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Frequencyof hypertensionin peopleaged20years
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2013 ESH/ESC Guidelines for the management of
arterial hypertension

T he lask Force for the management of arterial hypertension of the
LEuropean Society of Hypertension ( ESH ) and of the European
Society of Cardiology ( ESC)

Hypertension is defined as resistant to treatment vxhen a
therapeutic stz
measures plus
drugs belonging t

not necessarily including a mineralocorticoid rece Stor
antagonist) fails to lower SBP and DBP values to
aan, respectively. Depending on the pop

O different classes at adequate




Pathophysiologyf resistant hypertension

A Inappropriatehigh sympatheticoutflow

A Inappropriate high renin and/or aldosterone release o
other neurohumoralmediators such asndothelin

A Inappropriatehigh cardiacoutput
A Relativeor absolutevolumeexpansion

A Abnormal sleeppatterns, anxiety depression
substancesised and medicationcomplience

A Incorrect medication combinationsor doses




Resistanthypertension Riskfactors

e Hyperaldosteronism

 Pseudohypertension (mediasclerosis)

e Diabetes

 White coat hypertension

e Obesity

e Secondary hypertension (re-evaluation)

e Noncompliance (drugs)

* Discontinuation of nonpharmacological means

e |nteraction with other drugs (nonsteroidal
antirheumatics, glucocorticoids)

x Newconditions ABPM, saltestriction, MCRblockers




Frequencyof OSAsecondarycausesandassociatecdonditions
- In 204patientswith true resistanthypertension
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High Prevalence of White-Coat Hypertension in Spanish
Resistant Hypertensive Patients
William J. Elliot
Jounal of Human Hypertension (2011) 25, 137-120

© 2011 Macmillan Publishers Limited  All rights reserved 0950-9240/11
www.nature.com/jhh

RESEARCH LETTER

How common is true resistant
hypertension? Trueresistanthypertension -

confirmed in ABPMc62,5%

(7,6% ofall treated pts)

ResistantHT Office readingg
¢12,2%

68 045patientswith HT

PersellSD,Hypertension2011; de la Sierrailypertension2011




Resistant hypertension: a frequent and ominous
finding among hypertensive patients
with atherothrombosis

Dharam J. Kumbhani', P. Gabriel Steg“"', Christopher P. Cannon'5, Kim A. Eagle"’,
Sidney C. Smith Jr’, Kevin Crowley®, Shinya Goto®, E. Magnus Ohman?,

George L. Bakris'?, Todd S. Perlstein’, Scott Kinlay"!!, and Deepak L. Bhatt">11%
on Behalf of the REACH Registry Investigatorst

53 530patientswith HT |25 Riskof cardiovasculadeath, myocardialinfraction, stroke
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EuropeanHeartJournal 2012




Resistant hypertension and target organ damage

Maria Lorenza Muiesan, Massimo Salvetti, Damiano Rizzoni, Anna Paini, Claudia Agabiti-Rosei,
Carlo Aggiusti and Enrico Agabiti Rosei
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Sympathetic nervous system activity
- assessed bgnicroneurography
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Sympathetic nervous system activity
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Quantifyinghuman SN Sactivity

Renal sympathetic
nerve activity

Central sympathetic
nerve activity

rmal Norepinephrine Transport
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Muscle sympathetic

nerve activity (MSNA)
recording postganglionic nerve traffic

Norepinephrine spillover
measuring transmitter release from
sympathetic nerves to plasma




Microneurography bestmethodto measure
sympathetic nerve activityn humans




Proof of Principle
Directmeasuremeniof reducedcentral sympatheticnerve activity

Denervation ofpatient with essential HTN‘

MSNA BP
59-Year-Old Male on 7 HTN Meds  (burst/min) (mmHg)

Baseline
56 A 161/107
1 Month
41 (-27%) A 141/90 (-20/-17)
12 Months
”’VJWVMMM 19 (-66%) A 127/81 (-34/-26)

Improvement in cardiac baroreflex sensitivity after RDN (7.8 A 11.7 msec/mmHg)

SchlaichM et al. NEhg.JMed., 2009;36:932-934




Kidneyinvolvementon the functionof renalafferent
and efferent nerves

Vasoconstriction ﬁ
Vascular effects
Hypertrophy

Other effects Arrhythmia
Oxygen Consumption

Renal afferent nerves
Renal efferent nerves

M Renin Release = RAAS activation
™ Sodium Retention

J' Renal Blood Flow

M Proteinuria

™ Glomerulosclerosis

BlankestijnP.J. et al.Nephrol. Dial. Transplant., 2014, 29,112023

Kidney injury / ischemia




Potentialrole ofrenalnervesin renalinflammationandinjury

} Sympathetic
tone

Catecholamine

production Sympathetic efferent
neural pathway
— -

_ D
Neuropeptides

—-— ©

Afferent peptidergic
nerve fibre

Activation
of afferent or
efferent renal
nerves

VeelkenR.,SchmiedeR.E., NatRev Nephrol., 2014, 10, 30813

Excessive f-adrenergic
receptor activation

:

Hypercontraction
of podocyte foot
processes

:

Disruption of
glomerular basement
membrane

l

Albumin leakage

:

Cytokine release

:

Inflammation and Injury




Renalnerve and sympatheticactivity

Kidney as origin and recipient of central sympathetic drive
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Physiologysupported by surgicalhistory

THE BRITISH JOURNAL OF SURGERY

THE EFFECTS OF PROGRESSIVE SYMPATHECTOMY ON
BLOOD PRESSURE
BRADFORD CANNON SYMPATHECTOMY IN THE TREATMENT OF BENIGN

AND MALIGNANT HYPERTENSION*
A REVIEW OF 76 PATIENTS

By C. J. LONGLAND anp W. E. GIBB

From the Laboratories of Physiology in the Harvard Medical School
Received for publicatioa March 24, 1931

THE JOURNAL

of the American Medical Association

Published Under the Armspices of the Board of Trusees

CHICAGD, ILLINOIS '
vol. 15% Ho, 16 Cogramar, 1935, oy Addmitis MAbSL Akeodiates (AL-GLH 13, 1953

SPLANCHNICECTOMY FOR ESSENTIAL HYPERTENSION
RESULTS IN 1,266 CASES
Reginald H, Smithwick, M.D,

!
Jewe E. Thompaon, M.D., Boston

Dr. Reginald H. Smithwick

Effective,0 dzi X
A Significant morbidity
A Surgeries affected other nerves besides renal nerves

A Medical therapy improvedsignificantly




HYPERTENSION AND ITS SURGICAL TREATMENT BY
BILATERAL SUPRADIAPHRAGMATIC
SPLANCHNICECTOMY *

‘ Am. J Surg, 1948 ‘

Max Mimvor Peer, m.D.
Ann Arbor, Michigan
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Renalnervesas atherapeutictarget
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Procedureoverview
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ReCoIPARADISE Genéhaldenervarionsystem




Vessix/2 enaldenervarionsystem




Novelbipolarradiofrequencydeliverysystemdor renaldenervation

(c)

Thermistor

FIGURE 2 Bipolar electrode configurations used in the studies. (a) An illustration of the balloon catheter, with 16-mm long electrode pairs mounted on its surface. Eac
electrode pair was activated one at a time in a sequential pattern. During treatment, the electrodes deliver a preset amount of radiofrequency energy (watts) titrated by
measurement of impedance. (b) An illustration of the modified balloon catheter with 4-mm long gold electrodes mounted on its surface in an offset pattern. (c) lllustratiof
of the prototype balloon catheter with 4-mm long gold electrodes mounted on its surface. A thermistor was added at the center of each electrode pair to measure

temperature during treatment. This allows the generator to control and titrate the amount of radiofrequency energy needed in order to reach a certain temperature for

any duration specified.

CohenMazorM. et al. JHypertens, 2014 32, 16781691




CovidienOneShotrenaldenervarionsystem




Technical features of available renal ablation
radiofrequency devices

Table 1. Technical features of available renal ablation radiofrequency devices

Medtronic St. Jude Medical Covidien Boston Scientific
Symplicity™ EnligHTN OneShot™ Vessix™
- - e 633" 4
CE marking 2008/02 2011/12 2012/02 2012/04
Size 6 Fr, one size fits all 8 Fr, large and 7-8 Fr, balloon 8 Fr, balloon length
small baskets diameter 5, 6, 7 mm 25 mm, balloon
diameter 4, 5, 6, 7 mm
Renal artery treatment range >4 mm 4-8 mm 4-7 mm 3-7 mm
Treatment time 2 min/ablation, 90 s/ablation, One single, 2 min 30 s/ablation,
recommended 8 ablations/artery ablations/artery 1-2 ablations/artery
minimum
4 ablations/artery
Over-the-wire system no no ves ves
Cooling features no no yes no
Total energy delivery max. 8 W max. 6 W max. 25 W max. 2 W
Maximum temperature 75°C 75°C 60°C 68°C
Catheter length 90 cm 115 cm 74 cm 90 cm

AriyanonW. et al.,CardiorenalMed ., 2014, 4:2233




Vasculawsafety in preclinicalstudies

A Research completed in swine

A Angiography and pathology at 7, 30, 60 and 180 days

A No stenosis or luminal reduction seen in treated arteries

A RF generator algorithm optimised to minimise vascular inju

Preclinical results may not be indicative of clinical performance.

