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Objectives

1. To understand the definition of resistant hypertension

2. To understand the epidemiology and clinical implications of 
resistant hypertension

3. To assess work-up of resistant hypertension and interpretation 
of investigations

4. To learn pharmacological management of resistant hypertension

5. Review resistant hypertension cases



Emerging Global Clinical & Public Health Issue: 
Unmet Need in Hypertension Control 

65% Uncontrolled

US NHANES data, AHA Hypertension 2018, Noubiap J et al. BMJ 2018

1 in 10 individuals with hypertension have 
Resistant Hypertension





Resistant Hypertension Definition

• Inadequately controlled blood pressure above target, despite 
receiving three or more antihypertensive medications at optimal 
doses, preferably including a diuretic

• Controlled blood pressure to treatment target, requiring four or more
antihypertensive agents 

Carey R et al. AHA Scientific Statement 2018 
Calhoun DA, et al. Hypertension. 2008; 51(6):1403–19. 



Resistant Hypertension has a Poor Prognosis

Daugherty SL et al. Circ 2012
Rimoldi SF et al. Eur Heart J 2015
Sim JJ et al. Kidney Int 2015

Up to 50% increase risk of 
cardiovascular events

32% increased risk of end-
stage renal disease

24% increased risk of an 
ischemic cardiac event

46% increased risk of 
heart failure

14% increased risk of stroke
6% increased risk of 

premature death 



Multifactorial Mechanisms of Resistant 
Hypertension

●Fluid retention: increased sodium sensitivity, excessive salt intake, 
and renal dysfunction 

●Aldosterone excess
●Low renin states – 2/3rd of patients with RHTN had suppressed 

plasma renin activity despite use of ACEI/ARB and diuretics 
●RAAS activation

●Sympathetic nervous hyperactivity: elevated 24-h urinary 
metanephrines, higher heart rate

●Increased arterial stiffness Pimenta E. Hypertens 2009
Elrin A. Trends Cardiovasc Med 2016
Gaddam KK Arch Int Med 2008
Eide K et al. J of Hypertens 2004
Pimenta E. Curr Hypertens Rep 2007
Tsioufis C. Int J Hypertens 2011



Management of Resistant Hypertension

Confirm the 
Diagnosis

1

Health Behaviour 
Modifications

2

Pharmacological

3

• Medication adherence
• AOBP
• 24h ABPM/HBPM

• Secondary 
hypertension work-up

• Exercise

• DASH diet

• Low sodium, high 
potassium

• Non-smoking

• Moderate EtOH

• Review current 
antihypertensive 
regimen before adding 
new agents



Non-Adherence
Improper BP 

Measurement
White Coat 

Hypertension

Treatment Inertia
Aggravating 
Medications 

Most Uncontrolled Hypertension is NOT truly 
Resistant

Excessive Salt



Review Medication Aggravators

• NSAIDS

• Corticosteroids

• OCPs

• Vasoconstricting/Sympathomimetic decongestants

• Calcineurin inhibitors (tacrolimus, cyclosporine)

• Erythropoietin

• Midodrine

• Anti-depressants (MAOIs, SSRIs, SNRIs)

• Licorice root



Secondary Causes of Hypertension

Primary Aldosteronism, Pheochromocytoma, 

Cushing’s Syndrome, Thyroid Disease, Parathyroid Disease

Chronic Kidney Disease, Renal artery stenosis, 

Fibromuscular Dysplasia

Obstructive Sleep Apnea

Renal

Endocrine

Other



Primary Aldosteronism



Importance of Detecting PA

• Prognosis: worse for PA patients than patients with primary HTN at same 
blood pressure
• Aldosterone excess has toxic effects on heart and vasculature

• Higher prevalence of stroke, MI, A Fib, LVH in PA patients

• Increased vascular stiffness/remodeling

• Treatment: possible to cure or at least dramatically improve HTN via 
mineralocorticoid receptor antagonist therapy or adrenalectomy



Actions of 
Aldosterone 
on the 
Cardiovascular 
Disease





• Hypertension Canada Guidelines

• Resistant HTN
• Unexplained hypoK <3.5
• HypoK <3.0 with diuretics
•Adrenal adenoma >1cm

• Endocrine Society Guidelines

• Sustained BP > 150/100 
• Resistant HTN
• HTN & spontaneous/ diuretic induced 

hypoK
• HTN and adrenal incidentaloma
• HTN and sleep apnea
• HTN & FHX of early onset HTN/stroke < 

