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Introduction 



Hypertension is the most common of the chronic 

diseases, affecting an estimated 1 billion adults 

worldwide. 

 

The prevalence of hypertension is rising, owing in 

part to the increasing age of the population, the 

increased rates of obesity and the increased 

consumption of sodium in packaged and processed 

foods. 
 

Kearney PM et al. Lancet 365, 217–223 (2005).  

Fields LE et al. Hypertension 44, 398–404 (2004).  



National Health and Nutrition Examination Survey: 2007–2012. 

Mozaffarian D et al. Circulation. 2015;131:e29-e322 



National Health and Nutrition Examination Survey: 2007–2012. 

Mozaffarian D et al. Circulation. 2015;131:e29-e322 



Hypertension is a leading cause  

for cardiovascular morbidity 
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36-Year Follow-up in Patients Aged 35-64 Years1,2 

1. Kannel W.B. et al., JAMA 1996; 275: 1571-1576 
2. Kannel W.B. et al., J Hum Hypertens 2000; 14: 83-90 



Lewington et al. Lancet 2002;360:1903–13 

Cardiovascular (CV) Mortality Risk Doubles with Each 20/10 mmHg 

Increment in Systolic/Diastolic BP (SBP/DBP)* 

*Individuals aged 40–69 years 
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Antihypertensive drug therapy is effective  

at reducing risk of CV events 
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1. Moser and Herbert. J Am Coll Cardiol. 1996;    
2. Collins R et al. Lancet 1990. 
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Blood pressure reductions of as little as 2 mmHg  

reduce the risk of cardiovascular events by up to 10% 

 

• Meta-analysis of 61 prospective, observational studies 

• One million adults 

• 12.7 million person-years 

 

2 mmHg decrease 

in mean systolic 
blood pressure 

10% reduction in 
risk of stroke 
mortality 

7% reduction in risk 
of ischemic heart 
disease mortality 

Lewington S et al. Lancet. 2002;360:1903–1913. 



Definitions  



EuroIntervention 2013;9:R58-R66 

Resistant hypertension is defined as BP above goal (usually 
140/90 mmHg) despite adherence to a combination of at least 3 
optimally dosed antihypertensive medications of different 
classes, one of which ideally is a diuretic OR controlled BP with ≥ 
4 antihypertensive medication classes. The treatment regimen 
must be in place for at least 3 months. 



Uncontrolled & Resistant Hypertension 

• This definition does not apply to patients who have 
been recently diagnosed with hypertension. 

 
• Moreover, resistant hypertension is not synonymous 

with uncontrolled hypertension.  
 
• Uncontrolled hypertension includes all hypertensive 

patients who lack BP control under treatment, 
namely:   

 - those receiving an inadequate treatment regimen  
 - those with poor adherence 
 - those with undetected secondary hypertension  
 - those with true treatment resistance 

J Am Coll Cardiol 2008;52:1749–57 



• The term Refractory Hypertension has been used almost 
concurrently with Resistant Hypertension for over 40 years and 
until the end of last decade they have been applied as 
synonymous. 

• In 2014, Refractory Hypertension was defined as the Resistant 
Hypertension which remains uncontrolled despite the use of 5 or 
more antihypertensive agents. 

Resistant & Refractory Hypertension 

Curr Hypertens Rep (2014) 16:485 



Resistant & Refractory Hypertension 

Patients with refractory hypertension are classified as 
having more:  
 
1. cardiovascular risk 
2. target organ damage 
3. African-descending race 
4. coronary heart disease 
5. aldosterone excess 
6. deregulation of adipokines 
7. possible sympathetic hyperactivation 

Curr Hypertens Rep (2014) 16:485 



• Prevalence of resistant hypertension ranges from 5% 
in general medical practice to 50% in nephrology 
clinics. 

• The prevalence of resistant hypertension with office 
BP readings is estimated between 6–12% in the 
hypertensive population and 8–28% in all drug-
treated hypertensive patients. 

• When ABPM is used, at least 30–35% of patients 
labeled as resistant hypertensives turn out to have 
well-controlled BP on ambulatory basis. 

• More recent data from the United States and Spain 
suggest a prevalence of resistant hypertension of 
approximately 10%. 

Epidemiology - Resistant Hypertension 

Hypertension 2011; 57: 898-902. 
Hypertension 2011;57:1076–80. 
Curr Hypertens Rep 2015;17:78. 



Pseudo-Resistant Hypertension 
Pseudo-resistance refers to apparent lack of appropriate BP control in a 

patient who is prescribed ≥3 medications and is caused by several factors 

J Am Coll Cardiol 2008;52:1749–57 



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 

• Before classifying a patient as having resistant 
hypertension, the clinician must be sure that the 
office BP is measured properly.  

• Many specialists suggest home BP measurements  
or ABPM before classifying a patient as a resistant 
hypertensive.  



