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optimal target blood pressure in patients treated for resist‑
ant hypertension is widely accepted to be <140/90 mm Hg, 
as it is for all hypertensive patients in general, although 
lower targets may be appropriate for those with diabetes 
or chronic kidney disease.

Who gets resistant hypertension?
Data derived from retrospective, cross sectional population 
studies of hypertension control in Spain and the United 
States indicate a resistant hypertension prevalence of 
between 7.6% and 8.9%.2  3 In the recent Health Survey for 
England, 20% of hypertensive patients had uncontrolled 
blood pressure despite the administration of at least three 
drugs, making it reasonable to assume the population with 
resistant hypertension is around 0.5–1 million individu‑
als in England alone.4 Post hoc analysis of data from large 
clinical trials of antihypertensive therapy (such as ALLHAT, 
ASCOT, ACCOMPLISH, LIFE, INVEST, and CONVINCE5‑10) 
suggests that the prevalence of resistant hypertension 
could be as high as 35%. However, these highly selected 
populations tend to be older and contain higher risk indi‑
viduals with greater cardiovascular comorbidity than the 
general hypertensive population.5‑10 Amalgamation of the 
earlier clinical trial data with the more contemporaneous 
observational findings suggests a resistant hypertension 
prevalence of 10‑20% of the hypertensive population.11

A US study found that, within a median of 1.5 years 
after initiation of antihypertensive therapy, about 1 in 50 
of the patients developed resistant hypertension (either 
uncontrolled hypertension with ≥3 antihypertensive 
drugs or controlled hypertension with ≥4 antihyperten‑
sives).12 This represents an incidence of 1.9% of resistant 
hypertension in the 205 750 hypertensive patients who 
began drug therapy.  Among those taking three or more 
medications for at least one month (n=24 499), the preva‑
lence of resistant hypertension was 16.2%. The results 
were further strengthened by exclusion of patients with 
pseudo‑resistant hypertension and inclusion of a large 
and ethnically diverse population.12 The analysis also 
revealed that patients with resistant hypertension were 
almost 50% more likely to experience an adverse car‑
diovascular event over a median follow‑up of 3.8 years 
compared with patients with blood pressure controlled 
by means of three or fewer antihypertensive drugs.12 This 
increased risk was largely caused by the development of 

The disease burden attributable to arterial hypertension 
is substantial, accounting for or contributing to 62% of all 
strokes and 49% of all cases of heart disease, culminating 
in an estimated 7.1 million deaths a year; equivalent to 13% 
of total worldwide deaths.1 Although most cases of hyper‑
tension can be effectively treated with lifestyle changes or 
drugs, or both, hidden within this population lies a cohort at 
the extreme end of the cardiovascular risk spectrum—those 
with hypertension that is resistant to treatment. 

The aim of this review is to assist non‑specialist prac‑
titioners in the overall management of patients with 
resistant hypertension by presenting a comprehensive 
exploration of the evidence on the recognition, evaluation, 
and treatment of the condition.

