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Objectives

• Review the nuance between uncontrolled and resistant 
hypertension 

• Summarize efficacy of newer medications that are 
approved for uncontrolled hypertension

• Introduce adjunctive approaches to improve 
hypertension control



• No reference to 
“uncontrolled 
hypertension” in 
AAP CPG



Causes of Uncontrolled Hypertension

• Nonadherence
• 50% of adult causes

• White coat hypertension
• 37.5% of adult causes 

• Undiagnosed secondary hypertension (RAS, PHA)
• 5-25% of adult causes

• Resistant hypertension
• ~10% of adult causes
• Associated conditions: obesity, diabetes, CKD, OSA
• Associated drugs: NSAIDs, antidepressants (SSRIs), illicit 

substances (cocaine)



Resistant HTN –
Treatment in Adults

• Lifestyle

• Combination pills

• Intensified diuretics
• Chlorthalidone
• Spironolactone
• Amiloride or Eplerenone

• 4th line agents:
• Beta blockers, alpha blockers, 

nondihydropyridine CCBs, direct 
vasodilators

• Dual endothelin receptor 
antagonist
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Medications
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New(ish) BP Meds

• Direct Renin Inhibitors

• Aldosterone synthase 
inhibitors

• Endothelin receptor 
antagonists

• Angiotensinogen 
inhibitors
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Direct Renin Inhibitors (DRI)

• Aliskiren is the only orally 
active DRI approved for 
clinical use

• Long duration of action
• Half-life elimination: ~24 

hours (range: 16 to 32 
hours)
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Direct Renin Inhibitors (DRI)

• Aliskiren
• Similar BP lowering as ACEi 

and ARBs

• Meta-analyses of RCTs 
(Aliskiren vs. placebo):

Aliskiren 

Dose

SBP 

reduction

DBP 

reduction

150 mg daily 6 mmHg 3 mmHg

300 mg daily 8 mmHg 4.5 mmHg

600 mg daily 11 mmHg 6 mmHg
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Musini VM et al, The Cochrane Database of Systematic Reviews, 2017

Wang GM et al, The Cochrane Database of Systematic Reviews, 2020

Wang GM et al, The Cochrane Database of Systematic Reviews, 2025
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• Limited but emerging 
evidence 

• Need for close monitoring 
of labs (K, Cr)

• Not 1st line

• Should be reserved for 
cases where standard 
therapies are ineffective or 
not tolerated
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Direct Renin Inhibitors – Pediatric Evidence?
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Children ≥6 years and Adolescents: 

• 20 to 50 kg

• Initial: 75 mg once daily

• May increase to 150 mg once 
daily

• Maximum daily dose: 150 mg/day.

• ≥50 kg

• Initial: 150 mg once daily

• May increase to 300 mg once 
daily

• Maximum daily dose: 300 mg/day.
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Direct Renin Inhibitors – Pediatric Dosing
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8 week randomized, double-blind trial in 
267 pediatric patients 6-17 years, 
compared to placebo, aliskiren 
decreased SBP by:

- Low dose: 4.8 mmHg

- Mid dose: 5.6 mmHg

- High dose: 8.7 mmHg
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Direct Renin Inhibitors – Pediatric Evidence

NCT01150357
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Aldosterone synthase inhibitors (ASI)

• Orally active, once daily

• Newer agents (lorundrostat 
and baxdrostat):
• Highly selective for AS

• CYP11B2 > CYP11B1

• Minimal effect on cortisol
• Earlier agents (osilodrostat) 

also inhibited cortisol synthesis

• Decreased risk of adrenal 
insufficiency
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24 Flack JM, NEJM, 2025.

Baxdrostat
Least squares mean 

difference:

1mg: 

–8.7 (–11.5 to –5.8) mmHg 

2mg:

 –9.8 (–12.6 to –7.0) mmHg



CHILDREN’S NATIONAL HOSPITAL

Aldosterone synthase inhibitors (ASI) – 
Pediatric Evidence?

