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Characteristics of true resistant hypertension



Resistant hypertension: A stepwise approach J. Yahr et al. CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 90 NUMBER 2 FEBRUARY 2023doi:10.3949/ccjm.90a.22046

M Aylett et al. Evaluation of normal and large sphygmomanometer cuffs using the Omron 705CP J Hum Hypertens. 2001 Feb;15(2):131-4. doi: 10.1038/sj.jhh.1001133.

Overestimation up to 7.1 / 4.7 mm Hg
(normal cuff on large arm)



Objectives
To demonstrate the BP-lowering effect of 2 dose strengths of aprocitentan after 4 weeks of treatment and the sustained
effect of 1 dose strength of aprocitentan after 9 months of treatment at Week 40

+/-50% 
screen failure due to:

accurate BP measurement, 
prerecruitment medical inertia, 
and adherence improvement 

during the run-in period

Key inclusion criteria at randomization include:
mean trough SiSBP ≥140 mmHg (unattended 
automated office BP measurement, uAOBPM)
≥80% compliance with the standardized background
antihypertensive treatment during the run-in period
≥80% compliance with the study treatment (placebo) 



Undiagnosed secondary hypertension

Endocrinological disorders
• primary hyperaldosteronism, 
• hypo/hyperthyroidism, 
• hyperparathyroidism,
• pheochromocytoma, 
• acromegaly, 
• congenital adrenal hyperplasia, 
• carcinoid tumor,

Adapted from A. Doroszko et al., Resistant Hypertension, Adv Clin Exp Med 2016, 25, 1, 173–183. DOI: 10.17219/acem/58998

NOT SO EASY TO
DIAGNOSE …



• Double-blind, placebo-controlled, 
crossover trial, aged 18–79 yrs

• Seated clinic SBP > 140 mm Hg (or ≥135 
mm Hg for patients with diabetes) and 
home SBP > 130 mm Hg, 

• Despite treatment for at least 3 months 
with maximally tolerated doses of three 
drugs which had to be an ACE inhibitor 
or an ARB; a CCB and a diuretic.

• 6 weeks cycles at lowest dose 
(Spironolactone, Doxazosin, Bisoprolol, 
Placebo), followed by 6 weeks  forced 
titration to twice this dose.

SBP 135 mm Hg border



One would 
expect elevated 

plasma renin 
levels in patients 

receiving ACE 
inhibitor or an 

ARB, a CCB and a 
diuretic, all of 
which usually 

increase plasma 
renin levels. 

< 0 = BP reduction



shows BP fall on 
bisoprolol > spironolactone

only in the top 3% 
of the renin distribution.

BP reduction with
bisoprolol

> 
spironolactone



Resistant hypertension is most often caused by excessive sodium retention, 
despite existing anti HT (including a diuretic) therapy

Clear inverse relation 
between 

home SBP fall with 
spironolactone 

and plasma renin, 
not seen with 

bisoprolol or doxazosin.



+/-70% patients
achieved home 

SBP < 135 mm Hg
with 

spironolactone
(specific somatic 

mutations in adrenal 
gland can result in 

micro-aldosterone producing
adenomas,

which are difficult to detect 
by conventional imaging)

The average reduction in home systolic blood pressure by spironolactone was > to placebo 
(-9 mm Hg [95% CI –9,72 to –7,69])



Aldosterone production despite high sodium balance 
and renin suppression 

=  “renin-independent” aldosterone production.

In resistant hypertensive 
patient subgroup, 

stop mineralocorticoid receptor 
antagonists or amiloride

6 weeks before 
study assessments,  

other antihypertensive 
medications continued 

for safety. 

Biochemically overt primary aldosteronism diagnosed when urinary aldosterone 
levels > 12 μg/24 h.

AIM:  induce expansion of intravascular volume and physiologic 
suppression of renin and angiotensin II

All: High sodium balance > 190 mmol/24h and K+>3,5 mmol/L 
and renin activity suppressed

(<1,0 µg/L per hour seated or <0,6 µg/L per hour supine) 
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BP-lowering strategy in true resistant hypertension



Spironolactone competes with 
aldosterone to bind to the 

mineralocorticoid receptor (aldosterone 
receptor) in the distal convoluted tubule 

cells of the kidney.

Spironolactone is nonselective — it binds 
androgen and progesterone receptors, 

leading to off-target effects such as 
gynecomastia.



SPIRONOLACTONEBARDOXSTAT



Baxdrostat for Resistant Hypertension (phase 2)

MW. Freeman et al. N Engl J Med 2023;388:395-405. DOI: 10.1056/NEJMoa2213169

Baxdrostat plasma aldosterone levels but not cortisol levels:
selectivity ratio 100:1 for aldosterone synthase vs. 11β-hydroxylase for cortisol synthesis 
(shares 93% sequence similarity with aldosterone synthase)

NB: only 12 weeks, no ABPM and GFR > 45 ml/min 
and adherence >70% and very large Placebo effect



24 h SBP 
ABPM:

–4·2 mm Hg 
(Apro 12,5 

mg)
–5·9 mm Hg 
(Apro 25 mg)

Aprocitentan



FH. Messerli et al. Renal denervation in the antihypertensive arsenal. Journal of Hypertension 2022, 40:1859–

1875

24h SBP 24h SBP24h SBP24h SBP

24h DBP 24h DBP24h DBP24h DBP

EFFECTS ON 24H AMBULATORY BLOOD PRESSURE CORRECTED FOR SHAM  



JAMA Cardiol. 2022;7(12):1244-1252.

Mean+/-SD daytime ambulatory BP at 6 months 
was 138+/-15 mmHg with uRDN
vs 139+/-14 mmHg with sham. 

40%
60%-12 mmHg SBP decrease in both groups



Reduction in systolic and diastolic 24 h ambulatory blood pressure (mmHg) achieved by 
individual antihypertensive drugs and in sham-RCTs comparing renal denervation to sham 
intervention. RCT, randomized controlled trial.

FH. Messerli et al. Renal denervation in the antihypertensive arsenal. Journal of Hypertension 2022, 40:1859–

1875

ARB ACEi BB CBBs HCTZ
RENAL DENERVATION

= > HCTZ

0 mmHg

-14 mmHg

RANGE IN SBP REDUCTION WITH RENAL DENERVATION



• RDN lowers BP  to an extent at best corresponding to 1 
antihypertensive drug

• Clinically impossible to predict who responds to RDN and 
who does not.

• Complete lack of outcome data with RDN.
• No reversibility of antihypertensive effect if hypotension (in 
contrast to standard antihypertensive therapy)

• Safety data on RDN available for up to 3 years and in 
CKD, but long-term BP reduction unconvincing.

• Can RDN be repeated? If so, how often? Does repeated 
RDN lead to scarring of renal arteries? 

FH. Messerli et al. Renal denervation in the antihypertensive arsenal. Journal of Hypertension 2022, 40:1859–

1875



G. Lamirault et al. Resistant hypertension: Novel insights. Curr Hypertens Rev. 2020;16(1):61-72. doi: 10.2174/1573402115666191011111402. 

RESISTANT HYPERTENSION - CHECK LIST !
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THANK YOU FOR YOUR KIND ATTENTION


