Update in hypertension

Jasmine Tan
29th April 2026

O
C Greenlane

Medical Specialists



Overview

* |dentifying Primary Aldosteronism in hypertension

* Work up of Primary aldosteronism
* 2025 guidelines on PA

e Case discussions



Reclassification 2024

Comparison of Classifications of Blood Pressure in ACC/AHA 2017, ESH 2023, and ESC 2024 Guidelines
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AHA/ACC ESC/ESH

(2025 update) (2023/24)
Hypertension =130/80 =140/90
threshold
BP treatment target <130/80 SBP 120-129 if

(possibly <120 SBP) tolerated
(cf <135/85 mmHg)



Hypertension

2025 AHA/ACC, 2024 ESC guidelines
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Who should be evaluated?

Diabetes

Resistant Early onset Rapid onset Family history

Hypertension
hypertension Or of PAin first with OSA
degree

Acute relatives
exacerbation

Broader, earlier and more practical screening for PA



Primary aldosteronism (PA)

* PA accounts for 5 — 10% of patients with hypertension; 20 — 30 % of resistant
hypertension

Table 3. Prevalence of primary aldosteronism in different subgroups

Setting Prevalence
Hypertension in Primary Care 5.9% (range, 3.2-14.0)
Hypertension in referral centers 7.2% (range, 0.7-21.9)
Hypertension in young adults (ages 18-40 years) 16.2%

“Grade 1 hypertension 3.9%-15.7%

“Grade 2 hypertension 9.7%-21.6%

“Grade 3 hypertension 11.9%-19%

Resistant hypertension 11.3%-29.1%
Hypertension and hypokalemia 28.1%

Hypertension and adrenal incidentaloma 4.4% (range, 0.4-24.6%)
Hypertension and atrial fibrillation” 42.5%

Hypertension and type 2 diabetes mellitus 11.3%-19.1%

aGrades 1,2 and 3 hypertension refer to the classification of the 2023 European Society of Hypertension
guideline



Primary aldosteronism (PA)

* Refers to the inappropriate and non-suppressible aldosterone production

* Initial screening in the context of normokalaemia (K= 3.5 mmol/L) & 1 hr post breakfast:

Elevated aldosterone: renin ratio Low renin (Renin <8.2 mU/L)

(ARR) at > 55 in the context of AND
normokalaemia High aldosterone (2277 pmol/L)

Meets criteria

* Potassium to be measured alongside aldosterone and renin to aid accurate interpretation of aldosterone
level (low serum potassium can lead to falsely low aldosterone)

JClin Endo Metab. 2020; 105(12): 1-13.
Hypertension. 2018; 72(5): e53-e90.
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Spectrum of PA phenotypes Idiopathic hyperpla sia, bilateral (lHA) 60 -65%

Aldosterone-producing adenoma (APA) 30-35%
o I o .

68/°h'ghe.r5 o ”SkOfmC'qent : Primary adrenal hyperplasia, unilateral 2-3%

hypertension in normotensive with

suppressed renin vs normal renin o )
Glucocorticoid-remediable <1%
aldosteronism (GRA)/ familial

Common subtypes include bilateral hyperaldosteronism FH type 1

hyperplasia and aldosterone-producing - .

adenoma Familial hyperaldosteronism type 2 <1%
Familial hyperaldosteronism type 3 <1%

Positive association between OSA

severity and PA Aldosterone-producing adenoma or <1%

carcinoma or ectopic lesion

Ann Med 2013;45:375
J Clin Endo Metab. 2020; 105(12): 1-13.
Hypertension. 2018; 72(5): e53-e90.
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Consequences of untreated PA

® & © 9
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Stroke CAD AF HF Proteinuria
OR 2.58 OR1.77 OR 3.52 OR 2.05 OR 2.68
(95%Cl 1.93 — 3.45) (95%CI 1.10 — 2.83) (95%Cl 2.26 — 5.99) (95%CI1.11-3.78) (95%Cl 1.89 — 3.79)

Compared with patients with essential hypertension

J Hypertens. 2020;38(1):3-12
Lancet Diab Endocrinol. 2018;6(1):41-50.



