wJ

World Journal of
Cardiology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4330/ wjc.v6.i8.814

World ] Cardiol 2014 August 26; 6(8): 814-823
ISSN 1949-8462 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Renal sympathetic nervous system and the effects of

denervation on renal arteries

Arun Kannan, Raul Ivan Medina, Nagapradeep Nagajothi, Saravanan Balamuthusamy

Arun Kannan, Saravanan Balamuthusamy, Department of
Medicine, University of Arizona, Tucson, AZ 85721, United
States

Raul Ivan Medina, Saravanan Balamuthusamy, Vascular and
Interventional Nephrology, Angiocare, Tucson, AZ 85721, United
States

Nagapradeep Nagajothi, Cardiovascular Consultants, Canton,
OH 44710, United States

Author contributions: Kannan A and Balamuthusamy S made
substantial contributions to conception and design, acquisition of
data; Kannan A, Medina RI and Nagajothi N contributed by draft-
ing the article and revising it critically for important intellectual
content; and Balamuthusamy S contributed to the final approval
of the version to be published.

Correspondence to: Saravanan Balamuthusamy, MD, FASN,
Assistant Professor, Director of Vascular and Interventional
Nephrology, Angiocare, 224 W Exchange St, Tucson, AZ 85721,
United States. sbalamuthusamy@email.arizona.edu

Telephone: +1-520-3276265 Fax: +1-520-3279300

Received: January 20,2014 Revised: March 18,2014
Accepted: June 10,2014

Published online: August 26, 2014

Abstract

Resistant hypertension is associated with chronic acti-
vation of the sympathetic nervous system resulting in
various comorbidities. The prevalence of resistant hy-
pertension is often under estimated due to various rea-
sons. Activation of sympathetic nervous system at the
renal- as well as systemic- level contributes to the in-
creased level of catecholamines and resulting increase
in the blood pressure. This increased activity was dem-
onstrated by increased muscle sympathetic nerve ac-
tivity and renal and total body noradrenaline spillover.
Apart from the hypertension, it is hypothesized to be
associated with insulin resistance, congestive heart fail-
ure and obstructive sleep apnea. Renal denervation is a
novel procedure where the sympathetic afferent and ef-
ferent activity is reduced by various techniques and has
been used successfully to treat drug-resistant hyperten-
sion improvement of various metabolic derangements.
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Renal denervation has the unique advantage of offering
the denervation at the renal level, thus mitigating the
systemic side effects. Renal denervation can be done
by various techniques including radiofrequency abla-
tion, ultrasound guided ablation and chemical ablation.
Various trials evaluated the role of renal denervation in
the management of resistant hypertension and have
found promising results. More studies are underway
to evaluate the role of renal denervation in patients
presenting with resistant hypertension in different sce-
narios. Appropriate patient selection might be the key
in determining the effectiveness of the procedure.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Resistant Hypertension is a serious condition
that could result in various comorbidities, if left untreat-
ed. The pathogenesis involves activation of sympathetic
nervous system at the renal level and systemic level.
Surgical therapy targeted at the systemic level has seri-
ous systemic side effects. Renal denervation offers an
unique way of mitigating the chronic activation of sym-
pathetic nervous system and controlling the high blood
pressure.

Kannan A, Medina RI, Nagajothi N, Balamuthusamy S. Renal
sympathetic nervous system and the effects of denervation on
renal arteries. World J Cardiol 2014; 6(8): 814-823 Available
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INTRODUCTION

American Heart Association!! and Joint National Com-
mittee” define resistant hypertension as blood pressure
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that remains uncontrolled with the patient remaining com-
pliant to 3 or more drugs, one of them being a diuretic.
Care should be taken to differentiate resistant hyperten-
sion from uncontrolled hypertension, as the latter may be
due to sub-optimal therapy, non-adherence to medications
and secondary hypertension. The prevalence of resistant
hypertension is often under estimated due to various
reasons including inadequate sample size, exclusion of
patients with resistant hypertension in larger studies™”.
Kaplan ez al” have estimated that up to 5% of patients in
general medicine clinics and approximately 50% of pa-
tients seen in renal clinics have resistant hypertension.

