
Clinical Perspective

Hypertension Journal, July-September 2016;2(3):153-159 153

HTNJ

Professor

Division of Cardiovascular Disease, Vascular Biology and 
Hypertension Program, University of Alabama at Birmingham 
Birmingham, Alabama, USA

Corresponding Author: David A Calhoun, Professor, Division 
of Cardiovascular Disease, Vascular Biology and Hypertension 
Program, University of Alabama at Birmingham, Birmingham 
Alabama, USA, Phone: 012059344633 e-mail: dcalhoun@uab.edu

Clinical Perspective
David A Calhoun

HTNJ

RESISTANT  HYPERTENSION
10.5005/jp-journals-10043-0048

ABSTRACT
Resistant or difficult-to-treat hypertension is a common clinical 
problem affecting 10 to 15% of treated hypertensive patients. 
Effective management of resistant hypertension firstly requires 
distinguishing pseudo-resistant from true resistant hyper
tension. Common causes of pseudo-resistance include inaccu-
rate blood pressure (BP) measurement, white coat effect, poor 
medication adherence, and undertreatment. Pharmacologic 
treatment of resistant hypertension requires use of effective 
multidrug antihypertensive regimens, including especially 
diuretic therapy. An initial three-drug regimen of an angiotensin-
converting enzyme (ACE) inhibitor or an angiotensin receptor 
blocker (ARB), amlodipine, and a long-acting thiazide diuretic 
is recommended. Chlorthalidone is recommended as the 
preferred thiazide diuretic of choice given its long half-life and 
superior efficacy. A large body of literature now clearly estab-
lishes spironolactone as the most effective fourth medication 
for treatment of resistant hypertension. Renal nerve denerva-
tion (RND) is under intensive investigation to determine its true 
antihypertensive benefit, especially for treating uncontrolled 
resistant hypertension. Recent studies suggest that while the 
technique will likely provide some benefit in terms of additional 
BP reduction, it will not likely cure patients of their resistant 
hypertension as most subjects participating in studies of RND 
have generally continued medical therapy with use of the same 
or nearly the same number of medications. Accordingly, clini-
cians, even with the availability of renal nerve derivation, will 
have to remain facile in prescribing multiple drug combinations 
for treating resistant hypertension.
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introduction

Resistant hypertension is defined as high blood pressure 
(BP) requiring use of three or more antihypertensive 

agents, ideally one of which is a diuretic.1 Resistant 
hypertension is defined as such to identify patients with 
difficult-to-treat hypertension who may benefit from 
special diagnostic and/or therapeutic considerations. In 
2008, the American Heart Association (AHA) Scientific 
Statement on resistant hypertension expanded the defi-
nition to include patients whose BP was controlled, but 
with use of four or more medications, so-called controlled 
resistant hypertension.1 The rationale for creating this  
category was that, even though their BP could be con-
trolled, the need for four or more antihypertensive 
medications was unusual, and such patients may likewise 
benefit from the same special consideration recommended 
for patients with uncontrolled resistant hypertension.

PREVALENCE

Based simply on needing four or more medications, 
whether controlled or uncontrolled, resistant hyper
tension is common. Multiple cross-sectional analyses 
of different cohorts worldwide indicate that resistant 
hypertension affects approximately 10 to 20% of the 
patients being treated for hypertension.2-6 For example, 
de la Sierra et al2 determined the prevalence of resistant 
hypertension among more than 68,000 hypertensive 
patients included in the Spanish Ambulatory Blood 
Pressure Monitoring Registry. The authors reported that 
the overall prevalence of resistant hypertension in this 
largely primary care-based cohort was 14.8% of all treated 
hypertensives. The large majority of these patients had 
uncontrolled resistant hypertension (12.2% of the treated 
hypertensives), i.e., elevated office BP with use of three or 
more medications, with the remaining percentage having 
controlled resistant hypertension, i.e., controlled BP with 
use of four or more medications.

In a longitudinal analysis of the National Health and 
Nutrition Examination Survey (NHANES), Roberie and 
Elliot4 estimated the change in the prevalence of resistant 
hypertension in the United States. Using the results of the 
NHANES datasets between 1998 and 2008, the authors 
found the prevalence of resistant hypertension to have 
increased progressively from an estimated prevalence of 
8.8% between 1988 and 1994, to 14.5% between 1999 and 
2004, and 20.7% between 2005 and 2008. These results 
are important in highlighting that resistance is common, 
perhaps as high as 20% of the overall hypertensive popula-
tion and that the prevalence is seemingly increasing quite 
dramatically. This observed increase in the prevalence of 
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resistant hypertension is not surprising, given that two 
of the most common risk factors for developing resistant 
hypertension are older age and obesity,7 which are increas-
ingly typical of most populations worldwide.

