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INTRODUCTION
Hypertension is a major risk factor for cardiovascular events 

and mortality [1] and occurs   in 69% of patients with a first 
myocardial infarction [2], in 77% of patients with a first stroke [2], 
in 74% of patients with congestive heart failure [2], and in 60% of 
patients with peripheral arterial disease [3]. Hypertension is also 
a major risk factor for dissecting aortic aneurysm, sudden cardiac 
death, angina pectoris, atrial fibrillation, diabetes, metabolic 
syndrome, chronic kidney disease, thoracic and abdominal aortic 
aneurysms, left ventricular hypertrophy, vascular dementia, 
Alzheimer’s disease, and ophthalmologic disorders [1].

The American College of Cardiology Foundation/American 
Heart Association 2011 expert consensus document on 
hypertension in the elderly recommended that the blood 
pressure should be reduced to less than 140/90 mm Hg in 
patients younger than 80 years at high risk for cardiovascular 
events [1]. On the basis of data from the Hypertension in the Very 
Elderly trial [4], these guidelines  recommended  that the systolic 
blood pressure (SBP) should be decreased to 140 to 145 mm Hg 
if tolerated in patients  aged 80 years and older [1]. 

The European Society of Hypertension/European Society 
of Cardiology 2013 guidelines   recommended reducing   the 
SBP s to less than 140 mm Hg in patients at low to moderate 
cardiovascular risk, diabetics, prior stroke or transient ischemic 
attack, coronary heart disease, and chronic kidney disease (CKD) 
[5].   In older patients younger than 80 years with a SBP ≥ 160 
mm Hg, the SBP should be lowered to 140-150 mm Hg with 
consideration of a SBP < 140 mm Hg.  In patients older than 80 
years with a SBP ≥ 160 mm Hg,   the SBP should be lowered to 
140-150 mm Hg provided they are in good physical and mental 
conditions [5]. 

The 2013 Eighth Joint National Committee (JNC 8) guidelines  
for management of hypertension recommended reducing the 
SBP  in patients   younger than  60 years to  less than 140/90 
mm Hg  and in patients  ≥ 60 years to <150 mm Hg if they did not 
have diabetes  or CKD  and to < 140 mm Hg if they had diabetes or 
CKD [6].   The minority view from JNC 8 recommended a SBP goal 
in patients younger than 80 years with hypertension without 
diabetes or CKD should be less than 140 mm Hg [7].

A statement from the American Heart Association defined 
resistant hypertension as a blood pressure remaining above goal 
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Resistant hypertension is a blood pressure remaining above goal despite the use 
of 3 optimally dosed antihypertensive drugs from different classes, with one of the 
drugs being a diuretic. The   3 drugs should be an angiotensin-converting enzyme 
inhibitor or angiotensin blocker plus a calcium channel blocker plus a thiazide-type 
diuretic.  Pseudo-resistant hypertension and white coat-resistant hypertension must 
be excluded.   Poor patient compliance, inadequate doses of antihypertensive 
drugs, inadequate choice of combinations of antihypertensive drugs, poor office 
blood pressure measurement technique, and having to pay for costs of drugs are 
factors associated with pseudo-resistant hypertension.  Factors contributing to 
resistant hypertension include obesity, excess dietary sodium, excess alcohol intake, 
use of cocaine, amphetamines, non-steroidal anti-inflammatory drugs, contraceptive 
hormones, adrenal steroid hormones, sympathomimetic drugs (nasal decongestants 
and diet pills), erythropoietin, and licorice, herbal supplements such as ephedra, 
progressive renal insufficiency, and inadequate diuretic therapy.  Secondary causes 
of resistant hypertension include primary hyperaldosteronism, renal artery stenosis, 
renal parenchymal disease, and obstructive sleep apnea, coarctation of the aorta, 
Cushing’s syndrome, pheochromocytoma, hyperthyroidism, hypothyroidism, and 
intracranial tumors. Some data support the use of spironolactone as a fourth drug in the 
treatment of resistant hypertension if the serum potassium level is ≤ 4.5 mmol/L.  New 
drugs and device therapy are currently under investigation for treatment of resistant 
hypertension. The Symplicity HTN-3 study showed that renal denervation therapy was 
not more effective than a sham control arm in treating resistant hypertension.
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despite the use of 3 optimally dosed antihypertensive drugs from 
different classes, with one of the drugs being a diuretic [8]. The 
National Institute for Health and Clinical Excellence guideline 
suggests that the 3 drugs should be an angiotensin-converting 
enzyme inhibitor or angiotensin blocker plus a calcium channel 
blocker plus a thiazide-type diuretic [9].   