What is resistant hypertension?
International guidelines have defined resistant hyper‑
tension as a raised blood pressure (that is, seated clinic 
blood pressure >140/90 mm Hg) despite treatment with 
at least three antihypertensive agents (one of which is 
usually a diuretic) at optimal or best tolerated doses. The 
recent National Institute for Health and Clinical Excellence 
(NICE) guideline (see box 1) has been the most proscriptive 
in formally defining resistant hypertension by suggesting 
that the three agents would usually be an angiotensin con‑
verting enzyme (ACE) inhibitor or an angiotensin receptor 
blocker plus a calcium channel blocker plus a thiazide‑
type diuretic (that is, A+C+D) in accordance with the NICE 
treatment algorithm. The NICE guidance also suggests that 
resistant hypertension should be diagnosed only after con‑
firming inadequate blood pressure control despite treat‑
ment, by use of ambulatory blood pressure monitoring 
(that is, mean daytime blood pressure >135/85 mm Hg), 
thereby excluding so called white coat hypertension. The 
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SUMMARY POINTS
Resistant hypertension is defined as high blood pressure that remains uncontrolled despite 
treatment with at least three antihypertensive agents (one of which is usually a diuretic) at 
best tolerated doses. A diagnosis of true resistant hypertension should be made only after a 
thorough assessment to exclude apparent or pseudo-resistant hypertension
Post hoc analyses of large scale trials of antihypertensive drugs plus retrospective cross 
sectional observational studies point to a prevalence of resistant hypertension of 10-20% of 
the general hypertensive population
Patients with resistant hypertension are almost 50% more likely to experience an adverse 
cardiovascular event compared with patients with blood pressure controlled by three or 
fewer antihypertensive agents
Studies indicate that 5-10% of resistant hypertension patients have an underlying secondary 
cause for their elevated blood pressure—a prevalence significantly greater than that of the 
general hypertensive population
No clinical trials have compared the effectiveness of specific drug regimens for the treatment 
of resistant hypertension. The best available evidence supports the use of low dose 
spironolactone as the preferred fourth drug if the patient’s blood potassium level is ≤4.5 
mmol/L. With higher blood potassium levels, intensification of thiazide-like diuretic therapy 
should be considered
Renal sympathetic denervation therapy, as a device based intervention, could potentially 
stimulate a paradigm shift in the management of resistant hypertension
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SOURCES AND SELECTION CRITERIA
Using the term “resistant hypertension”, we searched the 
PubMed, Embase, and Cochrane databases for articles from 
a publication date of January 2000 to June 2012. Further 
articles were then identified from the reference lists of the 
articles found in the database search. We restricted our 
search to those written in the English language, studies 
on humans, and published work only. Priority was given to 
systematic reviews, meta-analyses, and clinical guidelines.
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chronic kidney d isease. However, the precise long term 
prognosis of patients with resistant hypertension is still 
to be determined.

Certain patient characteristics have been associated with 
an increased likelihood of developing treatment resistant 
hypertension (see box 2).13‑15 Many of these characteristics 
are associated with adverse cardiovascular outcomes and 
underscore the need for effective treatment of resistant 
hypertension.

How is resistant hypertension diagnosed?
Apparent or pseudo-resistant hypertension
Before a patient can be labelled as having treatment 
resistant hypertension, apparent or pseudo‑resistant 
hypertension must be excluded. This is inadequate blood 
pressure control in a patient receiving appropriate treat‑
ment who does not actually have resistant hypertension. 

Most often, pseudo‑resistant hypertension arises from 
(a) poor office blood pressure measurement technique 
(see supplementary boxes on bmj.com), (b) the “white 
coat” effect, (c) poor patient concordance with prescribed 
therapy, or (d) a suboptimal antihypertensive regimen 
(see box 3). 

Medical professionals must also recognise and accept 
that “clinical inertia” has an important role to play in the 
suboptimal management of hypertension, particularly 
when patients require multiple drugs. The term clinical 
inertia can encompass a poor knowledge of clinical guide‑
lines, a misguided acceptance of elevated blood pressure, 
or an underestimation of cardiovascular disease risk, all of 
which can lead to suboptimal blood pressure treatment.16 
It is of prime importance to consider patient and physician 
factors and eliminate them, before establishing a definitive 
diagnosis of resistant hypertension.