Residual risk in medically treated PA

100+ —— Primary aldosteronism treated with MR antagonists (adjusted)
Primary aldosteronism treated with MR antagonists (unadjusted) .
—— Essential hypertension (adjusted) 602 medica lly treated PA

e el 41,853 age-matched patients with EH
B0

60—

/7R CV events higher in PA patients on MR antagonist
X HR=1.91[1-63-2-25]
(14.1 excess events/100 people over 10 years)

40 Adjusted HR 1.91 (95% C11.63-225)

ﬁ Mortality higher in PA patients on MR antagonist
HR=1-34[1-06-1-71]

20

Curnulative incidence of composite ardiovascular events (%)

e
0 - | W Atrial fibrillation
Number at sk HR 1-93[1-54-2-42]
Primary 602 439 201 183 04
aldosteronism
Essential 41853 34423 25870 18261 12453
hypertension

Figure 2: Standardised cumulative incidence curve of composite cardiovascular events

Adjusted to CV profiles and BP Lancet Diab Endocrinol2018; 6: 51-59.



Influence on
aldosterone/renin ratio

In situations when BP cannot be appropriately
controlled without interfering antihypertensive
agents:

- Beta-blockers should be discontinued when
possible to reduce risk of false-positive
results.

- Withdrawal of beta-blockers unlikely to have
significant compromise on BP

Effect on

COiiRaS aidosterone | £10E 0 | iation

concentration

Potassiumy sodium
Hypokalaemia e =T L FN
Potassium loading T =L ‘T FP
Sndu.fm re.strictlnn r - L EN
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. | : b | e
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Beta-adrenergic blockers L Lol T FP 3 weeks
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Other drugs
SGLT2 inhibitors - I Jo FN 2 weeks
Steroids ) =] T FP 4 weeks
MSAID ] NP E T Fi 2 weeks
Destrogen-cantaining
contraceptive agents T T T FI & weeks

and drospirenane




» Individuals with Hypertension =

Measure Aldosterone, Renin, and Potassium®*

'

Meets Criteria for Primary Aldosteronism**
Henin concentration or activity is low or suppressed, while aldosterone concentration is

. iately higl lati .
* Plasma renin =1 L/h -'A.I-dm'torw [immunoassay) = 10 ng/dL (= 277 Emﬂ]'

+ Direct renin concentration (DAC) = 8.2 mU/L *= Aldosterone (LC-MS/MS) = 7.5 ng/dL (= 208 pmol/L)

AND

55in NZ labs

* Aldosterone [LC-MS/MS, ng/dL) / PRA [ng/mL/h) > 15
* Aldosterone (LC-MS/MS, pmol/L) / DRC (mU/L) > 52

RE-TEST

¥ !
Yes No RE-TEST
i '
Concern for False Positive Result? Concern for False Negative Result?
* [ adrenergic blockers or centrally acting o, agonists * Hypokalemia that lowers aldosterona?
(e.g., clonidine) that lower renin and increase * Medications that raise renin and decrease the ARR?T
ARRT™ # Strono confounders: MRAs®, ENaC inhibitors™
& |ntermediate confounders: Diuretics
* Weak confounders: ACEis, ARBs, Dihydropyridine
CCBs
= High pretest probability of PAT
* Low renin with aldosterone 5-10 ng/dL, 138-277
pmol/L (immunoassay)?
v ' ] v
Yes No No Yes
' ! ' Y
* Withdraw PA Likely PA Unlikely * Correct hypokalemia
ad ic block P
ar muurglluy acl?n;m Proceed to the algorithm Anti-hypertensive * Withdraw MRAs, ENaC inhibitors,
., agonists for 2 for the managemant of therapy as per diuretics for 4 wks
wzlm hypertensive adults in guidelines for treating + Consider withdrawing ACEis, ARBs,
whom P& |5 likely based primary hypertension and dihydropyridine CCBs for 2 whks
* Then retest on aldosterone, renin, « Then retest

and ARR (Figure 2)




* Aldo suppression testing required in:

Confirmatory testing in positive screening

Pretest probability

* Those with intermediate probability of having
lateralizing PA, who are willing and able to undergo

surgical adrenalectomy

Not required:

* Resistant hypertension

* Hypertension with hypokalemia

AND

* Overtbiochemical evidence of renin-independent

aldosterone production

(Renin <2 mU/L & Aldo >554 pmol/L)

Consider Genetic
Testing for Familial
Forms of PA if

* HTN age of onset < ~20
yrs

Does the Individual Desire
and is a Candidate for Surgery?

l YES

MRA*

* 1st degree relatives
with PA

= Family history of eady
onset HTN or CVA <40
¥rs

Is the Probability of Lateralizing PA High?