40 years old
• First degree relatives of PA

Indications for PA Screening 

< 3% of patients for whom screening is recommended are screened



• Upright serum aldosterone level and plasma renin activity

• Aldo: Renin Ratio

• Measured before 10AM, Upright/standing measures

• Perform in hospital lab

• Must be measured without any mineralacorticoid receptor blockers 
4-6 wks

• Ideally, without RAAS inhibitors, beta blockers or diuretics but may 
not be feasible 

• Diagnostic feature: Suppressed renin

How to screen for Hyperaldosteronism



• Beta blockers, clonidine, methlydopa→ false +ve (if low aldosterone 
cut off used)

• RAS blockers, diuretics, DHP-CCB → false –ve

• Antihypertensives that affect ARR least→ hydralazine, alpha 
blockers, non-DHP-CCBs (verapamil/diltazem)

How to screen for Hyperaldosteronism





• Saline Suppression Test
• Infusion 2 L IVNS over 4 hours, check ARR

• Oral Salt loading Test (5g Sodium for 3 days)
• Measure 24h urine aldosterone levels

• Fludrocortisone Suppression Test
• Fludrocortisone 0.1 mg po q6h x 4days with K+ supplements, check ARR

• Captopril challenge Test
• Captopril 25-50 mg po x1, check Aldo, renin, and cortisol at 0, 1, 2 hours post

• No Gold Standard Confirmatory Test

• Adrenal vein Sampling: gold standard test for diagnosing PA

Confirmatory Testing for Hyperaldosteronism



Saline 
Suppression Test 
Instructions





Adrenal Vein Sampling Results

Lateralization Index > 4 suggests 

biochemical evidence of lateralization



• Normally CT is only accurate ~50% of the time in detecting the 
adenoma and therefore AVS is needed

• In individuals < 35 years, CT adrenals have a good correlation with 
AVS and therefore AVS may not be needed in this population

Diagnosis of PA in the Young







• Renovascular Disease

• CTA or MRA

• Cushing Syndrome

• 24h urine cortisol, 1 mg Dexamethasone suppression test, 11 pm salivary 
cortisol

• Pheochromocytoma

• 24h urine catecholamines and fractionated catecholamines

• Chronic HTN can have up to 2x ULN

• Coarctation of the Aorta

• Echo or CTA

Asses only based on Signs and Symptoms



Pheo



Pheo Detection



• 24h ABPM or Home BP series

• Calcium and TSH

• Upright plasma aldosterone and renin ratio

• Level 3 Sleep study

• Cushing’s and Pheo work up only if there are signs or symptoms

Basic Resistant Hypertension Work-up



Management of Resistant Hypertension

Confirm the 
Diagnosis

1

Health Behaviour 
Modifications

2

Pharmacological

3

• Medication adherence
• AOBP
• 24h ABPM/HBPM

• Secondary 
hypertension work-up

• Exercise

• DASH diet

• Low sodium, high 
potassium

• Non-smoking

• Moderate EtOH

• Review current 
antihypertensive 
regimen before adding 
new agents



Healthy lifestyles really 
make a difference 

Intervention
Systolic BP

(mmHg)
Diastolic BP

(mmHg)

Diet and weight control -6.0 -4.8

Reduced salt/sodium 
intake

- 5.4 - 2.8

High potassium diet - 3.5 - 2.0

Reduced alcohol intake 
(heavy drinkers)

-3.4 - 3.4

DASH diet -11.4 - 5.5

Physical activity - 3.1 - 1.8

Relaxation therapies - 5.5 - 3.5

Healthy Lifestyle Really Makes a Difference



Thiazide/
thiazide-like*

ACEI§
Long-acting

CCB

TARGET <135/85 mmHg (automated measurement method)

ARB § Beta-
blocker†

Health behaviour management

Single pill 
combination**

† BBs are not indicated as first line therapy for age 60 and above

§Renin angiotensin system (RAS) inhibitors are contraindicated in pregnancy and 
caution is required in prescribing to women of child bearing potential

* Longer-acting (thiazide-like) diuretics are preferred over shorter-acting (thiazide) diuretics

INITIAL TREATMENT

**Recommended SPC choices are those in which an ACE-I is combined with a CCB,
an ARB with a CCB, or an ACE-I or ARB with a diuretic

First Line Treatment of Adults with HTN 
without other compelling Indications



ESH Hypertension Guidelines 2018

ANTIHYPERTENSIVE THERAPY – PRACTICAL 
SUGGESTIONS (A, C, D) 

