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ABSTRACT

‘This manuscript examines the current guideline-recommended management of resistant arterial hypertension. It emphasises
the role of sympathetic overactivity, its harmful effects on the cardiovascular system, and the use of renal denervation (RD) to
treat uncontrolled hypertension. Landmark RD studies are summarised, which have contributed to the current ITb European
Society of Cardiology recommendation for RD, and the South African experience with RD is discussed.

INTRODUCTION

Arterial hypertension remains a significant global risk fac-
tor for both cardiovascular morbidity and mortality. The
number of people aged 30-79 affected by hypertension
has more than doubled since 1990, reaching 1.4 billion.
(1) The 2023 World Health Organization (WHO) global
report estimates that only 23% of these individuals have
their blood pressure adequately controlled.(1) Despite the
availability of various medications and lifestyle modifica-
tions, hypertension control rates appear to be declining
worldwide.(2) Factors such as medication non-adherence,
therapeutic inertia, financial difficulties, psychological
issues, and true resistant hypertension all contribute to
poor blood pressure management.

Resistant hypertension is defined by the European
Society of Cardiology (ESC) as uncontrolled blood pres-
sure (2 140/90 mmHg) despite optimised medical treat-
ment—including at least three antihypertensive drugs,
one of which should be a diuretic—administered at the
maximally tolerated doses.(3) The presence of resist-
ant hypertension significantly increases the risk of tar-
get organ damage and contributes to early cardiovascular
events.(4) The American Heart Association (AHA) uses
a lower blood pressure threshold (i.e., 130/80 mmHg) to
define this condition.(5) While the exact prevalence of
resistant hypertension is difficult to determine, it is esti-
mated to affect about 10% of the hypertensive population.

Importantly, inadequate treatment adherence and second-
ary causes should be ruled out before diagnosing resistant
hypertension. Intensive follow-up, personalised treatment
strategies, and innovative approaches may be required to
achieve blood pressure control in these patients.

PATHOPHYSIOLOGY OF RESISTANT
HYPERTENSION

The pathophysiology of resistant hypertension involves
complex interactions among several neurohumoral factors,
including increased sympathetic activity, aldosterone, and vas-
opressors such as endothelin-1 and vasopressin. This results
in increased sodium retention, intravascular volume expan-
sion, elevated peripheral vascular resistance, arterial stiffness,
and endothelial dysfunction, primarily driven by heightened
renin-angiotensin-aldosterone system (RAAS) activity.(6)
Contributing factors include obesity, excessive salt intake,
physical inactivity, and poor sleep quality (notably obstruc-
tive sleep apnoea). Certain medications, such as non-steroidal
anti-inflammatory agents, steroids and oral contraceptives,
may amplify the mechanisms described above.

MANAGEMENT OF RESISTANT HYPERTENSION
Non-pharmacological

Lifestyle interventions remain a crucial component of
hypertension management. Reducing dietary sodium,
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increasing potassium intake, increasing physical activity,
and reducing body weight all help control blood pressure

and ultimately lower cardiovascular risk.(3)

Pharmacological

Four main drug classes are commonly used as first-line
treatments for blood pressure control in the general pop-
ulation: angiotensin receptor blockers or angiotensin-
converting enzyme inhibitors, calcium channel blockers,and
diuretics (thiazide or thiazide-like agents). Cardioselective
or vasodilating beta-blockers are preferred in patients with
specific indications, such as angina, heart failure, post-
myocardial infarction, or rate control in arrhythmias. If
blood pressure remains uncontrolled despite maximum tol-
erated doses of three drugs, the patient should be considered
to have resistant hypertension. In such cases, the addition
of spironolactone is recommended. Eplerenone may be an
alternative if spironolactone causes undesirable effects.(6)

Renal denervation

"The six-month results of the Renal Denervation in Patients
with Uncontrolled Hypertension (SYMPLICITY-HTN?3)
trial, which enrolled more than 500 patients with resistant
hypertension, randomised the patients to RD or a sham
procedure.(7) Both groups experienced a similar decrease
in blood pressure. Thus, the SYMPLICITY-HTN3 was
judged to have failed in proving a statistically significant
reduction in blood pressure in the RD group.

Why did SYMPLICITY-HTNS fail?

Several confounders may have influenced the initial negative
results. Although patients were blinded to the type of ther-
apy they received, it remains possible that the sham group
may have realised that they had not received active RD due
to the absence of pain. RD is a painful procedure, and the
lack of pain during the process might have unblinded sham
patients. Blood pressure medication adherence was not
monitored, which could have contributed to the so-called
Hawthorne effect, where the sham group increased their
medication intake. In contrast, the RD group could have
been less compliant with therapy. Technical issues may also
have reduced RD eflicacy, including inexperienced oper-
ators, failure to treat distal renal arteries, and incomplete
circumferential denervation due to catheter design.