CONFIRMING TRUE RESISTANT 
HYPERTENSION

The first step in evaluating suspected resistant hyperten-
sion is to confirm the presence of true resistant hyperten-
sion. While the prevalence of resistant hypertension is 
high simply based on having prescribed three or more 
antihypertensive medications, in reality, at least half of 
the patients likely have “apparent” vs “true” resistant. 
Apparent resistant hypertension refers to patients whose 
BP pressure is seemingly uncontrolled in spite of receiving 
three or more antihypertensive agents. Pseudo-causes of 
treatment resistance are, however, common among patients 
with apparent resistant hypertension. The most common 
of these causes are inaccurate BP measurement, white coat 
effect, poor medication adherence, and undertreatment. It 
is essential for the treating clinician to consider and exclude 
these causes of pseudo-resistance before considering a 
patient to be truly resistant to antihypertensive treatment.

Poor BP Technique

Poor BP technique resulting in accurate BP measure-
ment is common in most routine clinical situations. 
The most common mistakes made during BP measure-
ment include not having the patient sitting relaxed in 
a quiet area for several minutes before measuring the 
BP, using too small of a BP cuff, and placing the BP cuff 
over clothing during the measurement. These errors in 
technique all tend to result in a falsely high BP reading. 
This effect was recently quantified in a comparison of 
routine BP clinic measurements vs measurements done 
by trained hypertension experts using a standardized 
measurement routine, including use of an automated BP 
device that averaged serial, unattended BP readings.8 In 
this analysis, Bhatt et al found that 33% of 130 patients 
referred to a hypertension specialty clinic for resistant 
hypertension were misdiagnosed as having uncontrolled 
resistant hypertension because of inaccurate measure-
ments during routine triage assessments compared 
with the expertly done measurements using the strict, 
automated-based routine. These findings emphasize 
the importance of well-done office BP assessments to 
confirm true, uncontrolled resistant hypertension. In 
addition to application of good BP techniques in general, 
use of automated devices that average serial readings is 
preferred to manually obtained measurements in order 
to avoid operator-dependent mistakes and biases, which 
are commonplace in routine clinical settings.9-11

White Coat Effect

A prominent white coat effect is common in patients 
with resistant hypertension, with estimates ranging from 
20 to 40% of patients with uncontrolled office BP. For 
example, de la Sierra et al found that of the 8,295 patients 
with resistant hypertension participating in the Spanish 
Ambulatory Blood Pressure Monitoring Registry, 37.5% 
had white coat resistant hypertension, i.e., elevated office 
BP levels while prescribed three or more antihypertensive 
agents, but 24-hour ambulatory BP levels <130/80 mm Hg. 
Grigoryan et al12 retrospectively evaluated primary care 
participants in a study relating medication adherence to 
BP control. Of the 140 study participants with resistant 
hypertension, 22% were identified as having white coat 
resistant hypertension.

While studies clearly demonstrate that white coat 
resistant hypertension is common, it is also important 
to recognize that such patients are also likely, over time, 
to progress to having true resistant, i.e., having both 
elevated office and ambulatory BP levels. This progres-
sion was demonstrated by Muxfeldt et al13 who did serial 
ambulatory BP monitoring at 3- or 6-month intervals 
on patients identified as originally having white coat 
resistant hypertension. The investigators found that with 
each repeat ambulatory monitoring, about 30% of the 
patients no longer had white coat resistant hypertension 
but had progressed to having true uncontrolled resistant 
hypertension. Combined, these studies emphasize the 
importance of accurately measuring out-of-office BP 
assessments when evaluating patients with uncontrolled 
resistant hypertension. As serial ambulatory BP moni-
toring is not practical, practitioners should encourage 
patients to invest in an automated home BP monitor and 
instruct them in good home BP technique. These out-
of-office readings should then be used to confirm the 
diagnosis of true resistant hypertension and to guide 
treatment decisions, especially in patients with white 
coat effects.

