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« Single largest contributor to death worldwide

« Every 20/10 mmHg increase in BP
359 correlates with a doubling of 10-year
Treated but cardiovascular mortality

Uncontrolled « Dramatically increases risk of stroke, heart
attack, heart failure, & kidney failure

* Only half of all treated hypertensives are
controlled to established BP targets

* High prevalence:
« Affects 1 in 3 adults
* 1B people worldwide - 1.6 B by 2025

Chobanian et al. Hypertension. 2003;42(6):1206-1252.
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STATE-OF-THE-ART PAPER

Endovascular Treatment of Resistant and
Uncontrolled Hypertension

Therapies on the Horizon

Matthew C. Bunte, MD,* Eduardo Infante de Oliveira, MD,t
Mehdi H. Shishehbor, DO, MPH*

Cleveland, Okis; and Lishon, Portugal

Sympathetic activation and neural pathways
leading to hypertension
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» Standard interventional technique
* 4-6 two-minute treatments per artery

» Proprietary RF Generator
- Automated
— Low-power
- Built-in safety algorithms

In the United States: Caution: Investigational Device. Limited by U.S. law to investigational use.
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Cetetrating 30 Heare: 1979 ta 2009

THE LANC Hypertension

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Catheter-based renal sympathetic denervation for resistant Catheter-Based Renal Sympathetic Denervation for

hypertension: a multicentre safety and proof-of-principle Resistant Hypertension
cohort study Durability of Blood Pressure Reduction Out to 24 Months
Henry Krum, Markus Schiaich, RobWhitbourn, Paul A Sobotka, Jerzy Sadowski, Krzysztof Bartus, Boguslaw Kapelak, Anthony Walton, .. . ;
Horst Sievert, Suku Thambar, William T Abraham, Murray Esler Symp11c1ty HTN-1 Invesugators*
Lancet. 2009;373:1275-1281 Hypertension. 2011;57:911-917.

Initial Cohort — Reported in the Lancet, 2009:
-First-in-man, non-randomized

-Cohort of 45 patients with resistant HTN (SBP 2160 mmHg on =3 anti-HTN drugs,
including a diuretic; eGFR =45 mL/min)

- 12-month data

Expanded Cohort* — This Report (Symplicity HTN-1):
-Expanded cohort of patients (n=153)
-36-month follow-up

*Expanded results presented at the American College of Cardiology Annual Meeting 2012 (Krum, H.)
[ —
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Schlaich M, TCT 2012
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Responder was defined as an office SBP reduction 210 mmHg
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*Full cohort has not yet been analyzed at all time points

Schlaich M, TCT 2012
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. Inclusion Criteria:
* Treatment-resistant _ _
HTN population — Office SBP = 160 mmHg (= 150 mmHg with
type Il diabetes mellitus)
« BL OBP 178/97 mmHg — Stable drug regimen of 3+ more anti-HTN
medications
* Age 58 years Exclusion Criteria:
— Hemodynamically or anatomically significant
o 2
BMI 31 kg/m renal artery abnormalities or prior renal artery
« 40% with Diabetes intervention
— eGFR <45 mL/min/1.73m? (MDRD formula)
- eGFR 77" — Type 1 diabetes mellitus
. Avg # meds 5.2 — Contraindication to MRI
' — Stenotic valvular heart disease for which
« RDN and Control groups reduction of BP would be hazardous
generally well-matched — MI, unstable angina, or CVA in the prior 6
months

*MDRD, ml/min/1.73m?

Symplicity HTN-2 Investigators. Lancet. 2010;376:1903-1909.
I ————————————————
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A from
Baseline
to
6 Months
(mmHg)

RDN (n=49) Control (n=51)

1 0

Systolic Diastolic

-12
Diastolic
-32 33/11 mmHg
s . difference between RDN and Control
ystolic
(p<0.0001)

. 84% of RDN patients had 2 10 mmHg reduction in SBP
. 10% of RDN patients had no reduction in SBP

Symplicity HTN-2 Investigators. The Lancet. 2010.
I ———————————————
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RDN (n=32) Control (n=40)

S 2

0 I 0

Home BP
Change
(mmHg) -5

Systolic Diastolic

-15 - -12

20 - Diastolic
-20

Systolic

24-h ABPM:

