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Abstract

Resistant hypertension (RH) is a severe form of hypertension associated with
increased cardiovascular risk. Although true RH affects less than 10% of
the patients receiving antihypertensive therapy, the absolute number is high
and continues to increase. The workup of these patients requires screening
for secondary hypertension and pseudoresistance, including poor adherence
to prescribed medicines and the white-coat phenomenon. The treatment
of RH consists of lifestyle modifications and pharmacological therapies.
Lifestyle modifications include dietary adjustments, weight loss, physical ac-
tivity, and limiting alcohol consumption; pharmacological therapies include
diuretics, mineralocorticoid receptor antagonists, beta blockers, angiotensin
receptor–neprilysin inhibitors, and others. Over the last 15 years, interven-
tional approaches have emerged as adjunct treatment options; we highlight
catheter-based renal denervation.This review summarizes the rationales and
latest clinical evidence and, based thereon, proposes an updated algorithm
for the management of RH.
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INTRODUCTION

Arterial hypertension is an important risk factor for cardiovascular (CV) morbidity and mortal-
ity (1). Lowering blood pressure (BP) using antihypertensive medications reduces all-cause death
and CV complications, including heart failure, coronary artery disease, renal failure, and stroke
(2, 3). Despite the availability of safe and effective treatments, including lifestyle measures, phar-
macological therapy, and, more recently, interventional approaches, disease awareness and rates
of guideline-recommended BP control remain poor (4). BP control rates are particularly low in
racial and ethnic minorities (5).

Definition of Resistant Hypertension

Resistant hypertension (RH) is defined as BP above target despite the use of at least three
antihypertensive drugs of different substance classes, including a diuretic (Table 1) (6–10), in
appropriate doses and combination. Pseudo-RH must be excluded before concluding that the
patient is truly treatment resistant. Pseudo-RH can result from (a) poor adherence to prescribed
medicines; (b) the white-coat phenomenon, in which office BP is elevated at normotensive
ambulatory BP; (c) incorrect BP measurements; and (d) irrational therapy regimens and/or
inadequate dosing. Therefore, ambulatory BP measurements and drug adherence testing may be
helpful in the workup of apparent RH. Since adherence to medication is dynamic over time (11)
and typically decreases with increasing treatment duration and intensity, periodic assessment of
adherence should be considered. The 2018 European Society of Cardiology (ESC)/European
Society of Hypertension (ESH) and 2023 ESH guidelines specifically recommend appropriate
lifestyle measures in addition to pharmacological therapy (7, 10).

Epidemiology

In a meta-analysis including data from 91 cohort or cross-sectional studies comprising more than
3.2 million patients, the prevalence of apparent and true RHwas 15% and 10% in treated patients

Table 1 Definition of resistant hypertension

ACC/AHA
(2017) (6) ESC/ESH (2018) (7) NICE (2019)

Japanese (2019)
(8) ISH (2020) (9) ESH 2023 (10)

Definition Office BP ≥130/
80 mm Hg
despite ≥3 anti-
hypertensive
medications at
optimal doses,
including a
diuretic, if
possible

Office BP ≥140/
90 mm Hg (adults
<80 years) despite
the recommended
treatment strategy,
including
appropriate lifestyle
measures and
treatment with
optimal or best-
tolerated doses of
≥3 drugs, which
should include a
diuretic

Clinic BP ≥140/
90 mm Hg
(adults
<80 years)
despite optimal
tolerated doses
of an ACEi/
ARB + CCB +
thiazide-like
diuretic

Office BP ≥130/
80 mm Hg
(adults
<75 years)
despite use of
≥3 antihyper-
tensive drugs
or BP control
with ≥4 anti-
hypertensive
drugs

Office BP >140/
90 mm Hg
despite optimal
or maximally
tolerated doses of
≥3 antihyperten-
sive drugs

Office BP ≥140/
90 mm Hg despite
the maximum
recommended and
tolerated doses of
an ACEi/ARB +
CCB + thiazide/
thiazide-like
diuretic