Rippyet al. Catheterbased renal sympathetic denervation: chronic preclinical
evidence for renal artery safetyClinResCardiol 2011;100:10989.101




Selectiorcriteriafor renaldenervation

Office-based systolic BP > 160 mmHg (=150 mmHg diabetes
type 2)

>3 antihypertensive drugs in adequate dosage and combination
(incl. diuretic)

Lifestyle modification

Exclusion of secondary hypertension

Exclusion of pseudo-resistance using ABPM (average

BP > 130 mmHg or mean daytime BP > 135 mmHg)
Preserved renal function (GFR >45 ml/min/1.73 m?)

Eligible renal arteries: no polar or accessory arteries, no renal artery
stenosis, no prior revascularization

Mahfoud F. et al.Eur HeartJ., 2013, 34, 2149157




Appropriatescreening taselectthe right patients

[ Uncontrolled hypertension ]

A

Exclude pscudoresistance ] [ Lifestyle modification ]

\/

| Screen for secondary causes }‘—"" Specific therapy

[ Therapy resistant hypertension ]
{condirmed by ABPM)

v
[ Ciptimize drug treatment J
+
[ Persistence of resistant hypertension ]
v

[ Renal denervation ]

Mahfoud F. et al.Eut HeartJ., 2013, 34, 2149157




Reasons afioneligibilityfor renal denervation after
thorough workup and treatment optimization in 1éxpet
hypertensioncenters
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Classification to identify anatomicaligibility
for renal denervation

A: Eligible anatomy: Al A2
classical
recommendations: _— J é

- Solitary renal artery

with a length 220 mm Artery without Artery with early* side branch (independent

and diameter 24 mm side branch / of diameter of the side branch)

bifurcation
B: Eligible anatomy: B1 B2
“off label use” —
- Multiple renal arteries
—— E—

Multiple arteries, all Multiple arteries, at least 1
arteries eligible (length artery eligible (length 220mm
220mm & diameter 4mm) & diameter 24mm)

C: Ineligible anatomy: c2

C1
- Solitary artery or cm—
multiple renal arteries < Ss—
e - —

Solitary artery: diameter Multiple arteries, all arteries:
<4mm or early* bifurcation length <20mm and/or diameter
and side branches diameter <4mm)

<4mm

VerloopW. L. et alEur J Clin Invest, 2014, Jun 16, aheadof print
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SymplicityHTN1:

significant sustainedBPreduction up to 3 years

Change in Blood Pressure (mmHg)

5

0
-5
-10
-15
-20
-25

M Systolic
Diastolic
-29 1
-31
6 Months 1 Year 2 Years 3 Years
(n =144) (n=132) (n =105) (n=34%)
p <0.01 for D from baseline for all time points.
+ Number of patients represents data available at time of data-lock.
KrumH. et al. Lancet, 2014, 383, 629




SymplicityH TN
responderrate doesnot decreaseovertime

A RDN responder rate sustained up to three years

100% 96 94
90% 80 82 82
80% 71 71
00k 71 71
60%
50%
40%
30%
20%
10%
0% [ [ [ [ [ [
1 Mo 3 Mo 6 Mo 9 Mo 12 Mo 18 Mo 24 Mo 30 Mo 36 Mo

(n=143) (N=148) (n=144) (N=96) (N=132) (n=108) (N=105) (n=44) (n=34)*

Responder was defined as an office SBP
*Number of patients represents data available at time of data-lock

KrumH. et al. Lancet, 2014, 383, 620




SymplicityHTN2:

Significantreductionsin BP, RDBKuperiorto medicalmanagementat 6M

Primary Endpoint (6M postandomization)

© 5 - RDN (n=49) Control (n=51)
o 0 - &
c |
—_ 5 -
(D)
" 10 L
o — , . :
n 5 15 | 1 Systolic  Diastolic