An important consideration in defining a patient with
resistant hypertension is the frequent mislabeling of sec-
ondary hypertension as resistant hypertension and not
addressing the issue of non-adherence to optimal therapy.
This has been frequently reported in the literature includ-

bl  second-

, and isolated systolic hypertensionm.

ing white-coat hypertension
ary hypertensionm

, hon-compliance

ROLE OF SYMPATHETIC NERVOUS
SYSTEM IN HYPERTENSION

Renal sympathetic efferent and afferent nerves, which lie
adjacent to the wall of the renal artery, are crucial for pro-

duction of catecholamines contributing to hypertension.
Surgical sympathectomy, targeted at removing sympa-
thetic ganglia, to control hypertension has been reported
even before the advent of newer antihypertensives[gl. Due
to its profound side effects and the introduction of phat-
maceutical sympatholytic agents, surgical sympathectomy
is not a preferred procedure anymore. Renal denervation
is a novel technique, which involves selective ablation
of renal sympathetic nerve fibers and has demonstrated
promising results in controlling resistant hypertension.
The renal nerves are sensitive to ablation techniques such
as s radiofrequency and ultrasound.

RENAL SYMPATHETIC DENERVATION
AND HYPERTENSION

Various types of primary and secondary hypertension,

including essential hypertensionm, renovascular hyperten-
sion"”] hypertension associated with disordered sleep
breathingm, hypertension associated with Cushing’s syn-

drome™

and primary aldosteronism, and preeclampsia,
have been shown to have an association with sympathetic
nervous system in various human and animal models.
Initially postulated to control circulation, sympathetic
nervous system has been found to play a crucial role
in initiation and maintenance of systemic hypertension
through its effects on renal blood flow and perfusion"".
Renal sympathetic nervous system consists of affer-
ent and efferent sympathetic nerve fibers adjacent to the
adventitious layer of the renal arteries. Efferent sympa-
thetic nerves, when stimulated, have multitude of effects
including increased renin secretion, decreased renal blood

flow and increased renal tubular sodium absorption“s].
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These changes contribute to the increased fluid reten-
tion and sustenance of vascular hypertension. Such
sympathetic nerve fiber stimulation also contributes to
increased renin mediated Angiotensin-Aldosterone activ-
ity further augmenting the hypertension.

The physiological effects of sympathetic nervous
system in initiation, and maintenance of blood pressure
makes it an excellent therapeutic target for drug and
procedure based intervention in the management of hy-
pertension. In animal models, Roman ¢z a/'* has demon-
strated that denervation resulted in leftward shift in the
pressure natriuresis curve implying increased excretion of
both water and sodium with no change in renal perfusion
pressure.

Various types of hypertension have been shown to
be ameliorated by renal denervation in different experi-
mental models"*. These experiments explored the role
of efferent sympathetic nerve fibers in pathophysiology
of development and maintenance of hypertension. Renal
afferent sensory fibers act through a different mechanism
in maintaining sodium and water homeostasis. These fi-
bers are found primarily in the renal pelvic wall and they
act through substance P and calcitonin gene related pep-
tide, both of which act as primary neurotransmitters' .
These fibers, by responding to changes in pressure in
renal pelvis (mechanoreceptors) and chemical characteris-
tics (chemo sensitive receptors) of urine, increase diuresis
and natriuresis'”.

Activation of the efferent renal sympathetic nerve
fibers can occur in response to augmented afferent sig-
naling from renal sensory nerve fibers caused by vatious
stimuli such as renal ischemia, hypoxia, and oxidative
stressm’zol.

Renal afferent nerve fibers send signals to the hypo-
thalamus and stimulate sympathetic outflow, causing hy-
pertension and increased systemic vascular resistance’” 7.
Hausberg ¢ al” reported similar effects of increased ac-
tivity of sympathetic outflow due to renal afferent nerve
signaling in end stage renal disease. In a recent study,
Ceral ¢t a/*" measured the serum drug levels of pre-
scribed antithypertensive drugs to evaluate the adherence
in individuals with difficult-to-control hypertension. In
65% patients, non-adherence was diagnosed. In upto 34
patients, no drugs were detected underscoring the impor-
tance of recognizing non-adherence in this population.