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 

• Current guidelines define the treatment goal for 
office systolic BP to be <140 mm Hg and a diastolic 
BP of <90 mm Hg for most individuals. This goal 
level for treatment is not universally accepted.  

• Most experts feel that a patient with an average 
24h SBP of ≥135 mm Hg and/or a diastolic BP of 
≥85 mm Hg, would be considered resistant. 



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 

• For most patients, a combination of  
• a RAAS blocker,  
• a CCB, and  
• a diuretic, appropriate to the level of renal function 

(a thiazide for those with eGFR of ≥45–50 
mL/min/1.73 m2], or a loop active agent for those 
with a lower eGFR, must be part of the regimen.  



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 

• If less than fully tolerated doses of these agents are 
used or even if more than three drugs at 
suboptimal doses are prescribed, it does not mean 
the patient is resistant to therapy. 

• Adjustments must be made to the regimen to get 
the patient to fully tolerated doses before 
classifying him/her as resistant. 



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 - One of these agents must be a diuretic. 

Elevated blood pressure due to incorrect choice of 
antihypertensive agents 
• Inadequate dose(s) of one or more agents 
• Incorrect diuretic for the degree of renal 

insufficiency 
• Use of two or more antihypertensives with same or 

similar mechanism of action 



A resistant hypertensive patient is one whose   
 - properly measured BP in the office  
 - is above goal  
 - on three or more appropriately chosen       
   antihypertensive agents  
 - administered at appropriate doses.  
 
One of these agents must be a diuretic. 

• Non–adherence to an appropriate regimen can make a 
patient appear to be a resistant hypertensive, and so 
adherence should be ascertained before classifying a 
patient as resistant. 

 



• It has been found that approximately 50% of 
patients with true resistant hypertension are non-
adherent to treatment.  
 

• Furthermore, among non-adherent patients, 30% 
are completely non-adherent and 56% are taking 
less than half of the prescribed drugs.  
 

• Thus, poor treatment adherence is actually 
exaggerated in patients with apparent resistant 
hypertension and this is a major problem.  

Adherence to Treatment & Resistant Hypertension 

Burnier M et al. Seminars in Nephrology 2014;34(5),481-576.  
Burnier M et al. Hypertension. 2013;62:218-225. 
J Hypertens 2013; 31: 766-774 - J Hypertens 2013; 31: 2455-2461 
World J Cardiol 2014; 6(10): 1080-1090 



International Journal of Cardiology 2014;172:17–22. 



The advantages of ABPM over clinic (office) BP 
measurements include improved reproducibility, the 
ability to determine BP during sleep, identification of 
the white-coat effect, and detection of masked 
hypertension.  
 

Ambulatory BP is a stronger predictor of CV 
morbidity and mortality than clinic values. 
 

However, one potential limitation should be noted: 
CV outcome data for ABPM have been derived from 
prospective cohorts and meta-analyses, whereas for 
clinic (office) BP they have been derived from 
randomized clinical trials. 

Burnier M et al. Seminars in Nephrology 2014;34(5),481-576.  
Journal of the American Society of Hypertension 2014;8(10):743–757 

24h ABPM & Resistant Hypertension 



• White coat hypertension is a commonly 
encountered factor that must always be ruled out.  

 
• Using ambulatory BP monitoring, it was found that 

only 62.5% of patients with office RH actually had 
true RH, while the remaining 37.5% had white coat 
hypertension. 
 

• Apart from ambulatory BP monitoring, white coat 
hypertension may be excluded with the use of 
home BP measurements as well.  

White coat Hypertension & Resistant Hypertension 

Hypertension 2011; 57: 898-902 
World J Cardiol 2014; 6(10): 1080-1090 



Physician Inertia & Resistant Hypertension 

• Physician inertia can be defined as the failure of 
physicians to initiate, intensify or change therapy when BP 
values are above the therapeutic goal.  

 

• Physicians do not start, intensify or switch 
antihypertensive therapy in about 30% of occasions, 
reaching 50% in patients with comorbidities.  

 

• In a recent study of more than 3500 patients with 
diagnosed RH, treatment intensification (dose increase or 
drug addition) occurred in only 21.6% of visits with 
elevated BP. 

 

• Surprisingly, the study reported that diuretic use was 
reduced by 15% at 1 year after the diagnosis of RH.  

Hypertension 2012; 60: 303-309 
World J Cardiol 2014; 6(10): 1080-1090 



• Patients with RH might be at a much higher CV risk  
 

• In a large retrospective observational study of more 
than 200,000 patients and a median follow-up of 3.8 
years, it was found that CV event rates were almost 
50% higher in patients with RH compared to those 
without RH.  
 

• In another study of almost 2000 hypertensive 
patients with a mean follow-up of 3.9 years, it was 
found that RH was associated with a 2.2-fold 
increased risk of CV morbidity compared to control 
patients without RH. 