What is the best method for assessing blood pressure?
In a retrospective analysis of records in a Spanish regis‑
try, up to 40% of the patients defined as having resistant 
hypertension according to office blood pressure record‑
ings were later found to manifest a white coat effect when 
evaluated by ambulatory blood pressure monitoring.2 This 
highlights how common the white coat effect (that is, a 
persistently elevated office blood pressure but a normal 
home blood pressure—see supplementary boxes on bmj.
com) can be. It also emphasises the importance of using 
ambulatory blood pressure monitoring to confirm resist‑
ant hypertension as recommended by the recent NICE 
guidance. A white coat effect should be suspected in any 
individual with persistently elevated office blood pressure 
readings but no signs of target organ damage or signs or 
symptoms of overtreatment such as postural hypotension, 
dizziness, or syncope.17

Box 1 | National and international hypertension guidelines
• NICE Clinical Guideline 127. Hypertension—The clinical management of primary 

hypertension in adults. 2011.
Commissioned by the National Institute for Health and Clinical Excellence (NICE) in 
the UK and produced in partnership with the British Hypertension Society, this 325 
page document is pragmatic, evidence based, and the most contemporaneous set of 
guidelines currently available. There is a detailed section on resistant hypertension 
with related evidence to recommendation statements on pages 245-7. The document 
can be downloaded from http://guidance.nice.org.uk/CG127.

• 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. Hypertension 2008;51:1403-19

A position statement focused on the management of resistant hypertension. Provides 
in-depth coverage on patient evaluation and treatment recommendations.

• The Task Force for the Management of Arterial Hypertension of the European Society of 
Hypertension (ESH) and of the European Society of Cardiology (ESC). 2007 Guidelines for the 
management of arterial hypertension. Eur Heart J 2007;28:1462-536.

Resistant hypertension is given a modicum of coverage on pages 1506-7. A reappraisal 
of the European guidelines on hypertension management was published in 2009 
(J Hypertens 2009;27:2121-58) to take account of publication of several large 
randomised trials, but there was no further guidance on the care of patients with 
resistant hypertension.

• Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et al. Seventh report of 
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure. Hypertension 2003;42:1206-52.

Issued by the US National Heart Lung and Blood Institute, these guidelines are now 
being updated. A section on the definition of resistant hypertension can be found on 
page 1230 of the document. The eighth report is currently in progress (see www.nhlbi.
nih.gov/guidelines/hypertension/jnc8/index.htm for further information).

Box 2 | Typical characteristics of patients with resistant 
hypertension13-15

• Older age; especially >75 years
• High baseline blood pressure and chronicity of 

uncontrolled hypertension
• Target organ damage (left ventricular hypertrophy, chronic 

kidney disease)
• Diabetes
• Obesity
• Atherosclerotic vascular disease
• Aortic stiffening
• Sex (women)
• Ethnicity (black)
• Excessive dietary sodium

Box 3 | Factors associated with pseudo-resistant 
hypertension
These factors should be considered, looked for, and 
eliminated before a diagnosis of true resistant hypertension 
can be made.
Factors associated with the patient
• White coat effect
• Severely calcified or arteriosclerotic arteries that are poorly 

compressible on palpation, giving rise to cuff related 
artefact (especially in elderly patients)

• Poor patient concordance to treatment:
Side effects of antihypertensive medication
Complicated dosing regimens
Inadequate patient education
Memory or psychiatric issues or poor cognition 
(especially in elderly patients)
Difficult relationship between patient and doctor
Costs of drugs (in some healthcare systems)

Factors associated with the physician
• Poor office blood pressure measurement technique
• Clinical inertia 
• Inadequate doses of antihypertensive drugs
• Inappropriate choice of antihypertensive combinations  
• Poor communication and lack of desire to invest in patient 

education
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What lifestyle factors contribute to resistant 
hypertension?
Once a diagnosis of true resistant hypertension has been 
established, the next step is to evaluate the patient for 
potentially modifiable contributing factors (see box 4).

