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DEFINIZIONI ESH-INC-AHA-BHS

» IPERTENSIONE PSEUDO RESISTENTE:

mancato controllo pressorio, nonostante terapia in pazienti che non hanno
Ipertensione resistente

> |IPERTENSIONE RESISTENTE: PAOS e/o PAOD

>140/90 mmHg (o 130/80), nonostante terapia con almeno tre farmaci a
dosaggio pieno incluso un diuretico.

Fattori ASSOCIATI: farmaci, eccessiva assunzione di sale o alcool,
obesita, ipertensione secondaria ,OSAS.

— NON MODIFICABILI: IPERTENSIONE RESISTENTE VERA




Resistant Hypertension
Algorithm 2012

Suspected Resistant Hypertension

Exclude pseudo-resistance
— Adherence to therapy (pharmacological and non-pharmacological
— Inadequate dosage

v
Exclude white coat effect
ABPM
Target organ damage? Comorbidities Adherence Salt Secondary
I I v A4 v
B : — Smoking habit 24 h Investion according to
Cardiopathy — Acoholism Constant urine hypertension guidelines
— Nephropathy _ Obesity survellance sodium
— Neurophathy i
— Vasculophathy —Anxely
— Sedentary lifestyle
— Diabetes

De Souza, Ar Br Cardiol 2012



CLINICAL STRATEGIES IN RESISTANT HYPERTENSION

ADD-ON THERAPY or

ON TOP THERAPY ‘ GUIDELINES BASED
APPROACH

\ 4
EMPIRICAL
PHARMACOLOGICAL PATHOPHYSIOLOGICAL
APPROACH WORK-UP

\/
_ —
INVASIVE APPROACH ‘
BAROREFLEXACTIVATION




Renal Denervation

Background



Sympathetic Cardiovascular Drive
In Human Hypertension

Insulinresistance
Dyslipidemia
Atherogenic profile

Sympathetic

overactivity

Hemodynamic
effects

Tachycardia

A Cardiac output

Coronary and renal vasoconstriction
¥ O, myocardial reserve
Pro-arrhythmogenic effects

L

-

Endothelial dysfunction
Vascular hypertrophy
Cardiac hypertrophy

Structural and
trophie vaseular
effects

Prothro mbo tic
and humoral
errects

+  AHematocrit

+ Procoagulation

+ Platelet activation
* RAAS activation

+  Sodium retention

Grassi, Curr Hypertens Rep, 2012



Concept Validated by Surgical History
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Linee Guida di Consenso
sulla Denervazione Renale

United Kingdom?

Germany?

Joint. Sodetias Statement or Rens| Denarumtion for Resistant Hyoerterzion
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Stanowisko grupy ekspertow w sprawie
zabiegow przezskornej denerwacji nerek
w leczeniu nadcisnienia tetniczego w Polsce

Catheter-based renal sympathetic denes

tion for the treatment of

resistant arterial hypertension in Poland — experts consensus statement
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Renal sympathetic nerve endings

Sympathetic nerve fibers (N)

Sympathetic nerves terminals

s, T 4
(:_"-‘ ““‘,,

Vesicles (v)

Sympathetic nerve fibers

Kopp, Int Syst Physiol, 2011




SYMPATHETIC ANATOMY
NERVES IN ADVENTITIAOF RENALARTERY

renal
nerves

adventitia

vessel lumen

Kopp, Int Syst Physiol, 2011



Anatomical juxtaposition of the juxtaglomerular apparatus

Efferent *Extraglomerular Matrix
Arteriole of Mesangial Cells

NN -
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Beierwaltes, Am J Physiol Renal Physiol, 2009




Surrogate of Neural renal function

100 -
== Renin
901 —m~ Sodium

80 4 —&— Blood Flow

701
60 -
50 -
40 -
30 -
20 -
10 1
0 - |

responses, % of maximum

TRenal Sympathetic |

Nerve Activity

0405 0. 1 2 3 4 5
renal nerve stimulation, Hz

6 10

1 renin secretion rate
(P1-adrenoceptors)

lfurinary sodium excretion
(@g-adrenoceptors)

Jrenal blood flow

(@14-adrenoceptors)

