
Treatment of resistant hypertension is a priority because patients with
nonoptimal blood pressure are at high risk for major cardiovascular
events. Pharmacological advances include the use of aldosterone
antagonists and the development of several new strategies. Device-
based therapies such as catheter-based renal denervation and electrical
stimulation of baroreceptors are showing promising results.

H
ypertension is the most common cardio -
 vascular disease worldwide and is res -
ponsible for approximately 7.5 million
deaths each year. Despite continued

advances in the pharmacological therapy 
of hypertension, control rates remain unsatis-
factory with almost half of treated hyperten-
sive patients not achieving blood pressure (BP)
targets.1,2 Noncompliance and nonadherence
with prescribed medication and physician
inertia are among the several significant 
contributors to this situation. In this context,
it should be noted that most hypertensive
patients require two or more antihypertensive
drugs to control BP to target levels. The avail-
ability of single pill combinations of two 
or even three antihypertensive agents, with

varying doses of each compound, has been
useful in improving compliance and reducing
costs. Importantly, the prevalence of hyper -
tension continues to increase, mostly due to
an ageing population and increasing rates of
overweight and obesity.3

The growing number of patients in whom
BP cannot be controlled despite the use of
three or more antihypertensive medications in
adequate doses is another significant clinical
problem. This phenomenon is typically referred
to as resistant hypertension. This article briefly
reviews the prevalence and patient characteris-
tics of resistant hypertension and then dis-
cusses lifestyle and pharmacological treatment
strategies and promising new therapeutic
options for this patient cohort.
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Key points

• Resistant hypertension is

blood pressure above target

levels despite adherence to

lifestyle modification and

treatment with at least three

antihyper tensive agents at

optimal doses. 

• Contributing lifestyle factors

and potentially reversible

causes should be identified

and treated.

• Medica tions and other

substances interfering with

efficacy of antihypertensives

should be discontinued or

minimised.

• Beta blockers, α-blockers,

centrally acting sympatholytic

agents and direct vasodilators

are fourth-line treatments.

• Many experts now consider

aldosterone antagonists a

fourth-line treatment.

• Potential pharmacolo gical

strategies include aldosterone

synthase inhi bitors, neutral

endopep tidase inhibitors 

and endothelin receptor

antagonists.

• The device- based therapy

catheter-based renal

denervation is available 

in Australia.
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RESISTANT HYPERTENSION AND
PSEUDORESISTANCE
Resistant hypertension is defined as BP that
remains above the target value despite adher-
ence to lifestyle modification and treatment 
with at least three antihypertensive agents 
at optimal doses, ideally including a diuretic,
as summarised in a scientific statement of 
the American Heart Association.4 The recom-
mended treatment target BP is below
140/90 mmHg in average risk hypertensive
patients, and below 130/80 mmHg in patients
with atherosclerotic cardiovascular disease,
diabetes mellitus or chronic kidney disease.4,5

Apparent resistance to pharmacological
treatment can be due to poor compliance and
adherence with prescribed pharmacotherapy
(often referred to as pseudoresistance), physi-
cian inertia, lifestyle factors (overweight and
obesity, smoking, dietary salt excess and exces-
sive alcohol intake) and use of concomitant
therapies that may interfere with the efficacy
of blood pressure lowering agents, such as
NSAIDs and sympathomi metics. White-coat
hypertension is another major cause of pseudo -
resistance, with a prevalence of 20 to 30% in
general hypertensive patients.4 Out-of-office
BP monitoring can identify white-coat effects,
with home and 24-hour ambulatory BP 
monitoring being the most useful diagnostic
approaches.6

Noncompliance and nonadherence with
prescribed medication is an important prob-
lem and often a major cause of failure to
achieve BP control. Approximately half of
medications prescribed for chronic disease 
in the USA are not taken, and about 40% of
patients with newly diagnosed hypertension
discontinue the prescribed drugs.4,7 

The steps in the diagnosis of resistant
hypertension are outlined in the box on 
page 22.4

PREVALENCE AND CHARACTERISTICS
Although the precise prevalence of resistant
hypertension within the total hypertension
population is unknown, analysis of observa-
tional databases as well as of patients enrolled
in clinical trials suggest the proportion of
patients with resistant hypertension to be

between 25 and 35%. Given the major public
health problem of hypertension (estimated to
affect almost half of the adult population by
2025), even a small percentage of patients
being resistant represents a large overall bur-
den to the community. 

