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PHYSIOLOGIC HYPERALDOSTERONISM

Physiological renin-dependent hyperaldosteronism
secondary to intravascular volume depletion

Physiological renin-independent hyperaldosteronism
secondary to hyperkalemia



1mmol Na !! 180mmol 
Na

7800mg K 2700 mg K



PATHOPHYSIOLOGIC PRIMARY HYPERALDOSTERONISM
RENIN-INDEPENDENT ALDOSTERONISM (DESPITE VOLUME EXPANDED STATE)



REDEFINING THE DEFINITION OF 
PRIMARY HYPERALDOSTERONISM

* CURRENT GUIDELINES = BINARY CONCEPT * PATHOPHYSIOLOGIC APPROACH = CONTINUUM

Any renin-independent           
aldosterone production leads to

unneeded salt retention and is toxic
to cardiovascular tissues

(low renin = sodium-rich/volume expanded)

Williams et al. Eur J Endocrinol 2018



FLAWS OF ALDOSTERONE/RENIN RATIO

SINGLE SPOT = 
poor index of total daily aldosterone secretion

Siragy et al. JCE&M 2015

NO GOLD STANDARD

ARR, 
ng/dl per 
ng/ml/h 

PAC, 
ng/dl

PRA, 
ng/ml/h

≥ 40 ≥ 20 ≤ 0.50

≥ 30 ≥ 15 ≤ 1.0

≥ 20 ≥ 6 ≤ 0.50

Impact of ACTH



Yozamp et al. Hypertension 2021

A single normal ARR cannot exclude the
possibility of primary aldosteronism



*4 US medical centers

*Different populations across
blood pressure spectrum

DYNAMIC DIAGNOSTIC TEST

Oral NaCl suppression test

Renin suppressed

24h urinary aldosterone
=

renin-independent aldosterone
production

Overt Primary
Hyperaldo

= 
12mcg/24h

9.0% 15.7% 20.7% 24.0%

Sensitivity of ARR:                 26.9%                   22.2%                                  50.0%                                 27.6%



• The prevalence of primary aldosteronism is high and often missed using current
diagnostic approach

• There is a continuum of renin-independent aldosteron production that parallels
the severity of hypertension

• …role in the pathogenesis of ‘essential hypertension’



UNRECOGNIZED PRIMARY HYPERALDO
LESSONS FROM PATHWAY-2 TRIAL

Patients with resistant hypertension, treated with A+C+D (‘secondary hypertension’ excluded) => what is the best 4th drug?

Williams et al. Lancet 2015

Conclusion:   spironolactone is the most effective add-on drug in resistant hypertension



UNRECOGNIZED PRIMARY HYPERALDO
LESSONS FROM PATHWAY-2 TRIAL

Low renin with blood pressure reduction ++ with spironolactone
~ 

mild or unrecognized primary hyperaldosteronism

Williams et al. Lancet 2015



UNRECOGNIZED PRIMARY HYPERALDO
QUESTIONS RAISED BY PATHWAY-2 TRIAL

Williams et al. Lancet 2015

• How commonly does autonomous aldosteronism contribute to so called ‘essential’ 
hypertension?

• Should we always wait 3 classes of drugs and the development of resistant 
hypertension before starting spironolactone? 

• Should we screen earlier for low renin levels? And is the suppression of renin in 
hypertension sufficient to consider using an MR antagonist or amiloride? 

• Could early identification and treatment of this nonclassical phenotype of primary 
aldosteronism have prevented severe hypertension?



Vasan et al. NEJM 2004
Newton Cheh Hypertension 2007
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THE SEVERITY SPECTRUM OF PRIMARY HYPERALDO
A 

PROGRESSIVE DISORDER

Stowasser et al. Physiol Rev 2016

*MULTISYSTEMIC IMPACT OF HYPERALDO



CVA CAD

Afib Heart failure



WHO TO SCREEN AND HOW TO SCREEN?

OLD SCHOOL = TIP OF ICEBERG

WHO?

• Severe or drug resistant hypertension

• AHT with hypoK

• AHT and sleep apnea or adrenal mass

HOW?

• Aldosterone-Renin-ratio

RADICAL NEW APPROACH (BY DR. FUNDER) 

WHO?

• Every new diagnosis of hypertension

HOW?

• Plasma renin activity or concentration

• 24H urine aldosterone



New diagnosis of hypertension
=

Order PRA/PRC

PRA < 1 ng/ml/h or PRC <8 µIU/ml

=
Order 24h urine for aldosterone, 

Na+, K+

Urinary aldo 6-12 μg/24H = possible role for aldo

Urinary aldo <6μg/24H  = no PA

Urinary aldo >12μg/24h = confirmed PA

PRA >1ng/ml/h  or PRC >8 µIU/ml

=
No PA

= 
conventional antihypertensives

Trial spironolacton 25mg

Work up of PA



WORK UP PRIMARY HYPERALDOSTERONISM

FIRST QUESTION:
POTENTIAL SURGICAL CANDIDATE ?

SECOND QUESTION:
UNILATERAL OR BILATERAL DISEASE ?

MEDICAL THERAPY

NOYES



WORK UP PRIMARY HYPERALDOSTERONISM
SECOND 

SECOND QUESTION: UNILATERAL OR BILATERAL DISEASE

CT/MRI has little or no place in 

decision making on adrenalectomy



HOW SHOULD PRIMARY ALDOSTERONISM BE TREATED ?

Hundemer et al. Lancet Diab End 2017



HOW SHOULD PRIMARY ALDOSTERONISM BE TREATED ?