Out-of-office
BP
measurement

ABPM, HBPM, or
work BP
readings
required

ABPM or HBPM
required

ABPM or HBPM
(<135/85mmHg
for adults
<80 years)
required

ABPM or
HBPM (<125/
75 mm Hg
for adults
<75 years)
required

Out-of-office BP
measurement
required to
exclude
white-coat
hypertension

ABPM (HBPM if
ABPM is not
feasible)

Abbreviations: ABPM, ambulatory blood pressure monitoring; ACC, American College of Cardiology; ACEi, angiotensin-converting enzyme inhibitor;
AHA, American Heart Association; ARB, angiotensin-receptor blocker; BP, blood pressure; CCB, calcium channel blocker; ESC, European Society of
Cardiology; ESH, European Society of Hypertension; HBPM, home blood pressure monitoring; ISH, International Society of Hypertension; NICE,
National Institute for Health and Care Excellence.
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with hypertension, respectively (12). The prevalence in the included studies ranged from 5%
to 35%, highlighting three challenges in determining the true prevalence of RH. First, medical
societies and studies have used various definitions of RH over time. Analyses of the Systolic BP
Intervention (SPRINT) and Action to Control Cardiovascular Risk in Diabetes (ACCORD)
trials, for example, showed that the prevalence of RH increased from 7.5% and 14%, respec-
tively, to 22% and 36%, respectively, when applying the 2017 American College of Cardiology
(ACC)/AmericanHeart Association (AHA) guidelines (≥130/80mmHg) instead of their previous
guidelines (≥140/90 mm Hg) (13). Second, the prevalence of RH depends on how rigorously
causes of pseudo-RH, including nonadherence, inaccurate measurement methods, and white-coat
hypertension, have been excluded. In some studies, more than two-thirds of the patients with ap-
parent RH were pseudoresistant (12). Third, shifting from a sequential therapy with up-titration
of each agent before adding further antihypertensives to the initial use of low-dose combination
therapies targeting different BP-lowering mechanisms might affect the prevalence of RH (14).

Compared with the general population of patients with hypertension, the prevalence of RH
is higher among patients with diabetes mellitus (15) and hypertension-mediated organ damage,
including chronic kidney disease (12, 15) and left ventricular hypertrophy (16). Other risk factors
for RH are the number of baseline antihypertensive drugs, baseline systolic BP, older age, male
sex, obesity, and black race (15, 17).Moreover, somatization-related psychological factors strongly
predict the severity of RH (18). In turn, RH is a risk factor for chronic kidney and CV disease,
including myocardial infarction, stroke, and particularly heart failure (19).

Pathophysiology

RH is a state of increased sympathetic nerve activity and relative aldosterone excess causing
salt retention and volume expansion (20–22). In patients with refractory hypertension, increased
sympathetic nerve activity has been suggested to be the dominant factor (23).

GENERAL CONSIDERATIONS FOR THE MANAGEMENT
OF RESISTANT HYPERTENSION

Management of RH should take place at specialized centers able to exclude causes of pseudore-
sistance and secondary hypertension (24). Other causes of RH should be considered, including
lifestyle factors such as obesity or alcohol consumption, as well as the intake of vasopres-
sor or sodium-retaining substances such as oral contraceptives, nonsteroidal anti-inflammatory
drugs and analgesics, cancer therapies, or steroids (10). When managing patients with RH,
comorbidities, frailty, and contraindications for specific medications are to be considered (25).

Nonadherence is frequent in pseudo-RH and associates with poor clinical outcomes (26, 27).
In a meta-analysis of 24 studies including patients with apparent RH, the mean prevalence of
nonadherence was 31%, ranging from 3% to 86% (28). Variance in nonadherence rates was in
part related to the method of adherence assessment used (28). Several direct and indirect methods
for measuring drug adherence are available. These have advantages and limitations; none can be
considered the gold standard (29). For example, urine monitoring, often used in clinical studies, is
impacted by the long washout periods of certain antihypertensive drugs, exceeding 24 h (30). As
adherence fluctuates over time (11, 31) and typically decreases over time (32), repeatmeasurements
should be considered.