Pseudohypertension in the elderly is a falsely high SBP 
resulting from markedly sclerotic arteries which do not collapse 
under the blood pressure cuff [1]. Pseudohypertension can 
be confirmed by measuring intra-arterial pressure. White 
coat hypertension   is diagnosed in patients with persistently 
elevated office blood pressures but normal daytime ambulatory 
blood pressures. Ambulatory blood pressure monitoring is 
recommended to confirm white coat hypertension in patients 
with office hypertension but no target organ damage [1]. Home 
recordings of blood pressure should also be obtained to avoid 
excessive blood pressure lowering in patients. 

Before a patient is considered to have resistant hypertension, 
pseudo-resistant hypertension must be excluded [9]. White 
coat-resistant hypertension which is an elevated office SBP  of 
≥ 140 mm Hg but a normal home blood pressure or 24-hour 
ambulatory blood pressure must be excluded [9,10].   Poor 
patient compliance, inadequate doses of antihypertensive drugs, 
inadequate choice of combinations of antihypertensive drugs, 
poor office blood pressure measurement technique, and having 
to pay for costs of drugs are factors associated with pseudo-
resistant hypertension [9,11].  

Factors contributing to resistant hypertension include 
obesity, excess dietary sodium, excess alcohol intake, use 
of cocaine, amphetamines, non-steroidal anti-inflammatory 
drugs, contraceptive hormones, adrenal steroid hormones, 
sympathomimetic drugs (nasal decongestants and diet pills), 
erythropoietin, and licorice, herbal supplements such as ephedra, 
progressive renal insufficiency, and inadequate diuretic therapy 
[9]. Secondary causes of resistant hypertension include primary 
hyperaldosteronism, renal artery stenosis, renal parenchymal 
disease, obstructive sleep apnea, coarctation of the aorta, 
Cushing’s syndrome, pheochromocytoma, hyperthyroidism, 
hypothyroidism, and intracranial tumors [9,12].

Data from the National Health and Nutrition Examination 
Survey database from 2003 through 2008 estimated the 
prevalence of resistant hypertension was 8.9% of all United States 
adults with hypertension [13]. Of 614 patients with hypertension 
followed in a university cardiology or general medicine clinic, 
40 patients (7%) were receiving 4 antihypertensive drugs, and 
9 patients (1%) were receiving 5 antihypertensive drugs [11]. 
In 53,380 patients with hypertension and atherothrombotic 
disease in the International Reduction of Atherothrombosis for 
Continued Health (REACH) registry, the prevalence of resistant 
hypertension was 12.7% with 4.6% receiving 4 drugs and 1.9% 
receiving 5 or more drugs [14].

However, the best study on the incidence of resistant 
hypertension found in 205, 750 patients with incident 
hypertension that 1.9% developed resistant hypertension within 
a median of 1.5 years from initial therapy [15]. 

Patients with resistant hypertension have a higher incidence 

of cardiovascular events [14,15]. Therefore, more effort is needed 
to improve clinical outcomes in these patients.

Some data support the use of spironolactone as a fourth drug 
in the treatment of resistant hypertension if the serum potassium 
level is ≤ 4.5 mmol/L [9,16]. New drugs and device therapy 
are currently under investigation for treatment of resistant 
hypertension [17]. 

