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Deaths attributed to 19 leading risk factors

Global helath risks, WHO 2009



Majority of US Hypertensive Patients 
Not at Systolic BP Goal of < 140 mmHg 

3

Hypertensive
N = 73.6 million

Aware (79%)
57.9 million

Unaware (21%)
15.7 million

Untreated (10%)
7.1 million

Treated (69%)
50.8 million

Controlled (45%)
33.4 million

Uncontrolled (24%)
17.4 million

40.2 million
(55%) not at goal

Circulation 2009;6:e87-e95.
Based on Data from NHANES/NCHS 2005-2006





AHA recommendation for high-risk patients

AHA Scientific Statement Circulation. 2007;115:2761-88.



Multiple Antihypertensive Agents 
are Needed to Reach BP Goal

Lancet 2005;366:895–906.

Average no. of antihypertensive medications
1 2 3 4

Trial (SBP achieved)

ASCOT-BPLA (136.9 mmHg)

ALLHAT (138 mmHg)

IDNT (138 mmHg)

RENAAL (141 mmHg)

UKPDS (144 mmHg)

ABCD (132 mmHg)

MDRD (132 mmHg)

HOT (138 mmHg)

AASK (128 mmHg)



Definition of resistant hypertension

• Resistant hypertension is defined as blood pressure that remains 
above goal in spite of concurrent use of 3 antihypertensive 
agents of different classes.

• Ideally, one of the 3 agents should be a diuretic and all agents 
should be prescribed at optimal dose amounts.

• Patients whose blood pressure is controlled, but required 4 or 
more medications to do so, should be considered resistant to 
treatment.

AHA a scientific statement. Circulation 2008;117:e513.



Prevalence of uncontrolled hypertension

• 5% in general medical practice
• 50% in nephrology clinics

• 30-50% in clinical trials (ALLHAT, LIFE…)



Causes of uncontrolled hypertension

Drug-related
causes
58%

Nonadherence
16%

Unknown
6%

Office
resistance

6%

Psychological
causes

9%

Secondary
HTN
5%

Interfering
substances

1%

Am J Hypertens 2003;16:925-30.



Evaluation objectives

• Confirm true treatment resistance
– Patient adherent with 3 or more medications
– Accurate BP measurement
– Exclude white coat “resistant hypertension”

• Screen for secondary causes of hypertension
– Primary aldosteronism
– Renal artery stenosis
– Obstructive sleep apnea

• Document degree of TOD
– LVH, retinopathy, CKD, proteinuria

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.



Pseudoresistance

• White-coat hypertension
• Pseudohypertension in the elderly
• Measurement artifact
• Physician inertia
• Poor adherence
• Suboptimal dosing or inappropriate combinations

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.
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Am J Hypertens 2005;18:619-26.



WCH in resistant hypertension

Spanish ABPM Registry. Hypertension 2011;57:00-00. Online data supplement

A younger age, a male sex, a longer duration of hypertension, current smoking, 
diabetes mellitus, elevated plasma creatinine, and a history of previous cardiovascular 

disease were all associated with true resistant hypertension. (P<0.05)



Prognostic influence of office and ambulatory BP 
in resistant hypertension

Arch Intern Med 2008;168:2340-6.



Algorithm for ruling out WCH

ASH position paper. JASH 2008;2:122.



J Hypertens 2005;23:2101–7.

Among patients receiving therapy after the first year, 
~50% stop therapy within the next 2 years

Poor Compliance and Persistence with 
Antihypertensive Treatment
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Treatment Gap

Provider awareness does not equal successful implementation

Arch Intern Med 2000;160:459-67.



Hospital Link Between Overall Guidelines 
Adherence and Mortality

JAMA 2006;295:1863-1912.
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Every 10%  in guidelines adherence 
10%  in mortality (OR=0.90, 95% CI: 0.84-0.97)



Lifestyle factors contributing 
to resistant hypertension

• Obesity or overweight
• High salt diet
• Physical inactivity
• Ingestion of low-fiber/high-fat diet
• Heavy alcohol ingestion

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.



