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Presentation Outlines

Symplicity HTN-1 and -2
Symplicity HTN-3
Key questions to be answered
«*Readout of the completion of the procedure:
+»Signals during the procedure
«*High frequency voltage stimulation?
«»Patient selection:
**Novel biomarkers?

F/U data of Symplicity HTN-3

Renal Sympathetic Activation: Afferent Nerves
Kidney as Origin of Central Sympathetic Drive
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1 Renin Release > RAAS activation
1 Sodium Retention

| | Renal Blood Flow
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Renal Nerve Anatomy

¢ Nerves arise from T10-L2
e The nerves arborize around the artery
and primarily lie within the adventitia

Renal Nerve Anatomy Allows a
Catheter-Based Approach

Renal artery access via standard
interventional technique
4-6 two-minute treatments per artery
Proprietary RF generator
— Automated
— Low power
Built-in safety algorithms
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Symplicity HTN-1 Symplicity HTN-1: BP Reductions

THE LANCET  Hypertension

Cath

by . Catheter-Based Renal for
yPe P P P Resistant Hypertension
cahort study Durability of Blood Pressure Reduction Out to 24 Months -104

Lancet. 2009;373:1275-1281 2011;57:911-917.

=21
Initial Cohort — Reported in the Lancet, 2009:

-First-in-man, non-randomized

-Cohort of 45 patients with resistant HTN (SBP 2160 mmHg on 23 anti-HTN drugs, including a
diuretic; eGFR 2 45 mL/min)

-12-month data 30

[ Systolic BP
B Diastolic BP

ded Cohort* — This Report licity HTN-1): 359
-Expanded cohort of patients (n=153) P01 for all timepoints

-36-month follow-up Al T T T T 1
1(n=80} 6(n=E8) 12{n=85) 24(n=B2) 36(n=B3)

Time {months)

* Lancet 2014;383(9917):622-9. Lancet 2014;383(9917):622-9.

Symplicity HTN-1: Percentage . “p: ” .
: Bias and “Bias-proof” Solutions
Responders Over Time P
Response defined as an office SBP reduction 2 10 and 20mmHg
100~ [ 5BP drop =10 mm Hg Il 5BP drop =20 mm Hg g3% e L WahE
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1(n=80) 6 {n=88) 12({n=85) 24 (n=82) 36(n=B8) idetection bias) =
Time (months)
Lancet 2014;383(9917):622-9. o
: Validity Checkup Symplicity HTN-2
@ & i & L 5 2 THE LANCET
= Sy 5 Renal hetic d lon i i ith
@ s G BER? resistant hypertension (The Symplicity HTN-2 Trial):
a randomised controlled trial
Q) HPE L2 S L bit » E% P LT A 02 -
@ ff';ﬁ ‘gs rhlE &flk{?' 5@ A g/ﬂ = ff"’ « Purpose: To demonstrate the effectiveness of catheter-based renal
L, ., 1 5 o ve - denervation for reducing blood pressure in patients with uncontrolled
@ ’—“-r"ﬁ rﬁ}?‘q tg-‘ AF’K %‘L T I'J }%' LA 7&5’!",?.;?_ V"J 'i?’»’é'\ ')ffr ? hypertension in a prospective, randomized, controlled, clinical trial
z It BIREA o P « Patients: 106 patients randomized 1:1 to treatment with renal denervation
@}f—;ﬁ & ? FFo~ 320 —ﬁ 2 F Fipf A inA of? vs. control °
g ‘o B9 ] 4B 3 3 A A F=e) « Clinical Sites: 24 centers in Europe, Australia, & New Zealand (67% were
@ # B * "—]ﬁi E’ {?‘ LA e designated hypertension centers of excellence)
Symplicity HTN-2 Investigators. Lancet. 2010;376:1903-1909.
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Symplicity HTN-2: Patient disposition

Assessed for Eligibility (n=190)
Excluded During Screening,
. Prior to Randomisation (n=84)
Screening
« BP < 160 at Baseline Visit (after 2-weeks of
medication compliance confirmation) (n=36; 19%)
« Ineligible anatomy (n=30; 16%)
+ Deciined participation (n=10; 5%)
« Other exclusion crteria discovered after consent
Randomised (n=106) (n=8; 4%)
6-month Allocated to RDN Allocated to Control
Primary n=52 Treated n=54 Control
End-Point n=49 Analysable n=51 Analysable