Consider factors associated with higher probability of lateralizing PA:
hypokalemia, higher aldosterone, suppressed renin

l

}

1

Low Probability of Lateralizing PA
Probability of lateralizing PA is so low that pursuing
aldosterone suppression testing is not clinically
necessary.

Consider if:
* Normokalemia
* Aldosterone <~11 ng/dL (~305 pmol/L) by
immunoassay or <~8 ng/dL (~-222 pmol/L) by

Intermediate Probability
of Lateralizing PA

.

High Probability of Lateralizing PA
Lateralizing PA is so probable that aldosterone
suppression testing can be bypassed.

Consider if clinical features of severe PA:

After discussing the options, does the patient
prefer an empiric trial of MRA over proceeding to
aldosterone suppression testing +/- AVS?

* Hypokalemia

* Very low renin (DRC < 2 mU/L or PRA < 0.2 ng/
mL/h) with elevated aldosterone (>~20 ng/dL
(~554 pmol/L) by immunoassay or >-15 ng/dL

* Those who are not proceeding with Sx

e Germline mutations

* Normalplasma K

* Aldosterone <305 pmol/L

Low likelihood of lateralizing PA:

LC-MS/MS* (~416 pmol/L) by LC-MS/MS)
l l YES NO l
Consider Trial Aldosterone Consider going directly to
MRA* - _ Adrenal CT surgery if patient is < 35 yr,
of MRA* NEGATIVE Suppression Testing# POSITIVE has severe PA and > 1,0 cm
* unilateral adrenal mass
Adrenal Venous Sampling i
BILATERAL LATERALIZED i
ALDOSTERONE ALDOSTERONE
PRODUGTION PRODUCTION

MRA* Surgery

I

In patients with adrenal adenoma, dex
suppression test (DST) recommended




Aldosterone suppression test

a

Patient upright
posture for
2 hours prior
to test

/

5

2/

BP recorded and

IV line for plasma

aldosterone and
potassium

3

2L normal saline
infusion over
4 hours

SODIUM
CHLORIDE
(NORMAL

SALINE)

~

5

BP and pulse
monitored
Q15 - 30 min

\

O

Test completed
with bloods
drawn for
aldosterone and

electrolytes

n
LABTESTS |

+/ ALDOSTERONE ||

v/ ELECTROLYTES
(INCLUDING

POTASSIUM, |
SODIUM)

Protocol complete.

Proceed with patient care and follow-up.

Likely PA

Aldosterone =217 pmol/L and above



Adrenal vein sampling
Co-syntropin stimulated

Exclude < 35 years old with marked PA and
adrenal adenoma on CT

0.28% adrenalincidentalomas in this group

Surgical candidates
Irrespective of side of adrenal adenoma on CT

Selectivity index >3-5
Lateralization index 24
Contralateral suppression <1

Right adrenal gland Inferior phrenic
vein

Right adrenal
vein

--------
--------

Right renal | it & Left renal
vein o vein

o Inferior
:

i 1 —+— vena

cava

Right kidney

Inguinal ligament

Right femoral
vein

Common iliac vein

Catheters inserted in the femoral veins

Left adrenal gland
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Lifelong medical therapy

Angiotensin Angiotensin AT
converting e ACE Inhibitors receptor e BRI
enzyme blockers | T2 *"; 4{
Angiotensinogen I
=P Renin
v e d = .
T Angiotensin | ﬁ Angiotensin Il mmp Anglotensin _ &

receptor
Direct

renin
inhibitors

< Aldosterone <%

<
G N

T \: )

-

Mineralocorticoid receplor antagonists
' -

Therapeutic goals:

1. Reverse/ mitigate adverse effects of excess aldosterone
2. Normalize serum potassium

3. Normalize renin levels™

* Unclear benefit on raising renin when BP is controlled



In summary

* Broader, earlier screening of PA allows for early intervention and
reduction in CV and renal risks

* Medication adjustments after screening tests if pretest probability
remains high

* Aldosterone suppression testing indicated for intermediate
likelihood of PA AND patient keen and suitable for adrenalectomy

* Appears to support a lower threshold for the use or empiric use of
Spironolactone in hypertension and with low renin alone *without
medication interferences”



Cases



Ms SJ

62 female

12D for 6 years
Hypertension 10 years, well controlled

* Recent exacerbation of hypertension, with elevated home BP
and today’s average clinic BP 180/110 mmHg.

