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Learning Objectives

1. To review the pathophysiology of primary
aldosteronism.

2. To explore the under-recognized prevalence of
primary aldosteronism.

3. To discuss emerging data on optimal treatment

strategies for primary aldosteronism
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Primary Aldosteronism
1. What is Primary Aldosteronism?

2. Is There an Unrecognized Spectrum of
Primary Aldosteronism?

3. How Should Primary Aldosteronism be
Treated?



Hypertension

o Definition
— Blood pressure = 140/90 mmHg
— Drug treatment for high blood pressure
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5 1 in 4 Canadians now has hypertension
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Leung et al, CanJ Cardiol 2016



What we're taught in Med School

Hypertension

Essential _ _
Primary Aldosteronism

Cushing’s Syndrome
Pheochromocytoma
Secondary Renal Artery Stenosis

Kidney Parenchymal Disease
Sleep Apnea

Oral Contraceptives




What we're taught in Med School

Hypertension

When/who to screen for secondary HTN?

 Drug-ResistantHTN

» Malignant HTN w/end organ damage

 Onsetat young age

« Other clinical clues: hypokalemia,
response to specific BP medications

Problems with this approach?
* Missing milder forms of these secondary causes?
- Misclassificationas “Essential”’ HTN
- Identify patients late in disease course
- Missed opportunities for early targeted interventions
- Can't tailor treatment to individual patients

Essential

Overt 2°




Part 1: What is Primary Aldosteronism?




Primary Aldosteronism

e Also known as:
— Primary Hyperaldosteronism
— Conn’s Syndrome




Primary Aldosteronism

e Discovered in 1954 by Jerome Conn (U of Michigan)
— 34yoF patient N
» Episodic weakness of the legs (near paralysis)
Periodic muscle spasms/cramps in the hands
Severe, resistantHTN
Severe hypokalemia
Metabolic alkalosis

— Hospitalized for 8 months

— Found to have high urinary aldosterone levels
— Underwent exploratory surgery to assess adrenal glands
— Found to have adrenal adenoma

— HTN/hypokalemia resolved with adenoma removal

— Soon many additional cases identified




Primary Aldosteronism

Most common endocrine cause of HTN but massively underdiagnosed
Etiology: Autonomous hypersecretion of aldosterone from adrenal glands

RA-= AA =S

UNILATERAL PA “Normal” BILATERAL PA
Adenoma (Conn’s Tumor), Macro or micro nodular,
hyperplasia

Worse prognostically than other causes of HTN (independent of BP)

Clinical clues:
— Severe/resistant HTN
— Hypokalemia
— Metabolic alkalosis
— Adrenal nodule

Different 15tline therapies than other forms of HTN



CLINICAL VIGNETTE

e 37 year old man diagnosed with HTN

» Treated with diuretic and calcium-channel blocker

At age 39, BP 138/92 mmHg on 2 medications

e Serum Aldosterone: 240 pmol/L

* Direct Renin Concentration: 2 ng/L
» Aldosterone-to-Renin Ratio: 120

o« K*3.7 mmol/L

Does he have primary aldosteronism?




When/Who to Screen for PA?

XSevere or Resistant Hypertension

— BP>150/100 mmHg x3; or >140/90 mmHg on 3 medications; or <140/90 mmHg on 4+
medications

X HTN + spontaneous or diuretic-induced hypokalemia

XHTN + adrenal mass

XHTN + sleep apnea
XHTN + family member with PA

HTN + Family history of early-onset HTN or cerebrovascular
accident (<40yrs)

Funder et al. JCEM 2016




Diagnosing Primary Aldosteronism

SCREENING TEST: ARR=aldosterone-to-renin ratio

Table 6. ARR Cutoff Values, Depending on Assay and
Based on Whether PAC, PRA, and DRC Are Measured in

> POSI'[IVG Screen Conventional or Systéme International (S1) Units
o ARR thatis >x)r & ﬂ“g’?‘.;.m. :H:SHUmin 7L %ﬁ“

PAC (as ngidl 20 16 24 3B
308 25 37 5.7
a0 3.1 49

PAC (as pmoll)  750° 60 91 144
1000 20 122 192

0 Renin must be suppressed (DRC <10
o Sufficiently elevated aldosterone (>%

» “Renin-Independent Aldosteronism”
1. Suppressed Renin
2. Inappropriately/Dysregulated aldosterone secretion (?)

TES: Funder et al. JCEM 2016 AACE: Vaidya et al. Endocr Pract 2017

/L; PRA <1 ng/mL/h)
x pmol/L)




How BP Meds Affect the ARR
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How BP Meds Affect the ARR

Main Concern: False Negatives

| Renin__| _Aldosterone

ACE Inhibitors/
ARBs t l’

MR Antagonists/
ENaC Inhibitors t '

Beta Blockers .l, .l,

The mainissue is with MR antagonists and ENaCinhibitors; the other BP meds will not have amajor
effectwhen aldosteroneis autonomously secretedas with Primary Aldosteronism

I will typically initially measurethe ARR even if a patientis on an MR antagonist or ENaC inhibitor
if Renin suppressed -> ARR still valid

iIf Renin notsuppressed ->Hold MRA/ENaCi 4-6 weeksand repeat ARR

If a patientis on an ACEiI/ARB/MRA/ENaC Inhibitor and their reninis still suppressed, thatis highly
suspicious for Primary Aldosteronism



We Are Not Good at Screening for PA

What are the screening rates for Keeping primary aldosteronism in mind: Deficiencies in screening

primary aldosteronism among H ertenSiOH at-risk hypertensives

persons with resistant yp Brian C. Ruhle, MD*, Michael G. White, MD, MS*, Salman Alsafran, MD,

hypertension? Edwin L. Kaplan, MD*, Peter Angelos, MD, PhD? Raymon H. Grogan, MD, Ms"*

Retrospective cohort Results: Of nearly 37000 patients with hypertension and hypokalemia, only 2.7% were ever screened for

® - [ ] primary aldosteronism. Most opportunities for case detection were during inpatient hospitalizations, yet
145,670 people Mean age 51.7% in this setting, patients were less likely than clinic patients be screened. Similarly, 3.0% of hypertensive
with hypertension é 65 years female patients with sheep apnea were screened since the inclusion of this group in case detection recommen-
dations.