Obesity is a common feature of patients with resistant 
hypertension, partly due to an association with sodium 
retention, enhanced sympathetic nervous system activ‑
ity, and activation of the renin‑angiotensin‑aldosterone 
system (RAAS). There is also an increased likelihood of 
pseudo‑resistant hypertension in obese patients if too 
small a cuff is applied to a large arm. The HYDRA study of 
45 125 primary care patients in Germany found that obese 
individuals (body mass index >40) had a 5.3‑fold greater 
probability of requiring three antihypertensive drugs and 
a 3.2‑fold greater probability of requiring four antihyper‑
tensive drugs to achieve blood pressure control compared 
with individuals with a normal body mass index (<25).18

The relationship between the prevalence of hyperten‑
sion, alcohol consumption, and blood pressure is linear.19 

Moderate alcohol consumption does not generally elevate 
blood pressure levels, but heavy alcohol consumption 
(>21 units/week for men, >14 units/week for women 
where 1 unit = 8 g or 10 ml of alcohol or a half pint of 
beer, glass of wine, or shot of spirits), including binge 
drinking, is associated with raised blood pressure, an 
increased risk of stroke, and an overall poorer progno‑
sis. Trials of structured interventions to reduce alcohol 
intake have resulted in significant falls in both systolic 
and diastolic blood pressures.20

Patients must be asked about the potential use of pre‑
scribed and recreational exogenous substances (see box 
4) and, where possible, the offending agents stopped, 
minimised, or substituted appropriately. The effects of 
these agents can be highly variable and unpredictable, 
with most patients showing minimal effects whereas 
others experience substantial elevations in blood 
pressure. Where there is doubt with regard to which 
agents should be modified, a specialist opinion may be 
w arranted.

Excessive dietary salt intake is a well recognised risk 
factor for resistant hypertension. Indeed most patients 
with resistant hypertension tend to consume more salt 
than the general population, often exceeding 10 g/day.21 
Excess salt directly increases blood pressure and also 
blunts the action of all antihypertensive agents in gen‑
eral. The effect is magnified in individuals who are par‑
ticularly salt sensitive (elderly patients, black patients, 
and those with chronic kidney disease—see box 2). It is 
therefore important to review an individual’s salt intake, 
provide dietary advice, and recommend a salt intake <6 
g/day (refer to section 11.1.8 page 185 of NICE Clinical 
Guideline 127 on hypertension—see box 1).

What are the secondary causes of resistant hypertension?
Potentially remediable secondary causes of resistant 
hypertension are listed in box 4. The prevalence of sec‑
ondary hypertension is greater in people with resistant 
hypertension compared with the general hypertensive 
population, with studies indicating that 5–10% of 
patients with resistant hypertension have an underlying 
secondary cause22  23—the most common being hyperal‑
dosteronism, chronic kidney disease (which may either 
be the cause or adverse sequel of chronic, poorly control‑
led hypertension), renal artery stenosis, and obstructive 
sleep apnoea. It is important for the non‑specialist to be 
able to recognise the signs and symptoms that may sug‑
gest an underlying disease process. This should include 
a focused history, thorough physical examination, bio‑
chemical evaluation, non‑invasive imaging (such as 
renal ultrasound), and subsequent onward referral to a 
specialist hypertension clinic if necessary (see boxes 4 
and 5).

What target organ damage is seen in resistant 
hypertension?
Target organ damage refers to left ventricular hypertro‑
phy, hypertensive retinopathy, and renal disease (that is, 
persistently elevated urinary albumin excretion rate, hae‑
maturia, or renal impairment). Electrocardiography and 
ideally echocardiography should be performed, along 

Box 4 | Factors contributing to resistant hypertension
Lifestyle factors
• Obesity
• Excess alcohol intake
• Excess dietary sodium
• Cocaine and amphetamines misuse
Drug related causes
• Non-steroidal anti-inflammatory drugs
• Contraceptive hormones—Combined oral contraceptives are more often associated with 

elevated blood pressure, whereas menopausal hormone therapy has minimal effects on 
blood pressure

