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OBJECTIVES

1. To provide an overview of primary aldosteronism (PA).
2. To describe the under-recognized continuum of PA.

3. To discuss the pitfalls of traditional diagnostic pathways in
PA.

4. To detail novel treatment approaches in PA.
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SECONDARY (RENIN-DEPENDENT) ALDOSTERONISM

Intravascular
Volume Depletion

Na+CI-Hc03-
Urine/
Luminal Side
Proximal Coyvoluted Loop/of Henle & Principal Intercalated
Tubul Distal gonvoluted Tubule | MR | Cell Cell
Blood/

SUMMARY: Renin-Dependent Aldosteronism due to Volume Depletion
*Optimal Na* Reabsorption/Volume Expansion

*Decreased Distal Na* Delivery

*Minimal K* Excretion

aocr Rev 2018

YANOMAMI

https://www.telegraphindia.com/health/keep-away-blood-pressure-diabetes-the-yanomami-way/cid/1679249
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YANOMAMI
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Vaidya et al., Endocr Rev 2018

Brazilian Pit Viper
(Bothrops jararaca)

ACE Inhibitor

“Over thousands of years, the same environmental
pressures that forced Yanomami and other terrestrial
animals to evolve a hyperactive RAAS, also led Bothrops
jararaca to conserve an efficient killing mechanism that
targeted its enemies’ haemodynamic vulnerabilities. The
bradykinin-potentiating peptides that would become the
first ACEi’s were, in essence, the viper’s weapon of choice
in a predator-prey arms race.”

Ciolek et al., PNAS 2017 https://en.wikipedia.org/wiki/Bothrops_jararaca
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PRIMARY (RENIN-INDEPENDENT) ALDOSTERONISM

Chronic Intravascular Increased Distal Na* Delivery

Volume Expansion Na* o Na* K*
Na*CrrHCo,

Urine/
Luminal Side

BN |

Proximal Cavo/uted Loop@ Henle & Principal Intercalated
Tubuld Distal Scﬂwo/uted Tubule | MR | Cell Cell
1

SUMMARY: Vicious Cycle Leads to

P Distal Na* Delivery

*M P Na* Reabsorption/Volume Expansion/Blood Pressure
M K*/H* Excretion (Hypokalemia/Metabolic Alkalosis)

vaiaya et al., Endocr Rev 2018

ADVERSE OUTCOMES IN UNTREATED PA
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Therefore, early diagnosis and targeted therapy (MRA/adrenalectomy) are essential.

Monticone et al., Lancet D&E 2018
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ADVERSE OUTCOMES IN UNTREATED PA

Long-term health impact of primary aldesteronism

Cardiovascular disease risk
Coronary artery disease
Congestive heart failure
Left ventricular hypertrophy
Atrial fibrillation
Stroke
Cardiovascular mortality

Kidney disease risk
Glomerular hyperfiltration
Accelerated decline in glomerular filtration rate
End-stage kidney disease
Proteinuria

Metabolic disease risk
Type 2 diabetes mellitus
Metabolic syndrome/obesity
Obstructive sleep apnea

Osteoporosis/fractures

Vaidya et al., Am ] Hypertens 2022
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HOW COMMON IS PA?

Complicated question that depends on:
1. Population studied

2. Study setting

3. PA disease definitions

Vaidya et al., Am ] Hypertens 2022
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HOW COMMON IS PA?

CENTRAL ILLUSTRATION: Prevalence and Clinical Outcomes of PA in Pa-
tients With Newly Diagnosed Hypertension

A Prevalence of Primary Aldosteronism (PA) and Probable PA

9% 1
8% A
7% 4
6% A
5% A
4% A
3% 4
2% 4
1% 4
0%

Stage 1 Stage 2 Stage 3
®mPA mNon-PA m Probable PA mPA mProbable PA

Xu et al., ] Am Coll Cardiol 2020
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HOW COMMON IS PA?

-

ocB85883888

Magnitude of
renin-independent
aldosterone
production

1 1% 6%  22% 22%
]

n=1015 participants
completed an
oral sodium
suppression test

0 50100150200 0 50 0 50 100150 O 50 100 150
Untreated Untreated Untreated Untreated
Normotension Stage 1 Stage 2 Resistant

24-h Urinary Aldosterone Excretion, ug

Participants, n

* Continuum of renin-independent aldosterone production parallels
blood pressure severity

* Primary aldosteronism prevalence is high

Brown et al., Ann Int Med 2020
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TRADITIONAL PA ALGORITHM

Suspect PA

Screen: Assess Aldosterone and Renin (ARR)