£
E g
o \U_)/ '20 7
=
- 5 -25 A T Systolic
8 E 30 Diastolic

.32
35 - 32 p <0.0001 for sebetween
RDN and Control

-40 -

>80% of RDN patients had 010 mmHg

*SymplicityHTN2 Investigators. The LanceR010
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t

from Baseline
30 Months (mmHg)

e

10 4

-10 -

-15 4

-20 -

25 -

-30 -

-35 4

40 -

SymplicityH TN2:
BPreductionssustainedto 30 months

Sustained Reductions in the Pooled (RDN and Crossover Combined) Group

6M 12M 12M 24M 30M

n= 84 n= 80 n= 66 n= 44

M Systolic

Diastolic

P<.01 at all time points

*Expanded results presented at the American Society of
Hypertension annual meeting 2013




Significanreductionsin ambulatoryBP forpatients
that matchcurrent consensusriteria

3Months | 6 Months

0

N | A SBP

E 5 —— -4

£ 5 A DBP

E SymplicityHTN2 ABPM

o _10 _ | - _ at 6m (n=20):
-10 -11/-7 mmHg

-12
-15 n=73 n=29 p<0.0001

s FAaStAYS 2FFAOS { .t xmcn oO{.t > Mpn”n
xMon 2NJ RFEUOAYS ! .ta XMop

Results Presented d&uroPCR013 annual meeting




Original Article

Catheter-Based Renal Denervation for
Resistant Hypertension

12-Month Results of the EnligHTN I First-in-Human Study Using a
Multielectrode Ablation System

Vasilios Papademetriou, Costas P. Tsioufis, Ajay Sinhal, Derek P. Chew, lan T. Meredith,
Yuvi Malaiapan, Matthew 1. Worthley, Stephen G. Worthley

Abstract—Renal denervation has emerged as a novel approach for the treatment of patients with drug-resistant
hypertension. To date, only limited data have been published using multielectrode radiofrequency ablation systems.
In this article, we present the 12-month data of EnligHTN 1, a first-in-human study using a multielectrode ablation
catheter. EnligHTN I enrolled 46 patients (average age, 60+10 years; on average 4.7+1.0 medications) with drug-
resistant hypertension. Eligible patients were on =3 antihypertensive medications and had a systolic blood pressure
(BP) 2160 mmHg (=150 mm Hg for diabetics). Bilateral renal artery ablation was performed using a percutaneous
femoral approach and standardized techniques. The average baseline office BP was 176/96 mmHg, average 24-hour
ambulatory BP was 150/83 mmHg, and average home BP was 138/90 mmHg. The average reductions (mm Hg) at 1,
3, 6, and 12 months were as follows: office: =28/-10, =27/-10, =26/-10, and -27/-11 mmHg (P=0.001 for all); 24-
hour ambulatory: —10/-5, —10/-5, —10/—6 (P=0.001 for all), and —7/—4 for 12 months {P<0.0004). Reductions in home
measurements {based on 2-week average) were -9/—4, —8/-5,—10/-7, and —11/-6 mm Hg (P<0.001 at 12 months}. At
12 months, there were no signals of worsening renal function and no new serious or life-threatening adverse events.
One patient with baseline nonocclusive renal artery stenosis progressed to 75% diameter stenosis, requiring renal
artery stenting. The 12-month data continue to demonstrate safety and efficacy of the EnligHTN ablation system
in patients with drug-resistant hypertension. Home BP measurements parallel measurements obtained with 24-hour
ambulatory monitoring. (Hypertension. 2014:64:00-00.) ® Online Data Supplement

Key Words: ambulatory blood pressure B home blood pressure B multielectrode B renal denervation
B resistant hypertension




The EnligHTN Firstin-Human Study Using a
Multielectrode AblationSystem

Month 1 Month 3 Month 6 Month 12
(N=46) (N=46) (N=45) (N=45)
n - [ | [ | [ |
a =10 =10 =10 =11
T
E
E
o =10 =
3
I
tn
@
o
- =20
=]
2
m
=
S -30
el
0
-9
W P<D,0001
a5% ClI
40 - Il Systolic BP Diastolic BP

Figure 1. Office systolic and diastolic blood pressure (BP)
reduction from baseline.

PapademetriouV. et al.,Hypertension, 2014; inpress




The EnligHTN Firstin-Human Study Using a
Multielectrode AblationSystem

Month 1 Month 3 Month 6 Month 12
(N=46) (N=46) . (N=44) | (N=35)

=5 =6 =4

P<0.0043
95% Cl

=16 = P<0,0094
95% CI

Change in Blood Pressure (mmHg)
=
|

20 — [ systolic BP Diastolic BP

Figure 2. Twenty-four-hour ambulatory systolic and diastolic
blood pressure (BP) reduction from baseline.