Medication Nonadherence

Poor medication adherence is likely one of the most 
common causes of pseudo-resistant hypertension. Obvi-
ously, if a patient is not taking his or her medications as 
prescribed, then he or she cannot be considered to be truly 
resistant to that regimen. In direct assessments of urinary 
or serum drug levels in patients referred to hypertension 
specialty clinics, direct assessments of urinary or serum 
drug levels (or appropriate metabolites) have found that 
up to 70% of patients prescribed three or more antihyper-
tensive agents are nonadherent with one or more of the 
prescribed medications. Jung et al14 determined adher-
ence by toxicological assessment of spot urine samples 
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in patients referred to a university-based hypertension 
clinic for uncontrolled resistant hypertension. Of the  
375 patients tested, only 30% were fully adherent with the 
prescribed antihypertensive medications. Of the 70% of 
patients that were nonadherent, about 85% were taking 
less than half of their prescribed medications and 30% 
were taking none. A similarly done study of 339 patients 
being evaluated for controlled resistant hypertension 
reported a prevalence of nonadherence of 47% (24% 
nonadherent with any medications and 23% partially 
nonadherent).15

A large degree of nonadherence should not be sur-
prising in patients prescribed multiple medications. With 
each additional medication, out-of-pocket costs likely 
increase and development of adverse events is more 
likely. Further, it is well known that as the number of 
prescribed medications increases and the complexity of 
the dosing regimen increases, adherence suffers. Accord-
ingly, it is incumbent upon clinicians treating complicated 
hypertension to anticipate and monitor as best as possible 
for poor medication adherence with multidrug combina-
tions. As toxicological assessment of drug levels is not 
practical on a routine basis, clinicians instead must rely 
on patient self-admission and/or monitoring of prescrip-
tion refills. Being attentive to medication costs for patients 
in the context of all their prescribed prescriptions and use 
of combination pills, if affordable, can serve to improve 
medication adherence.

Undertreatment

Undertreatment also contributes importantly to lack of 
BP control in patients with apparent resistant hyperten-
sion. In an assessment of hypertensive patients attending 
primary clinics that allowed for electronic monitoring 
of patient records, Egan et al16 found that about 30% of 
the 468,877 hypertensive patients were controlled, and 
of those, 44,684 were being prescribed three or more 
antihypertensive medications. However, of these with 
uncontrolled resistant hypertension, only 15% were pre-
scribed a regimen that was considered optimal, defined 
multidrug combinations of different classes of agents, 
including a diuretic, and with all agents prescribed  
at ≥50% of the maximum recommended dose for treat-
ment of resistant hypertension. Use of chlorthalidone 
and/or an aldosterone antagonist was especially low 
in patients with uncontrolled BP (<10%). These findings 
emphasize the frequent lack of intensification of antihy-
pertensive treatment by clinicians in spite of continued 
uncontrolled BP. Admittedly, individual patient regimens 
have to be individualized based on medication intoler-
ances, regimen affordability, and perceived effectiveness, 
but three-drug regimens of an angiotensin-converting 
enzyme (ACE) inhibitor or angiotensin receptor blocker 

(ARB), amlodipine, and a long-acting thiazide diuretic 
or thiazide-like diuretic (i.e., chlorthalidone) are widely 
available, inexpensive, and generally well tolerated even 
at maximum or near maximum doses, allowing for use 
in most patients.

Clearly, causes of pseudo-resistance to antihyperten-
sive treatment are common. Graph 1 highlights this in 
summarizing the estimated prevalence rates from differ-
ent studies of the different causes of pseudo-resistance  
including white coat effect, undertreatment, poor adher-
ence, and inaccurate BP measurement.8 The study of 
Grigoryan et al12 is especially informative in having 
determined the prevalence of white coat effect and poor 
adherence in the same cohort. They found that 50% of 
patients were being misdiagnosed as having resistant 
hypertension because of these two factors alone, and 
that almost all of the patients were being undertreated, 
including none of the patients being treated with 
chlorthalidone or spironolactone. While discouraging, 
these findings highlight the challenge hypertension 
experts face in accurately diagnosing and treating true 
resistant hypertension.

PHARMACOLOGIC TREATMENT OF  
RESISTANT HYPERTENSION

Multiple studies suggest that development of resistant 
hypertension is generally related, at least in part, to inap-
propriate fluid retention. For example, Taler et al17 found 
that patients with resistant hypertension have evidence of 
increased thoracic fluid content as measured by thoracic 
impedance. The authors demonstrated that BP control 
in these patients is best achieved with intensification of 
diuretic therapy. Gaddam et al18 in a series of studies 
reported that patients with resistant hypertension, even 
in the absence of apparent chronic kidney disease (CKD), 
have excessive intravascular fluid retention as indicated 