[ confirmatoryTesting_]

| Lateralization: Imaging (CT/MRI) |
I

| Surgery Desired |

| Lateralization: AVS |
1 1
| Unilateral | | Bilateral |

Surgical Therapy Medical Therapy with
(Laparoscopic Adrenalectomy) MR Antagonist

Vaidya et al., Endocr Rev 2018
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CONTINUUM OF PA
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TRADITIONAL VIEW OF PAIN HTN
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Hundemer et al., Am ] Hypertens 2025
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PATHWAY-2

1509
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148 —— Doxazosin 4-8 mg
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Baseline Placebo Spironolactone Doxazosin Bisoprolol 30 '
(ne314) (n=274) 2550 mg 48mg 510mg T 10 100 1000
(n=285) (n=282) (n=285) .
Renin (mU/L)
Williams et al., Lancet 2015
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PATHWAY-2

Probability of treatment being best

Renin

Daoxazosin [ 95%Cl ~------ Bisoprolol [0 95%Ci -~ Spironolactone O 95%CI
Placebo [0 95%CI

Vertical lines are quintiles of the baseline renin distribution

Williams et al., Lancet 2015
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PATHWAY-2

Change in systolic blood pressure (mm Hg)
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Williams et al., Lancet D&E 2018
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CONTINUUM OF PA PATHOPHYSIOLOGY

Cardiovascular risk

Disease

Obvious clinical syndrome of
excessive MR activation?

Biochemical confirmation of PA
using classical criteria?

Current threshold to
screen for PA

|
1Severe/resistant

'
Current threshold for ! hypertension
i of PA Wild-to
nsion
Normotension

“Clinically relevant” phenotype of
autonomous aldosterone secretion

Normotension
(without overt PA)

|
|

Lower

“Subclinical” o “non-classical®
primary aldosteronism

No

No

— o

“Unrecognized yet biochemically

overt P “Overt PA*
No Yes
Yes Yes

Vaidya et al., Endocr Rev 2018
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UNRECOGNIZED YET BIOCHEMICALLY OVERT PA

PA Confirmatory Testing 5 years follow-up 11/13 (85%)with PA
» —_— developed HTN

13 with confirmed PA ’M

100 Greek Normotensives (13%) 20/87 (23%) without PA
developed HTN

| OR=18.4 (3.7, 90.1) |

Markou et al., JCEM 2013
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SUBCLINICAL PRIMARY ALDOSTERONISM
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Increase in Blood Pressure Hypertension
Vasan et al., NEJM 2004
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SUBCLINICAL PRIMARY ALDOSTERONISM

oz BP Progression

o Incident HTN

Newton-Cheh et al., Hypertension 2004
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SUBCLINICAL PRIMARY ALDOSTERONISM

Renin-independent aldosterone production present in:
» ~1/3 of individuals with HTN
» ~1/5 of individuals with normal BP

Leads to:

* 1 MR activation
* 1 Kaliuresis

« 1 BP/HTN

Does it lead to worse cardiovascular and kidney outcomes in a BP-
independent fashion like overt PA?

Parisien-La Salle et al., Arch Endocrinol Metab 2025
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CARTAGENE

Population-based cohort from Quebec, Canada
«~20,000 residents enrolled between 2009-10
» Ages 40-69 years

* Representative of the general adult population of
Quebec

« Cohort generally healthy with few comorbidities and
most had normal BP or mild HTN

CARTEGENE

Awadalla et al., Int ] Epidemiol 2013
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SUBCLINICAL PA AND CV HEALTH

STUDY COHORT In the general healthy population, subclinical PA was

“ with worse @ dic C ina
G‘::::‘lla:z:l,,thy EXPOSURE blood pressure-independent fashion.
N = Population-based belinical P
cohort without known Subclinical ( ACCELERATED
hypertension or CVD Primary Aldosteronism ARTERIAL STIFFENING
at baseline (subclinical PA) \ /’ Higher carotid-femoral pulse
' K ~/ wave velocity (PWV)
ADVERSE CARDIAC
REMODELING
Greater left ventricular mass
< and concentric remodeling
Subclinical PA Defined As: \ ) «
Elevated aldosterone-to-renin o HIGHER RISK FOR
ratio with normal blood pressure INCIDENT HYPERTENSION
and no history of hypertension Over follow-up, more likely to
develop hypertension
\ J L )

CONCLUSION: Subclinical primary aldosteronism in otherwise healthy individuals is associated with
accelerated arterial stiffening, adverse cardiac remodeling, and a higher risk of developing hypertension,
ind dent of blood pi levels.