Obesity, insulin resistance and hypertension

Physiology 2007;22:252-60.



Interfering substances

AHA a scientific statement. Circulation 2008;117:e513.



CV phenotypes of COX-isozyme inhibition

Mol Interv 2009;9:31-9.



CINODs
(cycloxygenase inhibiting NO donators)

• Naproxcinod

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ArthritisDrugsAdvisoryCommittee/UCM212681.pdf



Secondary causes of true resistance

• Common
– Obstructive sleep apnea 
– Renal parenchymal disease
– Primary aldosteronism
– Renal artery stenosis

• Uncommon
– Pheochromocytoma
– Cushing’s disease
– Aortic coarctation
– Intracranial tumor

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.





Obstructive Sleep Apnea

• Associated with resistant hypertension

• Prototype: obese middle age male with large neck

• Pathophysiologic role of sympathetic nervous system and 
RAAS (renin angiotensin aldosterone system)

• Get sleep study(polysomnography) in resistant hypertension     

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.



Am J Kidney Dis 2001; 37:699-705
Hypertension 2002; 40:892-896

J Hypertension 2004; 22:2217-2226
J Hum Hypertens 2003; 17:349-352

Prevalence of primary aldosteronism
in subjects with resistant hypertension
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When to consider screening for primary aldosteronism

J Clin Hypertens (Greenwich) 2008;10:239-44.



Method for predicting RAS

Ann Intern Med 1998;129:738-40.



Non-pharmacologic recommendations 

• Weight loss
• Ingestion of low-fat, high-fiber diet
• Regular exercise (at least 30 min most days of the week)
• Low dietary salt ingestion 

– (2.4 g of sodium or 6 g of sodium chloride)

• Moderate alcohol ingestion 
– no more than 2 drinks per day for most men and 1 drink per day for women 

or lighter weight persons

• Treat obstructive sleep apnea if present

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.
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Reduction of blood pressure (BP) and heart rate (HR) after 6 months of bi-level or 
continuous positive airway pressure treatment in patients taking and not taking BP-
lowering drugs (BPLD).  SBP = systolic: DBP = diastolic BP.

AJH 2004;17:1081-7.

CPAP for obstructive sleep apnea



Pharmacologic recommendations

• Withdrawal or down titration of interfering substances as possible
• Use of a long-acting thiazide diuretic, preferable chlorthalidone
• Use of loop diuretic may be necessary in patients with CKD 

(creatinine clearance < 40 mL/min)
– At least twice daily due to its limited half-life (1-.15 hour)

• Combine agents with different mechanisms of action
– Standard triple regimen of ACEI or ARB, diuretics, and long-acting CCB

• Consider use of aldosterone antagonist (spironolactone, amiloride) 
as fourth drug

• Vasodilating beta-blocker as fifth drug
• Centrally-acting agent as fifth drug (clonidine)
• Vasodilating agents (hydralazine, minoxidil) as last resort

AHA a scientific statement. Circulation 2008;117:e510-26.
JACC 2008;52:1749-57.

Int J Hypertens 2011;2011:236-9.



Sever PS, Dahlöf B. American College of Cardiology 2005 Scientific Sessions; March 6-9, 2005; Orlando, FL.

ASCOT: Primary and secondary end points
Amlodipine/Perindopril vs Atenolol/Bendroflumethiazide

Favors
Amlodipine/Perindopril
Favors
Amlodipine/Perindopril

Favors 
Atenolol/Bendroflumethiazide
Favors 
Atenolol/Bendroflumethiazide

Hazard RatioHazard Ratio
All-cause mortality
Primary end point: nonfatal MI and fatal CHD
Total coronary end point: primary end point 
+ new-onset angina + fatal and nonfatal 
heart failure
Fatal and nonfatal stroke
All CV events and revascularization 
procedures
CV mortality

0.5 1 1.5

END 
POINT
END 
POINT P Value 

0.005
0.12

0.0048

0 .0007
<0.0001

0.0017



Ontarget

NEJM 2008;358:1547-59.