Graph 1: Estimated prevalence of causes of pseudo-resistant 
hypertension. Modified from Bhatt et al8
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by elevated natriuretic peptide levels in spite of standard 
thiazide diuretic use. In a separate study, these same 
investigators linked the excess fluid retention to hyper-
aldosteronism.19 Indexing changes in intracardiac heart 
volume as measured by magnetic resonance imaging, it 
was demonstrated that an aldosterone antagonist, i.e., 
spironolactone, added to the existing treatment regimen 
substantially lowered BP in relation in reductions in 
intravascular volume.19 These findings implicate exces-
sive fluid retention attributable to hyperaldosteron-
ism as a common cause of antihypertensive treatment 
resistances such that effective management of resistant 
hypertension is generally predicated on intensification of 
diuretic therapy, including specifically preferential use 
of chlorthalidone, or a comparable long-acting thiazide 
diuretic, and spironolactone, an aldosterone antagonist.

Preferential use of Chlorthalidone

The AHA Scientific Statement on resistant hypertension 
recommended a standardized three-drug regimen – an 
ACE inhibitor or ARB, a calcium channel blocker, and a 
thiazide diuretic – for treatment of uncontrolled hyper-
tension.1 This recommendation was based on studies 
demonstrating the tolerability and efficacy of the three 
classes of agents. Chlorthalidone was specifically recom-
mended as the diuretic to be used. Although its efficacy 
has not been specifically tested in patients with resistant 
hypertension, chlorthalidone has been demonstrated to 
be superior to hydrochlorothiazide (HCTZ) on a milli
gram per milligram basis when receiving one of the other 
agent as monotherapy.20 This demonstration of superior-
ity is consistent with retrospective assessments report-
ing increased antihypertensive benefit when switching 
patients who have uncontrolled BP with HCTZ to the 
same dose amount of chlorthalidone.21 In light of these 
observations, chlorthalidone (or a long-acting equivalent) 
should be preferentially used as the diuretic of choice 
for treatment of resistant hypertension, either as part of 
the initial three-drug regimen or especially if the patient 
remains uncontrolled on a multidrug combination utiliz-
ing HCTZ.

Spironolactone: The Standard Fourth Medication 
for treating Resistant Hypertension

Primary aldosteronism is common in patients with resis-
tant hypertension. In an evaluation done at the University 
of Alabama at Birmingham, Calhoun et al22 reported that 
20% of 88 consecutive patients referred for uncontrolled 
resistant hypertension met the classical diagnostic criteria 
for primary aldosteronism. This finding of a prevalence 
of primary aldosteronism in patients with resistant 
hypertension has been confirmed in multiple other clinics 

worldwide.23-25 Additional studies further suggest that 
even beyond the 20% of patients with classical primary 
aldosteronism, there is large proportion of patients with 
resistant hypertension with lesser degrees of hyperaldo-
steronism that may not fulfill the strict criteria for having 
true primary aldosteronism, but nonetheless likely con-
tributes to excess fluid retention and antihypertensive 
treatment resistance.18,19

Given the high prevalence of hyperaldosteronism 
in patients with resistant hypertension, it is not sur-
prising that use of aldosterone antagonists, specifically 
spironolactone, has been shown to provide substan-
tial antihypertensive benefit for treatment of resistant 
hypertension. Nishizaka et al26 reported that addition 
of low doses of spironolactone (25–50 mg) to existing 
regimens of three or more antihypertensive medications 
reduced systolic and diastolic BP at 6 months follow-up 
on average by 25 and 12 mm Hg respectively (Graph 2). 
These findings have been consistent with multiple other 
studies demonstrating the large antihypertensive benefit 
of spironolactone for treating resistant hypertension.27-29 
Importantly, these studies demonstrate broad benefit of 
spironolactone for treatment of resistant hypertension 
in that the large antihypertensive benefit is not simply 
limited to patients with demonstrably high aldosterone 
levels, but significant BP reductions occur even in patients 
with seemingly normal or low serum or aldosterone levels.

The recent publication of the Prevention and Treat-
ment of Hypertension With Algorithm-based therapy 
(PATHWAY-2) results clearly establishes spironolactone 
as the most appropriate fourth medication for treatment 
of resistant hypertension.30 This study is particularly 
compelling in having been done as a randomized, 
double-blind, cross-over comparison of placebo, a 
beta antagonist (bisoprolol 5–10 mg daily), an alpha 

Graph 2: Spironolactone-induced reduction in systolic (filled bars) 
and diastolic BP (open bars) at 6 weeks, 3 months, and 6 months 
in subjects with resistant hypertension26
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antagonist (doxazosin 4–8 mg daily), and spironolac-
tone (25–50 mg daily) in patients uncontrolled on a 
standardized triple-drug regimen of an ACE inhibitor 
or ARB, a thiazide diuretic, a calcium channel blocker, 
and a thiazide diuretic. After 12 weeks of treatment with 
each randomized medication or placebo, spironolactone 
was clearly the most effective. The average reduction in 
home systolic BP (the primary endpoint) induced with 
spironolactone was superior to that of placebo (–8.70 
mm Hg), bisoprolol (–4.48 mm Hg), and doxazosin 
(–4.03 mm Hg).