Of those 4660 cases with resistant
hypertension... Adherence to consensus guidelines for screening of primary
aldosteronism in an urban healthcare system

Were Maheshwaran Sivarajah, MD, MSc?, Toni Beninato, MD, MS", Thomas |. Fahey IlI, MD""
screened for
primary Table 11
aldosteronism Frequency rates of criteria from the Endocrine Society 2016 clinical practice
guidelines for case-detection of PA
Criteria Patients
Resistant Yes (%) Mo (%)
hypertension Sustained BP above 150/100 mm Hg 1499 (2.92) 6,610 (97.08)
cases 4660 on each of 3 measurements
97 cases obtained on different days
Hypertension (BP >140/90 mm Hg) 17 (025) 6,792 (99.75)
z p S i 3 tional
Conclusions: This study suggests substantial Screening Rates for Primary Aldosteronism in ;Esmlii:;;;;:ns‘ij::r:@?u
underscreening for primary aldosteronism, one of Persons with Resistant Hypertension. G Jaffe, {including a diuretic)
the most common causes of secondary Z Gray, G Krishnan, M Stedman, Y Zheng, J Han, Controlled BF (<140/90 mm Hg) on 2 (003} 6,807 (09.97)

hypertension G Chertow, J Leppert, V Bhalla.

=4 antihypertensive drugs
Hypertension and hypokalemia

SpOntaneous 6,227 (91.45) 562 (B.55)
Diuretic-induced 107 (1.57) B, 702 (9EA43)
Hypertension and adrenal TT(1.13) 6,732 (9B.BT)
incidentaloma
Hypertension and sleep apnea T45 (10.94) 6,064 (B9.06)

Hypertension and a family history
of early onset (<40 y)
Hypertension 183 (2.69) 6,626 (97.51)
Cerebrovasoular accident 10 (0L15) 6,799 (99.85)
All hypertensive first-degree
relative of patients with PA




Suspicion for PA

Screen: Assess aldosterone and renin
(ARR)

Positive Screen: Suppressed Renin and
Inappropriate Aldosterone such that ARR>144-192

A 4

Confirmatory Testing

A 4
Localization: Imaging (CT/MRI)

]
Surgery Desired

!

Adrenal Venous Sampling

| |
Unilateral Bilateral

Surgical Therapy Medical Therapy with

(laparascopic adrenalectomy) MR Antagonist
Funderetal. JCEM 2016




Not All Hyperaldosteronism Is the Same

PHYSIOLOGY stal Nat Deliverlz_r i
RENIN-DEPENDENT ALDOSTERONISM

Secondaryto Intravascular Volume Depletion T 1
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SUMMARY: Renin-Dependent Aldosteronismdueto Volume Depletion
*Optimal Na* Reabsorption/Volume Expansion

sDecreased Distal Na* Delivery
Minimal K* Excretion

Kamel et al. Kidney Int 2017; Palmer, B. CJASN 2015



PHYSIOLOGY

Renin-Dependent Aldosterone Regulation

Yanomami People




PHYSIOLOGY

Renin-Dependent Aldosterone Regulation
Yanomami People vs. Normotensive North Americans (MESA)

Plasma Renin Activity (ng/mL/h)

20

Systolic Blood Pressure (mmHg)

24hr Urine
200 - 130
116
0.75
150 - 110 + 101 1
North American
100 - 290 - xcretion (ug)
50 - 70 _
1.3
0 .
Y 50 _
anom Yanomami North American
7.8
"
0
Yanomami North American

Oliver et al. Circulation 1975



PHYSIOLOGY

Renin-Dependent Aldosterone Regulation

Brazilian Pit Viper

(Bothrops jararaca)

78 “Over thousands of years, the same
Tyt t@']—vironmental pressuresthat forced
Yanomami and other terrestrial animalsto
5 evolve a hyperactive RAAS, also led
Bothrops jararaca to conserve an efficient
@ killing mechanism that targeted its enemies’
~EM haemodynamic vulnerabilities. The

4 bradykinin-potentiating peptides that would
M become the first ACEi's were, in essence,
the viper’s weapon of choice in a predator-
| prey armsrace.”

www.faunaparaguay.com

Bomback et al. JRAAS 2007
Ciolek et al. PNAS 2017



Pathophysiology: Primary Aldosteronism

PATHOPHYSIOLOGY
RENIN-INDEPENDENT ALDOSTERONISM

In primary aldosteronsim (volume expanded state) T 3
— \( )
v * .
PrOX|m Principal
Convoluted %Jbule Loop of Henle & MR Cell Intercalated Cell
Distal Covoluted Tubule _J\_ J\. J
\ /
Blood/ \ /
Basolateral Side \ /

