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Abstract

Arterial hypertension elevates the risk of adverse renal and cardiovascular outcomes, which can be 

decreased by maneuvers that lower blood pressure (BP). However, a combination of multiple 

antihypertensive drugs at optimal doses fails to achieve BP control in up to 15% of the 

hypertensive population. This has led to a relentless search for novel therapeutic alternatives in 

order to achieve satisfactory control of BP levels. Several prominent studies published in 2015 

have shed light on the risks imposed by uncontrolled or partially treated hypertension, and evaluate 

new therapeutic modalities designed to address the unmet needs of the treatment-resistant 

hypertensive individual.

Arterial hypertension substantially elevates the risk for adverse cardiovascular and renal 

outcomes, including end-stage renal disease (ESRD), ischemic cardiac and cerebrovascular 

events, accelerated atherosclerosis, congestive heart-failure (CHF), and all-cause mortality. 

Most of these can be decreased by maneuvers that lower blood pressure (BP). However, 

recognition that some hypertensive individuals are “treatment-resistant” is becoming a major 

issue in the area of nephrology and hypertension. Combinations of multiple antihypertensive 

drugs at optimal doses fail to achieve goal BP levels in at least 15% of the hypertensive 

population(1), often due to poor adherence or intolerance to antihypertensive regimens. This 

motivated a relentless search for novel therapeutic alternatives to achieve more satisfactory 

control of BP. Several studies published in 2015 have shed light on the risk imposed by 

uncontrolled hypertension, and evaluated new approaches designed to address the unmet 

needs of the treatment-resistant hypertensive individual.

The risks inherent to uncontrolled- and difficult-to-control-hypertension are reinforced by a 

retrospective, longitudinal 5-year cohort study of Kaiser Permanente members(2). The 

authors examined the electronic health-records of a 3.4-million ethnically-diverse 

population, of whom BP data were available for 470,386 individuals(3). Resistant 

hypertension (RH) was defined for 60,327 (12.8%) individuals, with 4.9% having controlled 

(on ≥4 drugs) and 7.9% uncontrolled RH, based on a goal systolic BP of 140mmHg and/or 

diastolic BP of 90mmHg. Individuals were followed until they experienced any outcome or 

until the end of observation. These authors reported that individuals with resistant 

hypertension (RH) had a greater risk for ESRD, ischemic heart events, CHF, and 
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cerebrovascular accidents compared with those with non-RH, with multivariable adjusted 

hazard-ratios of 1.32, 1.24, 1.46, 1.14, and 1.06, respectively. Importantly, patients with 

uncontrolled RH had similar baseline rates of comorbidities compared to those with 

controlled RH, yet subsequently experienced increased risk for ESRD and cerebrovascular 

accidents by 25% and 23%, respectively.

Activation of the sympathetic nervous system participates in some forms of RH and target 

organ injury. Renal denervation (RDN) has emerged as a novel interventional approach to 

decrease in BP via attenuation of renal artery sympathetic nerve activity, but remains 

controversial. Two large clinical trials of RDN in patients with RH, Symplicity HTN-1(4) 

and Symplicity HTN-2(5), reported decrements in BP and established the overall safety of 

the procedure. However, Symplicity HTN-3(6), a prospective, single-blind, randomized, 

sham-controlled trial conducted in the United States, failed to meet pre-determined 

endpoints from RDN, attributed partly to technical confounders. Consequently, RDN 

remains “in-limbo” in the United States, although it is used extensively in Europe.

The Global SYMPLICITY registry (GSR) was established to address the questions of safety 

and cost/benefit related to BP reduction in a “real-world” uncontrolled population of patients 

undergoing RDN, primarily outside the United States(7). It was designed to include ≤5000 

patients ≥18 years old eligible for RDN, as defined by local regulations. The GSR 

recommended a 5-year follow-up with collection of a 24-hour ambulatory measurement and 

3 BP measurements in each visit. Recently, the GSR reported on the 6-month follow-up of 

almost 1,000 hypertensive patients included in 134 centers located in five continents. A 

“severe hypertension cohort” within the GSR comprised 323 patients with a pre-treatment 

ambulatory systolic BP >135mmHg despite at least 3 antihypertensive drugs. Office systolic 

BP for the severe cohort (179±16mmHg) fell by 20.3±20.8mmHg 6 months after RDN, and 

the 24-hour mean systolic BP by 8.9±16.9mmHg; 18.6% achieved an office systolic BP 

<140mmHg. After RDN there was a small reduction in the number of antihypertensive 

medications, and low rates (<1%) of complications. Therefore, RDN provided relatively safe 

BP reduction beyond that achieved by intensive pharmacological therapies in patients with 

RH in this mixed hypertensive population.