Kopp, Int Syst Physiol, 2011




RENORENAL REFLEX

Kidney ischemia

Efferent Renal Sympathetic Nerve Activity (ERSNA)

RD

& Afferent Renal Nerve Activity (ARNA)

(renorenal reflex)

TERSNA »TARNA

Central nervous system

Sympathetic activity

\

Vasoconstriction
sodium retention
other effects

Kopp, Int Syst Physiol, 2011



Interventional Hypertension Renal

Denervation Systems




ESH Position Paper: Renal denervation an
Interventional therapy of resistant hypertension

Firststep: Exclude

Falseresistanthypertension (peudoresistance) by using 24 h ambulatory
blood pressuremonitoring (ABPM)and home BP monitoring.

Secondary arterial hypertension

Causeswhich maintain high BP values and mightbe removed (obstructive
sleep-apnea, high saltintake, BP raising drugs, severe obesity

Secondstep: Optimize antihypertensivetreatment with at least three (or
better four)tolerated drugs includingadiuretic and an antialdosterone drug

Third step: Consider anatomic contraindications due to unresolvesd safety
Issues (avoid RDNin case of multiple renal arteries, main renal artery
diameter ofless than 4mm or mainrenal artery length less than 20mm,
significantrenal artery stenosis, previous angioplasty or stenting of renal
artery).Likewise,eGFRshould be > 45 ml/min/1.73m2

Overall:
Perform the procedure in very experienced hospital centers, such as
hypertension excellence centers

Use devices which have demonstrate efficacy and safety in clinical
studies

Schmieder, J Hypertension 2012



ESH Position Paper: Renal denervation
Anatomical Contraindications

Schmieder, J Hypertension 2012



Medtronic Symplicity ™ Point-by-Point Approach

Elettrodo

&«

Symplicity’
N

Ampio Arco Isolato




Posizionamento del catetere guida in arteria renale




PROCEDURA DI RF RENALE

Serie di ablazioni endovascolaricon intervalli di retrazione di circa5 mm
e di rotazione di circa45° del catetere Symplicity



DATI OPERATIVI

53,3 £ 15,3 min. (range 45 - 70)

105 = 22,9 ml (range 85 — 130 ml) mdc lomeron 300
2500 Ul EBPM i.a. £ boli 2500 Ul sec. ACT

200 Jg di Nitroglicerina selettivi in a. renale a bolo

8,3 ablazioni con RF per arteria (range 6-11)



The Covidien OneShot™ renal denervation system

= Spiral electrode design offers
standardized and reproducible
ablation pattern

* Single-treatment RF
ablation per artery
reduces procedure time

ol —
- y

+ Integrated irrigation
cools the non-treated
region of the artery

* Low pressure, balloon-based
system delivered over a
standard 0.014" wire




Fluoroscopy Images During Renal Denervation

Medtronic Symplicity™ point-by-point based treatment Covidien OneShot™ balloon based treatment




ENLIGHTN™ Multi-Electrode
System

Multi-electrode catheter ablation system

\

-u ST. JUDE MEDICAL




Cooled tip 7F quadripolar radiofrequency ablation
(IB1/St Jude) catheter

Lewalter, Hypertension 2012



RENAL DENERVATION




Six Month Post-Renal Denervation
Histology (Porcine Model)

Rippy, Clin Res Cardiol. 2011



Six Month Post-Renal Denervation
Nerve Histology (Porcine Model)

Nerve from Untreated Vessel Nerve from Treated Vessel

Rippy, Clin Res Cardiol. 2011



Porcine histological cross-sections of the treated renal arteries

Acute

Sub-acute

Imim

Steigerwald, J Hypertension 2012



Imaging of Renal Arteries Before and After Ablation

Pokushalov, JACC 2012



Symplicity HTN-1
24-Month Renal Denervation

B =180 mmHg O140-159 mmHg
0 160-179 mmHg O <140 mmHg
56%
28%
65%
38% 39%
o . .
Baseline 12 Months 24 Months
(n=150) (n=64) (n=18)

Krum, Hypertension 2011



Interventional Studies

Hypertension Renal Denervation



Symplicity HTN-1: follow up a 3 anni

105 m Systolic = Diastolic

o
!