Hundemer et al., Circulation 2024
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SUBCLINICAL PA AND MACE

= Renin <=4 ngiL . Renin > 4 ngil. B ARR <70 pmollL per ngll. == ARR >=70 pmoliL. per ngiL
8 aHR (85% Cl) = 2.12 (1.21-3.72) aHR (95% CI) = 2.03 (1.09-3.80)

@

Adjusted Cumulative Incidence (%)
Adjusted Cumulative Incidence (%)

o

0 4 [ 2 4 6 8 10
Time (years) Time (years)
Number at risk (censored) Number at risk (censored)
Renins4  419(0) 416 (0) 413 (1) 410(0) 399 (4) 393 (1) ARRZ70 299 (0) 297 (0) 284 (1) 292 (0) 283 (3) 281(0)
Renin>4 1598 (0) 1693 (0) 1579 (4) 1571(5) 1543 (16) 1627 (11) ARR <70 1718(0) 1712 (0) 1698 (4) 1689 (5) 1659 (17) 1639 (12)

Goupil et al., Circulation 2025
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SUBCLINICAL PA AND KIDNEY OUTCOMES

ARR

P-value for overall association = 0.010
1 P-value for non-linearity = 0.440

L L
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0.5 1.0 15 2.0 2.5
ARR (ng/dL per mU/L)

Hundemer et al., JASN 2026
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SUBCLINICAL PA - POPULATION HEALTH SIGNIFICANCE

Highly prevalent in the general population but largely unrecognized

Leads to a higher risk of:

« HTN

« Arterial stiffness, adverse cardiac remodeling
* MACE - MI, CHF, stroke

* Kidney disease

We have cheap and widely available medical therapies that are effective
in targeting renin-independent aldosterone production

Will early identification and targeted therapy for Subclinical PA effectively
mitigate this increased CV and Kidney disease risk?

Parisien-La Salle et al., Arch Endocrinol Metab 2025
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SUBCLINICAL PA - POPULATION HEALTH SIGNIFICANCE

Traditional View of PA in H nsion: Dichotom: Di Modern View of PA in H nsion: Continuum of PA Pathophysiol

No PA No PA

11
A&
I[; )

GESGHGSEHEHEHEHG

Hundemer et al., Am ] Hypertens 2025
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PITFALLS OF TRADITIONAL DIAGNOSTIC
PATHWAYS IN PA

33
PITFALLS OF PA DIAGNOSTIC PATHWAYS

As a medical community, we struggle to diagnose (and treat)
many cases of overt and classically defined PA

There are pitfalls across all steps along traditional PA
diagnostic pathways that contribute:

* Screening
 Confirmatory testing
* Localization testing

It is estimated that <1% of patients with PA are ever diagnosed.

Hundemer et al., Am ] Hypertens 2025
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SCREENING - POOR UPTAKE

Are patients with resistant hypertension receiving appropriate testing to determine
if primary aldosteronism is the cause?

269010 veterans with

resistant hypertension nJ
2000-2017 "“9

[ B
4277 (1.6%): plasma aldoste- m 264733 (98.4%): no testing
rone-renin measurement = documented
documented EHR Review

517 had positive tests

268 received treatment for
primary aldosteronism

Testing associated with better
blood pressure control over time

Cohen et al., Ann Int Med 2020
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SCREENING - POOR UPTAKE

How often are patients with hypertension plus hypokalemia being
screened for primary aldosteronism at the population level?

Not Screened

—2Year i
Follow-Up
Patients with HTN + Hypokalemia
in Ontario, Canada Screeuned
(N = 26,533) (1.6%)

Conclusion: Population-level uptake of guideline-recommended screening for primary

aldosteronism is exceedingly low. This underscores a lack of awareness and testing as
the primary reason for why primary aldosteronism is severely unrecognized.

Hundemer et al., Hypertension 2022
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SCREENING - POOR UPTAKE

itisteratattisisias
L
L L L
ieisiatataitistsiane
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* Screened ' Not Screened

Vaidya et al., Am ] Hypertens 2022

37

WHY THE CLINICAL INERTIA WITH PA SCREENING?

May relate to testing procedures

bemg percewed as overly

complex and cumbersome. T

« Prior recommendations e
advised switching many BP - ' e
medications to alternafive T
agents that have less effect on ' sl : e
ARR (e.g., a-blockers, re-test - - rerest
hydralazine, and non- Gt oottt ot gt st
dihydropyridine CCBs) e e e

« Inconvenient, time consuming, i
and places the patient at . . i
unnecessary risk w |- w | [

» Addressed with new 2025 PA | [H s | B
gu|de||nes A Doy | el +Coste s 12 000

Adler et al., JCEM 2025
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Sensitivity (%)