SUMMARY: Vicious Cycle that leads to
711 Distal Na* Delivery
711 Na* Reabsorption/Molume Expansion/Blood Pressure

111 K*/H*EXcretion
*CV and kidney disease




Health Outcomes in PA -Targeted Therapy

Independentof Blood Pressure, MR activation in PAincreasesrisk for:
* CV Disease: CAD, Stroke, CHF, AFib
» Kidney Disease: CKD, Albuminuria

Therefore, early recognition and treatmentis indicated

CA D St ro k e C H F A Fi b Primary aldosteronism Essential hy pertension OR (95% Cl)

Events Total Events Total Weight
Mot mat: Mot matche: | Notmat | Notmatched studies
Monticor Monticone al | Monticor | Monticone etal (2017) 5 a9 20 1573 147% I 413 (1-52-11.25)
Murata el Murataetal (| Muratae | Murataetal (2017)" 8 292 12 498 16-3% — 1-14 (0-46-2-82)
Subtotal Subtotal (95¢ | Subtotal | o= °tal (2013)% 12 180 1 143 5-5% 10-13 (1.30-78-96)
Total ever u Subtotal (95% Cl) 571 2214 36-5% e 2.93 (0-91-9-47)
Total events
Heteroge Total eve 5 33
. Total events
Test foro Heterogeneit | Heteroge

Heterogeneity: T=0-66; x’=5-61, df=1 (p=0-06); ’=64%
Test for overall effect: Z=1-80 (p=0-07)
Matched | patched studies

Matched Test for over:z Test foro
Catena et Matched stuw

milli t

illiez & Catenaetal ( Mulatero Catena et al (20087 7 54 10 323 14-6% — = 466 (1-69-12.84)
Mulatero Milliez et al (:

. Savardet | Milliez et al (2015)* g 124 3 465 10-6% —_— 12.05 (3-21-45-23)
Reincke ¢ Mulatero et a 11 270 1 810 18-3% — - 225 (1-02-4-96
Savard et o | Takedaef | Mulatero etal (2013)™ 7 5 3 25 (1-02-4-986)

Takedaet al (: . : r ]
Takeda ot B ( Subtotal | Savard et al (2013)® 18 459 14 1290 20-0% [ 372 (1-83-7-54)

t . o .25-7.

Subtotal u IO al(95 | L leve | Subtotal (95%cI) 907 2888 63-5% N 4-01(2-25-7-12)

Tota ts
Total ever ctaleven . Heteroge Total events 45 42
Heteroge | Heterogeneit) @ .| Heterogeneity:¥=013;x’=477 df=3 (p=019); P=37%
Test foror Test for over Total (35 Test for overall effect: Z=4.72 (p<0-00001) 132 - 3-52(2:06-5-99)
Total (95 Total (95% C Tomal Total (95% CI) 1478 5120  100-0%
Total ever Total events otaleve Total events 70 75
Heteroge Heterogeneit Heteroge Heterogeneity: T2=0-24; ¥*=11.75, df=6 (p=0-07); ’=49%
Test foror Test for over: Testforo Test for overall effect: Z=6-43 (p<0-00001)
Test for s1 Test for subg Testfors | estforsu bgroup differences: =022, df=1 (p=0-64); I’=0%

T T T I
0-02 0-1 1 10 50
«— —
Essential hypertension Primary aldosteronism

Monticone et al. Lancet D&E 2018; Savard et al. Hypertension 2013; Milliez et al. JACC 2005; Rossi et al. Hypertension 2006




Part 2: Is There an Unrecognized

Spectrum of Primary Aldosteronism?




Severity Spectrum of Primary Aldosteronism

Current Thresholdto
Current Thresholds for Screenfor PA
Biochemical Confirmation of PA 1 Severe

: Hypertensive
Mild PA
Hypertensive |
PA

Normotensive
PA

|
|

DISEASE

Obvious Clinical Syndrome
of Excessive MR Activation?

Biochemical Confirmation of PA

Cardiovascular Risk Highest

Brown et al. Annals of Internal Medicine 2017



Unrecognized Yet Biochemically Overt

Primary Aldosteronism

PA Screen Confirmatory Testing
i iti 99 with confirmed PA
1672 consecutive 232F\$th positive
Italian primary care HTNives screen
on NO medications
o, “Unrecognized Yet Biochemically Overt PA” “Overt PA”
12 -
109 160/100-
g 4 179/109
140/90-
6 - 159/99
4 -
120/80-
21 139/89
0 -
J Essential = g Primary M APA HBAH M Undetermined
Hypertension Aldosteronism

Monticone et al. JACC 2017




Unrecognized Yet Biochemically Overt

Primary Aldosteronism

PA Screen Confirmatory Testing
> >
63 with positive 37 with confirmed PA

6.1% TOTAL
609 Chilean HTNives PAscreen 2% Stage |

8% stage |l
13% Stage Il

Mosso et al. Hypertension 2003

PA Screen Confirmatory Testing
> >
48 with confirmed PA

79 with positive
241 American STAGE 1 HTNives PA screen 19% TOTAL

on NO treatment

Baudrand et al. JCEM 2016




Unrecognized Yet Biochemically Overt

Primary Aldosteronism

Confirmatory Testing

>

O

13/210 (6%) also had ARR>144

210 American Normotensives 29 with conofirmed PA
With PRA<1 ng/mL/h (14%)

Baudrand et al. Hypertension 2017

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

Markou etal. JCEM 2013 OR=18.4 (3.7, 90.1)