The findings of PATHWAY-2 are definitive in firmly 
establishing spironolactone as the most effective fourth 
medication for treating resistant hypertension after use 
of an ACE inhibitor or ARB, a calcium channel blocker, 
and a thiazide diuretic.30 The PATHWAY-2 findings are 
further important in confirming that spironolactone was 
broadly effective across the entire cohort. However, in 
PATHWAY-2 it was also observed that the antihyperten-
sive benefit of spironolactone was especially pronounced 
in patients with evidence of excess fluid retention as 
indicated by suppressed renin levels. In patients with low 
renin levels and resistant hypertension, the antihyper-
tensive benefit of spironolactone approached on average 
20 mm Hg. This observation highlights the potential 
benefit of spironolactone in overcoming the fluid reten-
tion thought to generally underlie resistant hypertension, 
a degree of benefit unlikely to be surpassed by other 
classes of agents.

SPIRONOLACTONE AND RENAL  
NERVE DENERVATION

The initial, uncontrolled studies of renal nerve dener-
vation (RND) for treatment of uncontrolled resistant 
hypertension indicated a reduction in office systolic BP 
of 20 to 30 mm Hg.31,32 Subsequent double-blind, sham-
controlled assessments of RND did not confirm a sig-
nificant treatment benefit in patients with uncontrolled 
resistant hypertension.33,34 In the case of SYMPLICITY 
HTN-3, there was a large reduction in office BP in patients 
who had true RND done, but there was a similarly large 
reduction in the sham-treated group, such that there was 
no statistical difference between the two treatment arms. 
There is much ongoing discussion as to why there was 
a large reduction in BP in both the truly treated and the 
sham treated groups, including possibly a large regres-
sion to the mean phenomena in both groups, variable 
changes in medication adherence in the two groups 
both during the run-in period and during the trial, and/
or incomplete RND because of operator inexperience.  
Multiple studies designed to overcome these and other 
study limitations are ongoing with use of different 

devices. To avoid the confounding effects of poor or vari-
able adherence by study participants, the ongoing studies 
include both hypertensive cohorts that are untreated and 
cohorts of patients with resistant hypertension who are 
being treated with standardized triple-drug regimens. 
Such an approach should allow for definitive determina-
tion of the true treatment effects of RND.

Pending those results, recent findings provide impor-
tant insight into the relative benefit of RND vs medical 
therapy that includes spironolactone as the fourth  
medication. The Renal Denervation for Hypertension  
(DENERHTN) trial was a prospective, open-label random-
ized controlled comparison of a standardized stepped-
care antihypertensive treatment regimen, including 
spironolactone as the fourth medication, vs the same 
stepped-care approach in combination with RND.35 The 
study cohort consisted of patients with resistant hyperten-
sion whose BP remained uncontrolled in spite of receiv-
ing a standardized three-drug regimen of indapamide, 
ramipril or irbesartan, and amlodipine. There were  
48 subjects in the RND plus stepped-care group and 53 in  
the stepped-care alone group.

After 6 months of treatment, the mean change in 
daytime ambulatory systolic BP was –15.8 mm Hg in 
the RND group and –9.9 mm Hg in the medical treat-
ment group, a baseline adjusted difference of –5.9 mm 
Hg, which was statistically different.35 The number of 
antihypertensive medications prescribed and medica-
tion adherence was same between the two groups. The 
DENERHTN trial is clinically informative in indicating 
that RND is additive to pharmacologic treatment that 
includes use of spironolactone. But the findings also dem-
onstrate that RND is not likely to be a cure of RHTN. The 
number of medications utilized in the two treatment arms 
was the same, and there was no indication of patients 
being overtreated, i.e., needing downtitration or with-
drawal of medications in patients who had undergone 
RND. So while RND provided additional benefit, study 
participants still needed use of multidrug regimens for  
BP control.