NONPHARMACOLOGICAL TREATMENT

Lifestyle modifications, including dietary adjustments, weight loss, physical activity, and limiting
alcohol consumption, are the cornerstone of therapy in all patients with hypertension but should
especially be reinforced in RH (7, 10).
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RAS:
renin-angiotensin
system

Dietary Sodium Reduction

Data on sodium consumption in RH are scarce. In a small (n = 12) randomized controlled
crossover trial in RH, a low- compared to high-salt diet (50 mmol/day versus 250 mmol/day for
a week) reduced office systolic and diastolic BP by 22.7 and 9.1 mm Hg, respectively (33). Simi-
larly, in patients with chronic kidney disease and hypertension (mean number of antihypertensive
medications 3.15 ± 1.09), salt restriction reduced systolic and diastolic BP by 10 and 4 mm Hg,
respectively (34).

Weight Loss

In overweight patients with hypertension, weight loss can reduce systolic BP by about 1 mm Hg
per kilogram (35).Evidence onweight loss in RH is scarce. In a subanalysis of theGATEWAY trial,
including patients with hypertension and a bodymass index between 30 and 39.9 kg/m2, the preva-
lence of RH significantly decreased following randomization to metabolic surgery (Roux-en-Y
gastric bypass) (36). Importantly, the BP-lowering effects of metabolic surgery cannot fully be at-
tributed to the weight reduction, as the postoperative BP drop preceded it (37). The underlying
mechanisms most likely involve improvements in sympathetic nerve activity, baroreflex control,
sodium and water homeostasis, and anti-inflammatory effects (38).

Physical Activity

Preserving or increasing cardiorespiratory fitness through regular exercise decreases the risk
of incident hypertension (39). It is well established that exercise lowers BP (40). All types of
exercise, including endurance and resistance training, effectively lower systolic BP (41). In a
network meta-analysis, the size of the BP-lowering effect of exercise was comparable to that of
renin-angiotensin system (RAS) blockers, beta blockers, and diuretics (41). For RH, only a few
dedicated trials are available. The Exercise Training in the Treatment of RH (EnRicH) trial
randomized patients with RH to a 12-week moderate-intensity aerobic exercise training program,
consisting of three 40-min supervised sessions per week, or usual care (42). Compared with the
control group, 24-h ambulatory systolic and diastolic BP in the exercise group were reduced by
7.1 and 5.7 mm Hg, respectively (42). Similarly, two small meta-analyses also show reductions in
ambulatory BP following aerobic exercise in RH (43, 44).

Structured Diet and Exercise Programs

The Treating RH Using Lifestyle Modification to Promote Health (TRIUMPH) trial compared
the BP-lowering effects of a 4-month combined diet and exercise intervention, delivered in a
cardiac rehabilitation setting, to a single 1-h educational session (45). The dietary component,
DASH (Dietary Approaches to Stop Hypertension), entailed restriction of sodium and caloric
intake. Participants in the structured lifestyle intervention group had greater reductions in office
(−12.5 mm Hg versus −7.1 mm Hg) and ambulatory (−7.0 mm Hg versus −0.3 mm Hg) BP
than those in the control group (45). A key barrier to implementing the intervention in clinical
practice is that it was delivered within an established cardiac rehabilitation program, which is cost
prohibitive for many and is not widely available.

PHARMACOLOGICAL TREATMENT

Most patients with RH should be treated with a RAS blocker, calcium channel blocker, and di-
uretic, ideally as a single-pill combination. If patients are on individual agents, switching them
to a single-pill combination should be considered because this results in greater BP reductions,
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eGFR: glomerular
filtration rate

probably due to improved medication adherence and simultaneous targeting of different
mechanisms (46, 47).

Diuretic Therapy

Adjusting diuretic therapy is particularly important because RH is often linked to salt retention,
volume excess, high sympathetic tone, or a combination thereof. Most single-pill combination
therapies include hydrochlorothiazide as a diuretic. As some studies and meta-analyses demon-
strated a higher antihypertensive effect and a longer duration of action of the thiazide-like diuretics
indapamide and chlorthalidone compared with hydrochlorothiazide (48–50), some guidelines and
consensus statements suggested switching the diuretic therapy from hydrochlorothiazide to long-
acting thiazide-like diuretics (51). In contrast to previous meta-analyses showing that thiazide-like
diuretics achieved a greater reduction in the risk for CV events and heart failure compared with
thiazides (52, 53), a recent large observational comparative cohort study including 730,255 in-
dividuals (54) and a randomized trial of 13,523 patients (Diuretic Comparison Project) (55) did
not demonstrate superiority in reducing CV events of chlorthalidone over hydrochlorothiazide at
equipotent doses. Of note, the risk of hypokalemia (54, 55) and hyponatremia (54) was higher in
the chlorthalidone group than in the hydrochlorothiazide group.