An alternative approach to treating drug-resistant hypertension was examined in a 

prospective trial undertaken by the British Hypertension Society. The PATHWAY Studies 

Group investigated the optimal choice of a fourth-line drug treatment for RH added to a 

regimen including an angiotensin-converting-enzyme inhibitor or an angiotensin-II receptor 

blocker, a calcium-channel blocker, and a thiazide-like diuretic. These investigators reasoned 

that if RH was primarily caused by sodium retention, then a diuretic drug would be effective, 

whereas if the underlying pathogenic mechanisms are heterogeneous, then drugs with 

alternative mechanisms would be equally effective and best stratified by use of biomarkers 

of sodium/volume status, such as plasma renin level(8). Therefore, they compared the 

selection of spironolactone (with diuretic action based on mineralocorticoid receptor 

antagonism) with an α1-adrenoceptor blocker (doxazosin) that reduces peripheral resistance, 

and a β1-adrenoceptor blocker (bisoprolol), which reduces renin release and cardiac output.
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To this end, Williams et al performed a12-month double-blind, placebo-controlled, crossover 

phase-4 trial in the UK. Careful attention was given to establishing baseline medication 

adherence prior to randomization. Treatment cycles were initiated for 6 weeks at a low dose, 

and then double the dose for another 6 weeks. The intention-to-treat analysis comprised 314 

patients, of whom 230 completed all treatment cycles. The average reduction in home 

systolic BP with spironolactone was superior to placebo by −8.70mmHg, to doxazosin by 

−4.03mmHg, and to bisoprolol by −4.48mmHg. Spironolactone controlled BP in 58% of 

patients, and induced a greater fall in BP even in patients controlled by doxazosin or 

bisoprolol. The degree of home systolic BP fall with spironolactone showed a generally 

inverse relation with plasma renin levels that was superior to bisoprolol and doxazosin 

across most of the plasma renin distribution. Thus, spironolactone was a well-tolerated and 

an effective 4th line treatment for patients with RH. These findings also implicate sodium 

retention as the predominant pathophysiological mechanism underlying RH.

Beaussier and colleagues(9) formally evaluated the role of medication adherence on BP 

control and target organ injury in participants of a previously published 12-week, single-

center, prospective, randomized, open-blinded endpoint trial performed in Paris, France. The 

primary study examined the role of sequential nephron blockade (SNB), which was more 

effective than sequential renin–angiotensin-system blockade (SRASB) for controlling BP in 

patients with RH(10). Patients whose BP was not adequately controlled by a 4-week triple-

therapy regimen were randomized to SNB (spironolactone, furosemide, and amiloride) or 

SRASB (ramipril and bisoprolol).

The investigators evaluated adherence by means of plasma irbesartan level measurements, 

urinary N-acetylseryl-aspartyl-lysyl-proline/creatinine (AcSKDP/cr) ratio <4nmol/mmol (as 

a measure of ramipril effect), last medication intake before visit >24h, and detailed pill 

counts at each visit (taking <80% of theoretical intake as a marker of poor adherence). The 

results indicate that low medication adherence was prevalent (18.3%) among RH patients, 

and impacted the differential effect of drug regimens. The fall in systolic BP was greater 

with SNB than with SRASB (by −11.5mmHg) only for patients with acceptable medication 

adherence, as were changes in pulse-wave velocity and left-ventricular mass. Hence, 

optimizing diuretic therapy by SNB was the most effective strategy for controlling BP and 

decreasing target organ damage.

Taken together, studies in 2015 advanced our understanding of the prevalence and clinical 

significance of treatment resistant hypertension. These also better delineate the 

pathophysiology underlying RH and strategies to improve BP control, the need for which 

was reinforced by the potential risks of uncontrolled RH. In patients with RH in a “real-

world” setting, RDN reduced BP effectively, despite predominant underlying excess sodium 

retention. Spironolactone was found to be an effective 4th-line BP-lowering treatment, but 

clearly, medication adherence is critical for adequate BP control and decreasing target organ 

damage.
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Key advances

• Uncontrolled resistant hypertension carries important risks for renal, 

cardiac, and cerebrovascular complications.

• Endovascular renal denervation may reduce blood pressure effectively, 

particularly in patients with high baseline systolic blood pressure.

• Spironolactone is an effective 4th-line antihypertensive drug.

• Even in carefully controlled treatment trials, poor medication 

adherence (identified in nearly 20% of participants) prevents effective 

BP control and regression of target organ damage.
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