The continued importance of the use of antihyper-
tensive medications, including especially spironolactone, 
vs RND for treatment of resistant hypertension is also 
highlighted by the recent Sympathetic Renal Denerva-
tion Versus Increment of Pharmacological Treatment in 
Resistant Arterial Hypertension (DENERVHTA) trial.36 
In this study, the antihypertensive benefit of RND vs 
adding spironolactone in patients with uncontrolled 
resistant hypertension was compared. After 6 months 
of treatment, spironolactone (n = 13) was far superior 
to RND (n = 11), having reduced 24-hour systolic BP by 
–23.6 and –5.7 mm Hg respectively. Although a small 
study, the findings indicate that in patients with resistant 
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hypertension, medical treatment, including especially 
use of spironolactone, provides antihypertensive benefit 
that surpasses that of RND. Combined, DENERHTN and 
DENERVHTA suggest that while RND may prove to be 
an important adjunct to medical therapy for treatment of 
resistant hypertension, it is unlikely to replace it. Accord-
ingly, clinicians will have to remain facile in prescription 
of multidrug antihypertensive regimens for treatment of 
resistant hypertension.

CONCLUSION

Resistant hypertension, based on needing four or more 
antihypertensive medications, remains a common clini-
cal problem and is likely to remain so, given that two of 
the most common risk factors for developing resistant 
hypertension are older age and obesity, both of which 
are increasingly prevalent problems worldwide. Effective 
management of resistant hypertension firstly requires 
accurate diagnosis, including obtaining accurate BP 
measurements, excluding white coat effects, confirming 
medication adherence, and distinguishing undertreat-
ment from true treatment resistance.

Causes of resistant hypertension are multifacto-
rial, but often an important underlying factor is excess 
intravascular fluid retention. Such fluid retention is in 
itself usually multifactorial in etiology, including CKD, 
hyperaldosteronism, and high dietary sodium intake. 
Pharmacologic treatment of resistant hypertension is 
in general predicated on overcoming that recalcitrant 
fluid retention with use of effective multidrug regi-
mens, including especially appropriate intensification 
of diuretic therapy. A standard three-drug regimen of 
an ACE inhibitor or ARB, amlodipine, and a long-acting 
thiazide diuretic is recommended when possible. Given 
its clear superiority over HCTZ in terms of efficacy, 
chlorthalidone is recommended as the preferred diuretic 
in this initial three-drug regimen.

A large body of literature, including the recent publi-
cation of the very compelling PATHWAY-2 results, clearly 
establishes spironolactone as the most effective fourth 
drug for treatment of resistant hypertension. Doses of 
up to 50 mg have been shown to provide continued anti-
hypertensive benefit when added to a thiazide diuretic.

The true antihypertensive efficacy of RND continues 
to be debated, with testing with ongoing, scientifically 
rigorous trials in both untreated hypertensive cohorts and 
cohorts of uncontrolled resistant hypertension. No doubt, 
those studies will quantify the antihypertensive benefit 
of RND both as monotherapy and as add-on therapy to 
existing multidrug regimens. While those study results 
are awaited, recent findings suggest that RND will more 
likely serve as an adjunct to pharmacologic therapy as 

opposed to being curative of resistant hypertension, such 
that clinicians will need to continue prescribing multiple 
drug antihypertensive regimens for difficult-to-treat 
hypertension.

REFERENCES

	 1.	 Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP,  
Toto RD, White A, Cushman WC, White W, Sica D, 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. Hypertension 2008;51:1403-1419.

	 2.	 de la Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ, 
Armario P, Oliveras A, Ruilope LM. Clinical features of 8295 
patients with resistant hypertension classified on the basis of 
ambulatory blood pressure monitoring. Hypertension 2011 
May;57(5):898-902.

	 3.	 Persell SD. Prevalence of resistant hypertension in the United 
States, 2003-2008. Hypertension 2011 Jun;57(6):1076-1080.

	 4.	 Roberie DR, Elliott WJ. What is the prevalence of resistant 
hypertension in the United States? Curr Opin Cardiol 2012 
Jul;27(4):386-391.

	 5.	 Sim JJ, Bhandari SK, Shi J, Liu IL, Calhoun DA, McGlynn EA, 
Kalantar-Zadeh K, Jacobsen SJ. Characteristics of resistant 
hypertension in a large, ethnically diverse hypertension 
population of an integrated health system. Mayo Clin Proc 
2013 Oct;88(10):1099-1107.

	 6.	 Muntner P, Davis BR, Cushman WC, Bangalore S, Calhoun DA,  
Pressel SL, Black HR, Kostis JB, Probstfield JL, Whelton PK, 
et al. Treatment-resistant hypertension and the incidence of 
cardiovascular disease and end-stage renal disease: results 
from the Antihypertensive and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial (ALLHAT). Hypertension 2014 
Nov;64(5):1012-1021.