While there is concern for diminished natriuretic effect of hydrochlorothiazide below an esti-
mated glomerular filtration rate (eGFR) of 45 mL/min/1.73 m2, the double-blind Chlorthalidone
in Chronic Kidney Disease (CLICK) trial demonstrated significant ambulatory BP reductions
in patients with uncontrolled hypertension and stage 4 chronic kidney disease (eGFR 15–
29 mL/min/1.73 m2) treated with chlorthalidone independent of loop diuretic use (56). In the
CLICK trial, the BP-lowering effects of chlorthalidone were also observed in the subgroup of
patients with RH (57). In patients with end-stage renal disease with residual renal function or
hypoalbuminemia, long-acting loop diuretics, such as torsemide, may be considered.

Mineralocorticoid Receptor Antagonists

Spironolactone is the standard of care for treating RH. In the Prevention and Treatment of
Hypertension with Algorithm Based Therapy-2 (PATHWAY-2) trial, the BP-lowering effects of
spironolactone (25–50 mg daily) were superior to those of doxazosin (5–10 mg daily) and biso-
prolol (5–10 mg) for RH (58). More patients achieved BP control, defined as home systolic BP
<135 mmHg, during the spironolactone treatment phase (58%) than with any of the other drugs
(p < 0.001) (58). In the open-label runout phase of the PATHWAY-2 trial, the potassium-sparing
diuretic amiloride (10–20 mg daily) reduced clinic systolic BP by 20.4 mm Hg, compared with
an 18.3 mm Hg reduction with spironolactone (25 mg daily) (22). In the RH Optimal Treat-
ment (ReHOT) trial, spironolactone reduced 24-h BP more than clonidine (59). Subsequently,
several meta-analyses confirmed the BP-lowering efficacy of spironolactone in both nonresis-
tant hypertension (60) and RH (61, 62). In a secondary analysis of the Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial, patients with
heart failure with preserved ejection fraction and with RH had a reduction of the composite of
CV death, aborted cardiac arrest, or heart failure hospitalization compared with patients in the
placebo arm (63). In RH and diabetes, spironolactone reduced BP and albuminuria (64). The
use of spironolactone is limited by the risk of hyperkalemia, particularly in chronic kidney disease,
and antiandrogenic side effects, including gynecomastia and erectile dysfunction in men and men-
strual irregularities in women (65, 66). Caution is required when eGFR is <45 mL/min/1.73 m2

or baseline potassium is ≥4.5 mmol/L (7). Based on kidney function and serum potassium, more
than two-thirds of patients with RH are eligible for spironolactone, but only a few receive it
(67). Due to the large body of evidence for spironolactone in hypertension and the more potent
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antihypertensive effect compared with eplerenone (65, 68), spironolactone is the mineralo-
corticoid receptor antagonist (MRA) of choice for antihypertensive treatment. In patients not
tolerating spironolactone, eplerenone (50–200mg daily) can be used (69).Due to the shorter dura-
tion of action, eplerenone should be administered twice daily.Of note, eplerenone is not marketed
for the treatment of hypertension in some countries. Recently, nonsteroidal MRAs, such as KBP-
5074 (70), apararenone (71), and esaxerenone (72), have been developed and are currently under
investigation for hypertension.Esaxerenone has been approved in Japan for treating hypertension.
Finerenone has improved CV and kidney outcomes in diabetes with chronic kidney disease but
has only modest BP-lowering effects (73, 74).