• Adrenal steroid hormones
• Sympathomimetic agents (nasal decongestants, diet pills)
• Erythropoeitin, ciclosporin, and tacrolimus
• Liquorice (suppresses the metabolism of cortisol)
• Herbal supplements (ephedra, bitter orange, etc)
Volume overload
• Progressive renal insufficiency
• High salt intake
• Inadequate diuretic therapy
Secondary causes of resistant hypertension and their pertinent features
• Primary hyperaldosteronism—Hypokalaemia, fatigue, low renin levels despite drug 

treatment that would be expected to elevate renin levels (that is, ACE inhibitor or angiotensin 
receptor blocker plus a calcium channel blocker and diuretic), usually raised aldosterone 
levels but elevation may not be extreme

• Renal artery stenosis—Carotid, abdominal, or femoral bruits; history of flash pulmonary 
oedema; young females (fibromuscular dysplasia), history of atherosclerotic disease

• Renal parenchymal disease—Albuminuria or microscopic haematuria, biochemical 
disturbances, nocturia, oedema

• Obstructive sleep apnoea—Obesity, short neck, daytime somnolence, snoring, frequent 
night time awakenings, witnessed apnoea

• Phaeochromocytoma—Episodic palpitations, headaches, sweating
• Thyroid diseases—Eye signs, weight loss or gain, heat or cold intolerance, heart failure, 

tachycardia, bradycardia, anxiety or fatigue. Hyperthyroidism usually increases systolic 
blood pressure, whereas hypothyroidism usually increases diastolic blood pressure

• Cushing’s syndrome—Centripetal obesity, moon facies, abdominal striae, interscapular fat 
deposition

• Coarctation of the aorta—Radio-radial or radio-femoral delay, diminished femoral pulses, rib 
notching on chest radiograph

• Intracranial tumours—Early morning headache, family history
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Drug intervention
Patients defined as having resistant hypertension will 
already be receiving or have received at least three antihy‑
pertensive drugs. NICE has recommended that this com‑
bination should ideally include drugs with potentially 
synergistic actions—that is, an ACE inhibitor or angiotensin 
receptor blocker plus a calcium channel blocker plus a thi‑
azide‑type diuretic (A+C+D). There is implied consensus 
with this recommendation in other guidelines (see box 1), 
but this has not always been explicitly stated in this step‑
wise fashion. The next question is what to add as the fourth 
agent to treat resistant hypertension.

To date, there have been no clinical trials that have spe‑
cifically compared the various treatment options avail‑
able. Moreover, it is unlikely that any one class of drug (in 
addition to A+C+D) will be ideal for every case of resistant 
hypertension.24 What is clear is that dual RAAS blockade 
—that is, the combination of an ACE inhibitor and an angi‑
otensin receptor blocker—is not recommended because of 
a lack of evidence in resistant hypertension, and in light 
of the “no added value” and increased risk of adverse 
events seen in high risk patients enrolled in the ONTAR‑
GET trial.25 The best available, albeit weak, evidence (as 
reviewed in the recent NICE Clinical Guideline 127) is 
observational and supports the use of low dose spirono‑
lactone (that is, 25 mg once daily, increasing to 50 mg once 
daily) as the preferred fourth agent if the blood potassium 
concentration is ≤4.5 mmol/L.w1‑w7 Spironolactone blocks 
the action of aldosterone at the mineralocorticoid recep‑
tor, thereby stimulating natriuresis and alleviating fluid 
overload. It can also overcome the phenomenon of “aldos‑
terone rebound” seen with chronic RAAS antagonism, 
where aldosterone escapes blockade and levels return to 
baseline.w8 In resistant hypertension patients, spironolac‑
tone has also been shown to induce the regression of left 
ventricular hypertrophy irrespective of aldosterone status 
and reduce intra‑cardiac volumes in those patients with 
hyperaldosteronism.w3

The main adverse effect associated with spironolac‑
tone use is breast tenderness and gynaecomastia. This 

with fundoscopy, urine analysis, renal biochemistry, 
and, if available, renal imaging. Evidence of target organ 
damage will help to support a diagnosis of poorly control‑
led hypertension and may influence decisions about an 
appropriate treatment target.