Such effects are also observed in patients with chronic
kidney disease including end stage renal disease. Signifi-
cant decreases in sympathetic activity have been demon-
strated in patients with bilateral nephrectomy™. Con-

20]
Verse

recorded the rate of sympathetic-nerve discharge
to the muscular blood vessels in patients with chronic
kidney disease with and without renal transplantation.
He reported significant sympathetic over activity in End
Stage Renal Disease (ESRD) patients with and without
renal transplantation compared to normal subjects and in
ESRD patients who had undergone nephrectomies. It has
also been demonstrated that there is upto 30% sympa-
thetic nerve re-innervation even in transplanted kidneys.
Further evidence of association of sympathetic over
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activity with hypertension was seen in patients with
obstructive sleep apnea. Marshall®” and Cooper et al™
elucidated that hypoxia seen in OSA results in increased
sympathetic outflow to renal, cardiac and splanchnic beds
and associated hypertension.

INTRA-RENAL FUNCTIONS OF THE
RENAL SYMPATHETIC NERVOUS
SYSTEM

It is elucidated that various physiological aspects of
kidneys are regulated by sympathetic nervous system.
Activation of sympathetic nerve fibers at the renal level
results in locally increased release of norepinephrine and
renin. This leads to renal vasoconsttiction, decreased re-
nal blood flow resulting in decreased glomerular filtration
rate and increased renal tubular reabsorption of sodium
and water at the tubular level”. Figure 1 shows intra-
renal mechanisms of renal sympathetic activity

It is important to understand the physiological effects
of sympathetic nervous system on the different ultra
structural components in the kidneys to be awate of the
outcomes of sympathetic denervation.

Renal blood flow: there is a decrease in renal blood
flow with increased renal sympathetic nervous system ac-
tivity. This decrease in flow is primarily mediated through
increased afferent renal arteriolar vasoconstriction. There

is also efferent arteriolar constriction, which helps sustain
effective filtration pressure to sustain glomerular filtration

rate (GFR).

Renal tubules

There is extensive sympathetic innervation in the entire
renal tubule. The innervations are most dense in the thick
ascending loop of Henle (TALH) followed by the proxi-
mal tubule, distal tubule and the cortical collecting duct.
Activation of the SNS suppresses the NA+K+ ATPase at
the basolateral membrane, which provides the energy for
most of the transcellular transport that occurs across the
luminal side of the tubules. There is also increased activa-
tion and expression of the NHE3 exchanger in the apical
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Figure 1 Showing intra-renal mechanisms of renal
sympathetic activity. RSNA: Renal sympathetic nerve
activity; RBF: Renal blood flow; GFR: Glomerular filtra-
tion rate; NHE: Sodium hydrogen transporter; U Na:
Urinary sodium; BL: Baso-Lateral membrane.

1 U Na excretion
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membrane which leads to increased Na retention across
the tubules. The NKCC2 transporter at the TALH is also
activated with SNS activation, which enhances salt absorp-
tion at this segment further increasing salt retention.

Renin secretion

Activation of the ERSNS increases rennin mRNA and
therefore increases plasma and renal renin secretion. The
increased renin secretion is partially mediated through
the effects on the baroreceptors at the afferent renal arte-
rioles. This increased renin secretion happens at low renal
petfusion pressure even with minimal sympathetic ner-
vous activation. The baroreceptor mediated renin release
does not occur at high renal perfusion pressure states.

Reno-renal reflex

Increased pelvic pressure or high salt intake activates
ARSN and thereby inhibits the ERSNA hence decreases
salt retention and dectreases blood pressure in normal
kidneys. However in ischemic kidneys or chronic hyper-
tension there is a reversal of the reno-renal reflex and
ARSN activity further enhances the sympatho excitatory
state and increases salt retention and hypertension. This
reversal of the reno-renal reflex is significant since there
is a greater expression of the afferent sympathetic nerves
in patients with hypertension when compared to normo-
tensive controls.

