord 2011; 12: 43-8. 

[70] Rye P, Chin A, Pasieka J, So B, Harvey A, Kline G. Unadjusted plasma renin activity as a 

"first-look" test to decide upon further investigations for primary aldosteronism. J Clin Hypertens 

(Greenwich) 2015; 17: 541-6. 

[71] Byrd JB, Turcu AF, Auchus RJ. Primary Aldosteronism. Circulation 2018; 138: 823-35. 

[72] Baron S, Amar L, Faucon AL, Blanchard A, Baffalie L, Faucard C, et al. Criteria for 

diagnosing primary aldosteronism on the basis of liquid chromatography-tandem mass spectrometry 

determinations of plasma aldosterone concentration. J Hypertens 2018; 36: 1592-601. 



 24 

[73] Guo Z, Poglitsch M, McWhinney BC, Ungerer JPJ, Ahmed AH, Gordon RD, et al. 

Aldosterone LC-MS/MS assay-specific threshold values in screening and confirmatory testing for 

primary aldosteronism. J Clin Endocrinol Metab 2018; 103: 3965-73. 

[74] Hayashi R, Tamada D, Murata M, Mukai K, Kitamura T, Otsuki M, et al. Saline infusion 

test highly associated with the incidence of cardio- and cerebrovascular events in primary 

aldosteronism. Endocr J 2017; 64: 507-13. 

[75] Stowasser M, Ahmed AH, Cowley D, Wolley M, Guo Z, McWhinney BC, et al. 

Comparison of seated with recumbent saline suppression testing for the diagnosis of primary 

aldosteronism. J Clin Endocrinol Metab 2018; 103: 4113-24. 

[76] Ahmed AH, Cowley D, Wolley M, Gordon RD, Xu S, Taylor PJ, et al. Seated saline 

suppression testing for the diagnosis of primary aldosteronism: a preliminary study. J Clin 

Endocrinol Metab 2014; 99: 2745-53. 

[77] Pucci G, Monticone S, Agabiti Rosei C, Balbi G, Bertacchini F, Ragazzo F, et al. Diagnosis 

of primary aldosteronism in the hypertension specialist centers in Italy: a national survey. J Hum 

Hypertens 2018; 32: 745-51. 

[78] Mulatero P, Bertello C, Garrone C, Rossato D, Mengozzi G, Verhovez A, et al. Captopril 

test can give misleading results in patients with suspect primary aldosteronism. Hypertension 2007; 

50: e26-7. 

[79] Song Y, Yang S, He W, Hu J, Cheng Q, Wang Y, et al. Confirmatory tests for the diagnosis 

of primary aldosteronism: a prospective diagnostic accuracy study. Hypertension 2018; 71: 118-24. 

[80] Wu S, Yang J, Hu J, Song Y, He W, Yang S, et al. Confirmatory tests for the diagnosis of 

primary aldosteronism: A systematic review and meta-analysis. Clin Endocrinol (Oxf) 2019; 90: 

641-8. 

[81] Kempers MJ, Lenders JW, van Outheusden L, van der Wilt GJ, Schultze Kool LJ, Hermus 

AR, et al. Systematic review: diagnostic procedures to differentiate unilateral from bilateral adrenal 

abnormality in primary aldosteronism. Ann Intern Med 2009; 151: 329-37. 



 25 

[82] Lim V, Guo Q, Grant CS, Thompson GB, Richards ML, Farley DR, et al. Accuracy of 

adrenal imaging and adrenal venous sampling in predicting surgical cure of primary aldosteronism. 

J Clin Endocrinol Metab 2014; 99: 2712-9. 

[83] Dekkers T, Prejbisz A, Kool LJS, Groenewoud H, Velema M, Spiering W, et al. Adrenal 

vein sampling versus CT scan to determine treatment in primary aldosteronism: an outcome-based 

randomised diagnostic trial. Lancet Diabetes Endocrinol 2016; 4: 739-46. 