Prognosis - Resistant Hypertension 

Daugherty SL et al. Circulation 2012; 125: 1635-1642  
Tsioufis C. et al. J Hypertens 2014; 32: 415-422 



Prognosis - Resistant Hypertension 

Tsioufis C. et al. J Hypertens 2014; 32: 415-422 



Resistant Hypertension 

J Am Coll Cardiol 2008;52:1749–57 



Resistant Hypertension 

- CKD 

(Undetected Secondary Hypertension) 

J Am Coll Cardiol 2008;52:1749–57 

In pts with resistant hypertension, 
the presence of secondary 
hypertension must be considered. 
 
Although its prevalence is largely 
unknown, previous studies have 
shown that 5% to 10% of patients 
with resistant hypertension have an  
identifiable cause. 



Pathophysiology 
 



• The underlying mechanisms in TRH are unclear but 
appear to be multifactorial.  
 

• Factors associated with TRH include  
 - Older age 
 - Impaired renal function  
 - Diabetes mellitus 
 - Obesity 
 
• Patients with TRH are known to have an increased 

plasma volume and elevated systemic vascular 
resistance with a normal cardiac output.  

Risk factors and pathogenic mechanisms associated  
with treatment-resistant hypertension  

Cardiovascular Therapeutics 2015;33:9–14 



Risk factors and pathogenic mechanisms associated  
with treatment-resistant hypertension  

Stefano F. Rimoldi et al. Eur Heart J 2015;36:2686-2695 



Curr Hypertens Rep (2015) 17: 71 

Pathways involved in the Pathogenesis of  
Treatment Resistant Hypertension 



Sympathetic Nervous System 
 

& 
 

Hypertension 
 



• Once it was thought that the SNS was not of 
importance in the pathogenesis of hypertension. 

 
• There is ample evidence for elevated sympathetic 

nerve activity in experimental and human primary 
(essential) hypertension. 
 
 

• Norepinephrine spillover and muscle sympathetic 
nerve activity (MSNA) are elevated (2 - 3 x) in 
essential hypertensive patients compared to 
normotensive controls. 

 

Sympathetic nerve activity in Hypertension 

Cardiovascular Research 2004;61:238– 246. 
Exp Physiol pp 1–12 DOI: 10.1113/expphysiol.2010.052332 





• Renal sympathetic activity is also elevated and the 
SNS may act through the kidney to cause or maintain 
arterial hypertension. 

 
 

• It now seems certain that the renal sympathetic 
nerves are pivotal in the pathogenesis of 
experimental and essential hypertension, through 
influences on  

 

1. renin release  
2. renal tubular reabsorption of sodium 
3. glomerular filtration rate – (renal blood flow) 

Renal Sympathetic nerve activity in Hypertension 

Exp Physiol 00.00 pp 1–12 DOI: 10.1113/expphysiol.2010.052332 



Circ J. 2013; 77: 857 – 863. 

Chronic Effect of Increased Sympathetic Nerve Activity 

β1  AR 

α2B AR 

α1A AR 



Renal sympathetic activity in untreated hypertensive patients 
and age-matched controls by tertiles of age. 

*P < 0.01 

**P < 0.05 

Esler M. et al. Hypertension 1988;11:3–20. 
Cardiovascular Therapeutics 2015;33:9–14. 

In pts with essential HT aged > 60 years, 
their renal sympathetic activity was not 
different from their age-matched controls 



• Until recently, there were no data implicating an 
overactive sympathetic nervous system in TRH.  

 
• This is difficult to assess in the presence of various 

medications that alter the sympathetic activity such 
as alpha and beta blockers.  

 
• However, recent data indicate that among 

hypertensive patients of all ages, there may be an 
increase in the activation of renal sympathetic 
outflow in those with TRH as compared with 
essential hypertension. 

Renal Sympathetic nerve activity  

in Resistant  Hypertension 

Esler M. Trends Cardiovasc Med. 2015;25(2):107-15. 



In untreated patients with mild-
moderately severe essential 
hypertension, renal NE spillover 
was increased overall, and 
elevated in approximately 50%.  
In resistant hypertension, with 
patients administered on 
average 5 antihypertensive 
drug classes, renal NE spillover 
was higher again, attributable 
to their hypertension, and its 
treatment; vasodilators, 
calcium channel blockers and 
diuretics stimulate the 
sympathetic nervous system. 
(From unpublished results of 
the author, Markus Schlaich, 
Gavin Lambert, and Dagmara 
Hering.) 

Esler M. Trends Cardiovasc Med. 2015;25(2):107-15. 