Anti-hypertensive Therapy-Practical Suggestions



● Double-blind, placebo-controlled, crossover trial 
335 patients aged 18-79 with elevated office and home BP, on at 
least 3 drugs for at least 3 months 

● Exclusion: Non-compliance, secondary hypertension, eGFR<45 
ml/min or abnormal K+

● Primary endpoint: change in home SBP

Williams B, The Lancet 2015



Crossover Medication 

Williams B, The Lancet 2015



Baseline Characteristics

Characteristic PATHWAY-2

Age (mean) 61 years

Women 31%

Diabetes 14%

Home BP 147.6/84.2 mmHg

Williams B, The Lancet 2015



-12.8  mmHg
(-13.8 to -11.8)

-8.7  mmHg
(-7.7 to -9.7)

-8.3  mmHg
(-7.3 to -9.3)

-4.1  mmHg
(-3.1 to -5.1)



Greatest BP reductions with Spironolactone 
were associated with low renin levels

Williams B, The Lancet 2015



Spironolactone was well tolerated

• No difference in serious adverse events

• Hyperkalemia >6.0 mmol/L occurred in 2% of patients exposed to 
spironolactone

Williams B, The Lancet 2015



Spironolactone vs. Eplerenone

• No direct comparison study

• Spironolactone greater BP lowering than eplerenone in mild–
moderate hypertension (spironolactone 25–50 mg daily and 50–100 
mg daily for eplerenone)

• Eplerenone alternative to spironolactone if anti-androgen side effects

Manolis et al. Curr Hypertens Rep. 2019



Cases



• ID: 38 M

• HPI: History of HTN for 2 years

• Tried on HCTZ, bisoprolol, ramipril
without improvement

• Home BP 140-160/100

• No exacerbating 
medications/dietary noncompliance

• No history of TOD

• ROS: Snores, but no choking spells. 
C/o of hyperhydrosis/palpitations. 
No symptoms of Cushings, thyroid 
disease

• PMHx: HTN

• Meds: Bisoprolol 10, ramipril
10, amlodipine 10, fluoxetine 
80

• Intolerant HCTZ due to hypoK

• FHx: Father DM2, mother 
dyslipidemia. No HTN

Case HS



• O/E: L arm 141-156/89-101

• R. arm 133-140/84-93

• Fundoscopy: Normal

• Cardiac: N S1, S2, no S3, S4 or 
murmurs. No sustained apex

• Abdo: No Renal bruits

• Ext: PPPB x4

• Labs

• CBC Normal

• Na 140, K 3.9, Cr 75, eGFR 99

• ECG normal

• What would you want to do now?

Case HS



• Work up for secondary causes of HTN

• Calcium normal

• TSH normal

• 24 hour urine norepinephrines 480 (normal 470)

• 24 hour urine metanephrines normal

• Upright Aldosterone 700 (normal for upright <300), renin <0.05, ARR > 14,000 
(normal < 1500)

Case HS



• CT adrenals: Small 7 mm tissue nodule on most inferior L. adrenal gland, likely 
small adenoma

Case HS



• CT adrenals: Small 7 mm tissue nodule on most inferior L. adrenal gland, likely 
small adenoma

• Adrenal vein sampling:

• Lateralization to the R. adrenal gland

Case HS



• CT adrenals: Small 7 mm tissue nodule on most inferior L. adrenal gland, likely 
small adenoma

• Adrenal vein sampling:

• Lateralization to the R. adrenal gland

• Refer for surgical resection of R. adrenal gland

• 50-90% show resolution of hypertension

• If NOT surgical candidate or no lateralization, treat with MRA (spironolactone, 
eplereone)

Case HS



• ID: 33M

• HPI: HTN dx  1 yr ago. 

• BP still not controlled despite up-
titration of medications

• Presented to RCH with headache, 
tinnitus and severe HTN 

• 1 month history of diaphoresis, night 
sweats, severe frontal headache

• PMHx: HTN

• Meds:

• Amlodipine 10 mg, Ramipril 
10 mg 

• FHx: Father HTN

Case RM



• O/E: R. arm 185/113, 

• L. arm 176/106

• Fundoscopy normal

• Chest clear

• Cardiac exam: N S1, S2 no S3, S4, EHS. 
JVP 1 cm

• Abdo: No renal bruits

• Labs: Normal CBC, lytes, Cr

ECG: LVH

• What do you want to do next?

