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Mulatero P et al. J Hypertens 2020

Consensus of the ESH Working Group on Endocrine Hypertension

,





The panel members were asked to prioritized 10 questions addressing the management of PA in adult individuals.

The 10 questions are presented using the PICO format

Population
Intervention
Comparator
Outcomes





Question 1. 
Should care that includes primary aldosteronism screening be applied to all individuals with hypertension, compared 

with care without screening?



7

AF, atrial fibrillation; HMOD, hypertension-mediated organ damage

ESC Hypertension Guideline McEvoy JW et al.,  Eur Heart J. 2024

ESC 2024



American College of Cardiology/American Heart Association 2025 Guideline 
for the Prevention, Detection, Evaluation and Management of High Blood Pressure in Adults

Circulation 2025

Stage 2 BP >140/90



Wilson JM & Jungner YG Principles and practice of mass screening for disease 

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



PA Prevalence in the General Hypertensive Population
and in Hypertensive Patients from Referral Centres



Hypertension 2022



Januszewicz A & Mulatero P, J Am Coll Cardiol 2022 Monticone S, Lancet DE 2018

Left Ventricular Hypertrophy 

Organ Damage in PA: Heart



Organ Damage in PA: Kidney

Monticone S, J Hypertens 2020eGFR

Microalbuminuria



Stroke CAD

Atrial Fibrillation Heart Failure

Lancet D&E 2018



Incident Composite Cardiovascular Events in Medically and Surgically Treated 

Primary Aldosteronism compared with Essential Hypertension
(primary outcome: myocardial infarction/coronary

revascularisation, hospitalization for heart failure, or stroke)

Vaidya A et al. Modified from 

Hundemer Lancet DE 2018 
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Primary Aldosteronism Treated with MR Antagonists 
such that PRA< 1.0 ng/mL/h

Essential Hypertension

Primary Aldosteronism Treated with MR 
Antagonists such that PRA ≥ 1.0 ng/mL/h
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Primary Aldosteronism Treated with 

Surgical Adrenalectomy

BAH N=602

APA  N=205

EH   N=41853



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



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



2021

1.6%

12.1%
(0.2%)

0.2%

0.54% screened

Testing for primary aldosteronism was 
associated with an average 1.47 mm Hg 

lower SBP over time, compared with no testing



Primary Aldosteronism Screening Among Individuals with Hypertension + Hypokalemia

Ontario – Canada
hypertension + hypokalemia
(potassium <3.5 mEq/L) 
from 2009 to 2015
cohort included 26 533 adults 
of which only 422 (1.6%) 
underwent PA screening

Hundemer GL, Hypertension 2022



SURVEY SIIA-ARCA: PA screening

[6] Which of the following patients, younger than 65, do you screen for PA with ARR?

Specialty

Monticone S, J Endocrinol Invest 2025



[6] Which of the following patients, younger than 65, do you screen for PA with ARR?

Specialty

SURVEY SIIA-ARCA: PA screening

Monticone S, J Endocrinol Invest 2025



How to Screen for PA 

Aldosterone (immunoassay, ng/dL) / DRC (mU/L) > 2.5

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



2024

1100 patients Suggested cut-off for
ARR 2-2.5 

(aldo in ng/dL and 
DRC in mU/L)



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



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



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



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



Screening Algorithm for Primary Aldosteronism in Hypertensive Individuals on Treatment

Mulatero P, J Clin Endocrinol Metab 2022



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



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



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



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



Confirmatory/Suppression tests



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

Ohno Y, Hypertension 2020



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



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

Buffolo F, Hypertension 2024



- Given the lack of a reliable reference standard for bilateral PA, 
the authors should have focussed on surgically treated patients 
alone.