Beta Blockers

Most current hypertension guidelines no longer recommend beta blockers as a first-choice drug
(6–9). In randomized controlled trials and meta-analyses, beta blockers reduced the risk of stroke,
heart failure, andmajor CV events in hypertension (75).However, compared to the first-line drugs,
beta blockers were less protective against stroke (75). Moreover, beta blockers might have higher
discontinuation rates for side effects and are associated with an increased risk of new-onset dia-
betes (76). Of note, beta blockers are a heterogeneous drug class, and as seen in heart failure, there
probably is no class effect (77). For some agents, such as bisoprolol, carvedilol, and nebivolol,
which have been shown to improve outcomes in heart failure (78), there are no data on CV out-
comes from randomized controlled trials in hypertension (77). However, beta blockers are still
recommended as first-line therapy in many patients with a compelling indication, such as heart
failure, chronic coronary syndrome with angina pectoris, or atrial fibrillation for rate control, and
in women who are planning to become pregnant (6, 7).

Data on the efficacy of beta blockers as a fourth or fifth antihypertensive drug are scarce. In
the PATHWAY-2 trial, bisoprolol lowered office and home BP to a lesser extent than spirono-
lactone at 12 weeks (58). It remains unknown whether the larger reduction in BP translates into
superiority in improving CV outcomes. In the absence of CV outcome data from randomized
controlled trials, a real-world retrospective cohort study (using health insurance data) of 80,598
patients with apparent RH did not find a reduction in major CV events with the initiation of MRA
(n = 6,626) compared with beta blockers (n = 73,972) (79). The risks of hyperkalemia, gyneco-
mastia, and kidney function deterioration were increased with MRA. Importantly, this analysis
has severe limitations, as pseudoresistance was not systematically excluded, and the outcome
assessment was based on healthcare records (79).

Beta blockers might be particularly efficacious in patients in whom increased sympathetic out-
put is the major driver of RH. Elevated heart rate, independent of BP control, is associated with
reduced survival in hypertension (80) and might serve as a surrogate parameter to identify patients
who benefit the most from beta blockers (77). In contrast to MRA, beta blockers are well tolerated
in patients with advanced and end-stage kidney disease (25).

Angiotensin Receptor–Neprilysin Inhibitors

Sacubitril-valsartan was initially developed to treat hypertension (81). By inhibiting the catabolism
of natriuretic peptides and blocking the angiotensin II type 1 receptor, sacubitril-valsartan results
in systemic vasodilatation, increased diuresis and natriuresis, and RAS inhibition (81, 82). In
patients with mild to moderate hypertension, sacubitril-valsartan (100 mg, 200 mg, or 400 mg
daily) resulted in a greater BP reduction than placebo (83), valsartan (81), or olmesartan alone
(84). In the Prospective Comparison of Angiotensin Receptor Neprilysin Inhibitor with An-
giotensin Receptor Blocker Measuring Arterial Stiffness in the Elderly (PARAMETER) trial,
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sacubitril-valsartan reduced office and ambulatory brachial and central BP more than olmesartan
in systolic hypertension with stiff arteries (85). In contrast to omapatrilat, an angiotensin-
converting enzyme (ACE) inhibitor and neprilysin inhibitor, which reduced BP more than ACE
inhibitors alone but increased the risk of angioedema, sacubitril-valsartan was shown to be safe
(81, 86).

Evidence for sacubitril-valsartan in RH from large prospective randomized controlled trials is
lacking. In a small randomized controlled trial in RH, patients treated with valsartan 80 mg daily
either switched to sacubitril-valsartan (200 mg daily) or remained on valsartan (87). Compared
with the control group, sacubitril-valsartan significantly reduced ambulatory BP (87). In a post hoc
analysis of the Prospective Comparison of ARNI With ARB Global Outcomes in Heart Failure
With Preserved Ejection Fraction (PARAGON-HF) trial, which investigated sacubitril-valsartan
in heart failure with preserved ejection fraction, the reduction in systolic BP was greater with
sacubitril-valsartan than valsartan alone in patients with apparent RH (systolic BP ≥140 mm Hg
or ≥135 mm Hg in diabetes despite treatment with a calcium channel blocker, valsartan, and a
diuretic) (88). Moreover, the BP-lowering effect of sacubitril-valsartan was also shown in patients
with MRA-resistant hypertension (88).