The above mechanisms enunciate the intricate signifi-
cance of SNS and renal physiology in the development
and maintenance of hypertension.

The increased sympathetic fiber traffic can be mea-
sured by microneurography- a clinical method of mea-
and single®™ fiber activity in skeletal
muscle fibers in humans. The measurement of micro-

suring multi® -

neurography allows direct and accurate measurement of
NE activity when compated to measurement of plasma
catecholamines.

Organ specific (for example, cardiac and renal) not-
epinephrine release can be quantified by “Norepinephrine
Spillover” technique, which involves measuring organ
specific outward flux of endogenous norepinephrine®”.

Although, renovascular hypertension and hyperten-
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Table 1 Different techniques of renal denervation

Approach Technique Device Study Follow-up Outcome
Invasive RF ablation Balloon:
OneShot Renal hypertension ablation system 12 mo Average reduction in BP =
trial™ 30.6+22.0
Vessix REDUCE-HTN Ongoing
Non-balloon:
Simplicity SIMPLICITY [ 24 mo 32/14
SIMPLICITY I1**” 6 mo 32/12
SIMPLICITY IIT Ongoing trial
Spiral Renal hypertension ablation system 12 mo Average reduction in BP =
trial®”! 30.6+22.0
EnligHTN EnligHTN I trial”™ 6 mo Reduction in BP-26/10
Ultrasound Paradise REALISE™ 3 mo Reduction in BP
22/12
TIVUS TIVUS1 Ongoing study
Non-invasive Ultrasound Verve
Chemical Cisplatin Salman” Animal study
Vincristine Silva Animal study
Guanethidine Koistinaho”! Animal study
Neurotoxin Apex nano nanomagnetic therapy Animal studies
Other Beta radiation cath Novoste”*

sion due to chronic kidney disease are separate clinical
entities than essential hypertension, they somehow share
a common pathway with enhanced sympathetic nervous
activity and activation of Renin Angiotensin Aldosterone
System.

RENAL DENERVATION

Several experimental models have explored the role of
renal sympathetic efferent and sensory afferent nerves in
systemic and renal function by renal denervation. These
experiments were done by surgical ligation and by surgi-
cal ablation of the renal nerve with phenol application
in the adventitia of the renal arteries. The role of renal
denervation was explored in clinically significant medi-
cal conditions such as hypertensionm], chronic kidney
insufficiency™ and in chronic heart failure in the past
decades™. Dibona” elucidated the role of bilateral renal
denervation in decreasing the sympathetic nerve fiber
activity in various animal models including reno-vascular
hypertension and chronic renal failure to reducing hyper-
tension.

Renal denervation not only reduces renal sympathetic
efferent activity selectively, but also decreases in whole
body efferent sympathetic activity. Schlaich ez al™ and
Krum et al” reported a considerable reduction in renal
nor adrenaline spillover and a reduction in plasma renin
activity™. Renal denervation also has shown to reduce
whole-body noradrenaline spillover, evident by reduced
sympathetic nerve signaling to the skeletal muscle vascu-
lature. In a recent study, Hering ez al” found substantial
and rapid reduction in firing properties of single and
multiple sympathetic vasoconstrictor nerve fibers.

The role of sympathetic nervous system in renovas-
cular hypertension is well studied in animal models”” .
Although, no study has been done in human models to
evaluate the role of renal denervation in renovascular hy-
pertension, the critical association of SNS activity and re-
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sistant hypertension is well established”. Table 1 shows
different techniques of renal denervation.

SURGICAL SYMPATHECTOMY

As previously mentioned, sympathectomy was considered
an effective modality of controlling hypertension as early
as 1930s™. Splanchnicectomy, which includes sympa-
thectomy of abdominal organs, was pootly tolerated due
to its significant side effects including orthostatic hypo-
tension, palpitations, anhidrosis and ejaculation defects™.
Later, more conservative surgeries were performed at
the level of thoracic vertebra!. Although a satisfactory
blood pressure control and improvement of survival
was seen in almost 50% of patients, it was not widely
performed due to its adverse systemic effects. Advent of
novel anti hypertensive medications has shifted the focus
towards drug therapy in controlling severe hypertension.
Sympathectomy has been reserved for severe resistant
hypertension not responsive to medications.