At 24-month follow-up after catheter-based renal 
sympathetic denervation of 153 patients with resistant 
hypertension,  postprocedure office blood pressure was 
32/14 mm Hg lower without significant adverse events in the 
Symplicity HTN-1 study [18]. At 12-month follow-up after 
catheter-based renal sympathetic denervation of 49 patients 
with resistant hypertension in the initial renal denervation 
group, postprocedure office systolic blood pressure was 28.1 
mm Hg lower in the Symplicity HTN-2 study [19].  At 6-month 
follow-up after catheter-based renal sympathetic denervation 
of 35 patients with resistant hypertension in the crosover renal 
denervation group, postprocedure office systolic blood pressure 
was 23.7 mm Hg lower in the Symplicity HTN-2 study [19]. A 
meta-analysis was performed of 12 studies with a total of 561 
patients investigating use of catheter-based renal sympathetic 
denervation for treating patients with resistant hypertension 
[20]. These studies included 2 randomized controlled trials with 
133 patients, 1 observational study with a control group with 
50 patients, and 9 observational studies without a control group 
with 396 patients. At a median follow-up of 6 months, renal 
sympathetic denervation caused a lowering of blood pressure of 
28.9/11.0 mm Hg [20].

The European Society of Hypertension position paper 
summarized current evidence, unmet needs, and practical 
recommendations on use of renal denervation to treat resistant 
hypertension in hypertension excellence centers [21]. An 
international expert consensus statement recommended that 
renal denervation should be considered only in patients whose 
blood pressure cannot be controlled by lifestyle modification and 
pharmacologic therapy tailored to current guidelines [22]. 

Despite these recommendations, this author has stated at 
medical meetings that renal sympathetic denervation for resistant 
hypertension needed long-term cardiovascular outcome data not 
yet available and needed a large-scale prospective, long-term 
study of patients with resistant hypertension randomized to 
renal denervation therapy versus a sham procedure control arm.

The recently published Symplicity HTN-3 study was a 
prospective, single-blind randomized, sham-controlled trial 
which randomized 535 patients with resistant hypertension in 
a 2:1 ratio to undergo renal denervation or a sham procedure 
[23]. The primary efficacy endpoint of change in office SBP at 6 
months was a reduction of 14.13 mm  Hg for renal denervation 
versus    11.74 mm Hg for the sham procedure (p not significant) 
[23]. The secondary efficacy endpoint of change in mean 24-hour 
ambulatory SBP at 6 months was a reduction of 6.75 mm Hg for 
renal denervation versus 4.79 mm Hg for the sham procedure (p 
not significant). There were no significant differences in safety 
between the 2 groups [23]. Fortunately, renal denervation 
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therapy had not been approved by the United States Food and 
Drug Administration for treatment of resistant hypertension. 
This study is another example demonstrating why appropriate 
controls are necessary in clinical studies to avoid a placebo effect.

There are some data which suggest that baroreflex activation 
therapy may be beneficial in patients with resistant hypertension 
[24-26]. However, an appropriate clinical trial using a randomized 
sham control arm and long-term cardiovascular outcome data 
are needed to assess the efficacy and safety of this procedure.

REFERENCES
1. Aronow WS, Fleg JL, Pepine CJ, Artinian NT, Bakris G, Brown AS, et 

al. ACCF/AHA 2011 expert consensus document on hypertension in 
the elderly: a report of the American College of Cardiology Foundation 
Task Force on Clinical Expert Consensus Documents. J Am Coll Cardiol. 
2011; 57: 2037-2114.

2. Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB, 
Flegal K, et al. Heart disease and stroke statistics-2009 update: a 
report from the American Heart Association Statistics Committee and 
Stroke Statistics Subcommittee. Circulation. 2009; 119: e21-e181.

3. Aronow WS, Ahmed MI, Ekundayo OJ, Allman RM, Ahmed A. A 
propensity-matched study of the association of peripheral arterial 
disease with cardiovascular outcomes in community-dwelling older 
adults. Am J Cardiol. 2009; 103: 130-135.

4. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D, et 
al. Treatment of hypertension in patients 80 years of age or older. N 
Eng J Med. 2008; 358: 1887-1898.

5. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al. 
2013 ESH/ESC guidelines for the management of arterial hypertension: 
the Task Force for the Management of Arterial Hypertension of the 
European Society of Hypertension (ESH) and of the European Society 
of Cardiology (ESC). Eur Heart J. 2013; 34: 2159-2219.

6. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb 
C, Handler J, Lackland DT. 2014 evidence-based guideline for the 
management of high blood pressure in adults: report from the panel 
members appointed to the Eighth Joint National Committee (JNC 8). 
JAMA. 2014; 311: 507-520.

7. Wright JT Jr, Fine LJ, Lackland DT, Ogedegbe G, Dennison Himmelfarb 
CR. Evidence supporting a systolic blood pressure goal of less than 
150 mm Hg in patients aged 60 years or older: the minority view. Ann 
Intern Med. 2014; 160: 499-503.

8. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, et al. 
Resistant hypertension: diagnosis, evaluation, and treatment: a 
scientific statement from the American Heart Association Professional 
Education Committee of the Council for High Blood Pressure Research. 
Circulation. 2008; 117: e510-e526.

9. Myat A, Redwood SR, Qureshi AC, Spertus JA, Williams B. Resistant 
hypertension. BMJ. 2012; 345: e7473.

10. Pimenta E, Calhoun DA. Resistant hypertension: incidence, prevalence, 
and prognosis. Circulation. 2012; 125: 1594-1596.

11. Gandelman G, Aronow WS, Varma R. Prevalence of adequate blood 
pressure control in self-pay or Medicare patients versus Medicaid or 
private insurance patients with systemic hypertension followed in a 
university cardiology or general medicine clinic. Am J Cardiol. 2004; 
94: 815-816.

12. Chiong JR, Aronow WS, Khan IA, Nair CK, Vijayaraghavan K, Dart 
RA, Behrenbeck TR. Secondary hypertension: current diagnosis and 
treatment. Int J Cardiol. 2008; 124: 6-21.

13. Persell SD. Prevalence of resistant hypertension in the United States, 
2003-2008. Hypertension. 2011; 57: 1076-1080.

14. Kumbhani DJ, Steg PG, Cannon CP, Eagle KA, Smith SC Jr, Crowley K, 
et al. Resistant hypertension: a frequent and ominous finding among 
hypertensive patients with atherothrombosis. Eur Heart J. 2013; 34: 
1204-1214.

15. Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Margolis 
KL, et al. Incidence and prognosis of resistant hypertension in 
hypertensive patients. Circulation. 2012; 125: 1635-1642.

16. Chapman N, Dobson J, Wilson S, Dahlöf B, Sever PS, Wedel H, Poulter 
NR; Anglo-Scandinavian Cardiac Outcomes Trial Investigators. 
Effect of spironolactone on blood pressure in subjects with resistant 
hypertension. Hypertension. 2007; 49: 839-845.

17. Laurent S, Schlaich M, Esler M . New drugs, procedures, and devices 
for hypertension. Lancet. 2012; 380: 591-600.

18. Symplicity HTN-1 Investigators. Catheter-based renal sympathetic 
denervation for resistant hypertension: durability of blood pressure 
reduction out to 24 months. Hypertension. 2011; 57: 911-917.

19. Esler MD, Krum H, Schlaich M, Schmieder RE, Böhm M, Sobotka PA; 
Symplicity HTN-2 Investigators . Renal sympathetic denervation for 
treatment of drug-resistant hypertension: one-year results from the 
Symplicity HTN-2 randomized, controlled trial. Circulation. 2012; 
126: 2976-2982.