Unrecognized Prevalence of
Primary Aldosteronism

—r
£ 8

Magnitude of
renin-independent
aldosterone
production

11% 16% 22% 22%

n=1015 participants | Rp— | R==—ii s = Qi Bl ]
0 50100150200 O 50 O 50 100150 O 50 100 150

Et}mDIETE—_{l =l Untreated Untreated Untreated Unireated
oral sodium Normotension Stage 1 Stage - Resistant

suppress ion test Hypertension  Hypertension Hypertension
Participants, n

24-h Urinary Aldosterone Excretion, pg

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

* Primary aldosteronism prevalence is high

Sensitivity of the ARR was poor at detecting biochemically overt PA

Brown et al. Annals of Int Med 2020



Severity Spectrum of Primary Aldosteronism

Current Thresholdto
Current Thresholds for Screenfor PA
Biochemical Confirmation of PA 1 Severe

: Hypertensive
Mild | PA
Hypertensive|
PA

“Clinically Relevant”
Phenotype of

Autonomous Aldosterone Secretion _
Normotensive

PA

Normotensive
(without overt PA)

|
|
|

Unrecognized Yet
DISEASE . .
Biochemically Overt PA Overt PA
Obvious Clinical Syndrome
of Excessive MR Activation? NO YES
Biochemical Confirmation of PA YES YES
Cardiovascular Risk Highest

Brown et al. Annals of Internal Medicine 2017



PATHOPHYSIOLOGY: Primary Aldosteronism
Renin-Independent Aldosteronism




Aldosterone Dysregulation

Sodium Loaded (>200 mmol/d) Sodium Restriction (<40 mmol/d)
(maximal aldosterone suppression) (maximal aldosterone stimulation)

=N — - 28N

There is a broad distribution of the ability to
physiologically suppress, and stimulate, aldosterone.

1. What determines this distribution?
2. Does It matter?
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100 200 300 400 100 200 300 400

# of participants in distribution # of participants in distribution




Aldosterone Dysregulation

Sodium Loaded

“ Ability to Physiologically Suppress Aldosterone Secretion” | @ Serum
@® Urine
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Vaidya et al. Hypertension2013

Brown et al. Hypertension 2014



Aldosterone Dysregulation

Sodium Loaded
“Ability to Physiologically Suppress Aldosterone Secretion” ® serum

@® Urine
TES Threshold for PA Confirmation N
g - 12 -------------------- 12 ~
o= P=0.008 Tz
S > 10 ® 10 & =
5 S ® ) (:";) S
—= O ® D
n 8 8
O 8 £

Greater autonomous aldosterone
secretion associlated with more

cardiometabolic risk factors

Number of Metabolic Syndrome Components

Vaidya et al. Hypertension2013
Brown et al. Hypertension 2014



Aldosterone Dysregulation

Sodium Restriction
“Ability to Physiologically Stimulate Aldosterone Secretion”

’ Serum

@® Urine
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Brown et al. Hypertension 2014



Aldosterone Dysregulation

Sodium Restriction
“Ability to Physiologically Stimulate Aldosterone Secretion” ["g scrum

@® Urine

20 - 100
¢

¢ p=0.09 [ 80

=
o1
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N
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>

osterone on
ce (ng/dL)

POS MO

- 60

Impaired aldosterone stimulation

associated with greater
cardiometabolic risk factors

Number of Metabolic Syndrome Components 8

Vaidya et al. Hypertension2013
Brown et al. Hypertension 2014



Aldosterone Dysregulation

Suppressibility when Stimulation when
Sodium Loaded Sodium Restricted

ABNORMAL PHYSIOLOGIC

PHYSIOLOGIC ABNORMAL

Vaidya et al. Hypertension2013
Brown et al. Hypertension 2014




PATHOPHYSIOLOGY: Primary Aldosteronism
Renin-Independent Aldosteronism




Renin Suppression: A Crude Biomarker for MR Activity

PLASMA-RENIN AND BLCOIN-PRESSURE
THE LANCET, MARCH 22, 1975

F

healthy normotensive medical students, nurses,
and laboratory technicians were studied while they ate
their customary unrestricted diet. 42 of these subjects
were also studied after they had consumed a 10 meq.

sodium diet for 3 days. Blood for P.R.A. was drawn at
noon after 4 hours’ ambulation.

“MAXIMALLY STIMULATED RENIN”

Section of Endocrinology,
Department of Medicine,
Temple University,
Philadelphia,
Pennsylvania 19140,
U.S.A. E. Victor ADLIN.



Renin Suppression: A Crude Biomarker for MR Activity

PLASMA-RENIN AND BLCOIN-PRESSURE
THE LANCET, MARCH 22, 1975

restriction, a more sensitive mdlcatur of renin suppressmn,

did show a significant negative correlation with blood-
pressure

Section of Endocrinology,
Department of Medicine,
Temple University,
Philadelphia,
Pennsylvania 19140,
U.S.A. E. Victor ADLIN.



