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Documentation and treatment of hypertension:
in a family medicine resident clinic

• In the USA, uncontrolled hypertension
contributes to 1000 deaths a day. 

• US$ 131 billion a year in healthcare costs.

So, Postgrad Med J 2015



aTRH
• Apparent treatment-resistant hypertension

aTRH is defined as uncontrolled hypertension 
despite the use of ≥3 antihypertensive 
medication classes.
or controlled hypertension while treated with 
≥4 antihypertensive medication classes.

Muntner, Hypertension 2014



Definition of Resistant Hypertension

by Blood Pressure Monitoring

Muxfeldt, Am J Hypert 2014



“Device refractory hypertension”



PREVALENCE OF aTRH

Achelrod, Am J Hypert 2014



PREVALENCE OF RESISTANT HYPERTENSION

Hayek, AJH 2013

SBP>140  ≥ 3 Drugs or  controlled with  ≥ 4 Drugs

+ Diuretic

At least 3 Drugs maximally dosed

+ Diuretic

RDN



Prognosis of aTRH

Muntner, Hypertension 2014



Factors conribuiting to pseudo-resistant hypertension 



Prevalence of pseudoresistant
hypertension phenotypes

Florczak, J Human Hyperten 2013



Bournier et al, Hypertension 2013

Measuring, Analyzing, and Managing Drug Adherence 
in Resistant Hypertension



RADIOFREQUENCY RENAL DENERVATION

Characteristics of the included studies:
Adherence to antihypertensive therapy

Rabbia F, Veglio F, et al.  2015 in press



Potential cost-effectiveness of 
therapeutic drug monitoring

in patients with resistant hypertension

Chung et al, J Hypertens 2014



Brinker et al JACC 2014



Chromatographic Analysis





ADD-ON THERAPY or  
ON TOP THERAPY 

APPROACH

EMPIRICAL  
PHARMACOLOGICAL 

APPROACH

INVASIVE APPROACH

GUIDELINES BASED

PATHOPHYSIOLOGICAL

WORK-UP

BAROREFLEX ACTIVATION            
THERAPY (BAT)

CLINICAL STRATEGIES IN RESISTANT HYPERTENSION

RENAL DENERVATION

CENTRAL ARTERIOVENOUS COUPLER (ROX)



Clinical Clues Helpful in Drug Selection 

in the Management of Resistant Hypertension

Mann,The Journal of Clinical Hypertension, 2012



Clinical Clues Helpful in Drug Selection 

in the Management of Resistant Hypertension

Mann,The Journal of Clinical Hypertension, 2012



Simulated effect of underlying hypertension pathology 
on response to different antihypertensive therapies. 

Hallow, Am J Physiol Regul Integr Comp Physiol 2014



Mechanism-based algorithm for treating
Resistant hypertension

Mann, J Clin Hypertens 2011

2 Drugs Regimen

Clinical clues of volume excess  Clinical clues of neurogenic HTN

Step 1: Option A: optimize diuretic

Add (or substitute) β or ɑ + β Blockade
Step 2: Option A   +  Option B

Step 3: Add spironolactone or CCB ( if not yet prescribed)

Step 4: Add hydralazine or central ɑ-agonist

Anti Volume       +      Anti RAS

Option B:  treat neurogenic HTN



SPECIALIST

SPIRONOLACTONE  25 mg 

ɑ Blocker  or
β Blocker

3 DRUGS REGIMEN

Step 4 (Resistant hypertension)

Guideline Development Group, BMJ, 2011



Molecular structure of  ARAs
(Facultative Diuretics)

Canrenone

α-spironolactone

Kolkhof, Molecular and Cellular Endocrinology, 2012



PATHWAY-2

Williams, BMJ 2015



PATHWAY-2

Williams, Lancet 2015



UNUSUAL

COMBINATION THERAPIES



JNC-7 Algorithm for the
treatment of resistant hypertension

Trewet, Southern Medical Journal, 2008



Additional Options

for the Treatment of Resistant Hypertension

Combined α- and β-blocker (carvedilol, labetalol)

or β-blocker (non–α-blocking) +α-blocker

Aldosterone antagonist

Non-DHP CCB + DHP CCB

Vasodilator –Minoxidil (with a β-blocker + loop diuretic)

Centrally acting agent

Adams, Postgraduate Medicine, 2012



JNC-7 Algorithm for the
treatment of resistant hypertension

Trewet, Southern Medical Journal, 2008

2 CCBs
(different types)



Effects of L-type and combined L-/T-type Ca2
channel blockers in large and microvessels.

Ge,Hypertension 2009

DHP-CCB Non-DHP-CCB



Comparison of Nifedipine Alone 
and With Diltiazem or Verapamil in Hypertension

Saseen, Hypertension,1996 



Saseen, 
Hypertension, 1996

Nifedipine (NIF) Cp versus time 
after steady-state oral dosing of study medication

CYP3A4



Long-Term Effectiveness of Extended-Release Nitrate for
the Treatment of Resistant Systolic Hypertension

Stokes, Curr Opinion Hypertension, 2010

Subjects (n=16)



Combination of  Organic Nitrate
and Phosphodiesterase Type 5 Inhibitor in

Treatment-Resistant Hypertension

Oliver, Hypertension, 2010

Placebo  ■

Sildenafil ▲

ISMN  ○

Combined sildenafil and ISMN ◊

Subjects (n=6)



The Future

Laurent S, Lancet 2012



BAROREFLEX ACTIVATION THERAPY (BAT)
(Scheffers, J Am Coll Cardiol 2010), available since 2009

RENAL DENERVATION (RDN)
(Krum, Lancet 2010)

Central arteriovenous coupler (ROX)
(Lobo, Lancet 2015)

INVASIVE APPROACH 
TO RESISTANT HYPERTENSION
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