A recent study used ambulatory BP moni-
toring to identify patients with resistant hyper-
tension.8 It found that of 68,045 patients
treated with antihypertensive agents, 8295
(12.2%) had resistant hypertension defined as
office BP equal to or greater than 140 mmHg
systolic and/or 90 mmHg diastolic while being
treated with three or more antihypertensive
drugs, one of them being a diuretic. After ambu-
latory BP monitoring, 5182 patients (62.5%)
were classified as true resistant hypertensives,
the remaining 3113 (37.5%) having white-coat
hypertension. Therefore, true resistant hyper-
tension appears to be evident in about 8% of 
a treated hypertensive population. 

Patients with resistant hypertension are
more likely to have multiple cardiovas cular
risk factors, including chronic kidney disease
or diabetes, left ventricular hypertrophy, 
obesity, hyperlipidaemia and sleep apnoea 
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(see the box on page this page).4,9 These
patients are therefore at greater risk of
ischaemic heart disease, heart failure,
chronic kidney disease and stroke, and
management of their BP is more diffi -
cult.9 Resistant hypertension is associated
with a significantly increased risk of
cardio vascular disease. A recent study of
the prognosis of resistant hypertension
demon   strated an almost 50% increase in
cardiovascular events in those with resis-
tant hyper tension compared with those
without, largely attributable to chronic
kidney disease.10

SECONDARY CAUSES OF
HYPERTENSION
Secondary causes of hypertension are rare
in the general population but are more
common in patients with resistant hyper-
tension.4 Clinicians should be aware of
the most common causes of secondary
hypertension, and be familiar with the
appropriate diagnostic steps.4 The more
common causes are obstructive sleep
apnoea (evident in up to 70% of patients
with resistant hypertension), primary
aldosteronism, renal artery stenosis and
chronic kidney disease (renal parenchy-
mal disease), and the less common causes
include pheo chromocytoma, Cushing’s
syndrome and aortic coarctation (see the
box on page 24).4

EVALUATION
The evaluation of patients with confirmed
resistant hypertension should focus on
identification and documentation of end-
organ damage, including retino pathy, left
ventricular hypertrophy and kidney dis-
ease (including microalbuminuria). 

Laboratory testing is warranted for the
measurement of serum electrolyte and
creatinine levels, estimated glomerular 
filtration rate, fasting glucose levels and 
urinalysis with estimation of proteinuria.
Imaging studies may also be required 
for evaluation of renal artery stenosis,
pheochromocytoma and other athero-
sclerotic diseases (especially peripheral

artery disease, coronary artery disease or
cerebrovascular disease).

TREATMENT OPTIONS
Treatment for patients with resistant
hypertension is a priority because patients
with nonoptimal BP are at high risk for
major cardiovascular events.

Essential components of the treatment
of resistant hypertension are the identi-
fication and treatment of both lifestyle
factors contributing to treatment resistance
and potentially reversible causes of secon -
dary hypertension, and the dis continuation
or minimisation of the use of concomitant
therapies or other substances that may
interfere with the efficacy of anti hyper -
tensive agents. Lifestyle modifications
such as smoking cessation, dietary salt
restriction, physical activity, body weight
control and moderation of alcohol intake
are all associated with antihypertensive
therapeutic effects.11

PHARMACOLOGICAL THERAPY
Current strategies
The pharmacological treatment of resis-
tant hypertension, by definition, involves
combinations of three or more drugs,
including a diuretic if tolerated. The
choice of agents and their combination
should maximise their clinical benefit and

TREATING RESISTANT HYPERTENSION continued
STEPS IN THE DIAGNOSIS OF
RESISTANT HYPERTENSION4

1. Confirm treatment resistance

• Office blood pressure (BP) greater than

140/90 mmHg in average risk 

hypertensive patients or 130/80 mmHg 

in patients with atherosclerotic 

cardiovascular disease, diabetes or 

chronic kidney disease 

and

Patients prescribed three or more anti -

 hypertensive medications at optimal 

doses, including if possible a diuretic

or

• Office BP at target but patient 

requiring four or more 

antihypertensive medications

2. Exclude pseudoresistance

• Is patient adherent with prescribed 

regimen?