PapademetriouV. et al.,Hypertension, 2014; inpress




Bloodpressurereductioneffect ¢ drugtreatment
vs.renaldenervation

Original Article

Adjusted Drug Treatment Is Superior to Renal
Sympathetic Denervation in Patients With True
Treatment-Resistant Hypertension

Fadl Elmula M. Fadl Elmula, Pavel Hoffmann, Anne C. Larstorp, Eigil Fossum, Magne Brekke,
Sverre E. Kjeldsen, Eyvind Gjgnn®ss, Ulla Hjgrnholm, Vibeke N. Kjer, Morten Rostrup,
Ingrid Os, Aud Stenehjem, Aud Hgieggen

Abstract—We aimed to investigate for the first time the blood pressure (BP)—lowering effect of renal sympathetic denervation
(RDN) versus clinically adjusted drug treatment in true treatment-resistant hypertenzion (TRH) after excluding patients
with confounding poor drug adherence. Patients with apparent TRH (n=065) were referred for RDN, and those with
secondary and spurious hypertension (n=26) were excluded. TRH was defined as office systolic BP (SBP) =140 mm Hg,
despite maximally tolerated doses of =3 antihypertensive drugs including a diuretic. In addition, ambulatory daytime
SBP =135 mm Hg after witnessed intake of antihypertensive drugs was required, after which 20 patients had normalized
BP and were excluded. Patients with true TRH were randomized and underwent RDN (n=9) performed with Symplicity
Catheter System wversus clinically adjusted drug treatment (n=10). The study was stopped early for ethical reasons
becanse RDN had uncertain BP-lowering effect. Office SBP and diastolic BP in the drug-adjusted group changed from
160+£14/88+13 mm Hg (+5D) at baseline to 132+10/77+8 mm Hg at 6 months (P<0.0005 and P=0.02, SBP and diastolic
BP, respectively) and in the RDN group from 156+13/01+15 to 148+7/80+8 mmHg (P=042 and P=048, SBP and
diastolic BP, respectively). SBP and diastolic BP were significantly lower in the drug-adjusted group at 6, months (P=0.002
and P=0.004, respectively), and absolute changes in SBP were larger in the drug-adjusted group (P=0.008). Ambulatory
BPs changed in parallel to office BPs. Our data suggest that adjusted drug treatment has superior BP lowering effects
compared with RDN in patients with true TRH.

Clinical Trial Registration—URL.: hitpy//www.clinicaltrials.gov. Unique identifier: NCT01673516
(Hypertension. 2014;63:00-00.) ® Online Data-Supplement

Key Words: blood pressure m drug therapy m hypertension




Bloodpressurereductioneffect ¢ drugtreatment
vs.renaldenervation

Renal denervation (RDN) group (n=9)

Patients with true
treatment resistant
hypertension (n=19) Patient Long-term follow-up

offered 1,2,3,5..years
crossover

g

1° endpoint
1:1 randomization A SBP

Drug adjustment group (n=10)

Figure 1. lllustration shows the study
design. Primary (1°) end point was change
(A) in office systolic blood pressure (SBP)
from randomization to 6 months when
patients could be offered alternative
treatment (crossover) and long-term
follow-up. RDN indicates renal sympathetic
denervation.

ElmulaF. et al. Hypertension 2014,63, 991999




Changen office systolicblood pressure(SBP) andiastolicblood pressure(DPP)
at 3 and emonth follow up for renaldenervation (RDN) andirug-adjustedgroups

10 -+

B RON M Drug adjustment

=]
L

-10 4

-20 4

=30 -+

Change in Office Blood Pressure, mmHg

-0
3-month SBP 3-month DBP 6-month Sep B-month DBP

Follow-up Time

Figure 5. Graph shows paired changes in office systolic blood
pressure (SBP) and diastolic blood pressure (DBP) at 3-month and
6-month follow-up for renal sympathetic denervation (RDN) and
drug-adjusted groups (*P=0.008 for changes between groups).

ElmulaF. et al. Hypertension 201463, 991999




Paired changesn ambularorydaytime systolicblood pressure(SBP)
anddiastolicblood pressurg(DBP gt 3 and emonth follow up for renaldenervation
(RDN) andlrug-adjustedgroups
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Figure 8. Graph shows paired changes in ambulatory daytime
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) at 3-month and 6-month follow-up for renal sympathetic
denervation (RDN) and drug-adjusted groups (*P=0.03 for
changes between groups).