Hundemer et al. Lancet Diab End 2017

PRA < 1µg/l/h

PRA > 1µg/l/h



HOW SHOULD PRIMARY ALDOSTERONISM BE TREATED ?

←               Based on AVS          
→

Hundemer et al. Hypertension
2018



TAKE HOME MESSAGES

• BINARY  CONTINUUM

• ALDO-to-RENIN RATIO LACKS SENSITIVITY

• PREVALENCE IS UNDERESTIMATED

• DO NOT TRUST CT/MRI 

• MEDICAL TREATMENT  PRC = USEFUL BIOMARKER



EXTRA SLIDES





THE SEVERITY SPECTRUM OF PRIMARY
HYPERALDOSTERONISM





PROPOSED DIAGNOSTIC APPROACH



Yozamp et al. Hypertension 2021





APCC AND SOMATIC MUTATIONS

The underlying mechanism for autonomous aldosteronism, in almost every 
instance, is dictated by somatic mutations in ion channels that govern the 
cell membrane potential of zona glomerulosa cells

The initial insult may be this mutation that leads to a secretory abnormality 
resulting in ectopic and nonphysiologic aldosterone secretion. In this case, 
the suspected culprit may be the APCCs, which often harbor mutations in 
aldosterone-driver genes. These APCCs may display a phenotype of mild and 
autonomous aldosterone secretion that may also be vulnerable to acquiring 
further alterations that permit transformation to neoplastic and more severe 
autonomous aldosterone secretion (i.e., APA or bilateral adrenal hyperplasia)







PREVALENCE

• We strongly suggest that it is important to avoid excessive focus on specific 
prevalence statistics, because without a diagnostic histopathologic gold standard 
the somewhat arbitrary and varying criteria for positive screening and 
confirmatory testing can lead to wide prevalence ranges.

• the prevalence of a disease can be modulated by the risk of the population that is 
being tested and by how strictly the screening and confirmatory criteria are 
interpreted and evaluated. These points are particularly relevant for a disease 
such as primary aldosteronism, where a universal diagnostic gold standard to 
calibrate diagnostic testing is lacking



IDEAL RCT

• We believe that the debate and controversy about various laboratory cutoffs for 
the diagnosis of primary aldosteronism (such as the aldosterone–renin ratio or 
urinary aldosterone level) can best be addressed by evaluating whether patients 
with a biochemical diagnosis of primary aldosteronism have a superior benefit 
from such targeted treatment as spironolactone when compared with patients 
without this condition. We thus encourage clinical studies evaluating the 
biochemical definitions of primary aldosteronism in terms of their ability to 
identify patient groups with a substantial benefit in response to targeted 
treatment in order to guide us in clinical patient care.





-22mmHg

>6µg/24h



UNRECOGNIZED ‘MILD’ HYPERALDOSTERONISM

>12µcg/24h = overt PA?

>6µg/24H= mild PA?

PATHOPHYSIOLOGIC APPROACH
Any aldosterone secretion in the setting of 

renin suppression leads to
unwanted salt retention and volume 

expansion



FACTORS THAT MAY LEAD TO FALSE-POSITIVE OR FALSE-NEGATIVE 
ALDOSTERONE-RENIN RATIO RESULTS

Effect on Aldosteron Effect on Renin Effect on ARR
Medication

Betablokker ↓ ↓↓ ↑ (false positive)

Central agonist ↓ ↓↓ ↑ (false positive)

NSAID ↓ ↓↓ ↑ (false positive)

K+ wasting diuretic = ↑ ↑↑ ↓ (false negative)

K+ sparing diuretic ↑ ↑↑ ↓ (false negative)

ACE i/ARB ↓ ↑↑ ↓ (false negative)

Ca++ blokkers (DHP) =↓ ↑ ↓ (false negative)



FACTORS THAT MAY LEAD TO FALSE-POSITIVE OR FALSE-NEGATIVE 
ALDOSTERONE-RENIN RATIO RESULTS

Effect on Aldosteron Effect on Renin Effect on ARR
Potasium status

HypoK ↓ =↑ ↓ (false negative)

Potassium loading ↑ =↓ ↑ (false positive)

Dietary sodium

Sodium restriction ↑ ↑↑ ↓ (false negative)

Sodium loading ↓ ↓↓ ↑ (false positive)

Advancing age ↓ ↓↓ ↑ (false positive)

Premenopausal women vs men =↑ ↓ ↑ (false positive)

Renal impairment = ↓ ↑ (false positive)

Renovascular hypertension ↑ ↑↑ ↓ (false negative)

Malignant hypertension ↑ ↑↑ ↓ (false negative)



TESTING CONDITIONS

In some patients with severe PA, treatment with an MR antagonist cannot be safely discontinued; in this setting, 
PA-related testing can be pursued as long as renin is suppressed



CONFIRMATORY TESTING
THEY ALL ASK THE SAME QUESTION: CAN ALDOSTERONE SECRETION BE SUPPRESSED

• Four testing procedures (oral sodium loading, saline inf. usion, fludrocortisone suppression, and captopril challenge) are in common use. 
Definitive evidence that one single test is optimal is lacking, and there is still insufficient direct evidence to recommend one over all the 
others.



CONFIRMATORY TESTING



ADRENAL VENOUS SAMPLING

• CT imaging not always accurate or sensitive enough, older patients can have incidentalomas

• May use cosyntropin stimulation 

• » Minimize stress-induced changes 

• » Maximize aldosterone and cortisol production

• Always considering aldosterone:cortisol ratios

• Correct spot: Cortisol adrenal vein/Cortisol IVC >3 desired

• Which side is worse: A:C ratio high side/A:C ratio low side = >4 suggests surgery 
is good option


