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enal sympathetic denervation (RSD) opens new perspectives and possibilities not only
Rin the treatment of resistant hypertension but also of other cardiometabolic diseases. In

patients with hypertension, it has been demonstrated that activity of the sympathetic
nervous system correlates with grade of hypertension. Decreasing sympathetic activity using
RSD significantly reduces blood pressure in resistant hypertension. It is too early to say a definite
opinion about appropriateness of this method in the treatment of resistant hypertension, because
there are not great studies with huge number of the patients. After we get and evaluate these results
through a longer span of time, only than we shall know what is the role of RSD in the treatment
of resistant hypertension and other cardiometabolic conditions related to increased function of
the sympathetic nervous system, such as heart failure, diabetes mellitus, obstructive sleep apnea,

renal disease with microalbuminuria and macroalbuminuria. Key words: resistant hypertension,

sympathetic denervation.
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1. INTRODUCTION

Unlike the other risk factors of car-
diovascular diseases, arterial hyperten-
sion has got a special position. Today it’s
known that arterial hypertension is one
of the most important health problems,
maybe the most important one which
implicates early disease, disability and
mortality in adult population. Accord-
ing to its characteristics, essential hy-
pertension has assumed the features
of the biggest non infectious epidemic
of the 21st century. According to great
Global Burden of Disease Study in 2010,
9.4 million of people in the world died
because of hypertension (1).

Hypertension treatment was effec-
tive during a few last decades thanks to
very impressive palette of antihyperten-
sive medicaments. However, although
when a few drugs are administered,
the target values of blood pressure are
not reached in some patients. In these
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cases we talk about resistant hyper-
tension. In the latest guidelines for the
management of hypertension issued by
the European Society of Hypertension
(ESH) and European Society of Car-
diology (ESC), resistant hypertension
is defined as failure to achieve a blood
pressure (BP) goal of <140/90 mm Hg,
despite treatment with >3 different an-
tihypertensive medication classes at a
maximally tolerated dose and, includ-
ing a diuretic (2). Nowadays it is con-
sidered that prevalence of resistant hy-
pertension is 5 to 30% (3, 4, 5, 6). Resis-
tant hypertension is associated with an
increased risk of cardiovascular events,
including myocardial infarction, stroke,
congestive heart failure, and chronic
kidney disease (7, 8, 9). Besides, there
is often decreased stress tolerance in
the patients with resistance hyperten-
sion, and at the same time they suffer
from anxiety and depression. Qual-
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ity of life of those patients is decreased
significantly as well as their quality of
sleep. Also, with the time, cognitive
dysfunctions develop. Resistant hy-
pertension has a substantial impact on
many areas of everyday life, including
attitudes, functional abilities, and in-
terpersonal relationships (10). In these
patients, one should consider new ther-
apeutic options, because their arterial
blood pressure can’t be normalized by
already used drugs.

2. CENTRAL ROLE OF
THE SYMPATHETIC
NERVOUS SYSTEM IN
THE PATHOPHYSIOLOGY
OF RESISTANT
HYPERTENSION

Man is exposed to a fast way of liv-
ingand, at the same time, to the chronic
hyperactivity of the sympathetic ner-
vous system with more or less stress,
which results in serious consequences.
Sympathetic overactivity is during long
period associated with arterial hyper-
tension, reduced renal function, left
ventricular hypertrophy, heart insuf-
ficiency, arrhythmia, obstructive sleep
apnea syndrome (OSA), insulin resis-
tance and diabetes mellitus. Relation-
ship between increased activity of the
sympathetic nervous system and arte-
rial hypertension is of a particular im-
portance (11).

Activity of the sympathetic nervous
system in patients with hypertension is
proved to correlates with the degree of
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hypertension. The sympathetic nervous
system overactivity involves the kidney
and increases progressively and parallel
with hypertension severity stages (12).

In other words, the higher value of
arterial hypertension is measured, the
more activity of the sympathetic ner-
vous system is found. The kidneys have
a very important role in long term reg-
ulation of blood pressure. The kidney
is an organ where efferent sympathetic
impulses are active, but the activity of
the sympathetic nervous system is also
mediated by the afferent nervous fibers.

Efferent impulses of sympathetic
nervous system make a greater resis-
tance in kidneys, reducing of blood flow
in kidneys, increasing of reabsorption
of sodium and water, and at the same
time they stimulate production of renin.

It leads to increasing of blood pres-
sure and creates a vicious circle: de-
velopment of renal ischemia activates
renin-angiotensin system (RAS) and,
through the oxidative stress, it activates
the afferent sympathetic renal fibers
which go from kidneys to central ner-
vous system, and continue to activate
sympathetic nervous system (13, 14).