ElmulaF. et al. Hypertension 2014,63, 991999




KjeldsenS.E. Osldyorway

Perspectives

We did the first ever prospective and randomized comparison
of RDN versus clinical drug adjustment in patients with true
TRH who qualified by having elevated ambulatory BP after
witnessed intake of BP medication. BP control through 6
months was superior by drug adjustment compared with renal
denervation. RDN did not cause a meaningful decrease of BP
in patients with true TRH and it is in our opinion currently not
‘indicated in routine clinical use. ]

ElmulaF. et al. Hypertension 2014,63,991-999




Individual responses of systolic (A, C) drastolic(B, D) blood pressure
on office (A, B) and 2d ambulatory (CD) measurementfter renal
denervation in 109 patients frortine ENCOReDetwork.
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SYMPLICITY HBMtudy
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A Controlled Trial of Renal Denervation
for Resistant Hypertension
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ABSTRACT

N.Engl J. Med.2014 Apr10:370: 1393 1400




SYMPLICITY HINTrial Objectives

A SYMPLICITY HTNSs the first prospective, mukHi
center, randomized, blinded, sham controlled
study to evaluate both the safety and efficacy of
percutaneous renal artery denervation in
patients with severe treatmemntesistant
hypertension.

A The trial included 535 patients enrolled by 88
participating US centers.




Key Inclusion/Exclusion Criteria

Key Inclusion:
A Stablemedication regimen including full tolerated

doses of3+ anti hypertensive medicatiord
_ different classes, includingauretic ]
AOffice{ .t xmcn YY | 34 o0l aSH
blood pressure readings measured at both an
Initial and a confirmatory screeningsit

Key Exclusion:
A ABPM 24 hour average SBP <135 Hgn

A eGFPf <45 mL/min/1.73n?
A Main renal arteries <4 mm diameter or <20 mm

treatable length




Trial design for the randomized SYMPLICITY3HT

1M 3M 6M

Home BP &

Med Confirmation

Confirmatory
Initial Screening Screening

Renal Angiogram
= Office SBP 2160 mm Hg

* Full doses of 23 meds S ’ g’:f:f: gg; 251;3 ;“1';‘5“9 P Primary
« No HTN med changes bl . o = GV SUGLRIa SnRTONY, . En in

in past 2 weeks Ved Confirmatic « Documented compliance fam randomize “on the table dpoint
« No plan to change meds on meds

for6 M

UL SO 6M 1236 M

T

« Patient and research staff assessing
BP are blinded to treatment status

* No changes in medications for 6 M

D.E.Kandzariet al., Clin Cardiol 2012, 35, 9, 528635




SYMPLICITY H3BMNtudyPrimaryEfficacyEnd Point

] Baseline [l 6 Months

Difference in change, -2.39 mm Hg (95% Cl, -6.89 to 2.12)
P=0.26

Change from baseline, = Change from baseline,
-14.13+23.93 mm Hg -11.74+25.94 mm Hg
P<0.001 P<0.001

200+

180+
160~
140~
120-
100+

Office Systolic Blood Pressure (mm Hg)

(N=364) (N-353)

Denervation Sham

Bhatt D.J. et al.N.Engl J. Med. 2014pr 10;370(15):1393.400




SYMPLICITY H3BMtudySecondangfficacyEnd Point

B Baseline [ & Months
Difference in change, -1.96 mm Hg (95% CI, -4.97 to 1.06)
P=0.98
Change from baseline, Change from baseline,
-6.75£15.11 mm Hg  —4.79+17.25 mm Hg
P<0.001 P<0.001

200-
L 1804
S
E" iﬁ 160-
3¢ l4o-
§ E 120-
< g 1
I E 00+
3 £ 80+
&g
= 60
i3
@ 40-
g 2]

I (3 360) (n—320) R (N 167) (N 162)
Denervation Sham

Bhatt D.J. et al.N.Engl J. Med. 2014pr 10;370(15):1393.400




Cause®f nonresponsedo renaldenervation

Inappropriate patientsselection
(e.g secondary forms of hypertensiorn)

Minor contribution of the sympatheticnervoussystem
to the expresionof hypertension

Change®f antihypertensivamedicationand non
adherenceafter the procedure

Ineffectiverenaldenervationprocedure




Nephrol Dial Transplant (2014) 0: 1-3
doi: 10.1093/ndt/gfu192 n

Nephrology Dialysis Transplantation
The Bench-to-Bedside Transition

Limited destruction of renal nerves after catheter-based
renal denervation: results of a human case study

Eva E. Vink!, Roel Goldschmedingz, Aryan Vink? Callista Weggemans3, Ronald L.A.W. B»leijs4
and Peter J. Blankestijn'

'Department of Nephrology, University Medical Center Utrecht, Utrecht, Netherlands, “Department of Pathology, University Medical Center
Utrecht, Utrecht, Netherlands, *Department of Pathology, Bethesda Hospital Hoogeveen, Hoogeveen, Netherlands and *Department of
Anatomy, University Medical Center Utrecht, Utrecht, Netherlands