Study TP__FP_FN__TN Population ARR Threshold Sensitivity Specifici
Fardella (2000 30 16 276 Hypertension =50 g/l per ngimLInr  PAC =16 nglaL_ 46% (26.64%) —— T00% (00, 100%) 0
Calhoun (2002)%' 6 20 2 50 Resistant Hypertension 20 ng/dL per ng/mLihr 89% (65,99%) — 1% (59,82%) —-—
46 78 3 182 >30 ng/dL per ng/mLihr’ 94% (B3,99%) —a- 70% (64,76%) -
4 8 8 262 . 530 ngfdL per nglmlih + PAC >15 ng/dl  B4% (70,93%) — 97% (94,99% -
Seiler (2004 38 39 11 221 Hyperiension b ngfgnL per ngimLihr 9 78% :sa,as%:;: — 85% :an,as%;:: -
34 5 15 255 50 ngfdL per ng/mLihr + PAC >15 ng/dL  69% (55,82%) — 98% (96.99%) .
45 35 13 172 520 ngldL per ng/mLine 78% (65,87%) —— 83% (77,88%) -
Nishizaka (20052 33 25 25 182 Resistant Hypertension =20 ng/dL per ng/mL/hr + PAC >15 ng/dL 57% (43,70%) —— 88% (83,92%) -
6 2 5 205 >50 ng/dL per ng/mLihr 10% (4.21%) -— 99% (97,100%) .
8 80 40 919 . >40 ng/dL per ng/mLir’ 8% (59,76%) —-— 929 (90,94%) .
Rossi (2006F 74 80 52 939 Hypertension >30 ng/dL per r?g’lmLpl:r afgterraplnpnl 50mg  59% (50,67%) - 94% (92,85%) -
Jansen (201412 6 2 21 149 Resistant Hypertension 5.5 ngldL per ng/L 22% (9.42%) —. 99% (95,100%) -
Baudrand (2017)'0 6 49 23 132 Normotension, PRA <1 ng/mL/hr 20 ngldL per ngimLihr 21% (8.40%) —. 73% (66,79%) -
Vorselaars (2018)% 16 29 0 188 Resistant Hypertension >38 ng/dL per ng/mL/hr 100% (79,100%) —a  BT%(B191%) -
Pilz (2019) 18 38 0 32 Hypertension 26.2 ngldL per ng/L + PAC 29 ng/dL 100% (81,100%) — = 90% (86.93%) -
7 15 19 248 Mormotension 27% (12.48%) - 94% (91,97%) -
4 7 14 %0 Stage 1 Hypertension 22% (6,48% — 3% (86,97% -
Brown (2020)° 21 24 21 137 stage 2 H:sﬂensioﬂ >30 gl per ng/mL/hr 50% (34.55%)) —.— B5% gm_eo%g -
21 9 71 a0 Resistant Hypertension 28% (19,38%) —-— 7% (95,99%) .
o 25 50 75 100 0 25 50 75 100

Specificity (%)

ARR performance varies widely based on patient populations and diagnostic thresholds; therefore no
single ARR threshold can be recommended. Many studies report ARR sensitivity <50% at standard

thresholds.

Hung et al., JCEM 2021
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ARR LIMITATIONS

Intra-Individual Variability of Aldosterone
Concentrations in Primary Aldosteronism:

Implications for Cas

>@Q

<

Repeated Screening \l
Measurements in I]D
Patients with IS18]8]
Confirmed Primary
Aldosteronism [l \'
(0o

e Detection

Coefficient of Variation
ALDO: 31%

ARR: 45%

Range

ALDO: 5 - 51 ng/dL
ARR: 8 -427

ALDO Thresholds
< 15 ng/dL: 49%
<10 ng/dL: 29%

ARR Thresholds
< 30: 57%
< 20: 24%

SUMMARY: Screening aldosterone and ARR are highly variable in
primary aldosteronism, with many values falling below
conventionally accepted diagnostic thresholds.

Re-calibrating the definition of a ‘positive screen’ to include more
liberal thresholds may increase the diagnostic yield.

Yozamp et al., Hypertension 2020
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POTENTIAL ALTERNATIVES FOR PA SCREENING

1. Interpreting aldosterone and
renin levels on their own without the
ARR

A positive screen meets both of the following conditions in most
circumstances:

1. Renin is low/suppressed (hallmark of diagnosis) and aldosterone is
inappropriately high relative to renin: indicative of PA if plasma renin
activity (PRA) is =1 ng/mL/h or direct renin concentration (DRC) is =8.2
mU/L AND serum/plasma aldosterone concentration is =10 ng/dL (=277
pmol/L) when measured by immunoassay or =75 ng/dL (=208 pmol/L)
when measured by liquid chromatography—tandem mass spectrometry
(LC-MS/MS)

=]

. Elevated aldosterone to renin ratio (ARR): indicative of PA if the
aldosterone [ngfdL] to PRA [ng/mL/h] ratio is >20 or aldosterone [pmol/L]
to DRC [mU/L] ratio is 70 when aldosterone is measured by
immunoassay; the ARR indicative of PA is about 25% lower when
aldosterone is measured by LC-MS/MS). (Fig. 1 and Table 5 for ARR cut
points for differing assays and units).