How is concordance with treatment assessed?
An important consideration in patients with resistant 
hypertension is their concordance with treatment. This 
is especially important in view of the fact that hyperten‑
sion is largely asymptomatic and is treated with multiple 
drugs. Increasingly, “directly observed therapy” clinics 
are used in specialist centres, where patients are asked 
to consume their drugs at the clinic and blood pressure 
is then monitored either by ambulatory blood pressure 
monitoring or home blood pressure monitoring over 
the following 6–24 hours to confirm whether there is 
a response to a witnessed consumption of medication. 
Urine testing of drug metabolites is also being introduced 
in specialist clinics to confirm concordance before con‑
sidering further evaluation and treatment.

What treatments are available for resistant hypertension?
Non-pharmacologic intervention
The aetiology of true resistant hypertension is almost 
always multifactorial, and a comprehensive manage‑
ment strategy should therefore include recognition and 
reversal of contributory lifestyle factors. Thus, weight 
loss; regular exercise; a high fibre, low fat, low salt diet; 
and moderation of alcohol and caffeine intake should be 
encouraged, alongside the cessation or down‑titration 
of interfering exogenous substances. Screening for sec‑
ondary causes should be dictated by the initial clinical 
and biochemical evaluation, with appropriate investi‑
gations, treatment, and specialist referral made when 
needed (see box 6). A concerted effort should be made 
to maximise patient concordance with therapy, and, to 
assist this, interventions should range from promoting 
patient education, motivation, and “ownership” of their 
management programme to increasing the frequency of 
clinic visits, using a multidisciplinary team approach, 
advocating home blood pressure monitoring as a means 
of monitoring therapeutic response, and setting realistic 
goals in achieving blood pressure targets.

Box 5 | Biochemical evaluation for patients with suspected 
resistant hypertension
Preliminary biochemical tests should be conducted before 
specialist referral. These can help to delineate a potential 
secondary cause of resistant hypertension unearthed by 
the patient’s history and physical examination, signal the 
development of renal dysfunction, and help to monitor 
response and side effects of antihypertensive agents.
• Urea and electrolytes
• Estimated glomerular filtration rate
• Plasma glucose
• Plasma renin or aldosterone levels
• 24 hour urinary metanephrines or normetanephrines (for 

phaeochromocytoma)
• Urine analysis—microalbuminuria and macroalbuminuria, 

haematuria

Box 6 | When should patients be referred to a specialist?
• Referral to the appropriate specialist is warranted when the 

history, examination, and initial screening tests suggest 
a secondary cause of resistant hypertension—refer to the 
clinical evaluation algorithm in the supplementary material 
on bmj.com 

• Individuals under 40 years old, especially those who do not 
match the typical criteria seen in box 2

• Difficulty in interpretation of office and ambulatory or home 
blood pressure measurements

• Difficulty in differentiating pseudo-resistant from true 
resistant hypertension

• Difficulty in controlling blood pressure despite an 
assessment of adherence to treatment, modification 
of lifestyle factors, and appropriate intensification of 
combination therapy over a six month period

• Difficulty in finding a well tolerated drug regimen
• Those who have evidence of target organ damage or clinical 

manifestations of cardiovascular disease
• For consideration of device therapy to control blood 

pressure when all drug interventions have been exhausted
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Device therapy
Interest is growing in device therapy for resistant hyper‑
tension, with the objective of improving blood pressure 
control without resorting to further medication. Two tech‑
niques have recently been evaluated: percutaneous trans‑
luminal radiofrequency sympathetic denervation of the 
renal arteriesw11‑w14 and carotid baroreflex activation.w15 w16 