Istology of a human renal artery after renal
denervation RDN

o [ R . e
J'u :

VIinkE.E. et al.Nephrol. Dial. Transplnat, 2014 29, 16081610




HTN3: Procedural Experience

— 2) X more operatorsHTN

No. of operators

No. of procedures per operator 6.0 3.3 C)

No. of procedures per site 8.6 4.7

No. of Proceduralists
]
o

10

Greater heterogeneityf operator
experience vsHTN1 and HTAR2

Case proctoring was different and not
comparable

>50% of interventionalists performed <2 RDN

procedures in SYMPLICITY HTN-3

3 4 5 6 7 8 9 10 11 13 14
RDN Procedures Performed




SYMPLICITY HBIS$tudyPre-Specified Subgroup Analysis

RDN Sham Difference(@5%Cl) P value 'mteraction
P value
All patients 350 169 i -4.07(-8.63,0.49)  0.080
All patients* 353 171 O -2.39(-6.89,2.12)  0.255
Diabetics 169 68 O -4.53(-11.51,2.46) 0.203 0.821
Non-diabetics 181 101 ] -3.46(-9.55,2.62) 0.264
Male 208 108 o -2.30(-7.63,3.03) 0.396 0.365
Female 142 61 B -6.64(-14.94,1.65) 0.116
African American 85 49 B 2.25(-7.27,11.78) 0.641 0.089
Non-AfricanAmerican 264 120 o -6.63(-11.81,-1.44) 0.012
BMI<30 91 42 O -2.77(-11.47,5.93) 0.53 0.766
BMbx o n 259 126 O -4.36(-9.76,1.03)  0.112
On AA at BL 76 47 » -8.05(-17.63,1.52) 0.098 0.364
Not on AA at BL 274 122 = -3.24(-8.42,1.93) 0.219
eGFR <60 68 38 - 0.54(-8.29,9.37) 0.904 0.309
eGFRk ¢ n 282 131 = -5.22(-10.51,0.06) 0.053
Age<65 246 128 = -5.73(-11.06,-0.40) 0.035 0.273
Agex c p 104 41 = 0.09(-8.80,8.99) 0.985
Anymed change 132 70 ] -5.41(-13.492.67) 0.188 0.677
Nomed change 218 99 i -3.44(-8.83,1.96) 0.211
| | | |
-20,0 -10,0 0,0 10,0 20,0
mm Hg
RDN Better Control Better

* |TT population, 5 mm Hg superiority margin test .

Bhatt D.J. et al.N.Engl J. Med. 2014\pr 10, 370: 13931400




SystolidA) anddiastolic(B)changeat 6 months RD versus MMT

2 RON MMT Mean Difference Mean Difference
Study or Subaroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 35% CI
Esler 2010 000 8 U 540 103% -AM00139.38 2261 =
Euwen 2014 Q61236 50 2104 10 207% -2000[-35.30,-20.70) =
Wahtoud 2014 J0005 5% A1 B4 AT AT1%  -11.00426.33,4.33) =
Pokushaloy 2012 28122 13 -4 0 14 04% -MO0[3217 158 =1
Simplicty 3 A4 89 84 18 B M US% L0687, 200 !
Total (95% CI) 534 266 1000% -19.36[-32.60,-5.92) &
Heterouensily, Tau®= 213.25; Chi*= B0.69, df= 4 (P < 0.00001); F= 93% :-1[l[l 51] 0 E:EI 1["]1

Testiorovral efect Z= 262 (P= 0009 Favowrs [RON) Favours (Comp. Med T

B RO MNT Mean Difference Mean Difference
Study or Subgroup  Mean SO Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95% CI
Esler 2010 20152 0 100 54 248% 1200 016.01,-7.99) ¢
Ewien 2014 83 50 092 10 191% -7DOG13.24,-0.76)

Wahfoud 2014 B 199 55 7185 A7 114%  -1.00[11.25,92
Pokushalow 2012 A0 78 13 3 68 4 0% -TO0H2A7 143
Simplicity 3 B9 230 364 48 238 11 0% -2100643,223)
Total (95% CI) 534 266 100.0% -6.38[-10.73,-209) ]

Heferogeneity: Tal?= 1566, Chi= 1222 df=4 (P = 002): F=67%

Testor overall efect 2= 208 P = 0.004) Rl L S

Favours [RO] Favours [MIT)