Pathophysiological concept that
high blood pressure can be lowered if
overactivity of the sympathetic nervous
system is reduced is not recent informa-
tion. In the first half of the 20th century
when there were no antihypertensive
drugs available, surgical sympathec-
tomy was used as a last resort.

But this procedure was not used in
everyday practice because of high peri-
and postoperative mortality, as well as
because of other adverse events such as
postural hypotension, functional disor-
der of the bladder and intestines, an-
hidrosis, perioperative death, stroke,
myocardial infarction, paraplegia and
spinal cord injury.

At the same time, the intervention
was unpleasant for patient and the suc-
cess of the intervention could not be es-
timate. In the 50s of the past century,
the interest for this procedure declined
when reserpine was discovered. The
discovery of diuretic chlorothiazide in
1957 and its use in the therapy of hy-
pertension caused the surgical sympa-
thectomy to become definitely obsolete.

3. RENAL SYMPATHETIC
DENERVATION

Nowadays there is an alternative ac-
cess to drug treatment in resolving of
resistant hypertension using new ac-
cess and method. Percutaneous trans-
luminal radiofrequency sympathetic
denervation (RSD) of the renal artery
for resistant hypertension aims to dis-
rupt neurogenic reflexes involved in
blood pressure control. Intervention is
performed under local anesthesia. The
patient will receive an adequate pre-
medication in term of analgesics (e.g.
morphine 5-10 mg), as well as sedation
(e.g. midazolam 1-3mg). Unfractionated
heparin is given intravenously at a dose
aimed at reaching an activated clotting
time (ACT) of > 250 seconds. Besides,
dosed 100 pg nitroglycerine must be
introduced through the guiding cathe-
ter before the procedure to avoid vaso-
spasm (15). Device consists of a cathe-
ter with tip connected to the radiofre-
quency generator (50 Hz, 5-8 W). Cath-
eter-based renal denervation is a mini-
mally-invasive procedure in which doc-
tors use a catheter, inserted through the
femoral artery in the groin, to send ra-
dio waves that burn away nerve tissue
around the kidney arteries. The catheter
is connected to a generator which de-
livers low-power radiofrequency energy
in 2-minute applications to each renal
artery at 4—6 points along its length,
in a spiral pattern. The catheter tip re-
quires multiple rotations and applica-
tion of further radiofrequency energy
in a spiral pattern to ensure all nerves
are evenly exposed. Continuous tem-
perature monitoring assures that the
power unit detects any overheating of
the arterial wall and the application of
energy interrupted immediately. Then
it should be repeated on the contra-
lateral kidney. The intervention lasts
about 45 min. Next day, the patient will
be discharged. In Symplicity HTN-1 as
well as in Symplicity HTN- 2 studies,
Medtronic Symplicity catheter system
is used. Currently, more than 50 com-
panies are developing renal denervation
systems. Techniques beyond radiofre-
quency include: ultrasound, “external
ultrasound”, direct drug delivery/phar-
macological injection system, micro-
wave. Single electrode based system is
now considered “first generation”. Use
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of multielectrode devices appear to im-
prove outcomes and increased safety.

4. INDICATIONS AND
CONTRAINDICATIONS
FOR RENAL
SYMPATHETIC
DENERVATION

In the meantime, International So-
ciety of Hypertension and European

Society of Cardiology have published

guidelines for patient selection and also

the intervention itself (16, 17). Indica-
tions for renal denervation in patients
with resistant hypertension are: a) on
at least 3-4 antihypertensive drugs;
and b) blood pressure under treatment
>140/90 mmHg. Anatomically favorable
factors are following: one renal artery
supplying each kidney length of main
renal artery >20 mm and renal artery

diameter more than 4 mm (15).
Contraindications for renal sym-

pathetic denervation are the following:

previous renal artery intervention (bal-
loon angioplasty or stenting), evidence
of renal artery atherosclerosis (defined
as a renal artery stenosis >50%), pres-
ence of multiple main renal arteries in
either kidneys or main renal arteries
of less than 4 mm in diameter or less
than 20 mm in length and estimated
glomerular filtration rate <45 ml/min
per 1.73m (16).