	 7.	 Cushman WC, Ford CE, Cutler JA, Margolis KL, Davis BR, 
Grimm RH, Black HR, Hamilton BP, Holland J, Nwachuku C,  
et al. Success and predictors of blood pressure control in 
diverse North American settings: the antihypertensive 
and lipid-lowering treatment to prevent heart attack trial 
(ALLHAT). J Clin Hypertens 2002 Nov-Dec;4(6):393-404.

	 8.	 Bhatt H, Siddiqui M, Judd E, Oparil S, Calhoun D. Prevalence 
of pseudoresistant hypertension due to inaccurate blood 
pressure measurement. J Am Soc Hypertens 2016 Jun;10(6): 
493-499.

	 9.	 Terent A, Breig-Asberg E. Epidemiological perspective of 
body position and arm level in blood pressure measurement. 
Blood Press 1994 May;3(3):156-163.

	 10.	 Wingfield D, Cooke J, Thijs L, Staessen JA, Fletcher AE,  
Fagard R, Bulpitt CJ, Syst-Eur I. Terminal digit preference 
and single-number preference in the Syst-Eur trial: influence 
of quality control. Blood Press Monit 2002 Jun;7(3):169-177.

	 11.	 Wingfield D, Freeman GK, Bulpitt CJ. General Practice 
Hypertension Study G. Selective recording in blood pres-
sure readings may increase subsequent mortality. QJM 2002 
Sep;95(9):571-577.

	 12.	 Grigoryan L, Pavlik VN, Hyman DJ. Characteristics, drug 
combinations and dosages of primary care patients with 
uncontrolled ambulatory blood pressure and high medi-
cation adherence. J Am Soc Hypertens 2013 Nov-Dec;7(6): 
471-476.



Clinical Perspective

Hypertension Journal, July-September 2016;2(3):153-159 159

HTNJ

	 13.	 Muxfeldt ES, Fiszman R, de Souza F, Viegas B, Oliveira FC, 
Salles GF. Appropriate time interval to repeat ambulatory 
blood pressure monitoring in patients with white-coat resis-
tant hypertension. Hypertension 2012 Feb;59(2):384-389.

	 14.	 Jung O, Gechter JL, Wunder C, Paulke A, Bartel C, Geiger H,  
Toennes SW. Resistant hypertension? Assessment of adher-
ence by toxicological urine analysis. J Hypertens 2013 Apr;31(4): 
766-774.

	 15.	 Strauch B, Petrak O, Zelinka T, Rosa J, Somloova Z, Indra T, 
Chytil L, Maresova V, Kurcova I, Holaj R, et al. Precise assess-
ment of noncompliance with the antihypertensive therapy 
in patients with resistant hypertension using toxicological 
serum analysis. J Hypertens 2013 Dec;31(12):2455-2461.

	 16.	 Egan BM, Zhao Y, Li J, Brzezinski WA, Todoran TM, Brook RD,  
Calhoun DA. Prevalence of optimal treatment regimens in 
patients with apparent treatment-resistant hypertension 
based on office blood pressure in a community-based practice 
network. Hypertension 2013 Oct;62(4):691-697.

	 17.	 Taler SJ, Textor SC, Augustine JE. Resistant hypertension: 
Comparing hemodynamic management to specialist care. 
Hypertension 2002 May;39(5):982-988.

	 18.	 Gaddam KK, Nishizaka MK, Pratt-Ubunama MN, Pimenta E, 
Aban I, Oparil S, Calhoun DA. Characterization of resistant 
hypertension: association between resistant hypertension, 
aldosterone, and persistent intravascular volume expansion. 
Arch Intern Med 2008 Jun;168(11):1159-1164.

	 19.	 Gaddam K, Corros C, Pimenta E, Ahmed M, Denney T, Aban I,  
Inusah S, Gupta H, Lloyd SG, Oparil S, et al. Rapid reversal 
of left ventricular hypertrophy and intracardiac volume 
overload in patients with resistant hypertension and hyper-
aldosteronism: a prospective clinical study. Hypertension 
2010 May;55(5):1137-1142.

	 20.	 Ernst ME, Carter BL, Goerdt CJ, Steffensmeier JJ, Phillips BB, 
Zimmerman MB, Bergus GR. Comparative antihyperten-
sive effects of hydrochlorothiazide and chlorthalidone on 
ambulatory and office blood pressure. Hypertension 2006 
Mar;47(3):352-358.

	 21.	 Khosla N, Chua DY, Elliott WJ, Bakris GL. Are chlorthali-
done and hydrochlorothiazide equivalent blood-pressure-
lowering medications? J Clin Hypertens 2005 Jun;7(6):354-356.