PancholyS.B. et alAm.J Cardiol, inpress




SystolidA) anddiastolic(B)changeat 6 months RD versus MMT

A
In'conclusmr;r thlS metaanaly5|s shows
that RD'is super‘lor to MMT |n lowering BP,
but heterogeneltyamong study
populatlons in this pooled sample is high,
“and further dataare neededto better
‘compare these: treatmenstrategies

o | - -1 1 - -
. Lo e U e o 1 . J - -y e
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S, 2 IR (P I L% o Wrtan oo

PancholyS.B. et alAm.J Cardiol, inpress




Effectsof renaldenervation

Fully documented

Clinic BP Improvement in Sympathetic
reduction insulin resistance deactivation | OSA score

| | | |

--------------------- RENAL DENERVATION =~ |--rmresseeeseene

| | | | l

Ambulatory Improvement in Improvement in Regression of Quality of life
BP reduction renal function cardiac function LVH and Arterial stiffness

microalbuminrua  Atrig| fibrillation

Partially documented

Grassi et al., Cand.Cardol., 2012 28, 311¢317




Potential patient groups likely toenefit
of renal denervation

A Chronickidneydisease not ondialysis
A Chronickidneydisease ondialysis
A Nativekidneysof patientswith kidneytransplant

A Kidneypain syndromesincludingPKD andboin
painhematuria

A Heartfailure
A Obesity metabolicsyndromé Type2 diabetes
A Patientswith sleepapnoesyndrome

BlankestijnP.J. et al.Nephrol. Dial. Transplant., 20149, 11201123




Renal Sympathetic Denervation Reduces

Left Ventricular Hypertrophy and Improves

Cardiac Function in Patients With Resistant Hypertension
Mathias C. Brandt, MD,*} Felix Mahfoud, MD,§ Sara Reda, MD,*

Stephan H. Schirmer, MD, PHD,§ Erland Erdmann, MD,} Michael B6hm, MD,§
Uta C. Hoppe, MD*t#

O
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Left ventricular mass index {g.fmﬂ} D

RDsignificantlyreducesLV mass and improves diastolic function, which might have
important prognostic implications in patients with resistarttypertension

JACC 2012




Frequencyof OSAsecondarycausesandassociatecdonditions
- In 204patientswith true resistanthypertension

RESIST-POY

STUDY

Obstructive sleep apnea

Primary aldosteronism

Renal artery stenosis

Cushing syndrome

Other secondary [ | 1:9 %

Metabolic syndrome

Undiagnosed diabetes | | 14,2%

Excessive sodium ingestion 33,3%
_ |
Depression 36,8%
Insomnia 36,3%

7210

0 10 20 30 40 50 60

70 80

Ct 2 NI WiedekA9eXah J. Humaklypertens, 2013, 27: 67885




The sympathetic nervous system and the metabolic syndrome
Giuseppe Mancia® Pascal Bousquet®, Jean Luc Elghozi®, Murray Esler?,
Guido Grassi®, Stevo Julius®, John Reid" and Peter A. Van Zwieten®

MSNA
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Components of the metabolic syndrome
- Including obesity and insulin resistance
associated with markers of adrenergic overdrive

J.Hypertens 2008




Increased sympathetic nervous system activity
In patient with obstructive sleep apnea

75 - l p=.02 1
——p=.02 ——
50 -
F— p=.99 —/
MSNA T L
(Bursts per 7/
100 Heart
Beats)
Normal Weight Obese Subjects Obese Patients
Subjects without with Occult
(n=24) Sleep Apnea Obstructive
(n=21) Slee(p Aggnea
n=

BasnerRC wsp. NEJM 2007; Narkiewicz, K. et @lirculation1998;
Narkiewicz K. et al Circulation1999,




Hypertension k.

Effect of Renal Sympathetic Denervation on Glucose ) )
Metabolism in Patients With Resistant Hypertension R D I\Bh Owed IM p roveme nts N seve ral
A Pilot Study
Felix Mahfoud, MD: Markus Schlaich, MD: Ingrid Kindermann, MD: Christian Ukena, MD:
l;;do l(]’rc:llwrs, MD: I:lu:lhius 2’.\1811111(!(. I\'Hl_l)%“Ul;l (lEI.LHlL:]}:];T N;D: Oli:'lcll‘ lVl::ncnd.nlLlD: key I n S u | I n reS I Stan anarke rS
Lars C. Rump, MD: Paul A. Sobotka, MD: Henry Krum, MBBS, PhD:
Murray Esler, MBBS, PhD, FRACP: Michael Bohm, MD
Fasting Glucose Fasting Insulin
Renal denervation
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