Crossover
n=46

| | 2LTFU

Per protocol, 6-mo Not-per-protocol*, 6-
Post-RDN (Crossover) mo Post-RDN
n=35 (Crossover) n=9

12-month Post-| 12-month post-RDN
Randomisation n=47

* Crossed-over with ineligible BP (<160 mmHg)

Symplicity HTN-2: Primary Endpoint and Latest Follow-up

Latest Follow-up

Primary Endpoint
(12M post Randomisation)

(6M post Randomisation)

RDN (n=49) Control (n=51) RDN (n=47)
10
1 o
0 —t— 0
o from o from
Baseline "0 Systolic  Diastolic Baseline -10
-12
© 9 to Diastolic
6 Months Diastolic 12 Months
mmH mmH
(mmHg) o (mmHg) 51 28
40 -2 p <0.01 for 40 Systolic
Systolic difference
between RON P <0.01for A
-50 and Control -50 from baseline
Primary Endpoint: Latest Follow-up:
84% of RDN patients had 210 mmHg reduction in Control crossover (n = 35): -24/-8 mmHg (Analysis
8P on patients with SBP > 160 mmHg at 6 M)

10% of RDN patients had no reduction in SBP

Expanded resuls presented a ine American Collage of Cardiogy Annual Meeling 2012 (Esior M)

Symplicity HTN-2: Renal Function Results

RDN Treated at Randomisation

Renal Denervation in Patients with

* Due to aging of the population and greater trends towards
obesity, hypertension is growing in prevalence worldwide.

* Approximately 10% of patients with diagnosed hypertension
have “resistant” hypertension.

* The sympathetic nervous system appears to play an important
role in resistant hypertension.

* Prior non-blinded studies have suggested that catheter-based

renal artery denervation reduces blood pressure in resistant
hypertension.

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

N=47 ¢
I S BT B BTN .
€GFR (ml/min/1.73m?) 76.9 £19.3 (n= 49) 77.1+18.8 (n=49) 78.2+17.4 (n=45) UncontrOIIed HypertenSIon- Results of
Cystatin C (mg/t) 0.91+0.25 (n=38) 0.98+0.36 (n=40) 0.98+0.30 (n=38) the SYM PLICITY HTN 3 Trial
Treated after
Crossover 6-mo follow-up
N=35 ¢
I ™S B ST B T
@GFR (mi/min/1.73m?) 88.8 + 20.7 (n = 35) 89.3+19.5 (n = 35) 85.2+18.3 (n = 35) The SYM PLICITY HTN_3 Investigators
Cystatin C (mg/L) 0.78 £ 0.17 (n=27) 0.82+0.16 (n=26) 0.89+0.20 (n=26)
Background Trial Objectives

* SYMPLICITY HTN-3 is the first prospective, multi-
center, randomized, blinded, sham controlled study to
evaluate both the safety and efficacy of percutaneous
renal artery denervation in patients with severe
treatment-resistant hypertension.

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

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014
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SYMPLICITY HTN-3 Committees

Independent Clinical Events Committee
Chair: Clive Rosendorff, MD, PhD, DSc Med
Members: Ladan Golestaneh, MD; Steven
Marx, MD; Michele H. Mokrzycki, MD; Joel
Neugarten, MD
Non-voting members: Sorin Brener, MD;
Roxana Mehran, MD

Steering Committee
Co-Pls: Deepak L. Bhatt, MD, MPH, and George L.
Bakris, MD
: William O’Neill, MD
: Sidney A. Cohen, MD, PhD; Ralph
D'Agostino, PhD; Murray Esler, MBBS, PhD; John
Flack, MD, MPH; David Kandzari, MD; Barry Katzen,
MD; Martin Leon, MD; Laura Mauri, MD, MSc;
Manuela Negoita, MD; Suzanne Oparil, MD;
Krishna Rocha-Singh, MD; Ray Townsend, MD; Paul X .
Sobotka, MD Angiographic Core Laboratory
Jeffrey J. Popma, MD
Beth Israel Deaconess Medical Center