5. CLINICAL STUDIES

Clinical studies of this therapeutic
option, show that systolic pressure de-
creases significantly and in average by
25 to 30 mmHg and diastolic by 10 to
15 mmHg and that antihypertensive ef-
fectis lasting at least for two years. Sym-
plicity HTN-1 was the first great study
where the procedure of renal sympa-
thetic denervation was used (18). In
this study 153 patients (mean age 58+_9
years) with severe resistant hyper-
tension (office systolic blood pressure
_>160mmHg with at least three or more
antihypertensive medications, includ-
ing a diuretic) were included. Baseline
office systolic blood pressure/diastolic
blood pressure values were 177/101
mmHg with 5.1 antihypertensive drugs
on average. RSD was achieved using a
radiofrequency ablation catheter in-
serted through the femoral artery. Af-
ter RSD was performed and controls
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were made after 1, 3, 6, 9, 12, 18 and
24 months, blood pressure values were
lower by 20/10, 24/11, 25/11, 23/11,
26/14-and 32/14 respectively. Renal nor-
adrenaline spillover was found to be re-
duced by 47% thereby demonstrating
the effectiveness of sympathetic renal
fibers ablation. Noradrenaline spillover
is a marker of sympathetic overactivity.
Measurements of noradrenaline spill-
over may help with estimating the ac-
tivity of the efferent renal sympathetic
nerve (19, 20, 21). Besides, it’s important
that the effects of denervation persist at
least until 24 months. The intervention
was free of complications in 97% of pa-
tients (149 of 153). Neither reported ad-
verse effects associated with hemody-
namics, electrolytic abnormalities, or
reducing of the renal function. Together
with the decreasing of blood pressure,
improvement in health-related quality
of life was observed (22).

The Symplicity HTN-2 trial is an
international, multi-center, prospec-
tive, randomized, controlled study of
the safety and effectiveness of renal de-
nervation in patients with treatment-
resistant hypertension. Patients with
baseline systolic blood pressure of 160
mmHg or more were randomly as-
signed to renal denervation with pre-
vious treatment or to maintaining pre-
vious treatment alone (control group).
A group of 106 patients were random-
ized to renal denervation (52) or con-
trol (54) groups. Office based blood
pressure measurement in the renal de-
nervation group decreased by 32/12
mmHg, whereas they did not differ
from baseline in the control group. Be-
tween group differences in blood pres-
sure at 6 months were 33/11 mmHg. At
6 months, 41 (84%) of 49 patients who
underwent renal denervation had a re-
duction in systolic blood pressure of 10
mmHg or more, compared with 18(35%)
of 51 controls (23).

6. “NON DIPPING” AND
“REVERSE DIPPING”

It’s important to emphasize that in
context of Symplicity HTN-1, Symplic-
ity HTN-2 trial and RSD, activity of the
sympathetic nervous system is signifi-
cantly decreased in both non dipping
and reverse dipping patients. Today it
is known that, during the night, blood
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pressure doesn’t decrease in patients
so called non dippers, and the risk of
cardiovascular death increases by 2,5
in relation to dippers, what is demon-
strated with help of ambulatory blood
pressure measurement (ABPM). The
risk is still higher in reverse dippers,
in patients who suffer from increasing
of blood pressure during the night. In
these patients risk of lethal cardiovas-
cular event is four times higher in rela-
tion to dippers (24). RSD decreases ac-
tivity of the sympathetic nervous sys-
tem, as mentioned above. Because of
that it’s expected that renal denervation
will be effective in non dippers.

Consequently, RSD is safe and effec-
tive in reducing office blood pressure,
home blood pressure, and 24 h blood
pressure in patients with drug resistant
hypertension. The positive effect per-
sisted during the period of 36 months.
However, blood pressure did not de-
crease immediately after the RSD. That
means that RSD changes neurohumoral
control of excretion of water and salt
and blood pressure, accordingly. RSD
did not cause any damage of the vessel
wall. No serious adverse events related
to the procedure were reported either
in Symplicity HTN-1 or in Symplicity
HTN-2 trial.

7. SYMPLICITY HTN-3 TRIAL
Symplicity HTN-1 and HTN-2 have
shown sustained blood pressure reduc-
tion at 24 months. It is not a long period
when considered essential hypertension
to be a chronic disease with perma-
nent medical treatment. And after all,
the crucial question whether that effect
of decreasing blood pressure will con-
tinue and how long. Maybe Symplic-
ity HTN-3 trial will solve the dilem-
mas. This trial is a multicentre, pro-
spective, single-blind, randomized, and
controlled study. In this study, 530 pa-
tients aged 18 to 80, with average sys-
tolic blood pressure ->160 mmHg will
participate. The patients will be on sta-
ble medication regimen of full tolerated
doses of -> 3 antihypertensive medica-
tions, with one being a diuretic (25).
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8. ROLE OF THE
SYMPATHETIC NERVOUS
SYSTEM IN RENAL
DENERVATION IN
CONGESTIVE HEART
FAILURE