=
o
1

N
o
1

Variazionipressorie (mmHgQ)
o

-40 -
6M 1Y 2Y 3Y
(n=144) (n=130) (n=59) (n=24)

p <0.01 differenze significative per tutti | FU rispetto al valore di baseline



Symplicity HTN-2: Controllo a 18 mesi

A dal basale _1¢

a
6 Mesi
(mmHg)

10

-20

EndpointPrimario
(6M post Randomisation)

RDN (n=49)

Control (n=51)

-3

Systolic

1

Diastolic

Systolic Diastolic

p <0.0001 for A
between RDN
and Control

Ultimo Follow-up
(18M post Randomisation)

10 - RDN (n=43)
0
A dal Basale -10
a -12

18 Mesi 20 -

(mmHg) Diastolic
-30 -

-32
40 -
Systolic

50 p <0.01 for A

from baseline

Primary Endpoint:
>80% of RDN patients had 210 mmHg reduction in SBP
5 patients had £ 5mmHG reduction in SBP



Renal Denervation Improves Glucose Metabolism

Patients (%)

Renal denervation (n=37)

32%

43%

Control group (n=13)

[l Diabetes mellitus
[ ]IGT, IFG, or both
[ ]NGT

Baseline

3 months

Baseline 3 months

Mahfoud, Circulation 2011



Incidence of AF Recurrences in Patients With and Without Renal Artery Denervation

1.0-
0.8 ;..,....-
= PVI+Renal ablation
S
< oo _
&
=
€ose T
3 PVI
s&lF ===
0.2+
0.0+ Log-rank test, p=0.033
0 2 4 6 g 10 12
Months

Pokushalov, JACC 2012



Effects of renal sympathetic denervation on SBP and heart rate

SBP HR Combined

MNon-responder Responder  Non-responder Responder MNon-responder Responder

p=0.468 p=0.0001 p=0.007
1 I | |
20 - p<0.0001 p=0.459 p=<0.0001

Change (mm Hg or bpm)

40 -
Number 21 101 45 77 9 113
(Proportion)  (17%) (83%) (37%) (63%) (7%) (93%)

[l change of SBP [ change of HR

Ukena, International Journal of Cardiology,2012



RENAL DENERVATION TRIALS in progress

The RHAS (Renal Hypertension Ablation System) OneShot

EnligHTN three months study




Perspectives of renal denervation

Fully documented

Clinic BP
reduction

|

Improvement in
insulin resistance

Sympathetic
deactivation

| |

| OSA score

|

RENAL DENERVATION

|

Ambulatory
BF reduction

Improvement in
renal function

Partially documented

| |

Improvement in
cardiac function

|

Regression of
LVH and
microalbuminrua

Grassi, Can J Cardiol, 2012




IPERTENSIONE RESISTENTE
Centro Ipertensione Torino

Pz totali = 9874

45%

VERI RESISTENTI (n=357)
3%

T TTTe—
S —

RESISTENTI (n=1520)

i

16%

D

12 CASI ELEGGIBILI

e

0.06%

<=




CASISTICA 2011/12 CENTRO IPERTENSIONE TORINO

12 pazienti eleggibili (9 ¢, 3 &)

1 esclusa per presenza 2 esclusi per
di arterie renali multiple pseudoresistenza
_ 1 compensato dopo
2 negato il consenso ottimizzazione terapeutica
v

5 pazienti sottoposti a denervazionenel 2011-2012 (5 )
1 paziente candidataa denervazione ottobre 2012



PROTOCOLLO OPERATIVO - TORINO

Valutazione eleggibilita del paziente iperteso resistente

SI

Esami ematochimici +microalbuminuria,sodiuria
PRA, Aldo, NM-M, eventuale test gravidanza)

Conferma di ipertensione resistente |— ABPM 24 ore

FOLLOW UP
CENTRO IA

\

ANGIO TC o RM renale

\

Studio ecocardiografico — Pulse wave velocity-BRS

INTERVENTO DI DENERVAZIONE RENALE
- Radiologia interventistica - < | Sl




CARATTERISTICHE CLINICHE PAZIENTI

Paziente 1 Paziente 2 Paziente 3 Paziente4 Paziente5

Eta e

eSS0 44 Q 40 ¢ 49 Q 52 ¢ 50 ¢
PAO

office 205/130 225/135 250/160 210/115 220/140
(mmHgQ)