MRA Core Laboratory
Milind Y. Desai, MD, C5 Research

Renal Artery Duplex Core Laboratory
Michael Jaff, DO, VasCore

Independent Data & Safety Monitoring Board
Chair: Bernard J. Gersh, MB, ChB, D.Phil
Members: John A. Ambrose, MD; Phyllis August,
MD, MPH; Glenn M. Chertow, MD; Stuart Pocock,
BSc, MSc, PhD Blood Core Laboratory
Non-voting member: Joseph Massaro, PhD Tania Cochran, Sr. Project Manager

ACM Global Laboratory

Analysis
Harvard Clinical Research Institute Sponsor
Medtronic, Inc.

Key Inclusion Criteria
* Age 218 and <80 years at time of randomization

* Stable medication regimen including full tolerated doses of 3 or
more antihypertensive medications of different classes,
including a diuretic (with no changes for a minimum of 2 weeks
prior to screening) and no expected changes for at least 6
months

« Office SBP 2160 mm Hg based on an average of 3 blood pressure
readings measured at both an initial and a confirmatory
screening visit

Written informed consent

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

Key Exclusion Criteria

* ABPM 24 hour average SBP <135 mm Hg

eGFR of <45 mL/min/1.73 m?

Main renal arteries <4 mm diameter or <20 mm treatable length

Multiple renal arteries where the main renal artery is estimated
to supply <75% of the kidney

Renal artery stenosis >50% or aneurysm in either renal artery

History of prior renal artery intervention

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

SYMPLICITY HTN-3 Trial
Design .

2 weeks M 3M [ omespa 6M

(TN med
Home BP & D D confirmation
HTN med

Renal
angiogram; Primary
Eligible subjects endpoint

Screening Visit 1 Screening Visit2 el 21I0MIZC

* Office SBP 2160 mm * Office SBP 2160 mm

Hg Hg Renal
* Full doses >3 meds « 24-h ABPM SBP Denervation Home BP &
* No med changes in 2135 mm Hg HTN med
past 2 weeks + Documented med 0-0 contimeton 1 0
* No planned med adherence 1M 3M &M 12-60 M|
2 weeks

changes for 6 M

« Patients, BP assessors, and study personnel
all blinded to treatment status
* No changes in medications for 6 M

Bhatt DL, Kandzari DE, O'Neill WW, et al...Bakris GL. N Engl J Med 2014

Primary Safety Endpoint

* The rate of Major Adverse Events (MAE) in the treatment
group compared with an Objective Performance Criterion
(OPC)

* OPC=9.8% (derived from historical data)

* MAE was defined as all-cause mortality, end-stage renal
disease, embolic event resulting in end-organ damage, renal
artery or other vascular complication, hypertensive crisis
through 30 days, or new renal artery stenosis within six
months

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014
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Efficacy Endpoints

Primary Effectiveness Endpoint:

« Comparison of office SBP change from baseline to 6 months in
RDN arm compared with change from baseline to 6 months in
control arm

Endpoint = (SBPgo 6 month ~ SBProw aseiine) ~ (SBPct 6 month ~ SBPcTL paseline)
* Superiority margin of 5 mm Hg
Powered Secondary Effectiveness Endpoint:
¢ Comparison of mean 24-hour ambulatory (ABPM) SBP change
from baseline to 6 months in RDN arm compared with change
from baseline to 6 months in control arm

* Superiority margin of 2 mm Hg

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

Patient Disposition
1441 subjects assessed for eligibility |

Excluded:

* 880 not eligible for randomization

* 26 eligible but not randomized because
randomization cap was reached

535 subjects randomized
1

[
364 subjects randomly 171 subjects randomly
allocated to renal allocated to sham control
denervation