	 22.	 Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB, 
Weissmann P. Hyperaldosteronism among black and white 
subjects with resistant hypertension. Hypertension 2002 
Dec;40(6):892-896.

	 23.	 Eide IK, Torjesen PA, Drolsum A, Babovic A, Lilledahl NP. 
Low-renin status in therapy-resistant hypertension: a clue to 
efficient treatment. J Hypertens 2004 Nov;22(11):2217-2226.

	 24.	 Gallay BJ, Ahmad S, Xu L, Toivola B, Davidson RC. Screening 
for primary aldosteronism without discontinuing hyper-
tensive medications: plasma aldosterone-renin ratio. Am J 
Kidney Dis 2001 Apr;37(4):699-705.

	 25.	 Strauch B, Zelinka T, Hampf M, Bernhardt R, Widimsky J, 
Jr. Prevalence of primary hyperaldosteronism in moderate 

to severe hypertension in the Central Europe region. J Hum 
Hypertens 2003 May;17(5):349-352.

	 26.	 Nishizaka MK, Zaman MA, Calhoun DA. Efficacy of low-dose 
spironolactone in subjects with resistant hypertension. Am 
J Hypertens 2003 Nov;16(11 Pt 1):925-930.

	 27.	 Alvarez-Alvarez B, Abad-Cardiel M, Fernandez-Cruz A, 
Martell-Claros N. Management of resistant arterial hyper-
tension: role of spironolactone versus double blockade of 
the renin-angiotensin-aldosterone system. J Hypertens 2010 
Nov;28(11):2329-2335.

	 28.	 Chapman N, Dobson J, Wilson S, Dahlof 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 
Apr;49(4):839-845.

	 29.	 de Souza F, Muxfeldt E, Fiszman R, Salles G. Efficacy of  
spironolactone therapy in patients with true resistant hyper-
tension. Hypertension 2010 Jan;55(1):147-152.

	 30.	 Williams B, MacDonald TM, Morant S, Webb DJ, Sever P, 
McInnes G, Ford I, Cruickshank JK, Caulfield MJ, Salsbury J,  
et al. Spironolactone versus placebo, bisoprolol, and doxa-
zosin to determine the optimal treatment for drug-resistant 
hypertension (PATHWAY-2): A randomised, double-blind, 
crossover trial. Lancet 2015 Nov;386(10008):2059-2068.

	 31.	 Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, 
Bartus K, Kapelak B, Walton A, Sievert H, Thambar S, et al. 
Catheter-based renal sympathetic denervation for resistant 
hypertension: a multicentre safety and proof-of-principle 
cohort study. Lancet 2009 Apr;373(9671):1275-1281.

	 32.	 Symplicity HTN-2 Investigators, Esler MD, Krum H, Sobotka 
PA, Schlaich MP, Schmieder RE, Bohm M. Renal sympathetic 
denervation in patients with treatment-resistant hyperten-
sion (The Symplicity HTN-2 Trial): a randomised controlled 
trial. Lancet 2010 Dec;376(9756):1903-1909.

	 33.	 Bhatt DL, Kandzari DE, O’Neill WW, D’Agostino R,  
Flack JM, Katzen BT, Leon MB, Liu M, Mauri L, Negoita M, 
et al. A controlled trial of renal denervation for resistant 
hypertension. N Engl J Med 2014 Apr;370(15):1393-1401.

	 34.	 Desch S, Okon T, Heinemann D, Kulle K, Rohnert K,  
Sonnabend M, Petzold M, Muller U, Schuler G, Eitel I,  
et al. Randomized sham-controlled trial of renal sympathetic 
denervation in mild resistant hypertension. Hypertension 
2015 Mar;65(4):1202-1208.

	 35.	 Azizi M, Sapoval M, Gosse P, Monge M, Bobrie G, Delsart P, 
Midulla M, Mounier-Vehier C, Courand PY, Lantelme P, et al. 
Optimum and stepped care standardised antihypertensive 
treatment with or without renal denervation for resistant 
hypertension (DENERHTN): a multicentre, open-label, ran-
domised controlled trial. Lancet 2015 May;385(9981):1957-1965.

	 36.	 Oliveras A, Armario P, Clara A, Sans-Atxer L, Vazquez S, 
Pascual J, De la Sierra A. Spironolactone versus sympathetic 
renal denervation to treat true resistant hypertension: Results 
from the DENERVHTA study – A randomized controlled 
trial. J Hypertens 2016 Sep;34(9):1863-1871.