• Obtain home, work or 24-hour 

ambulatory BP readings to exclude 

white-coat effect

3. Identify and reverse 
contributing lifestyle factors
Contributing lifestyle factors include:

• obesity

• smoking

• physical inactivity

• excessive alcohol ingestion

• high-salt, low-fibre diet

4. Discontinue or minimise
interfering substances
Interfering substances include:

• NSAIDs, e.g. selective COX-2 inhibitors 

• sympathomimetics, e.g. diet pills, 

decongestants, cocaine

• stimulants, e.g. methylphenidate, 

amphetamine, modafinil

• oral contraceptives

• cyclosporin

• erythropoietin

• natural liquorice

• some herbal compounds

5. Screen for secondary causes
of hypertension
Secondary causes of hypertension include:

• obstructive sleep apnoea

• primary aldosteronism

• chronic kidney disease 

• renal artery stenosis 

• pheochromocytoma

• Cushing’s syndrome

• aortic coarctation

• hyperparathyroidism

• intracranial tumour

CHARACTERISTICS OF
PATIENTS WITH RESISTANT
HYPERTENSION4

• Older age (over 65 years)

• Smoker 

• High baseline blood pressure

• Obesity

• Excessive dietary salt ingestion

• Chronic kidney disease

• Diabetes

• Left ventricular hypertrophy

• Black race

• Female 
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reduce side effects, as recommended in
current guidelines.5

Two- and three-drug combination
therapies
Sympathetic hyperactivity and activation
of the renin–angiotensin–aldosterone sys-
tem both have important roles in hyper -
tension and many other cardio vascular
conditions (e.g. congestive heart failure
and chronic kidney disease). Therefore,
inhibition of neurohormonal overactivity
is theoretically effective for the manage-
ment of cardiovascular diseases.12 The
combination therapies of angiotensin-
converting enzyme (ACE) inhibitors or
angiotensin II receptor antagonists with
dihydropyridine calcium channel blockers
recommended by most guidelines as the
most effective combinations for patients

with hypertension exert their effect through
neurohormonal activity modulation by
different mechanisms of action.13,14

Addition of a diuretic is crucial as most
patients with resistant hypertension have
persistent volume overload that contri -
butes to the treatment resistance of their
hypertension and may not always be 
clinically detectable. In patients with an
estimated glomerular filtration rate of 
less than 30 mL/min/1.73 m2, thiazide
diuretics are less effective and loop diuret-
ics (such as furosemide or bumetanide)
may be necessary for effective volume
control.15

Fourth-line options
Although current guidelines suggest that
specialist advice is sought if BP control
cannot be achieved with a combination
of three or more medications, most GPs
will be quite comfortable adding a fourth-
line treatment option. 

These medications include �-blockers
(ideally vasodilating), �-blockers (which in
high dose act as peripheral vasodilators),
centrally acting sympatholy tic agents and
direct vasodilators. Some of these medica-
tions have significant adverse side effects,
and certain combinations of them or their
use in the presence of certain other condi-
tions should be avoided – for example,
combinations of the calcium channel
blockers verapamil and diltiazem with 
�-blockers (to avoid higher degree heart
block) and the use of �-blockers in patients
with aortic stenosis (to avoid hypotension
or syncope).

Many experts now consider aldo -
sterone antagonists such as spironolactone
and eplerenone as a fourth-line treatment
for resistant hypertension, their action
being to block mineralocorticoid receptor
activation and the resulting BP increase.
Spironolactone often provides significant
antihypertensive benefit when added to
conventional drug regimens of resistant
hypertension, with typical doses being
between 12.5 and 50 mg per day.16-18

How ever, it is important to monitor

patients for potentially serious side effects
of aldosterone antagonists, such as hyper-
kalaemia. This is particularly important
in patients with impaired renal function
and potassium levels above 4.5 mmol/L,
in whom dose adjustment or cessation of
the medication may be required. Other
common side effects include gynaeco-
mastia, breast tenderness and abdominal
discomfort. 

Potential future pharmacological
strategies
Aldosterone synthase inhibitors
Inhibiting the production of aldosterone
is another approach to blocking the 
BP-increasing effects of mineralocorti-
coid receptor activation. This can be
achieved by inhibiting the enzyme aldos-
terone synthase (CYP450 1B2), which is
involved in the synthesis of aldosterone.
Selective aldosterone synthase inhibitors
have been developed and are now under-
going preclinical evaluation. 