CLINICAL STUDIES ON RENAL
DENERVATION

Renal denervation offers the advantage of sympathec-
tomy, yet involves denervation at the renal level largely
avoiding the adverse effects of sympathectomy. Table 2
shows different clinical trials on renal denervation.

We present the human data that has demonstrated
favorable reduction in blood pressure after renal denerva-
tion.

In SIMPLICITY 1 trial, 45 patients were included
and radiofrequency ablation was done using a treatment
catheter (Simplicity by Ardian Inc, Palo Alto, CA, United
States). This is a non-randomized, prospective proof of
concept study. Patients were eligible if they had systolic
blood pressure of 160 mmHg or more, despite optimal
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Table 2 Different clinical trials on renal denervation

Trial Mean  Reduction Location Type Primary outcome Safety data
followup in SBP/DBP
SIMPLICITY I 2009, 6 mo 22/11 Australia/Europe  Catheter-based Substantial and sustained BP reduction One case of Renal
(n =50)" w/ o serious adverse events artery dissection
12 mo 27/17 Substantial and sustained BP reduction
w/ o serious adverse events
SIMPLICITY I F/u study 24 mo 32/14 Australia/Europe/  Catheter-based Substantial BP reduction Groin
2011% (n = 153) United States pseudoaneurysms
SIMPLICITY II 2010, 6 mo 32/12 Australia/Europe/  Catheter-based Meaningful reduction in BP Hypertensive
(n=106)"*" United States emergency in 3
cases
Mahfoud 2013, (n = 245)* 3 mo 19/13
(n =236) 6 mo 17/12
(n=90) 12 mo 16/10 Australia/Germany Catheter-based RDN imporved BP relevantly in office No adverse events
and ambulatory scenarios reported
Witowski et al*” 6 mo 34/13  Poland/United States Catheter-based Improvement in severity of sleep No adverse events
apnea, glucose tolerance and BP reported
Brandt et al™ 6 mo 29/8 Austria/Germany  Catheter-based Improves BP, arterial stiffness and ~ No adverse events
2012 (n =110) central hemodynamics reported
Davies et al” 2012, 6 mo 7/0.6 United Kingdom/  Catheter-based Improvement in symptoms and No adverse events
(n=7) United States exercise capacity reported
Esler et al'™ 2012 24 mo 32/12 Australia/Europe/  Catheter-based Saftety and continues benefit with ~ Hypotension after
(n =106) United States denervation denervation
Hering et al®! 2012 6 mo 32/15 Australia/Europe/  Catheter-based Safe and BP beneficial in resistant HTN No peri- or
(n=15) United States and CKD stage 3-4 postprocedural
complications
reported
12 mo 33/19 Safe and BP beneficial in resistant HTN
and CKD stage 3-4
Mahfoud et al”, 2011 3 mo 28/10 Germany Catheter-based Reduction in BP and glycemic control None reported
Lambert et al™ 2012, 3 mo 16/6 Australia/Europe  Catheter-based Quality of life improved after None reported
(n = 40) denervation but not directly associated
to BP reduction
Mahfound et al”” 2011, 1 mo 28/10
(n=37)
3 mo 32/12 Australia/Germany Catheter-based ~ Improvement in glucose levels and No significant
insulin sensitivity in addition to BP adverse events
reduction reported
Ott et al'® 2013, (n = 19) 6 mo 16/7 Germany/United  Catheter-based Significantly improvement in No changes in
States peripheral and central BP renal function and
perfusion
Schlaich et al'™ 2013, (1=9) 3 mo 18/4 Germany/Australia/ Catheter-based RDN causes sustained lower BP in One patient
Poland/United States ESRD developed femoral
pseudo-aneurysm
(n=8) 6 mo 16/6
(n=6) 12 mo 28/5
Steinberg et al™" 2013, 12 mo 25/10 United States Catheter-based ~ RDN patients displayed a significant No Adverse events
(n=13) reduction in systolic and diastolic reported
pressure and maintained
Ukena et al™ 2012, 6 mo No Info Germany/ United  Catheter-based Ventricular tachyarrhythmias No complications
(n=2) States significantly improved after RDN reported
Vaclavik et al” 2013, 3 mo No effect Czech Republic Catheter-based Unilateral Renal sympathetic No complications
(n=1) in this denervation does not lower BP reported
unilateral
procedure