More recent evidence, however, has shown better out-
comes with RD. Despite the non-significant difference
in blood pressure at 6 months, the three-year follow-up
of patients enrolled in the SYMPLICITY-HTN3
trial showed that the RD group had significantly lower
blood pressure than the sham group.(8) In addition, a
meta-analysis of recent trials has shown that RD lowers
blood pressure by at least 5 mmHg, both in the absence
and in the presence of antihypertensive drugs and similar
results were achieved with different energy sources, such as
radiofrequency and ultrasound.(9) Injection of alcohol into

the subintimal space also modestly lowered blood pressure.
(9) Our own meta-analysis of the between-group 24-hr
systolic BP across six randomised controlled trials, includ-
ing more than 1200 patients, indicates that months after
the procedure, RD consistently lowers blood pressure com-
pared to a sham procedure, and the blood pressure reduc-
tions also increased over time (Figure 1).(8,10-14) These
studies have led to a recent class IIb recommendation from
the ESC for catheter-based renal denervation in the man-
agement of resistant hypertension.(3)

How do we perform renal denervation?

RD is performed via arterial access using the modified
Seldinger technique. A guidewire is advanced into the
abdominal aorta, followed by a 6-French guiding catheter
that is advanced over the wire. A diagnostic renal angio-
gram is performed to delineate the arterial anatomy and
identify accessory, polar arteries that will also require den-
ervation. A steerable guidewire is subsequently threaded
into each renal artery. The denervation catheter is advanced
over the steerable wire, beyond the distal arterial bifurca-
tion. The guidewire is then withdrawn, allowing the cath-
eter to assume a spiral shape and conform to the interior
vessel contour. (Figure 2) Radiofrequency energy (heat)
is then delivered through four gold-plated electrodes.
The energy penetrates to the subendothelial space, heat-
ing the perivascular adipose tissue and searing the sym-
pathetic nerve supply. Denervation reduces brain-kidney
sympathetic crosstalk, thereby decreasing overall sympa-
thetic tone. This vital step has several physiological effects,

Between-group reduction in 24-hour systolic blood pressure (mmHg) months
after renal denervation vs sham across six randomised trials

2 2 3 6 36 36
H
-10
-16.5

=]
i
=
i
I
el
=
=
8

(TT) OIYL NLH-3ONVIAVY
(0T) 11 LH-3DNIVaVY
(8) E-NLH ALIDITINAS

«
£ <
= =<
2 2
Z =
E 5
z =
9 ]
: z
2 m
S 1
£ B
B =

Figure 1: Summary of between-group differences in
24-hour ambulatory systolic blood pressure (ASBP) between
renal denervation (RD) and sham procedures across six
randomised trials at varying months of follow-up. Across
all studies, RD was consistently associated with greater
reductions in ASBP than sham.
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Figure 2: SYMPLICITY SPYRAL catheter: renal denervation
releases heat energy that aims to destroy the sympathetic
nerves that arborise around the renal arteries. Image pro-
vided courtesy of Medtronic®.

including lowering renin levels, which reduces activation of
the RAAS cascade. Vasodilation and improved organ per-
fusion follow. Reduced cardiac afterload may also decrease
left ventricular hypertrophy and enhance left ventricular
diastolic function.(15) The potentially “always on” effect of
RD is believed to be beneficial in patients with poor med-
ication adherence.(12)

South African perspective

In South Africa, 46% of women and 44% of men are found
to have arterial hypertension in a nationwide survey. Only
9% of women and 6% of men reach target blood pressure
levels on medication.(16) This is supported by a study of
over 10,000 individuals in sub-Saharan Africa, where South
Africa had the highest prevalence of hypertension, as well
as a very high rate of uncontrolled blood pressure (55.4%
women and 68.1% men).(17) Although the specific causes
of these low rates of blood pressure control were not investi-
gated, this highlights an opportunity for improvement.

A position statement on RD was jointly published
by the Southern African Hypertension Society and the
South African Society of Cardiovascular Intervention in
2020,(18) recommending consideration of RD for the fol-
lowing indications: 1) patients with uncontrolled blood
pressure, with or without documented intolerance to one
or several antihypertensive agents; 2) patients with uncon-
trolled blood pressure that is not remediable to long-term
drug adherence, despite extensive counselling; and 3) in
hypertensive patients considered to be at very high risk of a
significant adverse cardiac event,according to the 2018 ESC
Hypertension Guidelines. Despite the position statement,
medical funders have not yet approved RD for routine use
in the private healthcare sector, and RD is also unavailable
in the public sector, mainly due to cost constraints.

Unique contributions to RD technology have been
made in South Africa. While arterial access is usually

transfemoral, brachial and radial approaches have been
described by Heradien and co-workers.(19) Trans-radial
access may enable same-day discharge, particularly in a
resource-constrained environment.

In a randomised, sham-controlled trial of patients with
resistant arterial hypertension, RD reduced the incidence
of subclinical atrial fibrillation (hazard ratio 0.40; 95%
confidence interval 0.17-0.96; P = 0.031), atrial fibrillation
burden (0% [0-0] vs 0% [0-0.3]; P = 0.043) and fast atrial
fibrillation (>100bpm) (2% vs 26%; P = 0.002). These dif-
ferences were independent of blood pressure control.(20)
Given limited access to electrophysiology services in South
Africa, renal denervation remains an attractive approach to
reducing the local burden of atrial fibrillation.

CONCLUSION

Renal denervation is a safe and effective treatment for
patients with resistant arterial hypertension. Although
long-term safety and efficacy data are still needed, renal
denervation shows promise not only for managing resistant
hypertension but also for possibly reducing the burden of
atrial fibrillation in this group of patients. Greater adoption
in South Africa could potentially reduce the high burden

of hypertensive heart disease and its complications.
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