* Analysis on technically sufficient (>70% of readings) paired baseline and 6-month

* RDN (n=20): -11/-7 mmHg (SD 15/11; p=0.006 SBP change, p=0.014 for DBP change)
 Control (n=25): -3/ -1 mmHg (SD 19/12; p=0.51 for systolic, p=0.75 for diastolic)

Symplicity HTN-2 Investigators. The Lancet. 2010.
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Symplicity HTN-3 Trial:
Inclusion Criteria

« Average SBP >160mmHg (measured per
guidelines)

 On stable medication regimen of full tolerated

doses of 3 or more antihypertensive meds, with

one being a diuretic _
— No changes for a minimum of 2 weeks prior to
screening

— No planned medication changes for 6 months
« Age 18-80
* eGFR 245mL/min
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Randomization

* N = 530 randomized (enroll ~ 1060 at 530 sites)

« Randomization
—2:1 ratio — Treatment or Control

— Stratified by study center and by race (African
American vs. non-African American)

« Single Blind
— Specific staff & subject until 6 months post
randomization
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Symplicity HTN-3 Trial:
Referral to Randomization Steps

Initial Confirmatory Renal
Screening Screening Angiogram

Referred o ey Hg

ORUEINN F|l tolerated doses of Office

site >3 meds (diuretic) SBP2160mmHg
ABPM2135 mmH
No HTN meds Ain past Documented b

2 weaks compliance on

No plan A HTN meds in meds (diary) Renal angiogram
next6 M eGFR245 mL/min
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Symplicity-3 Design Study Design Flow Chart

2weeks 6M

Confirmatory Control

Screening

Initial Screening

Renal Angiogram

* Dffice SBP 2 160 mmHg

* Full doses of = 3 meds o + Office SBP = 160 mmHg Primary
* No HTN med changes u Home BP & + 24 hr ABPM SBP = 135 - IfEMth:Itmrqr, . Endpolnt
in past 2 wks Med Confirmation + Documented randomize “on the table P :

* Mo plan to change meds compliance on meds

for6 M

2 weeks

Treatment

1M 3 - 12.

I
* Patientand Research staff assessing

BP and performing follow-ups are
blinded to treatment status
* No changes in medications for 6M
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Endpoints

* Primary efficacy endpoint: Change in office
SBP from baseline to 6 months post
randomization

e Secondary efficacy endpoint: Change in
24hr ABPM SBP average from baseline to
6 months

* Primary safety endpoint: Mortality, ESRD,
or procedural complications w/in 1 month or
new RAS w/in 6 months post randomization
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mAssess procedural and long term safety of renal denervation

mEvaluate effectiveness of renal denervation on clinical outcomes

mEstablish procedural benchmarking & physician practice patterns

=Evaluate the effect of geographical variations in patients and procedural
characteristics on clinical outcomes

=Perform Quality of Life analysis

First enrollment
February 2nd, 2012

Scope:

*Over 200 sites world wide; at least 5000 patients _
*Prospective, single-arm, open-label, non-interventional registry
*In accordance with Instructions For Use

*Geographies with commercial availability of Medtronic Symplicity
Renal Denervation System
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J Am Soc Nephrol. 2012 Jul,Z23(7):1250-F. Epub 2012 May 17.

Renal Denervation in Moderate to Severe CKD.

Hering D, Mahfoud F, Walton AS, Krum H, Lambert GW, Lambert EA, Sobotka PA, Bdhm M, Cremers B, Esler MD, Schlaich MP.

Meurgvascular Hypertension & Kidney Disease Laboratory, Baker |01 Heart & Diabetes Institute, P.O. Box 6452, St Kilda Road Central, Melbourne, Victoria 8008,
Australia. markus.schlaichi@bakeridi.edu.au.