• Not studied in children

• Not recommended for use
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Endothelin receptor antagonists (ERA)

• Endothelin-1 (ET-1) is a vasoconstrictive peptide

• Upregulated in resistant HTN

• Receptors are on vascular smooth muscle 
and endothelial cells

• ETA receptor: vasoconstriction, proliferative 
effects

• ETB receptor: vasodilatation via release of NO 
and prostacyclin

• Dual antagonists (e.g., bosentan) inhibit ETA and 
ETB 

• ETA receptor antagonists (e.g., ambrisentan, 
macitentan) 

• Selectively block the vasoconstrictive and 
proliferative effects of ET-1

• Preserves beneficial ETB-mediated effects
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Endothelin receptor antagonists (ERA)

• Not 1st line

• Adjunctive therapy for 
adults with resistant HTN  
who are not adequately 
controlled on 3+ BP meds
• RAAS inhibitor, calcium 

channel blocker, and 
diuretic

• Do not increase HR or 
activate RAAS or SNS
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Endothelin receptor antagonists (ERA) – 
Pediatric Evidence?

• Not studied in children

• Not recommended for use
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RNA based angiotensinogen inhibitors*

• Use small interfering RNA 
(siRNA) technology to 
silence hepatic 
angiotensinogen synthesis

• Administered SQ

• Effects can last up to 6 
months
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KARDIA-2: Add-On Treatment With Zilebesiran for 
Inadequately Controlled Hypertension

• Open-label run-in treatment >=4 weeks with once daily  
indapamide 2.5 mg, amlodipine 5 mg, or olmesartan 40 
mg 

• Adherent patients with 24-hour mean ambulatory SBP of 
130 mm Hg to 160 mm Hg were subsequently randomized 
(1:1) to:
• Zilebesiran 600 mg 

• placebo



KARDIA-2: Add-On Treatment With Zilebesiran for 
Inadequately Controlled Hypertension

• Change in 24-hr ABPM from baseline to 3 months (SBP):
• Indipamide: −12.1 mm Hg (95% CI, −16.5 to −7.6; P < .001) 

• Amlodipine: −9.7 mm Hg (95% CI, −12.9 to −6.6; P < .001)

• Olmesartan: −4.5 mm Hg (95% CI, −8.2 to −0.8; P = .02) 



New(ish) adjunctive meds for children

Sodium-glucose cotransporter 2 
(SGLT2) inhibitors 

Pediatric Indications:

- Glycemic control, T2DM, ≥10yrs

Glucagon-like peptide-1 (GLP-
1) receptor agonists

Pediatric Indications:

- Glycemic control, T2DM, 
≥10yrs

- Obesity (≥12 yrs) with lifestyle

8/19/2026
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New(ish) adjunctive meds for children

Sodium-glucose cotransporter 2 (SGLT2) inhibitors

• Adult data, mechanistic studies:

- Lower SBP by 2-5 mmHg

- Lower DBP by 1-2 mmHg

• Mechanism of BP lowering likely:

- Weight loss

- Natriuresis

- Osmotic diuresis

- Reduced arterial stiffness

*Pediatric RCT have focused on DM outcomes, not BP or HTN; no studies have evaluated 
SGLT2 inhibitors as antihypertensive monotherapy in children without diabetes.

Glucagon-like peptide-1 (GLP-1) receptor 
agonists

• Pediatric studies:

- Lower SBP by 2-3 mmHg in youth with obesity or 
T2DM (obesity>T2DM)

- Minimal to no effect on DBP

• Mechanism of BP lowering likely:

- Weight loss

- Natriuresis

- Improved endothelial function

- Reduced SNS activity

*The antihypertensive effect is smaller than that of traditional agents but may provide 
additive benefit in children with obesity-related hypertension.

*Not currently indicated as primary antihypertensive therapy in pediatric hypertension.
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Sternlicht and Bakris, Curr Hyp Rep, 2019
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Old(ish) meds, new(ish) strategy
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Schmieder R, et al, Hypertension, 2023



Old(ish) meds, new(ish) strategy

• Better medication 

adherence

• Greater reductions in SBP, 

DBP

• Higher rates of BP goal 

achievement (vs. single 

pill)
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Schmieder R, et al, Hypertension, 2023
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Summary

• Uncontrolled hypertension encompasses a variety of 
conditions including WCH, nonadherence, secondary 
hypertension

• Resistant hypertension needs a multifaceted approach to 
treatment
• Combo pills

• Enhanced lifestyle (role for combo GLP-1?)

• Treatment of comorbidities (role for combo SGLT2i?)

• New agents, including those with longer duration of action (SQ)
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