RAAS blockade can be considered a 
foundation of combination therapy

RAAS Blocker
+ CCB* + Diuretic*

► Targets two key mechanisms of 
action:
● Pressure 
● Neurohormonal

► Additive efficacy  
► Excellent BP reduction in many 

demographic groups
► Potential safety/

tolerability  benefits

► Targets two key mechanisms of 
action
● Salt/volume
● Neurohormonal

► Additive efficacy
► Excellent BP reduction in

many demographic groups
► Potential safety/

tolerability benefits 

Am J Hypertens 1998;11:163S–9S.

RAAS=renin-angiotensin-aldosterone system
CCB=calcium channel blocker; BP=blood pressure
*Versus either drug alone



ACCOMPLISH

NEJM 2008;359:2417-2428



Am J Hypertens 2003;16:925-30.

BP response to spironolactone in patients 
with resistant hypertension



BP Response to Spironolactone
in PA and Non-PA Patients

Am J Hypertens 2003;16:925-30.



Timing of medication administration

Hypertension 2005;46:1053-9.



Newer agents

• Endothelin receptor antagonists (ERAs)
– Darusentan ; type A selective
– Atrasentan ; type A selective

• Omapatrilat
– inhibits both neutral endopeptidase (NEP) and 

angiotensin converting enzyme (ACE). 
NEP inhibition results in elevated natriuretic peptide levels

• Vaccines targeting angiotensin I and II



Darusentan-resistant hypertension trial

Hypertension 2010;56:824-30.



Interventional strategies

• Percutaneous revascularization (RAS)

• Carotid baroreceptor stimulation 
– Rheos hypertension therapy system by CVRx. Inc., Maple 

Grove, MN, USA
– DEBuT-HT trial

• Renal sympathetic denervation
– Symplicity by Ardian Inc., Palo Alto, CA, USA
– Simplicity HTN-2 trial



Percutaneous revascularization versus medical management in RAS
- A meta-analysis of RCT -

Am Heart J 2011;161:622-30.



The CVRx® Rheos System

Implantable
Pulse Generator
Implantable
Pulse Generator

Baroreflex
Activation Leads
Baroreflex
Activation Leads

Programming
System

Programming
System





Ability to Personalize and Control the Therapy

1-7 V, 480-microsecond pulse width, and 20-Hz frequency



DEBuT-HT trial
• Inclusion criteria

– Multi-drug resistant systolic hypertension (SBP ≥ 160 mmHg)
– 3 or more antihypertensive medications with one being a diuretic
– No treatable secondary cause of hypertension

Location 25 Europe, 13 US

Gender 17 female, 21 male

Race 32 Caucasian, 5 African 
American

Age (mean years ± sd) 53 ± 11

# Antihypertensive Meds (mean ±
sd)

5.1 ± 2

Antihypertensive Therapeutic Index 35.8 ± 17

OC Systolic BP (mean mmHg ± sd) 183 ± 27

OC Diastolic BP (mean mmHg ± sd) 105 ± 21

OC Heart Rate (mean bpm ± sd) 78 ± 12

JACC 2010;56:1254-8.



Sustainable reduction of BP over 3 years
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Renal sympathetic nerves



Anatomical Location of Renal Sympathetic Nerves 

• Arise from T10-L1
• Follow the renal artery to the kidney
• Primarily lie within the adventitia

Vessel 
Lumen

Media

Adventitia

Renal Nerves



Symplicity catheter system



Symplicity HTN-2 trial (RCT)

Lancet 2010;376:1903-9.



Lancet 2010;376:1903-9.



Baseline characteristics

Lancet 2010;376:1903-9.



BP changes

Lancet 2010;376:1903-9.



Procedural safety

Lancet 2010;376:1903-9.



Summary
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