CKD: Chronic kidney disease.

therapy with three antihypertensive drugs or more (in-
cluding a diuretic). The primary endpoint was safety and
reduction in blood pressure after the procedure and sec-

ondary endpoints were effects of the procedure on renal

noradrenaline spillover and renal function. Patients with
secondary hypertension including reno-vascular hyper-
tension were excluded. The follow-up period was 1 year.

There was a significant reduction in systolic and diastolic

JBaishideng®
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blood pressure at 1- and 3-mo follow up which remained
consistent through out the follow-up period. In this
proof of principle study, they found that the reduction
in blood pressure was consistent suggesting neither sig-
nificant nerve fiber recovery nor the development of any
counter-regulatory mechanisms. Six patents did not have
any response to treatment suggesting a possible different
mechanism in the development of resistant hypertension
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or inadequate therapeutic renal denervation.

The same studym] was continued for a total of 24 mo
and a sustained reduction in blood pressure was seen in
the cohort.

SIMPLICITY ™ trial is a multicenter, prospective,
randomized trial, which compared 52 patients who un-
derwent renal denervation with 54 controls. During the
follow-up of six months, patients with renal denervation
had a decrease of blood pressure upto 32/12 mm HG,
whereas control group had no reduction in blood pres-
sure. This study included 11 patients with early stage 3
CKD (GFR 45-60 mL/min per square metet) and found
no significant worsening of renal function. Ambulatory
blood pressure monitored in 20 patients in the study
population showed a reduction of 11/7-mmHg.

Brinkmann ef 2/*" nalyzed a small subset of patients (7
= 12) who underwent renal denervation. Mean follow up
period was 6 mo. Only 3 patients had clinically significant
reduction in blood pressure (157 + 7/85 £ 4 mmHg be-
fore and 157 + 6/85 + 4 mmHg after renal denetrvation).
No significant reductions in sympathetic nerve fiber
activity were noted either [prior to denervation- 34 + 2
bursts per minute and after denervation -32 £ 3 bursts
per minute (P = 0.6)]. In 7 patients, post denervation
blood pressure was actually higher compared to the pre
denervation blood pressure. Interestingly, 5 out of 12 pa-
tients did not meet the criteria for resistant hypertension
(pre denervation BP was less than 140/90.

In a recent study done on patients with resistant
hypertension sent for renal denervation workup, Fadl
Elmula ¢7 a/* reported only 6 of 18 patients met criteria
for resistant hypertension that underwent renal denerva-
tion. Twelve patients did not meet the ctiteria of tesistant
hypertension for different reasons, including one patient
with primary hyperaldosteronism, one with renal artery
abnormality and, five patients with normalized ambula-
tory blood pressure after witnessed drug intake. Out of
those 6 patients, only 2 had decteased blood pressure that
was sustained for 6 mo.

In a recent report, Vonend ez al® reported a brief re-
duction in blood pressure followed by resurgence of hy-
pertension and occurrence of renal artery stenosis after
the renal denervation.

Savard et al"” reported that only a fraction of patients
with resistant hypertension referred for renal denerva-
tion actually qualified for denervation based on the strict
guidelines laid out by European Society of Hypertension.

Mahfoud e# ai*” reported the results observed in
303 resistant hypertensive patients and followed them
for a period of 12 mo. At 3, 6, and 12 mo follow-up,
office systolic blood pressure (SBP) was reduced by
21.5/23.7/27.3 mmHg, office diastolic blood pressure
(BP) by 8.9/9.5/11.7 mmHg, and pulse pressure by
13.4/14.2/14.9 mmHg (» = 245/236/90; P for all <
0.001). Response to RDN has been defined as a reduc-
tion in office SBP = 10 mmHg 6 mo after treatment.