[84] Williams TA, Burrello J, Sechi LA, Fardella CE, Matrozova J, Adolf C, et al. Computed 

tomography and adrenal venous sampling in the diagnosis of unilateral primary aldosteronism. 

Hypertension 2018; 72: 641-9. 

[85] Umakoshi H, Ogasawara T, Takeda Y, Kurihara I, Itoh H, Katabami T, et al. Accuracy of 

adrenal computed tomography in predicting the unilateral subtype in young patients with 

hypokalaemia and elevation of aldosterone in primary aldosteronism. Clin Endocrinol (Oxf) 2018; 

88: 645-51. 

[86] Haase M, Riester A, Kropil P, Hahner S, Degenhart C, Willenberg HS, et al. Outcome of 

adrenal vein sampling performed during concurrent mineralocorticoid receptor antagonist therapy. J 

Clin Endocrinol Metab 2014; 99: 4397-402. 

[87] Nanba AT, Wannachalee T, Shields JJ, Byrd JB, Rainey WE, Auchus RJ, et al. Adrenal vein 

sampling lateralization despite mineralocorticoid receptor antagonists exposure in primary 

aldosteronism. J Clin Endocrinol Metab 2019; 104: 487-92. 

[88] Rossi GP. New concepts in adrenal vein sampling for aldosterone in the diagnosis of 

primary aldosteronism. Curr Hypertens Rep 2007; 9: 90-7. 

[89] Rossi GP, Auchus RJ, Brown M, Lenders JW, Naruse M, Plouin PF, et al. An expert 

consensus statement on use of adrenal vein sampling for the subtyping of primary aldosteronism. 

Hypertension 2014; 63: 151-60. 



 26 

[90] Monticone S, Viola A, Rossato D, Veglio F, Reincke M, Gomez-Sanchez C, et al. Adrenal 

vein sampling in primary aldosteronism: towards a standardised protocol. Lancet Diabetes 

Endocrinol 2015; 3: 296-303. 

[91] Yang Y, Reincke M, Williams TA. Treatment of unilateral PA by adrenalectomy: potential 

reasons for incomplete biochemical cure. Exp Clin Endocrinol Diabetes 2019; 127: 100-8. 

[92] Deinum J, Groenewoud H, Wilt GJV, Rossi G, Lenzini L. Adrenal venous sampling: 

cosyntropin stimulation or not? Eur J Endocrinol 2019; pii: EJE-18-0844.R2. 

[93] Takeda Y, Umakoshi H, Takeda Y, Yoneda T, Kurihara I, Katabami T, et al. Impact of 

adrenocorticotropic hormone stimulation during adrenal venous sampling on outcomes of primary 

aldosteronism. J Hypertens 2019; 37: 1077-82. 

[94] Mailhot JP, Traistaru M, Soulez G, Ladouceur M, Giroux MF, Gilbert P, et al. Adrenal vein 

sampling in primary aldosteronism: sensitivity and specificity of basal adrenal vein to peripheral 

vein cortisol and aldosterone ratios to confirm catheterization of the adrenal vein. Radiology 2015; 

277: 887-94. 

[95] Auchus RJ, Michaelis C, Wians FH, Jr., Dolmatch BL, Josephs SC, Trimmer CK, et al. 

Rapid cortisol assays improve the success rate of adrenal vein sampling for primary aldosteronism. 

Ann Surg 2009; 249: 318-21. 

[96] Betz MJ, Degenhart C, Fischer E, Pallauf A, Brand V, Linsenmaier U, et al. Adrenal vein 

sampling using rapid cortisol assays in primary aldosteronism is useful in centers with low success 

rates. Eur J Endocrinol 2011; 165: 301-6. 

[97] Hayden JA, Kwan SW, Valji K. Implementation of rapid cortisol during adrenal vein 

sampling. Hypertension 2014; 63: e88. 

[98] Page MM, Taranto M, Ramsay D, van Schie G, Glendenning P, Gillett MJ, et al. Improved 

technical success and radiation safety of adrenal vein sampling using rapid, semi-quantitative point-

of-care cortisol measurement. Ann Clin Biochem 2018; 55: 588-92. 



