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Continuum of Aldosterone Secretion



ARR Correlates with Vascular Stiffness
The Framingham Heart Study

Lieb W, Circulation 2009

Association between ARR and cardiac structure and function
The ARIC Study

Brown J, Hypertension 2022



Framingham Offspring Study COMPASS Study

Hu J, JAHA 2021



Subclinical Primary Aldosteronism and Major Adverse Cardiovascular Events: 
A Longitudinal Population-Based Cohort Study

Goupil R,
Circulation 2025



Mortality in Patients With Primary Aldosteronism: A Swedish Nationwide Study

(HR 1.23 [95% CI 1.10–1.38]; P=0.0004)

high [HRs] 1.8 [95% CI, 0.88–1.58]; P=0.2661) or low (HR, 1.30 
[95% CI, 1.02–1.66]; P=0.0365) doses of MRA and their matched controls.

patients with PA treated with adrenalectomy [HRs], 1.04 [95% CI, 0.77–1.42]; 
P=0.7850), mineralocorticoid receptor antagonists (MRA; HR, 1.23 

[95% CI, 1.02–1.496]; P=0.0278), or neither adrenalectomy nor MRA 
(HR, 2.51 [95% CI, 1.72–3.67]; P<0.0001)

Gkaniatsa E, Hypertension 2023



HISTALDO consensus

Williams TA, J Clin Endocrinol Metab 2021

Classical

Non- Classical



Classical histopathology of unilateral PA

Aldosterone-producing Adenoma (APA)
Well circumscribed CYP11B2-positive solitary neoplasm (≥ 10 mm diameter)

composed of clear or compact eosinophilic cells or both cell types

Biochemical success: complete Biochemical success: complete



Classical histopathology of unilateral PA

Aldosterone-producing nodule (APN) 
CYP11B2-positive lesion (<10 mm diameter)morphologically visible with hematoxylin-eosin staining. 

An APN often displays a gradient of CYP11B2 immunostaining decreasing in intensity from the 
outer to the inner part of the lesion.

Biochemical success: complete



Nonclassical histopathology of unilateral PA



Nonclassical histopathology of unilateral PA

Aldosterone-producing micronodule (APM) (formally known as aldosterone-producing cell cluster)
CYP11B2-positive lesion (<10 mm diameter)composed of zona glomerulosa cells located beneath adrenal capsule

 that do not differ in morphology from adjacent adrenocortical cells by hematoxylin-eosin staining. 
An APM often displays a gradient of CYP11B2 immunostaining decreasing in intensity 

from the outer to the inner part of the lesion.

Biochemical success: complete



Aldosterone-Producing Micronodules

Nanba K, Circulation 2017

aka APCCs (aldosterone-producing cell clusters)
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53-year old H&E

 

CYP11B2 

immunostaining

CONTINUOUS CYP11B2 

immunostaining

DISCONTINUOUS CYP11B2 

immunostaining

In normal human adrenal glands

o Accumulate with aging

o Potential source of age-related abnormal aldosterone physiology



Aldosterone-producing micronodules

CACNA1D

3% CACNA1D + ATP2B3

5% ATP2B3

3% ATP1A1

N = 61 APMs

Omata K et al., J Endocr Soc. 2017

Normal human adrenals

Nishimoto K et al., PNAS 2015

o APMs (aka APCC) common in normal human adrenals  

o Carry aldosterone-driver mutations (35% of 23 APMs)

o Somatic mutations in KCNJ5 were not identified in APMs 



Nanba K, Circulation 2017

SASSI is calculated by dividing s-aldosterone under Na+load 
(maximally suppressed aldo)

by the s-aldosterone under Na+restricted conditions 
(maximally stimulated aldo). 