Renin
Phenotype

N=663

Y V44
Protocol: |

*Dietary Sodium Restriction RENIN
*Upright Posture

MAXIMALLY
STIMULATED

‘ Overt PA Excluded '

Phenotype
Determination
&

Hypothesis f

Inappropriate/Excessive

PN

MR Activation Intermediate Normal Physiology

Hypothesis
Testing

Assess MR Activation Syndrome

Autonomous Aldosterone Secretion
* Aldosterone-to-Renin Ratio (ARR)
* Urinary Aldosterone Excretion Rate

Vascular Phenotype

Potassium Homeostasis

*Blood Pressure
Renal Plasma Flow

«Serum Potassium
sUrinary Potassium Excretion




Renin Suppression: A Biomarker for MR Activity

Systolic Blood Pressure Diastolic Blood Pressure
150 - 90 -
P-trend = 0.004* P-trend =0.008*
140 - 85
80 -
130 - o>
L £75
€120 - =
70 -
110 - 65 |
100 T T T 1 60 I T T 1
Lowest Middle Highest Lowest Middle Highest
Inappropriate/Excessive  Intermediate Physiologic Inappropriate/Excessive Intermediate Physiologic
MR Activity MR Activity MR Activity MR Activity MR Activity MR Activity
Renin Phenotype Renin Phenotype

*Adjusted for age, sex, race, BMI, diabetes mellitus, Cr and 24hr Uy,

Hundemer et al. JCEM 2017




Renin Suppression: A Biomarker for MR Activity

Aldosterone-to-Renin Ratio 24h Urine Aldosterone
20 - Excretion Raté when sodium Loaded)
18 - 12 ~mmmmmmeee Threshold for PA Confirmation __________
P-trend = 0.002* P-trend = 0.003*
< 16 - 10
E 14 - .
o 12 - _
c 0 =
510 N
o 8 - 8
S S
2 6 - 4 -
(@)]
c 4 -
2 -
2
0 T T T 1 0 m T T |
Lowest Middle Highest Lowest Middle Highest
Inappropriate/Excessive  Intermediate Physiologic Inappropriate/Excessive Intermediate Physiologic
MR Activity MR Activity MR Activity MR Activity MR Activity MR Activity
Renin Phenotype Renin Phenotype

*Adjusted for age, sex, race, BMI, diabetes mellitus, Cr and 24hr Uy,

Hundemer et al. JCEM 2017



Renin Suppression: A Biomarker for MR Activity

Serum Potassium Urine Potassium Excretion

In Individuals without overt PA:

Renin suppression may be a biomarker for a

mEQq/L

phenotype that is enriched with [subclinical]
autonomous aldosterone secretion and MR
activation

4 B I I ] 72 E— I I ]
Lowest Middle Highest Lowest Middle Highest
Inappropriate/Excessive Intermediate Physiologic Inappropriate/Excessive Intermediate Physiologic
MR Activity MR Activity MR Activity MR Activity MR Activity MR Activity
Renin Phenotype Renin Phenotype

*Adjusted for age, sex, race, BMI, diabetes mellitus, Cr and 24hr Uy,

Hundemer et al. JCEM 2017



Renin Suppression: A Crude Biomarker for MR Activity

Continuum of Renin-Independent

Aldosteronism 1n Normotension
fe
o1

m Is this a continuum of physiology or

ar pathophysiology?

Su

" What Is the relevance to human health?

interest.

Section of Endocrinology,
Department of Medicine,
Temple University,
Philadelphia,
Pennsylvania 19140
U.S.A. ’ E. VicTor ADLIN.




Longitudinal Cohort Study

Hypothesis:
*A suppressed renin phenotype in normotension increases the risk for
Incident hypertension (MR-mediated)

N=850 Untreated {\ Incident {\ Incident

Normotenswes Hyperte”S'On" HYDertenSI0n°
2 02 o X X 20,

T=0years T=2-3years T=3-5years

Hypothesized Phenotypes:

Suppressed Renin Phenotype: PRA <£0.50 ng/dL/h
« Enriched with Renin-Independent Aldosterone Secretion and High MR Activity??

Indeterminate Renin Phenotype: PRA 0.51-0.99 ng/dL/h

Unsuppressed Renin Phenotype: PRA 2 1.0 ng/dL/h
» Enriched with Renin-Dependent Aldosterone Secretion and Physiologic MR Activity??

Brown et al. Annals of Internal Medicine 2017




Renin Phenotype and Incident Hypertension

-
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O 5 PRA< 0.50 PRA 0.51-0.99 PRAZ1.0
< ng/dL/h ng/dL/h ng/dL/h
Q esSA Suppressed Renin Indeterminate Unsuppressed Renin

Phenotype Phenotype Phenotype

Brown et al. Annals of Internal Medicine 2017



Renin Phenotype and Incident Hypertension
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O 5 PRA< 0.50 PRA 0.51-0.99 PRAZ1.0
< ng/dL/h ng/dL/h ng/dL/h
Q esSA Suppressed Renin Indeterminate Unsuppressed Renin

Phenotype Phenotype Phenotype

Brown et al. Annals of Internal Medicine 2017



Renin Phenotype and Incident Hypertension

HR=1.68 (1.16, 2.44)

30 excess events per 1.000 person-vears

RENIN-INDEPENDENT ALDOSTERONISM IN
NORMOTENSION:

Renin suppression associated with increased risk for
incident hypertension...

...viainappropriate MR activation?

PRAS050  PRA0.51-0.99 PRAZ 1.0
ng/dL/h ng/dL/h ng/dL/h
Q esA Suppressed Renin Indeterminate Unsuppressed Renin
Phenotype Phenotype Phenotype

Brown et al. Annals of Internal Medicine 2017



MR-Mediated Hypertension

Among Resistant Hypertensives, add-on therapy with spironolactone is most
effective, AND those with the lowest Renin responded most

Do a substantial proportion of Resistant HTNives have MR-mediated HTN?