 27 

[99] Cesari M, Ceolotto G, Rossitto G, Maiolino G, Seccia TM, Rossi GP. The intra-procedural 

cortisol assay during adrenal vein sampling: rationale and design of a randomized study (I-Padua). 

High Blood Press Cardiovasc Prev 2017; 24: 167-70. 

*[100] Stowasser M, Gordon RD. Primary aldosteronism: changing definitions and new concepts of 

physiology and pathophysiology both inside and outside the kidney. Physiol Rev 2016; 96: 1327-

84. 

[101] Dekkers T, Deinum J, Schultzekool LJ, Blondin D, Vonend O, Hermus AR, Peitzsch M, 

Rump LC, Antoch G, Sweep FC, Bornstein SR, Lenders JW, Willenberg HS, Eisenhofer G. Plasma 

metanephrine for assessing the selectivity of adrenal venous sampling. Hypertension. 2013; 62: 

1152-7.  

[102] Goupil R, Wolley M, Ungerer J, McWhinney B, Mukai K, Naruse M, Gordon RD, Stowasser 

M. Use of plasma metanephrine to aid adrenal venous sampling in combined aldosterone and 

cortisol over-secretion. Endocrinol Diabetes Metab Case Rep. 2015; 2015: 150075.  

[103] Powlson AS, Gurnell M, Brown MJ. Nuclear imaging in the diagnosis of primary 

aldosteronism. Curr Opin Endocrinol Diabetes Obes 2015; 22: 150-6. 

[104] Burton TJ, Mackenzie IS, Balan K, Koo B, Bird N, Soloviev DV, et al. Evaluation of the 

sensitivity and specificity of (11)C-metomidate positron emission tomography (PET)-CT for 

lateralizing aldosterone secretion by Conn's adenomas. J Clin Endocrinol Metab 2012; 97: 100-9. 

[105] Naruse M, Umakoshi H, Tsuiki M, Yokomoto M, Tagami T, Tanabe A, et al. The latest 

developments of functional molecular imaging in the diagnosis of primary aldosteronism. Horm 

Metab Res 2017; 49: 929-35. 

[106] O'Shea PM, O'Donoghue D, Bashari W, Senanayake R, Joyce MB, Powlson AS, et al. (11) 

C-Metomidate PET/CT is a useful adjunct for lateralization of primary aldosteronism in routine 

clinical practice. Clin Endocrinol (Oxf) 2019; 90: 670-9. 



 28 

[107] Heinze B, Fuss CT, Mulatero P, Beuschlein F, Reincke M, Mustafa M, et al. Targeting 

CXCR4 (CXC chemokine receptor type 4) for molecular imaging of aldosterone-producing 

adenoma. Hypertension 2018; 71: 317-25. 

[108] Lenzini L, Rossitto G, Maiolino G, Letizia C, Funder JW, Rossi GP. A meta-analysis of 

somatic KCNJ5 K(+) channel mutations in 1636 patients with an aldosterone-producing adenoma. J 

Clin Endocrinol Metab 2015; 100: E1089-95. 

[109] Scholl UI, Abriola L, Zhang C, Reimer EN, Plummer M, Kazmierczak BI, et al. Macrolides 

selectively inhibit mutant KCNJ5 potassium channels that cause aldosterone-producing adenoma. J 

Clin Invest 2017; 127: 2739-50. 

[110] Caroccia B, Prisco S, Seccia TM, Piazza M, Maiolino G, Rossi GP. Macrolides blunt 

aldosterone biosynthesis: a proof-of-concept study in KCNJ5 mutated adenoma cells ex vivo. 

Hypertension 2017; 70: 1238-42. 

[111] Maiolino G, Ceolotto G, Battistel M, Barbiero G, Cesari M, Amar L, et al. Macrolides for 

KCNJ5-mutated aldosterone-producing adenoma (MAPA): design of a study for personalized 

diagnosis of primary aldosteronism. Blood Press 2018; 27: 200-5. 