is related to both dose and duration of therapy and can 
take many months or even years to develop. It is usually 
reversible when the drug is stopped. If the blood pres‑
sure response to spironolactone has been effective but the 
drug is stopped because of gynaecomastia, amiloride or 
eplerenone can be considered as a substitute. Both these 
drugs, however, are not as potent as spironolactone and 
so may require doses above the usual range prescribed. 
Hyperkalaemia is a risk when using any of these potas‑
sium sparing diuretics, especially in those patients with 
resistant hypertension who are already taking an ACE 
inhibitor or angiotensin receptor blocker (which is usu‑
ally the case in these patients) and in individuals with 
chronic kidney disease or diabetes. Potassium levels 
should be monitored within two weeks of drug initiation. 
Subsequent monitoring will largely depend on the index 
result and whether dose adjustment has been necessary. 
Furthermore, hyponatraemia may also develop with long 
term use, especially in elderly patients and when potas‑
sium sparing diuretics are combined with pre‑existing 
diuretic therapy.

Alternatively, if the blood potassium level is >4.5 mmol/L, 
intensification of thiazide‑like diuretic therapy (that is, 
doubling of the dose of the existing thiazide‑like diu‑
retic) should be considered. If blood pressure remains 
poorly controlled despite further diuretic therapy, there 
is the option of adding an α or β blocker, but this guid‑
ance remains empirical in nature in the absence of robust 
c linical trial evidence.

Centrally acting α agonists (methyldopa and clonidine) 
or direct vasodilators (hydralazine and minoxidil) are 
further options. The potential roles of other agents such 
as endothelin receptor antagonists have yet to be clearly 
defined.24 w9 Whatever the final combination of treat‑
ments, a patient with resistant hypertension is likely to be 
receiving at least four antihypertensive drugs daily, and 
some guidelines have recommended use of fixed combi‑
nation therapies to reduce the number of tablets—there 
is some evidence that this may also improve adherence 
to treatment.w10

Box 7 | Educational resources on device therapy for 
resistant hypertension
• Joint UK Societies’ Consensus Statement on Renal 

Denervation for Resistant Hypertension. www.bcs.com/
documents/The_Joint_UK_Societies_Consensus_on_
Renal_Denervation_for_resistant_hypertension.pdf

• NICE guidance. Percutaneous transluminal radiofrequency 
sympathetic denervation of the renal artery for resistant 
hypertension (IPG418). http://guidance.nice.org.uk/
IPG418

• Lohmeier TE, Iliescu R. Chronic lowering of blood 
pressure by carotid baroreflex activation. Hypertension 
2011;57:880-6, http://hyper.ahajournals.org/
content/57/5/880.long. A comprehensive review on 
carotid baroreflex activation therapy

• British Hypertension Society. www.bhsoc.org/default.stm
• European Society of Hypertension. www.eshonline.org/. 

The society has also issued a position paper on renal 
denervation, published in the Journal of Hypertension 
(2012;30:837-41)

• American Society of Hypertension. www.ash-us.org/

FUTURE PERSPECTIVES
A prospective epidemiological study is required to 
delineate the true prevalence, incidence, and prognostic 
implications of resistant hypertension, and consensus 
between national and international professional bodies is 
required on a universal definition of resistant hypertension 
to allow robust comparisons between future studies. 
Unanswered questions
• Is there one class of drug that is commonly the most 

effective in resistant hypertension?
• What patient characteristics, if any, define which drug is 

likely to be the most effective? 
• What are the ideal constituents of multidrug regimens 

in resistant hypertension? A prospective randomised 
controlled trial of different drug combinations is required

• Is there a role for routine plasma renin measurements 
to stratify drug treatment for resistant hypertension, 
and would this be cost effective? Is there a role for renin 
profiling in the management of resistant hypertension?

• Is there clinical benefit from chronotherapy (when one 
antihypertensive agent is taken at night rather than all 
being taken together in the morning)?

• What is the future role of device therapies in resistant 
hypertension management? Do they have an additive effect 
to antihypertensive drugs?