2. Renin suppression alone

(13.6%-14.1%)

45.9%
o O N-osgro  (45.5%-46.2%)
2

2 40

o

T

352 13.9%

>

=

3

o

=2

ARR 230 PRA <1

ng/mlU/h

Conclusion:In this retrospective analysis, PRA <1 ng/mL/h appearsto
be a better screeningtestto identify PA in patients with hypertension

vs.ARR 230.

Adler et al., JCEM 2025
Marcelli et al., Hypertension 2024
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“CONFIRMATORY"” TESTING PITFALLS

What is the supporting Large variati Spectrum bias and
evidence for tests conducted, verification bias
confirmatory tests for interpreted, and resulting in
primary overestimation of
aldosteronism? accuracy by 5- to 7-fold
’“ Q
Risk of bias and
Systematic review concerns of Use of confirmatory
and met: lysi: PP tests based on very
55 studies most primary low-quality evidi

Under most clinical scenarios, use of confirmatory tests
led to an excess of missed cases

Patients with primary
aldosteronism but
normal results
(overlooked for
treatment) .

%

IO

People without primary
but abnormal results
(receiving unnecessary
investigation)

Leung et al., Hypertension 2022
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“CONFIRMATORY"” TESTING PITFALLS

[ Population ] [ Screening and diagnosis ] [ Subtyping ] [ Treatment and response ]
Patients with ARR |+ SSST +|  Cross- Adrenal Lateralizing H S I__ Normalization or improvement of
hypertension || (screening |—>{ (confirmatory —> sectional —  vein PA By blood pressure with fewer or no
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“CONFIRMATORY"” TESTING PITFALLS

Table 2. Diagnostic Performance of the SSST According to Varying Cutoffs for Plasma Aldosterone Concentration Measured
Using Immunoassay for All Patients

PAC TP, FP, FN, TN, Sensitivity Specificity PPV (95% Cl), % NPV (95% Cl), % | FNR (95% Cl), % PLR(95% Cl) NLR (95% Cl)|
Cutoff, n n n n (95%CI), % (95%Cl), %
pmol/L

140 132 1110
150 130 11 12
160 129 10 13
170 124 10 18
180 121 10 21
190 19 10 23

93.0(87.4-96.6) 21.4(4.7-50.8) 92.3(86.7-96.1) 23.1(5.0-53.8) 76.9(46.2-95.0) 1.2(0.9-1.6) 0.3(0.1-1.1)
91.5(85.7-95.6) 21.4(4.7-50.8) 92.2(86.5-96.0) 20.0(4.3-48.1) 80.0(51.9-95.7) 1.2(0.9-1.5) 0.4(0.1-1.2)
90.8 (84.9-95.0) 28.6(8.4-58.1) 92.8(87.2-96.5) 23.5(6.8-49.9) 76.5(50.1-93.2)  1.3(0.9-1.8) 0.3(0.1-0.9)
87.3(80.7-92.3) 28.6(8.4-58.1) 92.5(86.7-96.4) 18.2(5.2-40.3) 81.8(59.7-94.8) 1.2(0.9-1.7) 0.4(0.2-1.1)
85.2(78.3-90.6) 28.6(8.4-58.1) 92.4(86.4-96.3) 16.0(4.5-36.1) 84.0(63.9-95.5) 1.2(0.9-1.7) 0.5(0.2-1.3)
83.8(76.7-89.4) 28.6(8.4-58.1) 92.2(86.2-96.2) 14.8(4.2-33.7) 85.2(66.3-95.8) 1.2(0.8-1.6) 0.6(0.2-1.4)