-Conclusions invalid. BP reduction with MRA treatment should 
not be used as a reference standard for PA diagnosis

-Hypokalemia was not corrected prior to SSST (potential false 
negative results)

-Because circadian aldosterone secretion falls after midday, the 
SSST should commence by 8 a.m. and not “typically … between 
8 to 10 a.m.”. 10 a.m. is too late: by 2 p.m. aldosterone would 
have dropped substantially

-Leung et al. claim poor specificity but, after excluding patients 

in whom cortisol rose during SSST or renin was unsuppressed, 

at the recommended LC/MS-MS cutoff there were only 3 false 

positives out of 134 studies, a minimal extra burden on AVS 

services

Stowasser M, Ann Int Med 2025



From a cohort of 2482 with high probability features
32 of PA, they selected 531 who had both SSST and CCT.

Using a sensitive cut-off of 6 ng/dL for SST:
-97% with high probability PA were positive
-In clinically overt PA, the sensitivity was 98%. 
-The sensitivity for UPA was 98% 
-For pts biochemically cured sensitivity was 99% and 
100% for those clinically cured

Using a cut-off of 11 ng/dL for CCT:
-In clinically overt PA, the sensitivity was 95%. 
-For pts biochemically cured sensitivity was 97% and 
99% for those clinically cured

A negative SSST does not exclude mild bilateral PA. 
It certainly doesn’t preclude the use of MRA which 
should be encouraged in all patients with low renin 
hypertension. 
For these reasons, SSST does not lead to “missed 
opportunities” for targeted medical treatment.

Stowasser M, Eur J Endocrinol 2025



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



CT group, n= 235 patients
AVS group, n= 526 patients  

Follow-up at 6-12 months
Hypertension 2018



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





JAMA Network 2023

A cutoff value for lateralization index based on SUVmax at 10 minutes set at 1.65 displayed a 
specificity of 1.00 and sensitivity of 0.77.

The diagnostic concordance rate of PET-CT and AVS was 90 patients (90.0%) 
compared with 54 patients (54.0%) between traditional CT and AVS



Adrenal Aldosterone Synthase Expression Imaging in Primary Aldosteronism

Årstad E, New Engl J Med



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



Amiloride: the long forgotten drug

2025

Patients were randomized in a 1:1 

ratio to receive 12.5 mg/d of 

spironolactone  or 5 mg/d of 

amiloride. If home SBP remained 

>130 mmHg and serum K+< 5.0 

mmol/L after 4 weeks, dosages were 

increased to 25 mg/d and 10 mg/d, 

respectively. 

-13.6       -14.7 mmHg



New Treatment Options for Primary Aldosteronism

MEDICAL TREATMENT

Bilateral PA, not desired / failed surgery 
SURGICAL TREATMENT

Unilateral PA; difficult to control BiPA

Non steroidal MRAs

CYP11B2

Aldosterone Synthase Inhibitors

• Endoscopic, ultrasound-guided, 

radiofrequency ablation

• Percutaneous CT radiofrequency 

ablation

• Transvenous radiofrequency 

catheter ablation 

• Super-selective adrenal arterial 

embolization



Ocedurenone    Balcinrenone

Kintscher U, Bakris GL, Kolkhof P. Br J Pharmacol. 2022

Tested in PA

Available in Italy

Tested in PA

1960

Steroidal and non-Steroidal MRAs



Effects of Esaxerenone on blood pressure, urinary albumin excretion, serum levels of NT-
proBNP, and quality of life in patients with primary aldosteronism

Yoshida Y,
Hypert Res 2023

-11/7 mmHg-13/8 mmHg



2025

Spironolactone 20 mg (29 pts, 10 APA) vs Finerenone 20 mg (30 pts 5 APA) 

“Hypokalemia was not corrected in 2 pts treated with finerenone. Because most patients recruited had mild PA, the lack of 
protection by finerenone may be more evident in individuals with florid PA”



Finerenone – Real World data In Patients with PA

15 PA patients 
switched from eplerenone to finerenone

93% males; mean age 52.3±17.5 yrs
mean finerone dose 20 mg

Uslar T, Eur J Endocrinol 2025

Systolic and diastolic BP 
and non MRA DDD did not 

change



Lorundrostat
Mineralys

Baxdrostat
Astra-Zeneca

Dexfadrostat
Damian Pharma

Novel Aldosterone Synthase Inhibitors

Tested in PA

Vicadrostat
Boehringer

Tested in PA



Flack JM, N Engl J Med 2025

Phase 3 Trial of Baxdrostat in Uncontrolled or Resistant 

Hypertension (BaxHTN)