The most recently concluded SIMPLICITY 3 trial
in North America has demonstrated that the primary
outcomes wetre not met on initial analysis of the results.
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However the study has demonstrated safety in the pa-
tients who underwent the denervation procedure. The
study was a randomized single blinded case controlled
study, which included a sham procedure on the control
arm. The primary outcome was decrease in office blood
pressure and the secondary outcome was reduction in
ambulatory blood pressure at the end of the 6 mo follow-
up. Despite the failure of this trial to demonstrate a sig-
nificant reduction in blood pressure when compared to a
sham procedure, an inference cannot be drawn that renal
artery denervation is not an effective therapeutic modal-
ity anymore. The efficacy of the denervation with this
catheter has not been compared to other devices, which
use other modalities of generating energy (ultrasound, la-
set, ezr.) to ablate the renal nerves. Also the magnitude of
denervation has not been assessed in the SIMPLICITY 3
trial. This raises the question if the denervation achieved
in the SIMPLICITY 3 trial was adequate to achieve the
clinical benefits seen in some of the European and Aus-
tralian studies. Further analysis from this study would en-
lighten most of us with the reasons for the lack of ben-
efit from renal artery denervation in this well performed
study.

RENAL DENERVATION IN OTHER
CONDITIONS

Obstructive sleep apnea

Witkowski ez a/*” studied 10 patients with refractory
hypertension and sleep apnea who underwent renal de-
nervation and were evaluated at 3- and 6-mo after the
procedure. Changes in ambulatory blood pressure and
polysomnography were monitored during the follow-up
period. Three and 6 mo after the denervation, decreases
in median office systolic and diastolic BPs were: -34/-13
mmHg at 6 mo. In addition to the reduction in blood
pressure, there was also an improvement in glycemic con-
trol and decrease in apnea-hypopnea index.

Arrhythmias

Ukena ez al™ first reported the role of renal denervation
in successfully treating two patients with refractory ven-
tricular tachycardia storm.

In a recent study, Steinberg ez al”" enrolled 27 patients
with atrial fibrillation (14 randomized to Pulmonary Vein
Isolation alone and 13 randomized to Pulmonary Vein
Isolation with Renal denervation. The follow-up period
was 12 mo after ablation. At 12 mo, the reductions in
systolic and diastolic blood pressures were successfully
and significantly maintained (P < 0.001 zs pulmonary vein
isolation only) resulting in a fall from baseline of 25 £ 5
mmHg and 10 * 2 mmHg, respectively. This effect was
thought to be due to increased atrial stretching and dila-
tion (Ze., atrial substrate), when blood pressure is elevated
resulting in deleterious atrial electrical consequences that
promote AF. With the ablation of afferent renal nervous
input, central sympathetic output is decreased and auto-
nomic triggers and substrate potentiators of AF are at-
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tenuated.

The results were similar to another studyl52J that dem-
onstrated a deceased incidence of AF recurrences in pa-
tients that underwent both pulmonary vein isolation (PVI)
and renal artery ablation over time compared with the
control PVI-only group.

Chronic kidney disease

Renal denervation has been studied in chronic kidney dis-
ease (CKD) - another subset of patients known to have
resistant hypertension. Although the decreased clearance
of catecholamines was thought to be a factor, the theory
was not proven by enhanced clearance upon postural
changes”™. Levitan ez a/* demonstrated that clonidine
(acting as a sympatholytic) significantly decreases norepi-
nephrine secretion and mean blood pressure when com-
pared to controls in patients with chronic kidney disease.
Various mechanisms including increased catecholamine
sensitivity”, renal ischemia® and decreased oxygen sup-
ply®” have been proposed as the reason for refractory
hypertension in CKD patients. Nevertheless, sympathetic
hyperactivity is prevalent in CKD and its role in organ
damage is well substantiated.