[112] Satoh F, Morimoto R, Ono Y, Iwakura Y, Omata K, Kudo M, et al. Measurement of 

peripheral plasma 18-oxocortisol can discriminate unilateral adenoma from bilateral diseases in 

patients with primary aldosteronism. Hypertension 2015; 65: 1096-102. 

[113] Eisenhofer G, Dekkers T, Peitzsch M, Dietz AS, Bidlingmaier M, Treitl M, et al. Mass 

spectrometry-based adrenal and peripheral venous steroid profiling for subtyping primary 

aldosteronism. Clin Chem 2016; 62: 514-24. 

[114] Yang Y, Burrello J, Burrello A, Eisenhofer G, Peitzsch M, Tetti M, et al. Classification of 

microadenomas in patients with primary aldosteronism by steroid profiling. J Steroid Biochem Mol 

Biol 2019; 189: 274-82. 



 29 

[115] Williams TA, Peitzsch M, Dietz AS, Dekkers T, Bidlingmaier M, Riester A, et al. 

Genotype-specific steroid profiles associated with aldosterone-producing adenomas. Hypertension 

2016; 67: 139-45. 

[116] Rossi GP, Cesari M, Cuspidi C, Maiolino G, Cicala MV, Bisogni V, et al. Long-term control 

of arterial hypertension and regression of left ventricular hypertrophy with treatment of primary 

aldosteronism. Hypertension 2013; 62: 62-9. 

[117] Adolf C, Kohler A, Franke A, Lang K, Riester A, Low A, et al. Cortisol excess in patients 

with primary aldosteronism impacts left ventricular hypertrophy. J Clin Endocrinol Metab 2018; 

103: 4543-52. 

*[118] Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Cardiometabolic outcomes and 

mortality in medically treated primary aldosteronism: a retrospective cohort study. Lancet Diabetes 

Endocrinol 2018; 6: 51-9. 

[119] Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Incidence of atrial fibrillation 

and mineralocorticoid receptor activity in patients with medically and surgically treated primary 

aldosteronism. JAMA Cardiol 2018; 3: 768-74. 

[120] Rossi GP, Maiolino G, Flego A, Belfiore A, Bernini G, Fabris B, et al. Adrenalectomy 

lowers incident atrial fibrillation in primary aldosteronism patients at long term. Hypertension 2018; 

71: 585-91. 

[121] Wu VC, Chueh SJ, Chen L, Chang CH, Hu YH, Lin YH, et al. Risk of new-onset diabetes 

mellitus in primary aldosteronism: a population study over 5 years. J Hypertens 2017; 35: 1698-

708. 

[122] Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A. Renal outcomes in medically 

and surgically treated primary aldosteronism. Hypertension 2018; 72: 658-66. 

*[123] Williams TA, Lenders JWM, Mulatero P, Burrello J, Rottenkolber M, Adolf C, et al. 

Outcomes after adrenalectomy for unilateral primary aldosteronism: an international consensus on 



 30 

outcome measures and analysis of remission rates in an international cohort. Lancet Diabetes 

Endocrinol 2017; 5: 689-99. 

[124] Burrello J, Burrello A, Stowasser M, Nishikawa T, Quinkler M, Prejbisz A, et al. The 

primary aldosteronism surgical outcome score for the prediction of clinical outcomes after 

adrenalectomy for unilateral primary aldosteronism. Ann Surg Epub 2019 Jan 18. 

[125] Brown MA, Cramp HA, Zammit VC, Whitworth JA. Primary hyperaldosteronism: a missed 

diagnosis in 'essential hypertensives'? Aust N Z J Med 1996; 26: 533-8. 

[126] Lim PO, Dow E, Brennan G, Jung RT, MacDonald TM. High prevalence of primary 

aldosteronism in the Tayside hypertension clinic population. J Hum Hypertens 2000; 14: 311-5. 

[127] Rossi E, Regolisti G, Negro A, Sani C, Davoli S, Perazzoli F. High prevalence of primary 

aldosteronism using postcaptopril plasma aldosterone to renin ratio as a screening test among Italian 

hypertensives. Am J Hypertens 2002; 15: 896-902. 