150 — Spironolactone 25-50 mg
T — Doxazosin 4-8 mg
148 J_ p=0.0001 o — Bisoprolol 5-10 mg
146 — p=0-0001
= 1444 T
: | s /
g = "
& 1424 = :
T 1404 T é :
E 1 z -10
£ 138 =
z T £
E 136 o
w4 D I [=+}
» i
B _ = -
3 134 £
= 86— { _g
:% 84 T g
= 5
3 827 1
2 804 T T
78+ 1 1 T
1
76 - T T - T - T - 1
Baseline Placebo Spironolactone Doxazosin Bisoprolol 30 T T I T
(n=314) (n=274) 25-50mg 4-8mg 5-10mg 1 10 100 1000
(n=285) (n=282) (n=285) Renin (mU/L)

Williams et al. Lancet 2015



PATHWAY-2 Trial

Endocrine and haemodynamic changes in resistant
hypertension, and blood pressure responses to
spironolactone or amiloride: the PATHWAY-2 mechanisms

substudies
A
Q 4] 8]
_ I = o O i
% 8 & o o % % 3 o o &

I L2 : 0.0 ___ o O ]

Bottom Line: Resistant hypertensio'n |
commonly due to inappropriate autonomous
aldosterone secretion.

@ s L
g -40 9 8 o % o ?
5 0 0 o
o 0 o
T T T | | T | T T T T T
1 10 100 1000 100 1000 01 1 10 100
Renin (mU/L) Aldosterone (pmol/L) ARR (pmol/mU;}

Williams et al. Lancet D+E 2018



Severity Spectrum of Primary Aldosteronism

Current Thresholdto
Current Thresholds for Screenfor PA
Biochemical Confirmation of PA 1 Severe

: Hypertensive
Mild | PA
Hypertensive|
PA

“Clinically Relevant”
Phenotype of

Autonomous Aldosterone Secretion _
Normotensive

PA

Normotensive
(without overt PA)

|
|
|

Subclinical Primary Unrecognized Yet
DISEASE Aldosteronism Biochemically Overt PA Overt PA
Obvious Clinical Syndrome
of Excessive MR Activation? NO NO YES
Biochemical Confirmation of PA NO YES YES
Cardiovascular Risk 27777 Highest

Brown et al. Annals of Internal Medicine 2017



Part 3: How Should Primary Aldosteronism Be Treated?




How Should Primary Aldosteronism Be Treated?

CLINICAL VIGNETTE

Is medical treatment optimized?
Will we reduce the risk for adverse outcomes?
What is the goal of medical therapy for PA?

e BP normalization?
e K* normalization?
e Efficient MR blockade/renin elevation?**




How Should Primary Aldosteronism Be Treated?

SPECIAL FEATURE

Clinical Practice Guideline

The Management of Primary Aldosteronism: Case
Detection, Diagnosis, and Treatment: An Endocrine
Society Clinical Practice Guideline

John W. Funder (chair), Robert M. Carey, Franco Mantero, M. Hassan Murad,
Martin Reincke, Hirataka Shibata, Michael Stowasser, and William F. Young. Ir

Hudson Institute of Medical Research (J.W.F.), Clayton, Australia; University of Virginia Health System
{R.M.C.), Charlottesville, VA; University of Padova (F.M.), Padua, ltaly; Mayo Clinic, Evidence-based
Practice Center (M.H.M), Rochester, MN; Klinikum of the Ludwig-Maximilians-University of Munich
{M.R.), Minchen, Bavaria, Germany; Oita University (H.5.), Oita, Japan; University of Queensland (M.5),
Brisbane, Australia; and Mayo Clinic (W_F.Y), Rochester, MN.

Objective: To develop clinical practice guidelines for the management of patients with primary
aldosteronism

Participants: The Task Force included a chair, selected by the Clinical Guidelines Subcommittee of
the Endocrine Sodiety, six additional experts, a methodologist, and a medical writer. The Task Force
received no corporate funding or remuneration.

Evidence: We searched for systematic reviews and primary studies to formulate the key treatment
and prevention recommendations. We used the Grading of Recommendations, Assessment, De-
velopment, and Evaluation group criteria to describe both the quality of evidence and the strength
of recommendations. We used recommend’ for strong recommendations and 'suggest’ for weak
recommendations.

Consensus Process: We achieved consensus by collecting the best available evidence and conduct-
ing one group meeting, several conference calls, and multiple e-mail communications. With the
help of a medical writer, the Endocrine Society’s Clinical Guidelines Subcommittee, Clinical Affairs
Core Committee, and Council successfully reviewed the drafts prepared by the Task Force. We
placed the version approved by the Clinical Guidelines Subcommittee and Clinical Affairs Core
Committee on the Endocrine Society's Web site for comments by members. At each stage of review,
the Task Force received written comments and incorporated necessary changes.