20. Davis MI, Filion KB, Zhang D, Eisenberg MJ, Afilalo J, Schiffrin EL, et al. 
Effectiveness of renal denervation therapy for resistant hypertension: 
a systematic review and meta-analysis. J Am Coll Cardiol. 2013; 62: 
231-241.

21. Schmieder RE, Redon J, Grassi G, Kjeldsen SE, Mancia G, Narkiewicz 
K, et al. ESH position paper: renal denervation--an interventional 
therapy of resistant hypertension. J Hypertension. 2012; 30: 837-841.

22. Schlaich MP1, Schmieder RE, Bakris G, Blankestijn PJ, Böhm M, 
Campese VM, Francis DP . International expert consensus statement: 
Percutaneous transluminal renal denervation for the treatment of 
resistant hypertension. J Am Coll Cardiol. 2013; 62: 2031-2045.

23. Bhatt DL1, Kandzari DE, O’Neill WW, D’Agostino R, Flack JM, Katzen 
BT, Leon MB . A controlled trial of renal denervation for resistant 
hypertension. N Engl J Med. 2014; 370: 1393-1401.

24. Bisognano JD, Bakris G, Nadim MK, Sanchez L, Kroon AA, Schafer 
J, et al. Baroreflex activation therapy lowers blood pressure in 
patients with resistant hypertension: results from the double-blind, 
randomized, placebo-controlled rheos pivotal trial. J Am Coll Cardiol. 
2011; 58: 765-773.

25. Bakris GL, Nadim MK, Haller H, Lovett EG, Schafer JE, Bisognano JD. 
Baroreflex activation therapy provides durable benefit in patients 
with resistant hypertension: results of long-term follow-up in the 
Rheos Pivotal Trial. J Am Soc Hypertens. 2012; 6: 152-158.

26. Hoppe UC, Brandt MC, Wachter R, Beige J, Rump LC, Kroon AA, et 
al. Minimally invasive system for baroreflex activation therapy 
chronically lowers blood pressure with pacemaker-like safety profile: 
results from the Barostim neo trial. J Am Soc Hypertens. 2012; 6: 270-
276.