[128] Stowasser M, Gordon RD, Gunasekera TG, Cowley DC, Ward G, Archibald C, et al. High 

rate of detection of primary aldosteronism, including surgically treatable forms, after 'non-selective' 

screening of hypertensive patients. J Hypertens 2003; 21: 2149-57. 

[129] Strauch B, Zelinka T, Hampf M, Bernhardt R, Widimsky J, Jr. Prevalence of primary 

hyperaldosteronism in moderate to severe hypertension in the central Europe region. J Hum 

Hypertens 2003; 17: 349-52. 

[130] Nishizaka MK, Pratt-Ubunama M, Zaman MA, Cofield S, Calhoun DA. Validity of plasma 

aldosterone-to-renin activity ratio in African American and white subjects with resistant 

hypertension. Am J Hypertens 2005; 18: 805-12. 

[131] Douma S, Petidis K, Doumas M, Papaefthimiou P, Triantafyllou A, Kartali N, et al. 

Prevalence of primary hyperaldosteronism in resistant hypertension: a retrospective observational 

study. Lancet 2008; 371: 1921-6. 



 31 

[132] Ribeiro MJ, Figueiredo Neto JA, Memoria EV, Lopes Mde C, Faria Mdos S, Salgado Filho 

N, et al. Prevalence of primary hyperaldosteronism in a systemic arterial hypertension league. Arq 

Bras Cardiol 2009; 92: 39-45. 

[133] Pedrosa RP, Drager LF, Gonzaga CC, Sousa MG, de Paula LK, Amaro AC, et al. 

Obstructive sleep apnea: the most common secondary cause of hypertension associated with 

resistant hypertension. Hypertension 2011; 58: 811-7. 

[134] Rios MC, Izquierdo A, Sotelo M, Honnorat E, Rodriguez Cuimbra S, Catay E, et al. 

[Aldosterone/renin ratio in the diagnosis of primary aldosteronism]. Medicina (B Aires) 2011; 71: 

525-30. 

[135] Sigurjonsdottir HA, Gronowitz M, Andersson O, Eggertsen R, Herlitz H, Sakinis A, et al. 

Unilateral adrenal hyperplasia is a usual cause of primary hyperaldosteronism. Results from a 

Swedish screening study. BMC Endocr Disord 2012; 12: 17. 

[136] Sang X, Jiang Y, Wang W, Yan L, Zhao J, Peng Y, et al. Prevalence of and risk factors for 

primary aldosteronism among patients with resistant hypertension in China. J Hypertens 2013; 31: 

1465-71; discussion 71-2. 

 



 32 

Table 1: Prevalence of PA in patients with hypertension. 

Study 

Study 

type 

Center 

Screened 

patients 

with HTN 

(N) 

Positive 

screen test 

(%) 

Positive 

conf. 

test (%) 

Subtype 

method 

APA: BAH 

(%) 

HypoK+ 

(%) 