Case RM



Case RM

Normetanephrine 35 x ULN 

VMA 5.7x ULN

Norepinephrine: 42 x ULN

CT head: highly vascular aggressive mass in the right spenoid bone and 

right spenopalantine foramen. Destruction of the bone and extracranial 

intracranial invasion of the right middle fossa. Encasement of 

cavernous sinus right ICA and multiple cranial nerves



Case RM: How to titrate anti-hypertensive 
medications prior to surgery?

• Goals: controlling HTN and tachycardia and volume expansion

• Alpha blockade prior to OR (at least 7 days prior to OR)
• Short acting: Doxazosin, prazosin, terazosin
• Long acting: Phenoxybenzamine

• Aim for seated BP < 120/80 and standing SBP > 110 in a standing 
position

• High sodium diet (> 5 g per day) and hydration to limit the affects of 
catecholamine-induced volume contraction and orthostasis

• Beta-blockers (after adequate alpha-blockade)

• CCB (amlodipine)





• ID: 65F

• HPI: HTN dx 8 yrs ago. 

• Increased anti-HTN meds 

• BP at home 130-150/68-72

• Remote history of irregular renal 
arteries seen 25 years ago 

• ROS: No symptoms of OSA, 
pheochromocytoma, Cushings, 
Thyroid disease

• Ppt meds: HRT, no NSAIDS

• PMHx: HTN, Asthma, GERD

• Meds:

• Irbesartan 300 mg daily, 
HCTZ 25 mg daily, Amlodipine 
10 mg daily, Premarin 0.25 
daily, Progesterone 2.5 mg 
daily, Tecta 40 mg daily

• FHx: Brother kidney transplant. 
Mother has HTN/CVA

Case SB



• O/E: R. arm 140-160/80

• L. arm 164/80

• Fundoscopy normal

• Chest clear

• Cardiac exam: N S1, S2 no S3, S4, EHS. 
JVP 1 cm

• Abdo: No renal bruits

• Labs: Normal CBC, lytes, Cr

• CT scan: calcification of the ostium
with mild to moderate focal narrowing 
of the R. renal artery (approx. 50%)

• What do you want to do next?

• Would you recommend stenting to 
help with renovascular HTN?

Case SB



NEJM 2014; 370; 13-22.



947 Patients:
-HT with SBP≥155 while on ≥2 drugs; OR
-CKD: GFR <60 mL/min/1.73 m2 AND
-RAS ≥80% or ≥60% with SBP gradient 
≥20 mmHg

Intervention (1:1):
-Palmaz Genesis stent (Cordis)

Concurrent Medical Rx:
-antiplatelet; 
-Anti-HT to <140/90 (DM: 130/80) with 
candesartan, HCTZ, amlodipine; 
-lipid Rx (atorvastatin); glucose

Primary Outcome:
-Composite: Death (CV/renal), stroke, MI, 
stroke, HF hosp, prog renal insuff, perm 
RRT

NEJM 2014; 370; 13-22.

CORAL



• Conclusion:
• Renal-artery stenting did not confer a significant benefit with respect to the 

prevention of clinical events when added to comprehensive, multifactorial 
medical therapy in people with atherosclerotic RAS and HTN or CKD.

NEJM 2014; 370; 13-22.

CORAL



CORAL: Impact of Albuminuria

Vaidya et al. Am J Hyertens 2022; 35(12):967-988.

Murphy et al. Hypertens 2016; 68(5):1145-1152.



• 24 hour ambulatory BP monitoring: daytime BP 129/63 with 
nocturnal dipping

• TSH, Calcium normal

• Aldosterone 137, Renin 0.82

• CT imaging reviewed by Vascular Radiologists/Vascular Surgeons

• Irregularities on the R. renal artery consistent with 
fibromuscular dysplasia

Case SB





• 24 hour ambulatory BP monitoring: daytime BP 129/63 with nocturnal dipping

• TSH, Calcium normal

• Aldosterone 137, Renin 0.82

• CT imaging reviewed by Vascular Radiologists/Vascular Surgeons

• Irregularities on the R. renal artery consistent with fibromuscular dysplasia

• Given BP controlled on 3 agents, and that segment of irregularity long, there is a 
high risk of complications

• Recommend medical treatment of BP, no angioplasty

Case SB



• Resistant Hypertension represents a population at high risk of morbidity 
and mortality

• Requires careful identification with a focus on measurement, adherence 
and exclusion of secondary causes

• Majority of RCTs and physiologic data support use of Spironolactone as 
4th line agent

• Use of an agent from different class to lower BP may be an alternative

Summary Implications



THANK YOU

EMAIL: karen.tran4@vch.ca

CONTACT
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