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The autonomic nervous system plays a fundamental role in
regulating the cardiovascular system. Although the classi-
fication of “sympathetic” and ‘“parasympathetic” applies
only to efferent nerves, the term “sympathetic afferent” is
sometimes used to describe the sensory nerve running along
the efferent sympathetic nerve. The concept of interrupting
the sensory nerves from the organs to relieve pain dates
back to the 1930s. Page and Heuer [1] reported the out-
comes of patients with nephritis who underwent surgical
renal denervation. They observed blood pressure reductions
lasting from weeks to months post-operation; however, the
hypotensive effect was not permanent. It is likely that
hypertension becomes resistant to renal sensory and sym-
pathetic signals to and from the brain when the kidneys are
severely damaged. Nevertheless, the study suggests a causal
relationship between renal pain and hypertension. Renal
afferent signals not inducing pain may also silently cause
hypertension.

In 1951, a controlled study on surgical supradiaphrag-
matic splanchnicectomy reported that approximately 30%
of patients with hypertension had blood pressure reductions
outside the range of spontaneous variation [2]. The reduc-
tion in splanchnic vascular tone is likely the chief
mechanism for this effect. The authors of that study foresaw
splanchnicectomy as a routine treatment of established
hypertensive disease not responding to medical treatments.
However, surgical sympathectomy has not gained popu-
larity, possibly due to its invasiveness and the development
of various antihypertensive drugs.
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Animal studies have indicated that renal denervation
reduces blood pressure in hypertension models, including
spontaneously hypertensive rats (SHR) [3], deox-
ycorticosterone acetate (DOCA)-salt rats [4], and Dahl salt-
sensitive rats [5]. However, the blood pressure in SHR with
renal denervation eventually increases to levels comparable
to that in sham-operated SHR, indicating that the neural
mechanisms alone cannot account for the development of
hypertension in SHR. Kidney cross-transplantation between
SHR and normotensive Wistar—Kyoto rats clearly demon-
strated that the kidneys play a critical role in the develop-
ment of hypertension in SHR [6]. The control group is
untreated in these animal experiments, making the hypo-
tensive effect of renal denervation easily detected.

With the development of less invasive, catheter-based
technology, renal denervation has regained interest as a
treatment for drug-resistant hypertension. While the first
large-scale clinical trial, SYMPLICITY-HTN3, did not
show a significant reduction in systolic blood pressure in
patients with resistant hypertension at 6 months after
denervation as compared to a sham control group [7], the
final follow-up demonstrated that the renal denervation
group had significantly larger systolic blood pressure
reductions from baseline to 36 months [8]. The variability in
the hypotensive effect of renal denervation could be partly
due to incomplete denervation [9], and renal denervation
with refined procedures yields promising results. One dif-
ficulty in evaluating the results of the clinical trials is that a
control group can exhibit unexpected blood pressure
reductions [10], possibly resulting from habitual changes
during the study period, such as improved medication
adherence. Identifying the treatment mechanisms through
fundamental research is still essential to determine patients
who would benefit most from renal denervation.

Regarding the involvement of the sympathetic system in
the treatment mechanisms, the sympathetic effect on the
cardiovascular system through the neurotransmitter nora-
drenaline may be blocked by a- and p- adrenergic blockers.
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Fig. 1 Cardiovascular effect of renal denervation through PVAT. Renal
denervation interrupts the afferent and efferent signals to and from the
brain. While suppression of the renin—angiotensin—aldosterone system
(RAAS) and sympathetic system may be a primary effect of renal

The effect through the renin—angiotensin—aldosterone sys-
tem may be blocked by angiotensin converting enzyme
inhibitors, angiotensin II receptor blockers, and miner-
alocorticoid receptor blockers. Given these circumstances,
why can renal denervation be more effective than pharma-
cological sympathetic blockade? One possible explanation
is the relative potency of neural control as compared to
pharmacological interventions [11, 12]. The neural control
is so powerful that pharmacological blockade cannot elim-
inate the sympathetic effect, especially when the sympa-
thetic system is overly activated under diseased conditions.
Another explanation is a pleiotropic effect of renal dener-
vation, which cannot be fully replaced by the current
pharmacological interventions (Fig. 1).

The present study by Jiang et al. [13] reported the effect
of renal denervation on vascular remodeling through the
regulation of perivascular adipose tissue (PVAT) in SHR.
Healthy PVAT exerts an atheroprotective effect by secret-
ing adipokines such as adiponectin [14]. Removing PVAT
promotes the development of neointima after a mechanical
vascular injury. Moreover, obesity alters the profile of
adipokines secreted from PVAT, enhancing neointimal
formation. The present study demonstrated that renal
denervation in SHR reduced vascular remodeling by indu-
cing PVAT browning, altering adipokine secretion, and
reducing the expression of reactive oxygen species in
PVAT [13]. However, the cause of PVAT browning in SHR
after renal denervation remains unclear. The possible sym-
pathetic suppression after renal denervation may not be
readily compatible with PVAT browning, because PVAT
browning is typically associated with increased catechola-
mines [15]. Further investigations are required to determine
whether the changes in PVAT are an essential component of
the blood pressure-lowering effect of renal denervation and
whether any pharmacological approach can reproduce such
an effect on PVAT.
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denervation to reduce blood pressure (BP), the changes in perivascular
adipose tissue (PVAT) can also contribute to reducing vascular remo-
deling in spontaneously hypertensive rats (SHR) as a pleiotropic effect
of renal denervation
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