* She has been increasing exercise and been drinking a herbal
tea to help with weight loss and remission of diabetes

* Her examination was non-contributory.




Medications
Galvumet 1 BD
Losartan 100 mg

Labwork post clinic
Na 144 | |Bicarb  (22-31)|ClL95(95-110)

Renin <2 mU/L | aldosterone <70 pmol/L

Frusemide 40 mg
Verapamil 120 mg
Vitamin E
Vitamin C

3 months ago:
Na 138| K4.5 |Bicarb 26 [C1L 101 mmol/L

What is her diagnosis?

A.

B
C.
D

Cushing’s disease
Primary Aldosteronism
Apparent mineralocorticoid excess

Additional diuretic effect with herbal preparation



Acquired apparent mineralocorticoid excess

]
Glycyrrhizic Acid (Licorice) — -:ll R
Inactivates 11BHSD 2 ——
Increases cortisol binding to - TipHSD2
MR receptor 2 sodium _— 2
retention + potassium loss o3 _ \Soe tnmserioong”

[ENaC | ——gl—"  |[NaK-ATPase |

S . oo < K

" b R Jﬂﬂ__ﬂ,—-""""’ﬂa‘
Low renin, low aldosterone, rofe
metabolic alkalosis -::

|



What is her diagnosis?
A. Cushing’s disease
B. Primary Aldosteronism —expect low renin, high aldo
C. Apparent mineralocorticoid excess
D

Additional diuretic effect with herbal preparation — expect high renin, (N) aldo

Cortisone

Cortisol 113-HSD2 Aldosterone

Genomic effects

Transcription
and translation

Essick, Eric & Sam, Flora. IJH 2011 (7): 346985.



Mrs YM

52 Chinese female with clinic BP 170/105 mmHg

BMI 25 kg/m?

Non smoker Current medications
Candesartan 16 mg OD

CKD 3a Amlodipine 5 mg OD

CABG X 4 following NSTEMI July 2014 Metoprolol CR 95 mg OD

Recent L) MCA infarct with good recovery Atorvastatin 40 mg OD

Aspirin 100 mg OD

Previously developed hypokalaemia after starting Bendrofluazide



Examination findings non-contributory, apart from mild retinopathy. HR 58 bpm

Labwork:
Aldo 483 pmol/L | renin 3 mU/L | ARR 161(<55)

Na 140 | K3.6 | Cr 120 umol/L

Urine ACR6.7
Thyroid function tests and serum metanephrines — normal

CT : bilateral prominent adrenal glands with 21 mm left adrenal nodule (HU 8)



What is the next step?

A. Add Chlorthalidone 12.5mg daily

B. Stop Metoprolol, replace with Frusemide 40mg daily and recheck
aldosterone renin ratio (ARR) after 2 weeks

C. Stop Metoprolol, replace with Doxazosin and recheck aldosterone
renin ratio (ARR) after 2 weeks

D. Referto surgeons for removal of left adrenal lesion



* Repeated ARR 88; renin 4 mU/L; aldosterone 350 pmol/L
* Seated saline suppression, aldosterone 250 pmol/L (<217)
* 1 mg dexamethasone suppression test = negative



What’s your next step?

A. Starton Spironolactone and titrate to potassium and BP control
B. Starton Spironolactone and refer for adrenal vein sampling

C. Referforadrenal vein sampling
D.

Start on Spironolactone and refer to surgeons for resection of left
adrenal adenoma



Case study 1

32yrs female referred by GP with resistant hypertension

Background: Asthma, normal echocardiogram 2008, family history of
hypertension, BMI 30 kg/m2

Medications at referral.:
* Amlodipine 5mg nocte
* Bendroflumethiazide 2.5mg mane

Blood pressure 140/95mmHg (1); 144/94 mmHg (2)
ARR 136, K3.7 mmol/L (03/2018)



Investigations

* SST Aldosterone 354 pmol/L; Renin 2 mU/L

* CT adrenals: Normal
* Adrenal vein sampling did not demonstrate lateralization

* Commenced on Spironolactone 12.5mg daily with progressive
iIncrease 100mg mane and 50 mg nocte over 11 months