Abstract

Sympathetic activation contributes to the progression of CKD and is associated with adverse cardiovascular outcomes. Ablation of renal
sympathetic nerves reduces sympathetic nerve activity and BP in patients with resistant hypertension and preserved renal function, but
whether this approach is safe and effective in patients with an estimated GFR (eGFR) < 45 ml/min per 1.73 m(2) is unknown. We performed
bilateral renal denervation in 15 patients with resistant hypertension and stage 3-4 CKD (mean eGFR, 31 ml/min per 1.73 m(2)). We used
CO(2) angiography in six patients to minimize exposure to contrast agents. Estimated GFR remained unchanged after the procedure,
imespective of the use of CO(2) angiography. Mean baseline BP + 3D was 174+22/91+16 mmHg despite the use of 5.641.3 antihypertensive
drugs. Mean changes in office systolic and diastolic BP at 1, 3, B, and 12 months were -34/-14, -25/-11, -32/-15, and -33/-19 mmHg,
respectively. Night-time ambulatory BP significantly decreased (P<0.05), restoring a more physiologic dipping pattern. In conclusion, this
study suggests a favorable short-term safety profile and beneficial BP effects of catheter-based renal nerve ablation in patients with stage
3-4 CKD and resistant hypertension.

PMID: 22595301 [PubMed - in process] PMCID: PMC3380648 [Available on 2013/71]
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Baseline 1-month p-Value
Systolic BP (mmHg) 180 + 27 161 + 29 0.04
Diastolic BP (mmHg) 104 £ 8 95+4 0.04
Fasting glucose (mg/dL) 129 + 66 120 + 36 NS
HbA1C (%) 7.0+ 0.8 6.7+ 0.9 NS
Fasting Insulin (mU/mL) 19+ 11 18 £ 11 NS
Fasting C-peptide (ng/mL) 25+13 22+1.0 NS
HOMA-IR (%S) 23+14 1.8+£0.9 0.04
Glucose tolerance test (mg/dL) 256 £ 142 173 £ 52 < 0.001

HOMA — Homeostatic model assessment
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Effects of Renal Sympathetic Denervation on Blood
Pressure, Sleep Apnea Course, and Glycemic Control in
Patients With Resistant Hypertension and Sleep Apnea

Adam Witkowski, Aleksander Prejbisz, Elzbieta Florczak, Jacek Kadziela, Pawet Sliwiriski,

Przemyslaw Bielen, llona Michatowska, Marek Kabat, Ewa Warchol, Magdalena Januszewicz,
Krzysztof Narkiewicz, Virend K. Somers, Paul A. Sobotka, Andrze] Januszewicz

Baseline 3 months 6 months

120 min glucose level 8.4+33 6.8+2.5 6.8+2.9
OGTT, mmolA (p=0.051) (p<0.05)
HbA1C, % 6.4+0.8 6.0+0.7 59+0.7

(p<0.05) (p<0.05)

Witkowski A. Hypertension. 2011;
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Goal

Evaluate safety of the Symplicity Catheter System and efficacy of renal denervation for improving cardiac & renal
function in patients who have Chronic Heart Failure with Renal impairment

Study Design

Multicenter prospective, non-randomized, open-label study

Enrollment
40 subjects NYHA Class lI-1ll, EF<40%, eGFR 30-75 mL/min/1.73m?
~ 8 sites in Australia and Europe

Major Assessments:
*Cardiac ventricular function by Echocardiography - 6 & 12 months
*Renal function by GFR - 1, 3, 6, & 12 months
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Journal of the American College of Cardiclogy Vol. 60, No. 13, 2012
© 2012 by the American Callege of Cardiology Foundation 188N 0735-1097/836.00 . .
Published by Elsevier Inc htep:/fx.cloi.org/10.1016/] jace.2012.05 036 Left Renal Artery Right Renal Artery
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New Multi-Electrode System Design Goals

Reduced
Ablation Time

Multi-
Electrode

\

Electrodes

6F Guide g

Compatible

ARYE 24

Monorail
Delivery

Non-Occlusive

Vessel
Conformability
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Medtronic RDN Technology Comparison

Single Electrode Multi-Electrode
Direct Monorail
1 4
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Purpose: To assess performance of Medtronic multi-electrode RDN system