http://content.onlinejacc.org/article.aspx?articleid=1146473
http://content.onlinejacc.org/article.aspx?articleid=1146473
http://content.onlinejacc.org/article.aspx?articleid=1146473
http://content.onlinejacc.org/article.aspx?articleid=1146473
http://content.onlinejacc.org/article.aspx?articleid=1146473
http://circ.ahajournals.org/content/119/3/e21.extract
http://circ.ahajournals.org/content/119/3/e21.extract
http://circ.ahajournals.org/content/119/3/e21.extract
http://circ.ahajournals.org/content/119/3/e21.extract
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369
http://www.nejm.org/doi/full/10.1056/NEJMoa0801369
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.ncbi.nlm.nih.gov/pubmed/23817082
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://www.ncbi.nlm.nih.gov/pubmed/24424788
http://www.ncbi.nlm.nih.gov/pubmed/24424788
http://www.ncbi.nlm.nih.gov/pubmed/24424788
http://www.ncbi.nlm.nih.gov/pubmed/24424788
http://hyper.ahajournals.org/content/51/6/1403.full
http://hyper.ahajournals.org/content/51/6/1403.full
http://hyper.ahajournals.org/content/51/6/1403.full
http://hyper.ahajournals.org/content/51/6/1403.full
http://hyper.ahajournals.org/content/51/6/1403.full
http://www.ncbi.nlm.nih.gov/pubmed/23169802
http://www.ncbi.nlm.nih.gov/pubmed/23169802
http://www.ncbi.nlm.nih.gov/pubmed/22379111
http://www.ncbi.nlm.nih.gov/pubmed/22379111
http://www.ncbi.nlm.nih.gov/pubmed/15374799
http://www.ncbi.nlm.nih.gov/pubmed/15374799
http://www.ncbi.nlm.nih.gov/pubmed/15374799
http://www.ncbi.nlm.nih.gov/pubmed/15374799
http://www.ncbi.nlm.nih.gov/pubmed/15374799
http://www.ncbi.nlm.nih.gov/pubmed/17462751
http://www.ncbi.nlm.nih.gov/pubmed/17462751
http://www.ncbi.nlm.nih.gov/pubmed/17462751
http://www.ncbi.nlm.nih.gov/pubmed/21502568
http://www.ncbi.nlm.nih.gov/pubmed/21502568
http://www.ncbi.nlm.nih.gov/pubmed/23144048
http://www.ncbi.nlm.nih.gov/pubmed/23144048
http://www.ncbi.nlm.nih.gov/pubmed/23144048
http://www.ncbi.nlm.nih.gov/pubmed/23144048
http://www.ncbi.nlm.nih.gov/pubmed/22379110
http://www.ncbi.nlm.nih.gov/pubmed/22379110
http://www.ncbi.nlm.nih.gov/pubmed/22379110
http://www.ncbi.nlm.nih.gov/pubmed/17309946
http://www.ncbi.nlm.nih.gov/pubmed/17309946
http://www.ncbi.nlm.nih.gov/pubmed/17309946
http://www.ncbi.nlm.nih.gov/pubmed/17309946
http://www.ncbi.nlm.nih.gov/pubmed/22883508
http://www.ncbi.nlm.nih.gov/pubmed/22883508
http://www.ncbi.nlm.nih.gov/pubmed/21403086
http://www.ncbi.nlm.nih.gov/pubmed/21403086
http://www.ncbi.nlm.nih.gov/pubmed/21403086
http://www.ncbi.nlm.nih.gov/pubmed/23248063
http://www.ncbi.nlm.nih.gov/pubmed/23248063
http://www.ncbi.nlm.nih.gov/pubmed/23248063
http://www.ncbi.nlm.nih.gov/pubmed/23248063
http://www.ncbi.nlm.nih.gov/pubmed/23248063
http://www.ncbi.nlm.nih.gov/pubmed/23644092
http://www.ncbi.nlm.nih.gov/pubmed/23644092
http://www.ncbi.nlm.nih.gov/pubmed/23644092
http://www.ncbi.nlm.nih.gov/pubmed/23644092
http://www.ncbi.nlm.nih.gov/pubmed/22469838
http://www.ncbi.nlm.nih.gov/pubmed/22469838
http://www.ncbi.nlm.nih.gov/pubmed/22469838
http://www.ncbi.nlm.nih.gov/pubmed/24021387
http://www.ncbi.nlm.nih.gov/pubmed/24021387
http://www.ncbi.nlm.nih.gov/pubmed/24021387
http://www.ncbi.nlm.nih.gov/pubmed/24021387
http://www.ncbi.nlm.nih.gov/pubmed/24678939
http://www.ncbi.nlm.nih.gov/pubmed/24678939
http://www.ncbi.nlm.nih.gov/pubmed/24678939
http://www.ncbi.nlm.nih.gov/pubmed/21816315
http://www.ncbi.nlm.nih.gov/pubmed/21816315
http://www.ncbi.nlm.nih.gov/pubmed/21816315
http://www.ncbi.nlm.nih.gov/pubmed/21816315
http://www.ncbi.nlm.nih.gov/pubmed/21816315
http://www.ncbi.nlm.nih.gov/pubmed/22341199
http://www.ncbi.nlm.nih.gov/pubmed/22341199
http://www.ncbi.nlm.nih.gov/pubmed/22341199
http://www.ncbi.nlm.nih.gov/pubmed/22341199
http://www.ncbi.nlm.nih.gov/pubmed/22694986
http://www.ncbi.nlm.nih.gov/pubmed/22694986
http://www.ncbi.nlm.nih.gov/pubmed/22694986
http://www.ncbi.nlm.nih.gov/pubmed/22694986
http://www.ncbi.nlm.nih.gov/pubmed/22694986

	Treatment of Resistant Hypertension
	Abstract
	Introduction
	References