* 24 hour ABPM on 75 mg Spironolactone daily
* Average overall blood pressure: 141/97mmHg
* Average awake blood pressure: 145/10TmmHg
* Average asleep blood pressure: 129/86mmHg



Amenorrhoea

* Secondary amenorrhoea for 6 months, since Spironolactone dose
Increased > 100mg daily

e FSH3U/L(4-25); LH7 U/L(10-75); oestradiol 95 pmol/L (150 -
1450); prolactin 250 mU/L(100 - 500)



Progress

* Reduced spironolactone to 2omg
* Started on Amlodipine 5mg daily and clinic BP 133/87mmHg

 Periods returned after 2-3 months



Granulosa cells

Theca cells

Endometrium —

sheds (thins)

Endometrium
thickens

Thickness of
endometrium
(uterine lining)

Ovary: follicle
releases egg then
collapses

Gonadotropic
hormone levels
(LH & FSH)

Ovarian hormone
levels (estrogen

Estny
and progesterone)}

R gesterone ||

g(x;?gerature 2
(°C) rises at 36.5°

ovulation  36.0° [~

Day

llll|lll |llll|1111|ll

Period starts —

3 10 1|4 20 2528

Period ends——  Ovulation (egg released)

J Endocrinology 2019; 242, R23-R50

ARKO mice:
1. Defective
follicular

development and
poorer follicle
health

2. Reduced FSH at
all estrous cycle
and LH, affecting
late stages of
follicle
development.



Mechanism of sex steroid adverse effects of
Spironolactone

Inspra spironolactone

— Aldosteron

«.

Mineralocorticoid Androgem  Rogesteros Glucocorticoid mm

B Bl BRSSO

https://medium.com/minimalist-pharmacist/aldosterone-antagonists-entresto-corlanor-ed3a572b4a2b



* Menstrual irregularities include metrorrhagia, amenorrhoea and
menorrhagia

* 20% with Spironolactone 50 — 100 mg/day
* 70% with Spironolactone 200mg/day

* Return of normal menstrual cycle usually occurs within 2 months
of Spironolactone discontinuation.

J Clin Aesthet Dermatol. 2012; 5 (3): 37-50.



Case study 2

87 female
Resistant hypertension (2024) with negative secondary screen
Background: AF, myelofibrosis, anxiety, CKD G3aA3, chronic hyponatraemia on 1-1.2L/day FR

Medications

Losartan 50 mg twice daily
Amlodipine 10 mg nocte
Doxazosin 4 mg mane, 2 mg nocte
Spironolactone 12.5 mg daily
Bendrofluazide 1.25 mg daily
Metoprolol CR 23.75 mg daily
Dabigatran 110 mg twice daily
Colecalciferol 1.25 mg monthly

Medication intolerance

Chlorthalidone hyponatraemia (in the context
gastro)

Bisoprolol fatigue

Bendrofluazide moderate hyponatraemia



* 19/2/26: Symptomatic tachybrady syndrome, HR 34 bpm
* PPMinserted 25/2/26
* Metoprololincreased 47.5 mg daily
* Bendrofluazide stopped
* Fluid restriction lifted

* 8/3/26: Hospitalized for moderate hyponatraemia

e 9am Cortisol473 nmol/L
e TSH=3.0mU/L (0.4-4.0 mU/L)

* Urine sodium 79 mmol/L (normal <40) and osmolality 444 (normal <100)



Dato | 23/10/25 | art/26 | 1972126 | 2372126 | 26/2/26 | 813125 | 1113126 | 1613126 | 1774126

Na 132 133 129 126 125 126 127 131 137
 Bendrofluazide 1.25 Readmission with Metoprololreduced
mg stopped symptomatic to 23.75 mg daily
* Metoprolol hyponatraemia
increased Continued on spiro

* FRremoved FR restarted



Betablocker

hyponatraemia
Angiotensin Angiotensin
converting e ACE Inhibitors "m’iﬂ
Rare, usually occurring on initiation of ' — | .
betablockers

Angiotensinogen

diuretics Direct

renin
inhibitors

\

y

Usually modest
Renin
Increased risk in those on concurrent T ‘ ST % Argiotensinl . APORIERSIR _

Mechanism uncertain, but associated

with inhibition of renin secretion and
< Aldosterone <%

L, AN

N

reduced tubular Na reabsorption

|

Mineralocorticold receptor antagonists
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