More data from randomized controlled trials prospectively investigating sacubitril-valsartan
in hypertension, particularly RH, are necessary. Currently, sacubitril-valsartan is indicated for
hypertension only in a few countries, such as Japan, China, and Russia (89, 90).

Other Drug Classes

Direct vasodilators, such as hydralazine and minoxidil, should be avoided as they can cause fluid
retention and increased sympathetic tone (7). If they are used, concomitant treatment with loop
diuretics and beta blockers and multiple daily dosing are required (7).

Emerging Drug Classes

Several new agents are under investigation for hypertension, including aminopeptidase A in-
hibitors, endothelin receptor blockers, aldosterone synthase inhibitors, and RNA-based antisense
therapies targeting angiotensinogen (91). In this section, we briefly discuss two recent trials of
baxdrostat and aprocitentan.

In PRECISION, a blinded randomized phase III trial, the dual endothelin A and B receptor
antagonist aprocitentan reduced office BP by approximately 4 mm Hg and 24-h BP by approxi-
mately 5 mm Hg compared with placebo at 4 weeks in RH (92). These BP-lowering effects were
sustained until 40 weeks. Mild to moderate edema and fluid retention were the most frequently
observed adverse events (9–18%) (92). The advantages of aprocitentan are the long half-life
(44 h), requiring only once-daily dosing, and the low drug–drug interaction potential (93).

In the BrigHTN trial, a phase II placebo-controlled dose-ranging trial involving 275 patients
with RH, the selective aldosterone synthase inhibitor baxdrostat reduced office systolic BP com-
pared with placebo (94). Of note, no drug-related serious adverse events and no instances of
adrenocortical insufficiency occurred. None of the patients discontinued the trial because of hy-
perkalemia (94). Before baxdrostat becomes available for broad use in clinical practice, the positive
results of the BrigHTN trial have to be confirmed in larger phase III trials.

INTERVENTIONAL THERAPY

Several interventional treatments have been investigated for the treatment of hypertension. Of
these, the largest body of evidence exists for catheter-based renal denervation (RDN). Approaches
other than RDN require further investigation and are therefore not discussed in this review.
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RDN interrupts afferent and efferent sympathetic nerves in the adventitia and perivascular
tissue of renal arteries (95).On the one hand, efferent sympathetic nerve activation increases renin
secretion and renal tubular sodium reabsorption and decreases renal blood flow (96).On the other
hand, afferent mechanosensitive and chemosensitive afferent sympathetic nerves provide feedback
to the central nervous system (96).

The 2018 ESC/ESH guidelines did not recommend the use of device-based therapies for
routine treatment of hypertension outside the context of clinical studies and trials (7), based
on the results of three sham-controlled trials that did not demonstrate BP-lowering effects of a
mono-electrode radiofrequency catheter system in patients with severe RH (97–99). The most
controversial and, to date, largest randomized sham-controlled trial in the field of RDN, the
Symplicity HTN-3 trial, had several methodological limitations, including frequent medication
changes, limited experience of the proceduralists, and likely incomplete circumferential ablation
in most patients (97, 100). At the same time, the RDN for Hypertension (DENERHTN) trial
showed a daytime ambulatory BP reduction following RDN using the same catheter system in
addition to a standardized pharmacological therapy, compared with standardized pharmacological
therapy alone, in patients with well-defined RH (101).

Meanwhile, several high-quality studies of RDN were published, including randomized sham-
controlled trials, confirming both the BP-lowering efficacy and safety of radiofrequency and
ultrasound RDN in a broad population with hypertension with and without concomitant antihy-
pertensive medications (102). The RADIANCE-HTN TRIO trial investigated ultrasound RDN
in patients with RH on a fixed-dose, triple-combination therapy. Office and ambulatory BP were
significantly reduced 2 months after RDN compared with sham (103). Per protocol, standardized
stepped-care antihypertensive treatment was initiated in patients whose hypertension remained
uncontrolled 2months after randomization.After 6months, patients in the RDNgroup had a sim-
ilar reduction in BP as the control group, despite receiving fewer additional medications (104). In
contrast to pharmacological therapies, the BP-lowering effect of RDN is constant over the 24-h
circadian cycle (“always-on”) and is independent of pharmacokinetics, drug adherence, and dosing
schemes (102).