One advantage to this approach may
be the absence of reflex activation of the
renin–angiotensin system as occurs with
specific aldosterone receptor blockers,
where there is upstream activation of
renin and angiotensin II to overcome the
blockade. Further study is required to
determine the extent of the BP-lowering
efficacy and safety blockade of this
approach. 

Neutral endopeptidase inhibitor 
The development of a novel group of
anti  hypertensive agents that simultane-
ously block two key pathways, namely
the renin–angiotensin system by ACE
inhi bition or angiotensin receptor block-
ade and the natriuretic peptide system 
by neprilysin (also known as neutral
endo peptidase) inhibition, is another
promising approach in the treatment of
hypertension. Dual inhibition effectively
decreases vasoconstriction and increases
the concentrations of vasodilators such 
as natriuretic peptide, bradykinin and
adrenomedullin, thereby potentially 

TREATING RESISTANT HYPERTENSION continued

SECONDARY CAUSES OF
RESISTANT HYPERTENSION4

Common

• Obstructive sleep apnoea – snoring, 

witnessed apnoea, excessive 

daytime sleepiness

• Renal parenchymal disease – 

creatinine clearance <30 mL/min, 

microalbuminuria

• Primary aldosteronism – elevated 

aldosterone to renin ratio

• Renal artery stenosis – young, 

female, known atherosclerotic 

disease, worsening renal function

Uncommon

• Phaeochromocytoma – episodic 

hypertension, palpitations, 

diaphoresis, headache

• Cushing’s disease – moon facies, 

central obesity, abdominal striae, 

interscapular fat deposition

• Hyperparathyroidism – hypercalcaemia,

bone pain, multiple fractures

• Aortic coarctation – differential in 

brachial or femoral pulses, systolic 

bruit
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providing a pronounced BP-lowering
effect and cardioprotective properties. 

Studies are currently in progress to test
this concept in resistant hypertension. 

Endothelin receptor antagonists 
Endothelin-1 is a powerful vasoconstric-
tor and has been implicated in vascular
disease. Endothelin mediates its biological
activity through the endothelin A and 
B receptors, thereby providing an addi-
tional therapeutic target to conventional
antihypertensive treatment strategies. 

Clinical experience exists with the
selective endothelin A receptor antagonist
darusentan, which has been evaluated 
in patients with moderate and resistant
hypertension. Darusentan has been shown
to provide supplementary reduction in
BP in patients in whom optimal treat-
ment with at least three antihypertensive
agents at full dose, including a diuretic,

failed.19 It has also been shown to produce
a significant dose-dependent reduction 
in seated clinic and 24-hour ambulatory
BP compared with placebo.20 The main
side effects of darusentan are peripheral
oedema, fluid retention, head ache and
flushing. 

Assessment of the longer-term effects
of endothelin receptor antagonists on
renal parameters will help to determine
their renal safety, especially in patients
with chronic kidney disease, diabetic
nephropathy and heart failure. 

DEVICE-BASED THERAPY 
In the past few years there has been con-
siderable interest in the development 
of device-based therapies for resistant
hyper tension. Interestingly, these target
sympathetic overactivity as a likely major
contributor to the clinical scenario of
resistant hypertension. Catheter-based

radiofrequency ablation of the renal sym-
pathetic nerves and electrical stimulation
of the carotid sinus baroreceptors have
shown promising results in this context
(Figures 1 and 2). 

Catheter-based renal
denervation 
Although renal denervation is approved
by the TGA for use in Australia, its avail-
ability is limited to the major hypertension
and cardiovascular centres. Local experts
review each patient’s suitability for renal
denervation based on failure of lifestyle
modification and appropriate pharmaco-
logical treatment to achieve BP targets,
and suitable renal anatomy (exclusion of
renal artery stenosis, multiple small renal
arteries and others). Experienced inter -
ventional cardiologists typically perform
the procedure and follow-up investiga-
tions include three-monthly reviews,

TREATING RESISTANT HYPERTENSION continued

Figure 1. Catheter-based renal denervation. The tip of the

treatment catheter is placed in the distal renal artery via

vascular access through the femoral artery. Radiofrequency

energy is applied via the tip of the catheter to target the renal

nerves in the surrounding adventitia. Four to six ablations are

performed in each artery and separated both longitudinally

and rotationally to achieve circumferential coverage. This

therapy is available in major centres in Australia.