Traditional Treatment Dogma

A—AA 4N

UNILATERAL PA Normal” BILATERAL PA
Adenoma (Conn’s Tumor), Macro or micro nodular,
hyperplasia

Treatment
1) Na* Restriction AND

Surgery for Cure ; ) .
Jery 2) Lifelong Mineralocorticoid Receptor
Antagonist to normalize BP and K*

*Level 1 evidence lacking



Our Recent Studies Evaluating the Efficacy of PA Therapies

Objectives:

1. Do MR antagonists and surgical adrenalectomy adequately
prevent adverse outcomes?

2. Does renin serve as a clinically useful biomarker of
adequate MR blockade?




Study Cohort Derivation

Primary Aldosteronism (PA) Essential Hypertension

1177 Patient records identified with the

. . . 246336 Patientrecords identified with the
diagnosis of PA via:

diagnosis of essential hypertension and

no PA
161 excluded on manual review forincorrect
diagnosis: One third of records arbitrarily selected
*ARR<30 or PRA>1 ng/mL/h for study eligibility determination (n =
*Negative confirmatory testing for PA 79401)
1016 Patients with fi d PA
atients with confirme 11245 excluded for:
e Prior cardiovascular
event(s)
309 Patients with PA and treated with surgical * Treated with MR
adrenalectomy antagonists
707 Patients with PA and treated medically 68156 Patients with essential hypertension
withoutaprior cardiovascular event
- - - - - BN 26303 excluded to allow for
N Patients with prior cardiovascular disease frequency matching by age
excluded with the PA cohort
V2
N=602 N=205 N=41,853
Patients with confirmed PA on MRA therapy Patients with confirmed PA treated surgically Patients with essential hypertension, no prior
and no prior cardiovascular events and no prior cardiovascular events cardiovascular events, age-matched with PA cohort

Hundemer et al, The Lancet D&E 2018




Medical Therapy for PA and Incident Outcomes

PA on MRA Essential HTN

(N=602) (N=41,853)
Age (years) 58 (12) 57 (12)
BMI (kg/m?)  31.1(6.0) 29.8 (6.4)
Serum Potassium 3.6 (0.5) 4.1 (0.5)
SBP at Study Entry 137 (19) 135 (18)
DBP at Study Entry 81 (13) 80 (11)
Mean Anti-HTNive medications 2.9 (1.4) 2.7 (1.4)

(non-MRAS)

Other CV Risk Factors

(aspirin, statin, LDL, Alc, eGFR, smoking) No difference

Hundemer et al, The Lancet D&E 2018



Cardiovascular

100

Summary:

HR=1.91 (1.63, 2.25) for PA MRA Therapy vs Essential HTN 1. Even when PA patlents are treated
Components of the Composite: . . .
Ml or Coronary Revasc: HR= 1.81 (1.39. 2.37) W_lth MR antagonists, they remain at
CHF Hospitalization: HR= 1.61 (1.17, 2.22) higher risk for CV events than

Stroke: HR= 2.38 (1.83, 3.08) patients with essential hypertension.
HR= 0.58 (0.35, 0.97) for PA Surgery vs Essential HTN

fe]
o

Surgical adrenalectomy may mitigate
this risk.

60

MRA Therapy

14 excess events
per 100 persons

Essential HTN

20

Incident Composite Cardiovascular Events (%20

Hundemer et al, The Lancet D&E 2018




Blood Pressure Trends in Study Cohort

Systolic

S I [
T
E ?
E
) 140
5
(7))
N
o + %
o
3 .
é’ 60
Diastolic
40 PA MRA
PA Surgery
20 Essential HTN
A
0
2 4 6 8 10
Year
Study entry

1-6 months prior to study entry



Atrial Fibrillation

Summary:
HR= 1.93 (1.54, 2.42) for PA MRA Therapy vs Essential HTN 1. EvenwhenPA patlents are treated

HR= 0.75 (0.41, 1.36) for PA Adrenalectomy vs Essential HTN with MR antagonists, they remain at
higher risk for atrial fibrillation than
patients with essential hypertension.

Surgical adrenalectomy may mitigate

this risk.

30

PA - MR Antagonist
20

9 Excess Events per
100 Persons

Incidenct Atrial Fibrillation (%)

Essential HTN

10

.......... e PA - Adrenalectomy

Year

Hundemer et al, JAMA Cardiology 2018



Mortality

Summary:
1. Even when PA patients are treated with

MR antagonists, they remain at higher
mortality risk than patients with
essential hypertension.

HR= 1.34 (1.06, 1.71) for PA MRA Therapy vs Essential HTN
HR= 0.72 (0.38, 1.72) for PA Surgery vs Essential HTN

Surgical adrenalectomy may mitigate
this risk.

w
S
L

Mortality (%)

[
S
L

PA MRA

3 Excess Deaths per 100 Persons
Essential HTN

10 -

PA Surgery

Years

Hundemer et al, Lancet D&E 2018



Longitudinal eGFR Decline

Summary:
1. Evenwhen PA patients are treated with MR antagonists, they have a

more rapid age-related decline in eGFR than patients with essential HTN

2. Curative surgical adrenalectomy in unilateral PA may mitigate this risk.
o

PA Surgery
T -0.8 [95% CI -0.5, -1.2] mL/min/yr

o)
N
S
™
™~
d
£ 80 |
% 75 T I P =0.52
e Essential Hypertension %
~ -0.9 [95% CI-0.9, -1.0] mL/min/yr
nd 70 - P <0.001
LL
% PA MRA

65 - -1.6 [95% CI -1.4, -1.8] mL/min/yr

A0

ou

0 1 2 3 4 S 10

Year

Hundemer et al. Hypertension, 2018



Incident Chronic Kidney Disease

100 Summary:
1. Even when PA patients are treated with
HR= 1.63 (1.33, 1.99) for PA MRA vs Essential HTN MR antagonists, they remain at higher risk
HR= 0.71 (0.39, 1.30) for PA Surgery vs Essential HTN for incident CKD than patients with essential
HR= 2.30 (1.22, 4.35) for PA MRA vs PA Surgery
80 HTN.
’\3 2. Surgical adrenalectomy may mitigate this
S risk.
0 60
X
@)
o
o
- 40
3)
=
20