Of note, patients with advanced kidney disease (eGFR <40 mL/min/1.73 m2) were excluded
from the current sham-controlled trials. Although data from open-label studies suggest that RDN
is feasible and safe in patients with advanced chronic kidney disease (105), and even in those on
long-term hemodialysis (106), its use cannot be recommended until further evidence becomes
available.

Safety and long-term reliability are prerequisites for use in clinical practice for interventional
procedures with an always-on effect. Notably, there was no safety signal in the first- and second-
generation RDN trials exceeding the risk of other femoral arterial access procedures (102). A
meta-analysis found no increase in the risk of renal artery stenosis requiring stenting following
RDN (pooled annual incidence 0.2%) compared to the natural incidence of renal artery steno-
sis in hypertension (107). Long-term follow-up data from the sham-controlled trials indicate a
sustained BP-lowering effect for up to 3 years (108–110). Nonrandomized studies and registries
report sustained BP reductions for up to 10 years (111, 112).

As for all second-line antihypertensive drugs, including spironolactone, no CV outcome data
following RDN from randomized controlled trials exist. In the absence of data from randomized
controlled trials, and as outcome studies are not expected, the impact of RDN on CV outcome
was derived from the Global Symplicity Registry, the largest RDN registry, including more than
3,000 patients to date. In the Global Symplicity Registry, patients with uncontrolled hypertension
with a higher time in the therapeutic target range following RDN had a significantly lower rate of
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major CV events from 6 to 36months (113).A 10% increase in time in the therapeutic target range
resulted in a 16% lower rate of major CV events (113). Of note, while RDN has been approved
in Europe, it has not been approved for the treatment of hypertension in several other countries,
including the United States.

PROPOSED TREATMENT ALGORITHM FOR RESISTANT
HYPERTENSION

In patients with true RH without causes of secondary hypertension, BP control to target value
is the ultimate goal. Existing antihypertensive therapy should be re-evaluated, and switched to
a single-pill combination if this has not already been done. As in all patients with hypertension,
lifestyle measures, including alcohol reduction, weight loss, and physical activity, should be re-
inforced. In most patients with RH, lifestyle modifications alone will not lead to BP control.
In patients with uncontrolled RH, intensifying the antihypertensive therapy, either by adding
additional BP-lowering medications or performing RDN, is required. For most patients, spirono-
lactone and vasodilating beta blockers should be considered the fourth and fifth drugs. In the
absence of CV outcome data, and as both spironolactone and RDN lower BP [a strong surrogate
for CV morbidity and mortality (2)], we recommend including the preference of a well-informed
and educated patient in a shared decision-making process (Figure 1) (102).

If BP remains
uncontrolled

INTENSIFICATION OF 
PHARMACOTHERAPY

• Spironolactone
(or eplerenone or 
amiloride)

• Vasodilating beta 
blockers

• Vasodilators, other 
diuretics

INTERVENTIONAL 
THERAPY

• Renal denervation
(RF and US)

Uncontrolled hypertension despite ≥3 antihypertensive medications

True resistant hypertension

Reinforcement of lifestyle measures

Referral to hypertension center

• Exclusion of secondary and pseudoresistant hypertension

• Optimization of antihypertensive therapy (ideally three-drug SPC)

• Lifestyle measures (weight loss, exercise, salt restriction, alcohol 
reduction)

Figure 1

Management of resistant hypertension. Abbreviations: BP, blood pressure; RF, radiofrequency; SPC,
single-pill combination; US, ultrasound.
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SUMMARY

RH is an important risk factor for chronic kidney and CV disease. Although less than 10%
of the patients with hypertension are resistant to treatment, the absolute number of patients
with RH is high. Patients with RH should be treated by hypertension specialists capable of ex-
cluding causes for secondary RH and pseudo-RH. Lifestyle modifications are the foundation of
treatment and should be reinforced. Intensifying antihypertensive treatment can include adding
further antihypertensive drugs, usually spironolactone and vasodilating beta blockers, or RDN.
This decision-making process should also involve the patient’s preference.
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