Initial Screening

* Office SBP 2 160 mmHg Renal Angiogram
* 2150 mmHg for Type 2
Eiabetics —M:HH
* 23 meds
* eGFR 2 45mL/min 1M - - < 0l
\ J
I
* Up to 50 Patients (9 completed) * Primary Goal: Acute procedural safety assessment
* Inc/Excl criteria similar to Symplicity HTN-1 ¢ Secondary Goals:
* No Confirmatory BP screenings or ABPM * A in office BP at all f/u time-points
* Renal artery anatomy eligibility * AE evaluation at all f/u time-points
* 24mm diam, 2 20mm treatable length * Duplex Ultrasound at 3M or 6M —further
* No stenosis > 50% evaluation if indicated

* No prior stent/angioplasty
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STATE-OF-THE-ART PAPER

Endovascular Treatment of Resistant and
Uncontrolled Hypertension

Therapies on the Horizon

RADIO

REQUENCY ABLATION

Table 1: Overview of clinical trials enrolling hypertensive patients for endovascular renal nerve ablation.

S e e g s
yPE sTudIedo A TS mlm‘

Marthew C. Bunte, MD,* Eduardo Infante de Oliveira, MD, Symplicity RFA Single-electrode RFA SYMPLICITY HTN-1 Hesistant Active, ot NCTO0&64638 Medtronic, Inc.
Mehdi I Shishehbor, DO, MPH* catheter catheter recrufting
SYMPLICITY HTH-2 Hesistant Active, not  NCTO0SBB233
Cleveland, Obio; and Liskon, Portugal .I'Eﬂ'l.l.‘lﬂl'lg
SYMPLICITY HTM-3 Resistant Recruitdng  MCTO1418261
Effect of Renal Denervation  Resistant Recruiting  MCTO1427049
on Biological Variables
Renal nerve ablation in CKD  Resistant, with Recruiting  NCTO1442883
Patients stage Il - V CKD
PRAGUE - 15 Uncontrolled Recruiting  NWCTO1560312
Renal Denervaton in Uncontrolled, with  Recrulung MNCTO01366625%
Patients with RH and 054 054
EnligHTN RFA Multi-electrode RFA AHSENAL Hesistant Active, not  MCT01438229 St Jude, Inc
catheter catheter recruiting
Vessix V2 RFA Balleon-mounted RFA REDUCE-HTHN Resistant Recruldng  NCTO015418&5 Vessix Vascular,
catheter catheter Inc.
OmeShot RFA Irrigated, balloon-mounted RAFID Resistant Recruiting  NCTO01520506 Maya Medical,
catheter RFA catheter Inc.
THERMOCDOL Irrigated RFA catheter SWAN HT Uncontrolled Recrulting NCTO01417221 Biczense
cryoablative SAVE Uncontrolled Recruiting  NCTO1&2B198 Webster, Inc.
catheter HRELIEF Uncontrolled Recrulting NCTO01628172
Chilli I Irrigated RFA catheter SAVE Uncontrolled Recruiting  MCTO16281%8 Boston
cryoablative Seientific, lnc
catheter
ULTRASONIC ABLATION
PARADISE Ultrazonic balloon catheter HEALISE Hesistant Recruiting MNCTO1529372 Relor Medical,
ultrasonic catheter Inc.
TIVUS ultrasonic Ultrasenle avto-regulating In developmant. Cardiosonic, Lid
catheter balloon catheter
Kona Medical Low-intensity external In develapment. Kona Medical,
ultrasonic ultrasonic ablation system Inc
TISSUE-DIRECTED PHARMACOLOGIC ABLATION
Micreneedle-equipped In development. Mercator
Microinfusion balloon catheter MedSystems,
Inc.

catheter
*Avallable at weaw clinicaltrials.goy; RFA: radiefrequency ablation; CKD: chronic kidney disease; 05A: obstructive sleep apnea
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ENLIGHTN MULTI-ELECTRODE SINGLE-ELECTRODE
ABLATION! ABLATION®

Frecision Pattern
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KEY FINDINGS (6 MONTHS)
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Total therapy time for both arteries (minutes) 1-2

Technology type BipolarRF- Mono RF  Mono RF

Power (watts) per electrode S 0.7 8.0 6.0

Extensive pre-clinical package Yes Yes

Capable of treating £ 4 mm diameter renal -
arteries?

Technology lessens pain for patient

Technology lessens fluoroscopy time

Technology eliminates need for grounding pad
on patient
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