¢ 2 subjects died . .
¢ 1 subject withdrew * 1 subject died
¢ 11 missed 6-month * 1 missed 6-month visit

visit
350 (96.2%) subjects wi
6 month follow-up

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

Results: Population Demographics

Renal Denervation

m Procedure

Baseline Hypertensive Therapy

(N=364) 71) Characteristic Renal Denervation Sham Procedure
|Age (years) 57.9+10.4 56.2+11.2 0.09
Male sex (% 59.1 64.3 0.26
- x( “! INo. of antihypertensive medications 51+14
Office systolic blood pressure (mm Hg) 180+16 180+17 0.77 Angiotensin-converting enzyme inhibitors 292
24 hour mean systolic ABPM (mm Hg) 159+13 160+15 0.83 9% at max tolerated dose 45.9
BMI (kg/m?) 34.2£6.5 33.946.4 0.56 Angiotensin receptor blockers 50.0
* (9
Race* (%) 057 % at max tolerated dose 495
African American 24.8 29.2 Aldosterone antagonists 225
White 73.0 69.6 Alpha-adrenergic blockers 11.0
idedicalllsonyilZ) Beta blockers 85.2
Renal insufficiency (eGFR<60 ml/min/1.73m?) 9.3 9.9 0.88 e e Es 69.8
Renal artery stenosis 14 23 0.48 % at max tolerated dose 57.1
Obstructive sleep apnea 25.8 31.6 0.18 Centrally-acting sympatholytics 49.2
Stroke 8.0 111 0.26 Diuretics 99.7
Type 2 diabetes 47.0 40.9 0.19 % at max tolerated dose 96.4 97.7
Hospitalization for hypertensive crisis 22.8 22.2 0.91 Direct renin inhibitors 7.1 7.0
Hyperlipidemia 69.2 64.9 032 Direct-acting vasodilators 36.8 45.0
Current smoking 9.9 12.3 0.45 . : .
_ Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014
*Race also includes Asian, Native American, or other Bhatt DL, Kandzari DE, O'Neill WW, et al._Bakris GL N Engl | Med 2014

Blinding Efficacy

« Blinding Procedure:

« All patients underwent renal angiography

* Conscious sedation

* Sensory isolation (e.g., blindfold and music)

* Lack of familiarity with procedural details and expected duration

* Assessed by questionnaire at discharge and 6 months (before unblinding)

Blinding Index* 95% ClI

Discharge 0.68 (0.64,0.72)
6 Months 0.77 (0.74, 0.81)

*The lower boundaries of the confidence intervals of the
blinding index are both > 0.5, indicating sufficient evidence of
blinding.

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

Primary Safety Endpoint

Performance Goal = 9.8%

O
Major
9
Adverse 8%
Event Rate
(MAE) 6% P <0.001
4%
2%
1.4%
0% 1 - )
Renal Denervation Sham Procedure
(N=364) (N=171) Difference [95% CI] P*
MAE 1.4% (5/361) 0.6% (1/171) 0.8% [-0.9%, 2.5%] | 0.67

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014
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Safety Event Rate Primary Efficacy Endpoint
A =-2.39(95% Cl, -6.89 t0 2.12)
Safety Measures (%) Renal Sham Difference P=026
Denervation Procedure (95% C1)
(N=364) (N=171) A=-14.1+239 A=-11.725.9
Major Adverse Events 1.4 0.6 08(:09,25) | 067 P<0.001 P<0.001
[To 6 Months 200 1
6-Month Composite Safety 4.0 5.8 -1.9 (-6.0, 2.2) 0.37 ] ] ] ]
Death 0.6 0.6 0.0 (-1.4, 1.4) 1.00 _ l l
Myocardial infarction 17 1.8 00(-24,23) | 1.00 % 150 { | 180mmHe l 180 mm He l
New onset ESRD 0 0 - - £ 166 mm Hg 168 mm Hg
Serum creatinine elevation >50% 1.4 0.6 0.8 (-0.8, 2.5) 0.67 g O Baseline
Embolic even.t resultm.g in end-organ damage 0.3 0 0.3(-0.3,0.8) 1.00 % 100 4 06 Months
Renal artery intervention 0 0 - - 3
Vascular complication requiring treatment 0.3 0 0.3 (-0.3,0.8) 1.00 2
Hypertensive crisis/emergency 2.6 53 -2.7 (-6.4,1.0) 0.13 :S 50 4
Stroke 11 12 0.0(-2.0, 1.9) 1.00
Hospitalization for new onset heart failure 2.6 1.8 0.8 (-1.8,3.4) 0.76
Hospitalization for atrial fibrillation 1.4 0.6 0.8 (-0.8, 2.5) 0.67 0 . ,
New renal artery stenosis >70% 03 0 03(:03,09)  1.00 (NBe) vanss) (N=17) ain=172)
Bhatt DL, Kandzari DE, O'Neill WW, et al...Bakris GL. N Engl J Med 2014 s Bhatt DL, Kandzari DE, O'Nell WW, et al.Bakris GL N EnglJ Med 2014