Today it is well known that dis-
turbed neurohumoral system has a key
role in the process of chronic heart fail-
ure. In patients with heart failure sev-
eral neurohumoral systems are acti-
vated, especially the sympathetic ner-
vous system and renin-angiotensin sys-
tem (RAS). The mentioned systems con-
tribute to deterioration of heart failure.
The long-term activation of neurohor-
monal systems has a toxic effect upon
heart failure. Catecholamines and an-
giotensin II have negative effect upon
heart failure in. Activation of RAS can
produce peripheral edemas and in-
creased retention of sodium and wa-
ter. At the same time, the activation of
RAS contributes to hemodynamic ab-
normalities, leading to constriction of
peripheral arteries and veins. The longer
the period of heart failure, the higher is
the level of noradrenalin. The patients
with the highest values of noradrenalin
have the worst perspective (26). Nor-
adrenalin can cause dysfunction and
death of cardiac myocytes. Increasing
of cyclic AMP, noradrenalin can rise
concentration of intracellular calcium
which, if prolonged, causes the state of
calcium overload and cell necrosis (27).
Following prolonged activation of the
sympathetic nervous system, the cellu-
lar pathways that respond to and medi-
ate the effects of catecholamines are al-
tered in heart failure. Activation of the
sympathetic nervous system increases
heart rate, which negatively influences
upon further development of chronic
heart failure. Further effects of the in-
tensified secretion of angiotensin and
aldosterone together with simultane-
ous increasing of already mentioned
heart rate, have negative effects on the
heart. The increased renal afferent sym-
pathetic activity contributes, on its part,
to worsening of the pathophysiology
mechanism, so making RSD to be one
of therapeutic options in management
of heart failure. A study which enrolled
patients with resistant hypertension
who were treated using RSD recorded
not only significant decreasing of sys-
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tolic and diastolic blood pressure, but
also significant regression of the left
ventricular hypertrophy (28). Results
of this study have very important prog-
nostic implications in high risk patients
with resistant hypertension. In another
study involving patients with resistant
hypertension, RSD led to significant
decrease of systolic and diastolic blood
pressure. At the same time, the number
of premature ventricular contractions
was significantly decreased. The total
number of premature supraventricular
contractions was also significantly de-
creased after RSD (29). Symplicity HF
Study (Renal Denervation in Patients
With Chronic Heart Failure) will an-
swer the question how effective RSD is
in patients with heart failure. The study
will enroll approximately 40 adult sub-
jects with chronic heart failure (NYHA
I1-1IT) and renal impairment and ejec-
tion fraction less than 40% with opti-
mal medical therapy.

9. INFLUENCE OF RENAL
DENERVATION OF THE
SYMPATHETIC NERVOUS
SYSTEM ON REGULATION
OF GLUCOSE AND
DIABETES

It’s not rare that hypertension is
associated with damaged glucose tol-
erance, type 2 diabetes, obesity or in-
creased values of cholesterol. In patients
with both hypertension and type 2 dia-
betes increased activity of the sympha-
tetic nervous system is observed (30).
Studies show that people with sympa-
thetic reactivity are inclined to develop
insulin resistance with increased glu-
cose values (31). Just because of that,
resistant hypertension is discovered in
great number of patients with diabetes
(32). Obesity, hypertension and insulin
resistance have common pathophysiol-
ogy mechanism. Insulin resistance is
found in both thin and fat people suf-
fering from hypertension which means
that insulin resistance is related to the
basic determinants of blood pressure.
Consequently, adrenergic nervous sys-
tem plays a crucial role in glucose and
insulin metabolism regulation, and in-
sulin resistance may represent an im-
portant determinant of the adrenergic
activation detectable in cardiometa-
bolic disease (33). As mentioned above,

obviously decreasing of sympathetic
activity with RSD can improve insulin
sensitiveness and glucose metabolism.
Two studies have observed changes in
insulin resistance following renal de-
nervation for the treatment of resis-
tant hypertension (34, 35). Another
meta-analysis shows that ablation of
efferent and afferent sympathetic renal
nerves improves glucose metabolism,
reducing the incidence of glucose in-
tolerance, fasting hyperglycemia and
diabetic state in resistant hypertensive
patients (33).