8

3

4

4

4

4
200 1139, 29 5 79.6(72.0-85.9) 35.7(12.8-64.9) 92.6(86.5-96.6) 14.7(5.0-31.1) 85.3(68.9-95.0) 1.2(0.8-1.8) 0.6(0.3-1.2)
210 T 9 31 5 78.2(70.5-84.7) 35.7(12.8-64.9) 92.5(86.2-96.5) 13.9(4.7-29.5) 86.1(70.5-95.3) 1.2(0.8-1.8) 0.6(0.3-1.3)
220 107 8 35 6 75.4(67.4-82.2) 42.9(17.7-71.1) 93.0(86.8-96.9) 14.6(5.6-29.2) 85.4(70.8-94.4) 1.3(0.8-2.1) 0.6(0.3-1.1)
230 103 8 39 6 72.5(64.4-79.7) 42.9(17.7-71.1) 92.8(86.3-96.8) 13.3(5.1-26.8) 86.7(73.2-94.9) 1.3(0.8-2.0) 0.6(0.3-1.2)
240 101 7 a7 71.1(62.9-78.4) 50.0(23.0-77.0) 93.5(87.1-97.4) 14.6(6.1-27.8) 85.4(72.2-93.9) 1.4(0.8-24) 0.6(0.3-1.0)
250 97 7 45 7 68.3 (60.0-75.9) 50.0(23.0-77.0) 93.3(86.6-97.3) 13.5(5.6-25.8) 86.5(74.2-94.4) 1.4(0.8-23) 0.6(0.4-1.1)
260 9 7 52 7 63.4(54.9-71.3) 50.0(23.0-77.0) 92.8(85.7-97.0) 11.9(4.9-22.9) 88.1(77.1-95.1)  1.3(0.7-2.2) 0.7 (0.4-1.3)
270 87 7 55 7 61.3(52.7-69.3) 50.0(23.0-77.0) 92.6(85.3-97.0) 11.3(4.7-21.9) 88.7(78.1-95.3) 1.2(0.7-2.1) 0.8(0.4-1.4)
280 8 6 57 8 59.9(51.3-68.0) 57.1(28.9-82.3) 93.4(86.2-97.5) 12.3(5.5-22.8) 87.7(77.2-94.5) 1.4(0.8-2.6) 0.7(0.4-1.2)
290 79 6 63 8 55.6 (47.1-64.0) 57.1(28.9-82.3) 92.9(85.3-97.4) 11.3(5.0-21.0) 88.7(79.0-95.0) 1.3(0.7-2.4) 0.8(0.5-1.3)
300 77 6 65 8 54.2(45.7-62.6) 57.1(28.9-82.3) 92.8(84.9-97.3) 11.0(4.9-20.5) 89.0(79.5-95.1)  1.3(0.7-2.4) 0.8(0.5-1.3)

FN = false negative; FNR= FN rate (i.e., miss rate); FP= false positive; NLR= negative likelihood ratio; NPV = negative predictive value; PAC =
plasma aldosterone concentration; PLR = positive likelihood ratio; PPV — positive predictive value; SSST = seated saline suppression test; TN = true
negative; TP = true positive.

NOTE: The updated 2025 Endocrine Society PA guidelines have
majorly de-emphasized confirmatory testing for PA diagnosis.

Leung et al., Ann Intern Med 2025
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AVS PITFALLS

Right adrenal gland Inferior phrenic  Left adrenal gland

Limitations of AVS:
* [nvasive

« Center-to-center variability
in procedures and
interpretation thresholds

* Limited resource at
specialized centers only

» Technically challenging

 Requires an experienced
interventional radiologist

Right adrenal

Left renal
vein

Inferior
vena

Right kidney A

‘Common iliac vein

Inguinal ligament

Right femoral
vein

Catheters inserted in the femoral veins

Rossi et al., Hypertension 2014

AVS PITFALLS

0000 | Lateralizationindex(Ll) >4 Lack of PA cure
0000

el - t B fm
o
— — ——
m Y m
262 consecutive pati with primary i -42 (16%)
[ (PA) who underwent adrenal vein sampling (AVS)- ]

guided unilateral adrenalectomy in 3 centers +

21 similar

CYP11B2-positive structures cases from4

CYP11B2-positive structures. o other centers

y \(/ I
] IHC + NGS | 8%,
i 73% of removed adrenals had
multiple CYP1182-positive areas

63% of patients had
CACNA1D mutations

Factors associated with lack of post-operative PA cure

[]) 5 [e) L AVS results: . { ,LY
) ) -L124 at baseline =
Black White -LI<4 after ACTH stimulation SR AVS

Created with BioRendercom

Argues against the commonly held belief that AVS lateralization is synonymous with unilateral PA (e.g.,
APA); rather, AVS lateralization also commonly includes asymmetric bilateral PA.

Turcu et al., Hypertension 2024
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NUCLEAR IMAGING: ALTERNATIVE FOR LOCALIZATION?
c; 73 Potential benefits over AVS:
- Non-invasive
* Not technically challenging

« Not operator-dependent

 Not limited to specialized
centers

« Highly scalable
- May detect asymmetric
bilateral PA cases that AVS

fails to capture

Goodchild et al., Ann Intern Med 2025
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TRADITIONAL PA TREATMENT ALGORITHM

Primary Aldosteronism

,/\

Lateralizing PA Non-Lateralizing PA
Unavailability of AVS
Preference for Medical Therapy

! }

Unilateral Medical Therapy
Adrenalectomy (MRA + Dietary Na Restriction)

Vaidya et al., Endocr Rev 2018
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ADRENALECTOMY FOR LATERALIZING PA

Complete |} 37% (ange 17-62
1 Clinical success
(n=705)

Partial j—q 47% (range 35-66)
Absent -—1 16% (range 0-32)

! 94% (range 83-100)

Complete
Partial B—i 4% (range 0-15) Biochemical
Absent—'-i 2% (range 0-5) success (n=699)

) I I 1 1 ) I 1
0 100 200 300 400 500 600 700
Number of patients

Bl Absent success [] Complete success
3 Partial success  +— Range of outcome

BOTTOM LINE: The vast majority of patients with lateralizing PA treated

with adrenalectomy will achieve good clinical and biochemical outcomes.