Renal ischemia 
Stroke volume 

Renal efferent 
nerves 

Renal afferent 
nerves 

Crosstalk between Renal Nerves and CNS 

Insulin 
Resistance 



RAAS Activity - Aldosterone 
 

& 
 

Resistant Hypertension 
 



• Primary hyperaldosteronism is more prevalent in 
HTN than generally recognized and is estimated to 
be present in 15-20 % of patients with RHTN.  
 

• Even in the absence of primary hyperaldosteronism, 
patients with RHTN demonstrate higher levels of 
aldosterone and volume overload than individuals 
without RHTN. 
 

• Activation of the renin-angiotensin aldosterone 
system (RAAS) may constitute the mechanistic link 
between elevated aldosterone levels and the 
sympathetic hyperactivity. 

Hypertension. 2002;40(6):892–6. 
Arch Intern Med. 2008;168(11):1159–64. 

Aldosterone & Resistant Hypertension 



Aldosterone & ENaC membrane expression 

Insulin 
MR 

α   β   γ 

Amiloride 
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X
 



N Engl J Med. 2007;356:1966-78.  

Ouabain 

___ 

Renin - Angiotensin II - Aldosterone 

Molecular Pathways Implicated in the Generation of Increased 
Arterial and Arteriolar Smooth-Muscle Tone by an Excess of Sodium  



 
Diagnostic recommendations  

 
& Evaluation 



J Am Coll Cardiol 2008;52:1749–57 



J Am Coll Cardiol 2008;52:1749–57 



Diagnostic and treatment algorithm for resistant hypertension 

Schmieder R. et al. EuroIntervention 2013;9:R58-R66 



Concluding 
Remarks 

 



• Resistant hypertension is defined as a condition where BP  
remains uncontrolled despite the use of at least 3 drugs (one 
diuretic) or if the control happens with four or more drugs.  

• In evaluating such patients, it is most important to exclude 
“pseudo”-resistance (confirm the diagnosis-evaluate patient’s 
compliance-search for secondary hypertension). 

• Factors associated with resistant hypertension include older 
age, obesity, diabetes, increased sodium consumption and 
impaired renal function. 

• Sympathetic hyperactivity and excessive aldosterone and RAAS 
activation are the pathways usually involved.  

• Regardless of the exact underlying mechanisms, resistant 
hypertension has been shown to increase a patient’s risk of 
death, cardiovascular events, and the development of renal 
failure, and thus, better therapies are required. 

Concluding Remarks 



Questions 
 



1. Which of the following is NOT a necessary part  

       of the definition of resistant hypertension? 

 

a. An elevated BP on an ambulatory blood pressure 

monitoring. 

b. Adherence to the medication regimen. 

c. At least three appropriately chosen drugs. 

d. Appropriate doses of the appropriate drugs. 
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       of the definition of resistant hypertension? 

 

a. An elevated BP on an ambulatory blood pressure 

monitoring. 

b. Adherence to the medication regimen. 

c. At least three appropriately chosen drugs. 

d. Appropriate doses of the appropriate drugs. 



2. Which of the following are commonly used 

substances that can raise blood pressure and 

may explain why a patient is a resistant 

hypertensive? 

a. Anti–inflammatory agents 

b. Oral contraceptives 

c. Corticosteroids 

d. All of the above 



2. Which of the following are commonly used 

substances that can raise blood pressure and 

may explain why a patient is a resistant 

hypertensive? 

a. Anti–inflammatory agents 

b. Oral contraceptives 

c. Corticosteroids 

d. All of the above 



3. All of the following statements regarding resistant 

hypertension are true EXCEPT: 

a. White coat hypertension can be excluded by ABPM 

b. Patients with resistant hypertension carry a much 

higher risk for cardiovascular events 

 
c. Renal sympathetic activity is much higher in elderly 

untreated hypertensives 

 
d. Erythropoietin administration might explain why a 

patient is a resistant hypertensive 
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c. Renal sympathetic activity is much higher in 
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d. Erythropoietin administration might explain why a 

patient is a resistant hypertensive 



Thank You  

The Ancient Theatre of Larissa, Greece 

3rd Century B.C. 















Work-up of patients with suspected treatment-resistant hypertension  

Stefano F. Rimoldi et al. Eur Heart J 2015;36:2686-2695 

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 
2015. For permissions please email: journals.permissions@oup.com. 



International Journal of Cardiology 2014;172: 17–22. 



Screening for device-based interventions  

Stefano F. Rimoldi et al. Eur Heart J 2015;36:2686-2695 

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 
2015. For permissions please email: journals.permissions@oup.com. 



Antihypertensive drug therapy in patients with resistant hypertension  

Stefano F. Rimoldi et al. Eur Heart J 2015;36:2686-2695 

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 
2015. For permissions please email: journals.permissions@oup.com. 



Diagnostic recommendations 

Circulation. 2008;117:e510-e526. 



Diagnostic recommendations 

Circulation. 2008;117:e510-e526. 