The effect of RSD was assessed in
a sub-study of the Symplicity HTN-2
trial in 37 patients and 13 controls.
Three months after the procedure, the
authors observed a significant decrease
in fasting glucose, insulin, and C-pep-
tide levels. Oral glucose tolerance and
the sensitivity to insulin measured by
the HOMA-IR (homeostasis model as-
sessment-insulin resistance) were both
significantly improved compared to
the control group where no significant
changes were observed (36). Also, it was
demonstrated that the level of glycosyl-
lated hemoglobin (HbAlc) decreased
after RSD was performed.

In another sub-study of the Sym-
plicity HTN-2 trial, where ten patients
with resistant hypertension, obstructive
sleep apnea, and metabolic syndrome
were included, evident significant de-
creasing of the office blood pressure by
34/13 mmHg, together with improve-
ment of the glucose homeostasis, as well
as reduction in severity of the obstruc-
tive sleep apnea were demonstrated af-
ter 6 months 37. Useful effects of RSD
effects upon metabolic syndrome can
be explained in the following way: in-
hibition of central sympathetic tonus,
reduced noradrenalin release, better
perfusion of skeletal muscles, which is
achieved reducing alpha adrenergic to-
nus that gives rise to enlarged glucose
uptake. Other mechanisms such as in-
hibitor effect on renin-angiotensin sys-
tem, reduced glucogenesis and reduced
secretion of glucagon are included.

The role of renal denervation in im-
proving of insulin resistance will be
topic of DREAMS (Denervation of the
Renal Artery in Metabolic Syndrome)
study. This study is an observational
study, with the aim to investigate the
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effect of renal denervation on changes
in insulin resistance and blood pres-
sure in patients with obesity related
hypertension.

10.EFFECT OF RENAL

DENERVATION UPON

OBSTRUCTIVE SLEEP

APNEA

Obstructive sleep apnea, often con-
sidered a cause of resistance in patients
with essential hypertension, may also
be a consequence of increased central
sympathetic tone (38, 39). Obstructive
sleep apnea syndrome is associated to
increasing incidence of sudden cardiac
death, heart failure and ischemic heart
disease (40, 41). In these patients with
dream disturbance, during the night,
very strong activity of the sympathetic
nervous system is present, which could
be a cause of arterial hypertension. Be-
cause of that, influence of renal dener-
vation on development and clinical fea-
tures of obstructive sleep apnea syn-
drome has been studied. Witkowski
studies series of patients with sleep ap-
nea and pre and post renal denervation
for resistant hypertension suggesting
that denervation and/or blood pressure
reduction alone reduces the frequency
of apneic—hypopneic episodes. Apnea/
hypopnea index was reduced from an
average of 16.9 to 4.5 episodes per hour,
with a concomitant decrease in oxygen
desaturation index (37).

11.CONCLUSION

RSD is a new method in treatment
of resistant hypertension. This proce-
dure opens new perspectives and pos-
sibilities in management of resistant hy-
pertension. Perhaps one day it will be
used for treatment of grade 1 and grade
2 hypertension, which would be impor-
tant not only from medical aspect, but
from economical one, also. However, it
is too early to define final attitude to-
wards appropriateness of this method
in treatment of resistant hypertension,
because we still do not have results of
huge studies with great number of pa-
tients. After we get and evaluate these
results through a longer span of time,
only than we shall know what is the role
of RSD in the treatment of resistant hy-
pertension and other cardiometabolic
conditions related to increased func-
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tion of the sympathetic nervous sys-
tem, such as heart failure, renal dis-
ease with microalbuminuria and mac-
roalbuminuria, diabetes mellitus, ob-
structive sleep apnea or intolerance to
drugs. Current studies should answer
a few questions, such as what are long-
term consequences upon kidney func-
tion after RSD, and others. Also, eval-
uation of eGFR (glomerular filtration
rate) should be done in significantly
greater number of patients than before.
We should get the answer concerning
effect of RDS on cardiovascular mor-
bidity and mortality through longer
period. Another important question
is whether re-innervation develops, in
other words, whether regeneration of
afferent and efferent fibers arise. The
problem why 23% of patients did not
respond to RSD treatment expects the
answer. Finally, there is an important
question if RSD can be repeated in the
patients with whom we did not succeed
on the first time to burn the afferent and
efferent fibers. Resistant hypertension is
still actual and complicated problem,
despite of great number of antihyper-
tensive drugs which block the sympa-
thetic nervous or renin-angiotensin sys-
tem on a few levels, but without signif-
icant effects. However, it must be em-
phasized that the studies with RSD in-
volving relatively small number of pa-
tients and sometimes without a control
group, speak in favor that renal dener-
vation, may solve the problem of resis-
tant hypertension.
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