Zoccali et al"” demonstrated that sympathetic over
activity in ESRD is an independent predictor of fatal and
non-fatal cardiac events. Hering ¢/ /", had performed
bilateral renal denervation in 15 patients with resistant
hypertension and stage 3-4 CKD (mean GFR of 31 mL./
min per 1.73 m?) and found consistent reduction in blood
pressutre with an average systolic and diastolic blood pres-
sure decrease of 34 mmHg and 19 mmHg respectively.
They also reported considerable reduction in nocturnal
BP control. This is of much importance as nocturnal BP
has been shown to predict cardiovascular mortality in hy-
pertensive patients” ",

Hering ez al™ performed bilateral renal denervation
in 15 patients with resistant hypertension and stage 3-4
CKD. Mean changes in office systolic and diastolic BP at
1, 3, 6, and 12 mo were -34/-14, -25/-11, -32/-15, and
-33/-19 mmHg, respectively.

In another study, renal denervation was performed in
12 ESRD patients and significant reduction in blood
pressure was seen in all subjects.

Few other studies'™*” also found similar effects in pa-
tients with chronic renal disease.

Insulin resistance and obesity

In a recent study, Hering ¢ a/*! found reduction in fast-
ing glucose and insulin levels in patients treated for resis-
tant hypertension by renal denervation.

Obesity related hypertension has been associated with
resistant hypertension'. Holecki ez a/*” surveyed ap-
proximately 5000 patients with obesity and hypertension
and found an increased need in the number of anti-hy-
pertensive medications used with an increase in BMI. Ap-
proximately 12% of patients with body mass index (BMI)
between 30 and 34.9, 16% of patients with BMI between
35 and 39.9 and 26% of patients with BMI > 40% were
found to have resistant hypertension. Although the abso-

Raishidenge ~ WJC | www.wjgnet.com

820

lute pathophysiology of hypertension in obese patients
has not been well elucidated, experimental and clinical
studies conducted in the past few decades have demon-
strated an association between increased sympathetic ac-
tivity and obesity. This association was demonstrated by
Rumantit®’
renal noradrenaline spillover in normotensive as well

, who found twice normal increase in mean

as hypertensive obese patients compared to non-obese
patients. The effect of renal denervation in reducing the
blood pressure was studied in obese dogs with hyperten-
sion'™. Renal denervation decreased plasma renin activity
and abolished the hypertension in those dogs but failed
to suppress systemic sympathetic activity.

COST-EFFECTIVENESS

Most of the renal denervation procedures are performed

in Europe, as the device for catheter-based denervation
has not been approved by FDA for clinical use in the
United States. The average cost of the catheter is 2000 to
3000 United States dollars. The average cost for the pro-
cedure in Germany is 4000 to 5000 United States dollars.
Patients are admitted to the hospital and observed overnight
after the procedure. All the studies published so far have
demonstrated blood pressure lowering affects few days to
months after the procedure, there have not been reports
of a precipitous immediate reduction in blood pressure
after the procedure. Hence the reason for an overnight stay
1s difficult to justify for a procedure that is similar to most
catheter based procedures performed through a femoral
arteriotomy. Over 60 million population in United States
are estimated to have hypertension. Cost and approptiate
patient selection would be a major determinant next to pa-
tient outcomes in implementing denervation program for
hypertensive patients in the United States. Practices with cer-
tified hypertension specialists and a suitable arrangement for
performing these procedures as an outpatient would be ideal
for approptiate patient selection and reducing cost.

CONCLUSION

Renal nerve denervation has been explored as a modal-
ity of treatment for resistant hypertension for several
decades. Targeting renal nerves through a non-surgical
approach has generated more interest in pursuing de-
nervation as an option for hypertension refractory to
conventional medical management. Despite controversies
in the true prevalence of resistant hypertension, the ex-
istence of such a disease is beyond clinical doubt. Long-
term patient outcomes including mortality and renal
outcomes are yet to be substantiated with evidence from
on-going and future trials with hard outcomes. Though
the SIMPLICITY 3 trial did not reach primary outcomes,
there could be other systemic benefits secondary to sym-
pathetic denervation, which is yet to be proven in clini-
cal trials. Also the effectiveness of denervation with the
SIMPLICITY catheter has not been compared to other
devices capable of denervating the renal arteries. With
the established procedural safety from the SIMPLICITY
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3 trial it might be safe and cost-effective to perform these
procedures in an outpatient setting for a few selected pa-

tients who may still benefit from renal nerve denervation.
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