Williams et al., Lancet D&E 2017
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MEDICAL THERAPY IN PA
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Hundemer et al., Endocr Rev 2024
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WHAT ARE THE GOALS OF MEDICAL THERAPY IN PA?

Standard Practice
T TP T ea . Fixed doses of MRASs

The Manag of Primary Ald. onism: Case
b, )

Dotocton Degnosi, and Trsstrment: An ndoat » Titration of MRAs with the goals of:
1. Normalizing potassium

John W. Funder (chair), Robert M. Carey, Franco Mantero, M. Hassan Murad, . .

Martin Reincke, Hirotaka Shibata, M\(::L’SI::ME‘S:VN, am? William F. Young. Jr 2. N orma I izi ng B P

Ultimate Goals

lnfcinmmmk Fwo:.imfluded a\:hail,.srlmcd bﬂ}f:(llini:alGuidﬁlinﬁSumer::':: Y Reve r.s e p a t h OF hﬁs i O I Ogy Of PA V i a
r:ftw:dnuwvuurat:ﬁ.lr\dmgwrl:mumra\mn. effe Ct|Ve M R b OC ad e

d ic revi y
and prevention recommendations. We used the Grading of Recommendations, Assessment, De-

remm it | o Mitigate the excess cardiovascular and
s e kidney disease risk inherent to PA

witer, the Clinical Affe . . .
o tee, and Council successfully reviewed the drafts prepared by the Task Force. We / R
blace he verson approved by he Cinial Guidelines Subcommitee sn Cinia Affais Core Ise In renin

the Task i necessary changes.

Funder et al., JCEM 2016
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CARDIOVASCULAR OUTCOMES WITH TARGETED THERAPY

Adjusted HR (PA MR Antagonist vs. Essential Hypertension) = 1-91 (95% CI 1-63, 2-25)°
Adjusted HR (PA Adrenalectomy vs. Essential Hypertension) = 0-58 (95% CI 0-35, 0-97)°
Adjusted HR (PA MR Antagonist vs. PA Adrenal ) = 3-27 (95% C1 1-93, 5:55)*

Events (%)

Blood Pressure (mmHg)
=
i
.

$ w0 PA Treated with MR~
e 60
Essential 40
Hypertansion
20 | 20
N PA Treated with 0
reated wi
Adrenalectomy 2 0 2 4 6 8 10
0 Year
0 25 5 75 10
Years
Hundemer et al., Lancet D&E 2018
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CARDIOVASCULAR OUTCOMES WITH TARGETED THERAPY

100
Adjusted HR (PA with PRA <1 ug/L/h vs. Essential Hypertension) = 2-83 (85% Cl 2-11, 3-80)*
g Adjusted HR (PA with PRA 2 1 pg/L/h vs. Essential Hypertension) = 1-09 (95% CI 0-56, 2-10)*
P Adjusted HR (PA with PRA <1 pg/L/h vs. PA with PRA 2 1 ug/L/h) =2-60 (95% CI11-27, §-32)*
3
H 80
© 60 4
b PA with PRA <1 pg/L/h on
3 MR Antagonists
S w0 =
PA with PRA 21 pg/L/h on
MR Antagonists
204 e
_____________ Essential Hypertension
B | T et s
TS
0 25 5 75 10
Years
Hundemer et al., Lancet D&E 2018
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CARDIOVASCULAR OUTCOMES WITH TARGETED THERAPY

Cumulative Incidence of Atrial Fibrillation, %

50+

40+

——— PA treated with MRA therapy;
plasma renin activity <1 ng/mL/h

——— PA treated with MRA therapy;

plasma renin activity 21 ng/mL/h

Essential hypertension

——— PA treated with adrenalectomy

304

20

10+

0_

BOTTOM LINE: For patients with PA treated with MRAs, “unsuppression” of renin
was associated with a significant reduction in cardiovascular disease risk.

Hundemer et al., JAMA Cardiology 2018
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KIDNEY OUTCOMES WITH TARGETED THERAPY
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Hundemer et al., Hypertension 2018
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KIDNEY OUTCOMES WITH TARGETED THERAPY

Post-treatment renin status

— Unsuppressed (post-PRA 21.0 ng/mL/h)
~ Suppressed (post-PRA <1.0 ng/mL/h)

eGFR (ml/min/1.73 m?)
~ ~
o (4]
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BOTTOM LINE: For patients with PA treated with MRAs, “unsuppression”
of renin was associated with a significant reduction in kidney disease risk.
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RENIN AS A BIOMARKER IN MEDICALLY TREATED PA
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1 Tubuld Distal 9<4woluted Tubule Cell Cell
1 )
i \ S
: Blood/ \ 7
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i \
| J4 L Angli 11 ALDOSTERONE
Relative Intravascular [RUZVZVRELIT 42
Volume Contraction 1 RENIN
Vaidya et al., Endocr Rev 2018
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RENIN AS A BIOMARKER IN MEDICALLY TREATED PA