N. farmaci 10 11 12 4 13
BMI

(Kg/m2) 32,7 31,2 29 21 22.4
DM no Si no no no

Ictus Si Si no no no



Paziente 1

OUTCOME ABREVE

Paziente 2

Paziente 3

Paziente 4

Paziente 5

DENERVAZIONE

Complicanze
operatorie/
Post/
Operatorie

Ipotensione
post
intervento

Dolore

Terapia
dolore

Degenza
(giorni)

SI BILAT

No/no

No

8/10

Morfina+
paracetamol
0

SI BILAT

No/no

Si marcata

9/10

Morfina+
paracetamolo

NO

Dissecazione
a. renale/no

Si moderata

10/10

Morfina+
paracetamolo

SI BILAT

No/no

No

3/10

paracetamolo

SI BILAT

Pseudoaneurisma
a.fem/no

No

8/10

Morfina+
paracetamolo



Denervazione renale: follow-up 6 mesi

24 ore

40 -
30 -
20 -
10 -

O -
-10 -
-20 -
230 -
40 -
50 -
-60 -
-70 -

Variazione PAO (mmHg) e FC (bpm)

Giorno

26

MSV Alt basale 76 g/m?*’

Notte

B PAOsistolica
m PAOdiastolica
mFC

MSV ALt a sei mesi 55 g/m?’




Riepilogo dati ricovero

Stato Cartella: Sola lettura 5.C.: 2666-Medicina Intema 4

Cartella N°: 2011046122 Tipo di episodio: Ricovero Ordnaro
Assistito: Torrerrrereorerer  Data di Nascita: 30/06/1950 Sesso: Femmina

|Data di accettazione: 15/11/2011 Data di dimissione: 18/11/2011 GG Degenza: 3

|Condizione di dimissione: 2-Ordinaria DRG: 120 - Altri int. su app. circolatorioMDC: 05: DS-M4l, e dist. sis:a'clu:i'r:d

|Categoria DRG: C: C - peso » 2.0  Peso DRG: 3,1099 N.ro di calcoli; 8
|Tipo DRG: Chirurgico Primo calcolo: 24/11/2011 Ultimo calcolo: 14/12/2011
Dlaami
&4;11;301141110 [PERTENSIONE ESSENZLALE MALIGNA
|F 24/11/201140490 IONEFROFPATIA IPERTENSIVA MOMN SPECIFICATA SENZA INSUFFICIENZA CARDIACA E COMN PATOLOGIA REMALE CROMNICA DALLO STADIO I
i STADIO IV, O NON SPECIFICATA

24/11/20113004 DISTURBD DISTIMICO

Codice Descrizione
il 16/11/20110525 SIMPATECTOMIA PERIARTERIOSA
B [16/11/20118845 ARTERIOGRAFIA DELLE ARTERIE RENALI
€] 16/11/20119926 INIEZIONE DI TRANQUILLANTI
| 16/11/20110918 INIEZIONE O INFUSIONE DI ELETTROLITI
§  [15/11/20118744 RADIOGRAFIA DEL TORACE DI ROUTINE, SAI
6  15/11/2011B952 ELETTROCARDIOGRAMMA

DRG 120 peso 3,1 concordato con Direz. Sanitaria
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REGISTRO ITALIANO DENERVAZIONE RENALE

Il Registro Italiano Denervazione Renale si prefigge di raccogliere tutta |a casistica disponibile relativa ai trattamenti eseguiti sul territonio nazionale,

Questa raccolta aiutera a capire nel ‘real world" e con una variegata presenza di centri operativi quali possano essere nel concreto | nisultati clinici di
tale innovativa soluzione terapeutica. Oltre alle misurazioni pressorie pre e post intervento sara monitorata anche la terapia farmacologica oltre ad
alcuni parametri biochimici e strumentali.

1 In questo contesto il 'clinico ipertensivologe” e 'l'interventista vascolare' saranno chiamati ad una reale collaborazione per la selezione ed il
trattamento dei casi eleggibili alla terapia.

Il Registro avra un durata approssimativa di 1 anno, da Aprile 2011 ad Aprile 2012.
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