Gordon et al (1993) [30] R PCC 52 11.5 11.5 CT/ AVS 33: 33 0 

Loh et al (2000) [34] P PCC 350 18 4.6 CT/ AVS 50: 50 37.5 

Mosso et al (2003) [35] R PCC 609 10.3 6.1 NA NA 2.7 

Omura et al (2004) [36] P PCC 1020 11.7 8.1 CT/ AVS 74: 20 24.6 

Westerdahl et al (2006) [38] P PCC 200 25 8.5 NA NA NA 

Williams et al (2006) [39] R PCC 347 19.6 3.2 NA NA Excluded 

Fogari et al (2007) [40] P PCC 3000 22.8 5.9 CT 30: 63 24.8 

Westerdahl et al (2011) [41] P PCC 200 18.0 5.5 CT/ AVS 27: 73 NA 

Monticone et al (2017) [7] P PCC 1672 13.9 5.9 CT/ AVS 27: 65 29.3 

Karashima et al (2017) [42] P PCC 82 40.2 3.7 NA NA NA 

Käyser et al (2018) [43] R PCC 343 21.6 2.6 NA NA NA 

Gordon et al (1994) [31] P RC 199 10.6 8.5 CT/ AVS 29: 35 Excluded 

Brown et al (1996) [125] P RC 74 8.1 2.7 NA NA Excluded 

Lim et al (2000) [126] R RC 465 16.6 8.8 NA NA 4.7 

Rossi et al (2002) [127] P RC 1046 12.8 6.3 CT 24: 76 NA 

Stowasser et al (2003) [128] P RC 300 19.7 18.0 CT/ AVS 28: 63 13.0 

Strauch et al (2003) [129] P RC 402 21.6 19.2 CT/ AVS 36: 42 NA 

Nishizaka et al (2005) [130] P RC 265 30.2 10.2 NA NA 40 

Douma et al (2008) [131] R RC 1616 20.9 11.3 NA NA 45.6 

Ribeiro et al (2009) [132] R RC 105 8.6 1.0 NA NA NA 

Pedrosa et al (2011) [133] P RC 125 11.2 5.6 CT 14:86 NA 

Rios et al (2011) [134] P RC 123 16.3 6.5 CT 25:75 50 

Sigurjonsdottir et al (2012) [135]  P RC 353 13.0 5.7 CT/ AVS 50:20 NA 

Sang et al (2013) [136] P RC 1656 29.8 7.1 CT/ AVS 33:26 52.5 

Galati et al (2016) [47] P RC 296 4.7 0.7 NA NA 0 

Gilani et al (2019) [54] R RC 80 10.0 10.0 NA NA NA 

APA, aldosterone-producing adenoma; AVS, adrenal venous sampling; BAH, bilateral hyperplasia; conf., confirmatory; CT, computed 

tomography; HTN, hypertension; HypoK+, hypokalaemia in patients with confirmed PA; N, number; NA, not available; P, prospective; PA, 

primary aldosteronism; PCC, primary care center; R, retrospective; RC, referral center. 



 33 

Table 2: Characteristics of four confirmatory tests. 

Confirmatory 

test 

Procedure Diagnostic cut-off values Advantage Disadvantage Sensitivity Specificity 

Method for 

increasing 

accuracy 

SIT 

0.9% saline infusion 

(2 L over 4 h) 

PAC> 5-10 ng/dL (140-280 pmol/L) Simple procedure 

①Risk of fluid overload and 

hypokalemia;  

②Low sensitivity 

73-92% [80] 72-97% [80] Seated SIT 

SLT 

6 g sodium chloride 

per day for 3 days 

Urinary Aldo> 12 µg/24h (33 nmol/24h) 

or >14 µg/24h (39 nmol/24h) 

Simple procedure 

①Risk of fluid overload and 

hypokalemia;  

②Low patient reliability for 

urine collection 

NA NA NA 

FST 

0.1 mg oral 

fludrocortisone every 

6 h for 4 days 

Upright PAC> 6 ng/dL (170 pmol/L) on 

day 4 at 10:00 with PRA< 1 ng/mL/h and 

plasma cortisol less than value at 07:00 

Most reliable 

Most complicated,  

labor-intensive and costly 

NA NA NA 

CCT 

25-50 mg oral 

captopril 

Decrease in PAC≤ 30% (or ARR> 200 

pg/mL/ng/mL/h) or Aldo (≥ 8.5 ng/dL or 

≥ 240 pM) and ARR≥ 30 ng/dL/ng/mL/h 

①Simple procedure; 

②No risk of fluid 

overload and 

hypokalemia 

Possibility of equivocal results 70-100% [80] 68-95% [80] 

Application of 

optimized cut-

off of PAC 

Aldo, aldosterone; ARR, aldosterone-to-renin ratio; CCT, captopril challenge test; FST, fludrocortisone suppression test; NA, not available; PAC, plasma aldosterone concentration; PRA, plasma 

renin activity; SIT, saline infusion test; SLT, oral salt loading test. 
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