Year

Hundemer et al. Hypertension, 2018



Biomarkers of MR Antagonism

Nat o _ Na* cr Na*
Urine/ a” ClIHCO,
{inai Side T A
( (" )
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. Principal
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Convoluted Tubule _ Loop Bf Henle & Cell Intercalated Cell
Distal Convoluted Tubule N )
\_

asolateral Side
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Volume Expansion l{|Renin @===111

Volume Contraction— 11 Renin



Risk for Incident Composite Cardiovascular Events

Summary:
1. Theincreasedriskfor CV diseasein

) PA treated with MR antagonistsis
HR= 2.83 (2.11, 3.80) for Suppressed PRA vs Essential HTN limited to th h . .
HR= 1.09 (0.56, 2.10) for Unsuppressed PRA vs Essential HTN Imited 1o (nose whose renin remains
HR= 0.58 (0.35, 0.97) for Adrenalectomy vs Essential HTN suppressed.

[='=3
(=]

PA patients whose renin
substantially rose with MR
antagonists had a risk for CV
disease comparable to:

« Essential hypertension AND
MRA Therapy * Unilateral PA treated with
PRA< 1.0 ng/mL/h adrenaIeCtomy

[=2]
o

23 Excess Events
per 100 Persons

40

MRA Therapy
PRA 2 1.0 ng/mL/h

__—

“Essential HTN

Incident Composite Cardiovascular Events (%)

[}
o

Surgery

0 2.5 5 75 10

Hundemer et al, The Lancet D&E 2018



Blood Pressure Trends in Study Cohort

180
Systolic

160 J
1

=
T 120 [ 1
e
E
) 1
>
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(7]
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5 %
© . .
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m
MRA PRA <1 ng/mL/h
40 MRA PRA 21 ng/mLh
PA Surgery
20 Essential HTN
A
0
- 2 4 6 8 10
Year
Study entry

1-6 months prior to study entry



Summary:

Independent of BP, higher MR antagonist dose and a
substantial increase in renin activity are associated with a
lower risk of incident CV outcomes

100 -

100 -
75 75
50 - 50 -
25 - I I 25 - I
0 . 0

PRA <1.0 ng/mL/h on MRA

Mean Do

Hundemer et al, The Lancet D&E 2018



Risk for Incident Atrial Fibrillation

HR= 2.55 (1.75, 3.71) for Suppressed PRA vs Essential HTN
HR= 1.03 (0.54, 2.00) for Unsuppressed PRA vs Essential HTN
HR= 0.75 (0.41, 1.36) for Adrenalectomy vs Essential HTN

40
g
é 30 MRA Therapy .
= PRA< 1.0 ng/mL/h
__L% ".:.: ............... A
E :
T 14 excess events
< 2 per 100 persons
S
E MRA Therapy ...........
PRA 2 1.0ing/mL/h

R Essential HTN

10

Years

Hundemer et al, JAMA Cardiology 2018




Mortality (%0)

N
o

40 4

w
o

10

Risk for Mortality

HR= 1.63 (1.03, 2.59) for Suppressed PRA vs Essential HTN
HR= 0.88 (0.41, 1.87) for Unsuppressed PRA vs Essential HTN
HR= 0.72 (0.38, 1.72) for Adrenalectomy vs Essential HTN

MRA Therapy
PRA< 1.0 ng/mL/h

Surgery

25 5 75
Years

10

6 Excess Deaths per 100 Persons

MRA Therapy PRA 21.0 ng/mL/h

Hundemer et al, Lancet D&E 2018




Treatment Summary

The current (recommended) practice of lifelong MR antagonisttherapyin PA:

 Associated with a significantly higher risk forincident cardiovascular
disease,renal disease & death,independent of blood pressure control

* Intensification of MR antagonisttherapyto raiserenin,as a proxy for
optimal MR antagonism, may mitigate theserisks.
o Notalways possible!! (adverse effects of MRA, CKD/hyperkalemia)

Surgical therapy, to cure primary aldosteronism, mitigates theserisks

MORE QUESTIONS:

» How to candidly counsel PA patientswho receivelifelong MR antagonist
therapyaboutthe efficacy and futurerisk associated with this decision?

» Is the current treatmentdogma still appropriate?

» Should surgical adrenalectomy be considered more frequently?




Future Areas to Consider for Treating Primary Aldosteronism

Confirmed Primary Aldosteronism

Unilateral Disease Bilateral Disease

|

l

Bilateral, but Grossly Asymmetrical Bilateral, but Relatively Symmetric
Autonomous Aldosterone Secretion Autonomous Aldosterone Secretion
1
}
Strongly Recommend v
Young Age?

Lhillletznel AehETel CEB) Cardiovascular Comorbidities?

Chronic Kidney Disease?

- - - -

Evaluate for biochemical
and clinical cure

Future Studies?
Consider Unilateral
Adrenalectomy to Attenuate
Severity of Disease

Lifelong MR Antagonist Therapy

Persistently elevated BP or hypokalemia _— )
despite maximal MR antagonist therapy, —[€===Nle]{y [V i[e] s We] M=1 H=13Ts Nolo) = A1 V140

r
1
1
}
1
1
1
1
1
}
1
: and/or chronic kidney disease limiting
1
1
}
1
1
1
1
1
}
1
1

MR antagonist therapy

Attempt to raise renin
eIncrease MR antagonist dose
*Dietary sodium restriction

Addition of other anti-hypertensive
""" medication classes (i.e. ENaCi)




QUESTIONS?
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