• What strategies are most effective in supporting adherence 
to drug regimens and lifestyle factors?

• Are there system based or team based strategies that can 
organise the health system to better identify, monitor, and 
treat resistant hypertension?

Ongoing research
• Studies of the effect of continuous positive airways 

pressure in patients with resistant hypertension secondary 
to obstructive sleep apnoea (ClinicalTrials.gov Identifiers: 
NCT01508754 and NCT00929175)

• The BHS PATHWAY studies supported by the British 
Heart Foundation and the National Institute of Health 
Research Clinical Research Network. PATHWAY 2 focuses 
on resistant hypertension and is evaluating whether low 
dose spironolactone is usually the most effective step 4 
treatment for resistant hypertension, in comparison with 
doxazosin or bisoprolol. The participants with resistant 
hypertension are well characterised and already treated 
according to NICE guidance with A+C+D. This study will 
also formally evaluate the value of plasma renin profiling in 
determining treatment responses in resistant hypertension 
(refer to www.bhsoc.org/clinical_research.stm). 

• The Resistant Arterial Hypertension Cohort Study 
(RAHyCo) (ClinicalTrials.gov Identifier NCT01083017) is 
investigating the epidemiology of resistant hypertension 
and evaluating the efficacy and feasibility of a standardised 
treatment regimen (including randomisation of two doses 
of chlortalidone). It is also studying two interventions 
in a group of non-compliant patients, and will study 
environmental and genetic variables of individuals with 
resistant hypertension within a family design. It plans to 
enrol 200 patients and is due to complete in April 2018.
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The former has generated the most interest, with several 
devices in development. Briefly, the Symplicity HTN‑1 
and HTN‑2 trials have shown substantial blood pressure 
reductions in response to renal denervation, in the order of 
30/15 mm Hg, maintained beyond two years on extended 
follow‑up of the original study cohorts.w12 w13 It should be 
noted, however, that, although renal denervation resulted 
in improved blood pressure control, the patients continued 
to take antihypertensive drugs, albeit at a reduced number 
or dose in some patients. A key point is that renal denerv‑
ation is not a “cure” for resistant hypertension. Further 
renal denervation therapy trials are ongoing, with devices 
at various stages of development.w17 

To date, there have been no safety concerns with renal 
denervation, in particular no evidence of significant renal 
artery stenosis or thrombosis in up to two years of follow‑
up.w13 There is consensus that renal denervation pro‑
cedures should be undertaken only in specialist centres 
with multidisciplinary specialist expertise in the assess‑
ment and treatment of complex hypertension (see box 7). 
The place of such therapies in the more routine treatment 
of resistant hypertension will ultimately be determined by 
longer term efficacy and safety data and cost effectiveness 
analyses.

What is the future of resistant hypertension treatment?
The BHS Collaborative Research Working Party has initi‑
ated the Prevention And Treatment of resistant Hyperten‑
sion With Algorithm guided therapY (PATHWAY) studies 
(see “Future perspectives” box), that will specifically 
address the most effective way to treat resistant hyperten‑
sion. These, along with other studies, should answer some 
of the fundamental questions still outstanding. The results 
are eagerly awaited and will directly inform future treat‑
ment guidelines for resistant hypertension.
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EDUCATIONAL RESOURCES FOR PATIENTS
• Blood Pressure Association. www.bloodpressureuk.org/

Home 
• British Heart Foundation. www.bhf.org.uk/heart-health/

conditions/high-blood-pressure.aspx
• Patient.co.uk. www.patient.co.uk/health/High-Blood-

Pressure-(Hypertension).htm
• American Heart Association. www.heart.org/HEARTORG/

Conditions/HighBloodPressure/High-Blood-Pressure_
UCM_002020_SubHomePage.jsp

• Hypertension Education Foundation. www.
hypertensionfoundation.org/patients.cfm