-9.8 mmHg
2mg SBP

placebo-

corrected

-3.9 mmHg
2mg DBP

placebo-

corrected

-5.1 mmHg
2mg SBP

placebo-

corrected



Turcu A, N Engl J Med 2025

- 24.9 

mmHg

Hypokalemia 

corrected in 5/5 

pts

ARR reduced by 

97.3%

11.4-fold

Serum [11-DOC] (ng/dL)

Plasma cortisol (µg/dL)

not 

reduced

Phase 2a study of Baxdrostat in Primary Aldosteronism (SPARK)



Launch-HTN of Lorundrostat for the Treatment of Uncontrolled or Resistant Hypertension

The Launch-HTN trial was a randomized, double-blinded, placebo-controlled Phase 3 trial, which enrolled eligible adult 
participants who failed to achieve their blood pressure goal despite being on two to five antihypertensive medications

Saxena M, JAMA 2025



The Advance-HTN trial was a randomized, double-blind, placebo-controlled Phase 2 pivotal trial that evaluated the 
efficacy and safety of lorundrostat for the treatment of confirmed uHTN or rHTN, when used as add-on therapy to an 
optimized background treatment of two or three antihypertensive medications in adult subjects 
(ARB: olmesartan 40 mg + diuretic: HCTZ 25 mg or indapamide 2.5 mg ± CCB: amlodipine 10 mg).

-8 mmHg

Lorundrostat Efficacy and Safety in Patients with Uncontrolled Hypertension (Advance-HTN trial)

Laffin LJ, N Engl J Med 2025

50 mg          50→100 mg



Placebo
run-in

Dexfadrostat phosphate 
4 mg QD (n = 12)

Dexfadrostat phosphate 
8 mg QD (n = 12)

Dexfadrostat phosphate 
12 mg QD (n = 12)

Post-
treatment 

placebo 
period

14 days 56 days 14 days

Enrollment
Randomization

Baseline
End of

Treatment
Safety

Assessments

-14

Office visits (day)



Dexfadrostat DP13C201: Primary Endpoints ARR and aSBP

DP13: all doses combined

0

10

20

30

40

50

60

70

Day 1 Day 56

A
R

R
 (

n
g

/d
L)

/(
m

U
/L

)

*

* Change: 92% reduction
Significance:  p < 0.0001

* Change: 11 mmHg reduction
Significance:  p < 0.0001

120

130

140

150

D ay 1 D ay 56

a
SB

P
 (

m
m

H
g)

DP13: all doses combined

*

143

132

15.3

0.6

Mulatero P. et al. eClinicalMedicine 2024
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Change in PAC in patients with unilateral or bilateral and undetermined disease

Mulatero P. et al. eClinicalMedicine 2024

Patients with APA Patients with BiPA or Und



Williams TA, Lancet Diabetes Endocrinology 2022

CLINICAL BENEFIT at 6-12 months 
follow-up 

- 81% following unilateral surgery
- 92% following bilateral surgery

Despite the persistence of 
aldosteronism, patients with absent 

biochemical success showed a 
marked reduction in systolic and 
diastolic blood pressure, and in 

antihypertensive medication 
dosage.

Adrenal surgery for bilateral Primary Aldosteronism



Lancet 2025

28 participants with left-sided APAs

• 57.2% complete biochemical success
• 25% absent biochemical success
• 25% had to repeat the procedure 



Study of efficacy of thermal ablation vs 

adrenalectomy is currently recruiting.

In the WAVE study, surgery is being compared 

to thermal ablation of left-sided and right-sided 

APAs by internal (endoscopic) and external 

(percutaneous) routes, respectively, and follow-

up extends to 2 years after each intervention. 



Super-selective adrenal arterial embolization

• Attempted in both UPA and BiPA

• No difference in overall clinical success was observed between the embolization 
and adrenalectomy groups

• Complete biochemical success was more frequent in the adrenalectomy group

Sun F, Hypertension Research 2023
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