Table 3. Pri renin as a bil i imi py i
Study Location  Design Populations compared Renin targetor  Ourcomes
change
Hundemer ctal, 2018 USA Retrospective  PA treated with MRAs 10ngmlh  MACE
155) PA treated with adrenalectomy Death
Essential HTN
Hundemer ctal, 2018 USA Retrospective  PA treated with MRAs 1.0ngmlth  Arrial fibrillation
158) PA treated with adrenalectomy
Essential HTN
Kohler et al, 2021 Germany  Retrospective  PA treated with MRAs 12 mU/L Cardiac function/structure
(242) PA treated with adrenalectomy Pro-BNP levels
Essential HTN
Wucral, 2021(165)  Taiwan  Retrospective  Lateralizing PA Only: O6ngmldh  MACE
* MRA Death

« Adrenalectomy

Saiki et al, 2022 (222)  Japan Prospective  PA treated with MRAs only  1.0ng/mlsh Blood pressure
Albuminuria
Ueda et al, 2022 (243)  Japan Retrospective  PA treated with MRAs Aof 0.32ng/ Cardiac function/structure
PA treated with adrenalectomy ml/h
Puarcral, 2023 (244]  Singapore Prospective  PA treared with MRAs 1.0ngmlh  Cardiac funcrion/structure
PA treared with adrenalectomy
Chen et al, 2022 (245)  Taiwan Retrospective  PA treated with MRAs 1.5 ng/ml/h Pulse wave velocity
PA treated with adrenalectomy
Yoshida cral, 2023 Japan Retrospective  PA rreated with MRAs/dictary 5 pg/mL Blood pressure
{114 salt intake Serum potassium
Salt sensitivity
Mansur et al, 2023 UsA Prospective PA treated with MRAs only 1.0 ng/ml/h Blood pressure
(246) Antihypertensive medicarions
Albuminuria
Katsuragawa et al, Japan Retrospective  PA Treated with MRAs Only 1.0 ng/mlih Longitudinal changes in estimated
2023 (247) glomerular fltration rate

Hundemer et al., Endocr Rev 2024
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RENIN AS A BIOMARKER IN MEDICALLY TREATED PA

PA Medical Outcomes (PAMO) Criteria 2025 Endocrine Society Guideline

Starting MRA in PA

:wumu
clinical response. “Complete biochemical response” was de- '
fined as “correction of hypokalemia without potassium sup-

plementation, and normalization of plasma renin activity
or concentration”; while “absent biochemical response” was

defined as “persistent hypokalemia and/or persistently sup-
pressed or low plasma renin activity or concentration without ' ' '
change from baseline”. “Complete clinical response” was de- on 8P Controlied
' . ' '
Add/Increase Suppressed and
Non-MRA Anti- Increase MRA other Non-MRA Plania Noma/
Hypertensive. Dose Anti-hypertensive Increseed
Modication Moedications in
Use
i .
'MRA Dose Routine
Increase; Follow-up
Non-MRA Anti-
hypertensive
Medications as
Appropriate

Yang et al., Lancet D&E 2025
Adler et al., JCEM 2025
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EMERGING TREATMENT APPROACHES IN PA

A Individual Patient Changes from Baseline
Basdrostat, img I Baxdrostat, 4 mg I Basdhostat, Bmg
Change in SBP
Baseline.
) 54150 18 15410 1 139 50 13 4 5 3020 53
L TTTLLK
E
Phase 2a Study of Baxdrostat in Primary S
. £ 30
Aldosteronism kL,
Published July 13, 2025 | N Engl ] Med 2025;393:515-518 | DOI: 10.1056/NEJMc2508629 | VOL. 393 NO.5 N — —_— -
Basedir
s
[ Baxdr
O Baxdrostat
i 100 ‘ m
Phase 3 BaxPA clinical trial currently underway. H ot u]“]u U'U'[hq
Ol T 3T A 47 43 44 &5 B0 87 B3 04 85 66 £ 8%
o Change in Serum Potassium Level
8 ;s------ ! -ﬁ ---
Pt te Turcu et al., NEJM 2025
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SUMMARY - KEY POINTS

1. PA pathophysiology spans a much broader continuum than
E_rewou_sly recognized with important cardiovascular and
idney implications for the general population.

2. A number of pitfalls along traditional diagnostic pathways
lead to many missed PA cases.

3. When titrating MRA therapy in the treatment of PA,
targeting a rise in renin is associated with improved
cardiovascular and kidney outcomes.
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THANK YOU

Questions?
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