A lower SASSI suggests normal aldo physiology
a higher SASSI indicates abnormal aldo physiology

CYP11B2 expression patterns in normal 
human adrenals across aging

Age and aldosterone dysregulation

Renin-angiotensin-aldosterone system 
pathophysiology in the elderly

Mulatero P, J Clin Endocrinol Metab 2020
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Aldosterone-Producing Micronodules and Idiopathic Hyperaldosteronism 
(Bilateral PA)

CYP11B2 immunohistochemistry and NGS of CT-undetectable adrenals from surgically-treated patients for bilateral PA 

• Non-nodular hyperplasia in 4 of 15 adrenals

• All 15 adrenals displayed aldosterone-producing
micronodules

Omata K, Hypertension 2018

APM

APM

APM

o Number of APMs and lesion area higher in IHA adrenals than 
normal adrenals

o Higher prevalence of aldosterone-driver mutations in APMs of 
IHA adrenals versus normal adrenals (57% versus 35%)



In situ MALDI-MSI identifies 2 distinct subgroups of 
aldosterone-producing micronodules

APM   Subgroup 1 APM   
Subgroup 2 

APA 

APM   subgroup 
1

APM   Subgroup 
2 

APM subgroup 1

APM subgroup 2

APA

Class

APM, aldosterone-producing micronodule (aka APCC); 
APA, aldosterone-producing adenoma

Enriched for pathways 
associated with cell 
proliferation

Sun N et al, Hypertension 2020



Aldosterone-Producing Micronodule/Adenoma 
Hybrid Lesions

Nishimoto K et al., J Clin Endocrinol Metab. 2016

CYP11B2-positive lesions with histologic
features characteristic of both APMs and APAs

• Subcapsular zona glomerulosa cells

• Inner zona fasciculata cells

• Interpreted as APMs transitioning to APAspAATL (possible APCC-to-APA Transitional Lesions)

CYP11B1

CYP11B2

CYP11B2

APM-to-APA



Nonclassical histopathology of unilateral PA

Aldosterone-producing diffuse hyperplasia (APDH)

Relatively broad and uninterrupted strip of zona glomerulosa cells with more than half of these cells displaying CYP11B2-positive 

immunostaining.

Biochemical success: partial
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ES PA Guideline: Adler G, Stowasser M et al, J Clin Endocrinol Metab. 2025

(ASi)

(ASi)



Mineralocorticoid Receptor Antagonists for the Treatment of Low-Renin Hypertension

Shah SS, 
J Hum Hypertens 2024

MRAs vs Diuretics

MRAs vs ACE.Is/ARBs



ES PA Guideline: Adler G, Stowasser M et al, J Clin Endocrinol Metab. 2025

(ASi)



Confirmatory/Suppression tests



Aldosterone Levels After Confirmatory Tests Are Correlated With LV Mass in Primary Aldosteronism

Ohno Y, Hypertension 2020



Long-Term Follow-Up of Patients With Elevated ARR but Negative Confirmatory Test: 
The Progression of Primary Aldosteronism Phenotypes

Buffolo F, Hypertension 2024



Captopril Challenge Test
post-CCT PAC level 
<10 ng/dL makes PA unlikely 

Seated Saline Suppression 
post-SST PAC level 
<7.8 ng/dL makes PA unlikely 

ES PA Guideline: Adler G, Stowasser M et al, J Clin Endocrinol Metab. 2025



Cut-off Levels for Confirmatory SIT

Aldosterone levels post-SIT with LC-MS/MS

0 1 2 3 4 5 6 7 8 9 10 ng/dL

Aldosterone levels post-SIT with CLIA

PALREH
0 1 2 3 4 5 6 7 8 9 10 ng/dL

0 28 55 83 110 139 166 195 222 250 277 pmol/L

0 28 55 83 110 139 166 195 222 250 277 pmol/L



ES PA Guideline: Adler G, Stowasser M et al,
J Clin Endocrinol Metab. 2025

(ASi)



Consequences of skipping suppression test

-ALL patients with positive ARR are considered PA (which cut-off?) →with liberal cut-offs 20-30% of 

patients with hypertension (and more than 5% of healthy subjects)

Consequences

-ALL patients with «liberal PA diagnosis» should udergo subtype diagnosis, including AVS: NOT 

feasable! → AVS limited availability, unilateral PA a minority

-ALL patients with «liberal PA diagnosis» should be treated with MRA/Asi/ENaCi

Patients with a «traditional PA» display an increased CV risk that is reduced by MRA/surgery

Unknown if patients with «liberal PA diagnosis» are at increased risk

Unknown if MRA/Asi/ENaCi reduce CV risk in patients with «liberal PA diagnosis»
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Medicina Interna 4 1988-2023                                                           Medicina Interna 3 2024-2025
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