Figure 2. Baroreceptor stimulation therapy – the Rheos system

(CVRx). An implanted pulse generator electrically stimulates

the baroreceptors in the carotid arteries to induce blood

pressure-lowering effects. 
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often by the GP, with thorough assess-
ment of BP levels and laboratory markers
such as electrolytes and renal function. 

Background to the procedure
The sympathetic outflow to the kidney is
often elevated in primary hypertension
and most forms of secondary hyperten-
sion.21,22 On the basis of surgical sympa-
thectomy having been shown to prevent
the development and ameliorate the
severity of hypertension and the experi-
ence from splanchinectomy, selective
renal denervation appeared as an attrac-
tive treatment modality.21-26

Catheter-based radiofrequency abla-
tion of the renal nerves is an endovascular
procedure to denervate the renal sympa-
thetic nerves that run adjacent to the main
renal artery within reach of ablative energy
delivery (Figure 1). In an initial proof of
concept study, significant reductions in
BP (-32/14 mmHg) over 24 months were
observed in patients with resistant hyper-
tension who had received catheter-based
renal denervation.27 The Symplicity-
HTN-2 trial showed that, at six months,
renal sympathetic denervation significantly
decreased the office BP compared with
the control group (-33/11 mmHg).24 Also,
significantly more patients in the dener -
vation group than in the control group
achieved a primary efficacy goal of a sys-
tolic pressure of lower than 140 mmHg at
six months’ post-procedure (39% vs 6%).24

The effects of this procedure were evident
from the measurements of noradrenaline
spillover from the denervated kidneys (a
measure of renal sympathetic nerve activ-
ity), which on average were reduced by
about 50% compared with baseline, indi-
cating successful, albeit incomplete, renal 
denervation.25

Complications related to catheter-based
renal denervation have been rare and pri-
marily restricted to infrequent haema to -
mas at the femoral artery access site, a renal
artery dissection requiring renal artery
stenting, a renal artery stenosis and three
femoral artery pseudo aneu rysms.24,25,27,28

It is important to note that patients com-
monly experience moderate to severe pain
during energy delivery, and analgesia and
conscious sedation are therefore required
throughout the procedure. 

Electrical stimulation of carotid
sinus baroreceptors
The arterial baroreceptor reflex, or baro -
reflex, plays a role in arterial BP control
and is known to reset to a higher input
pressure range in hypertension.29,30 Carotid
sinus baroreceptor activation is, therefore,
a logical approach to the treatment of
hypertension and is currently being tested
as an alternative therapy for resistant hyper -
 tension.31 Baroreflex stimulation devices
have been developed and several feasibil-
ity studies have shown reductions in BP
after implantation of such devices (Fig-
ure 2).32-34 Electrical baroreceptor stimu-
lation therapy is currently not available in
Australia, but is in Europe and the USA. 

In the Rheos system pivotal trial, BP
was significantly decreased at six months
in patients receiving baroreceptor stimu-
lation, but the predefined efficacy end-
point of systolic BP of 140mmHg or lower
could not be achieved, partly because half
of the control group also reached this
endpoint.35 There were no negative effects
on physiological baro reflex regulation but
35% of patients had a procedure-related
nerve injury within initial one month of
surgery. In most patients, however, adverse
events resolved spontaneously.31 Further
clinical evaluation is in progress to estab-
lish whether the BP lowering benefit is
sufficient to outweigh the cost and invasive
nature of the procedure, using newer, less
cumbersome electrodes and with uni lateral
carotid sinus stimulation. 

SUMMARY
Resistant hypertension is common and
increasingly difficult to control despite
pharmacological advances, including 
the use of aldosterone antagonists. All
patients with resistant hypertension
should be evaluated for the possible pres-

ence of secondary hypertension and have
diet and lifestyle modification. Potential
future pharmacological strategies include
aldosterone synthase inhibitors, neutral
endopeptidase inhibitors and endothelin
receptor antagonists.

In patients with persistent uncontrolled
hypertension, device-based therapies such
as catheter-based renal denervation and
electrical stimulation of baroreceptors have
so far shown promising anti hypertensive
effects. Further studies are required, how-
ever, to confirm the long-term efficacy,
tolerance and safety of these devices. MT
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