Powered Secondary Efficacy Endpoint :
Results: Pre-specified Subgroup Anaiyses
A =-1.96 (95% Cl, -4.97 to 1.06)
P=0.98* Mo of Patients =g e
Denervation Sham P Value P Value
028
A=-6.8+15.1 A=-48+173 ==
P<0.001 P<0.001 /]
180 14 r
o 150 1 [ I
©° 159 mm Hg 160 mm Hg
14 152 mm Hg 154 mm Hg
Z . 120
c o
s :IE: O Baseline
E g 90 1 06 Months
5s o mmen T ] e SBieadm oo
2 E 60 1 % . 027
+ & <85y 248 128 —— 573 -11.00-040) 0.04
N < 285 yr 04 41 ———— 009 (-580-889) [:F]
30 Arry medication change (1]
Yes 132 0 —— S41 (-1340-267) 019
218 ] T ——— i 344 (883-156) 0
0 200 -150-100 50 00 S0 100 150 200
(N=360)  (N=329) T (N=167)  (N=162) mm Hg
Denervation Sham oy TSGRy
Bhatt DL, Kandzari DE, O'Neill WW, et al...Bakris GL. N Engl J Med 2014 * P value for superiority with margin of 5 mm Hg. Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014

Change in Office SBP by Tertile of Baseline

Office SBP Potential Limitations

<170 mm Hg 170 - 184 mm Hg >184 mm Hg * Drug adherence not measured by blood levels, but adherence was

N=124 - N=107 l N=119 measured by patient diaries at baseline and 6 months.
9.8

P 45 * Medication changes did occur, but results unchanged even when these
£ 66 patients were censored.
£ P=0.57
o . . . N .
% 138 « Duration of primary endpoint may have been too short, but prior studies
g p=0.29 had found benefit by 6 months.
% 197
b * Operator learning curve is always a possibility, but we found no
Denervation relationship with procedural volume in the trial.
= Control -25.7
P=0.13 « Biological confirmation of denervation did not occur, as there is no
accepted measure, but appropriate energy delivery was confirmed.
Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014 Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014
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Conclusions

* In a prospective, multicenter, randomized, blinded, sham
controlled trial of patients with uncontrolled resistant
hypertension, percutaneous renal denervation was safe but
not associated with significant additional reductions in office
or ambulatory blood pressure.

* These results underscore the importance of blinding and
sham controls in evaluations of new devices.

* Further study in rigorously designed clinical trials will be
necessary to confirm previously reported benefits of renal
denervation in patients with resistant hypertension or to
validate alternate methods of renal denervation.

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl ) Med 2014

Explanations to this
disappointing negative trial

* A mere placebo
effect?

What went wrong?
Is it the end of RDN?

WHATS GOING ON

Comparison of HTN-2 and HTN-3 Trial Designs

Randomized v/ v
Patient blinded x v
F/U assessor blinded x v
ABPM SBP >135 mm Hg required? x 7
Stable 3+ drug regimen with no changes >2 weeks , ,
prior to enrollment

Omron BP machine with printer v v
Maximum tolerated doses v
2 office visits prior to randomization v v
New investigators VI v
Homogeneous patient population v x

Major differences of Symplicity HTN-3
from Symplicity HTN-2

e Asham control:
« The study was powered to look at a 5 mm Hg difference (advantage, if you will) for renal
denervation and a 2 mm Hg advantage in the ambulatory blood pressure monitoring
(ABPM) level, a pre-specified secondary endpoint.
e Everyone have an ABPM reading to qualify for the study:
<+ a 6-month 24-hour ABPM reading to see how that correlates with office blood pressure.
++ home blood pressures were also measured, in part to assess adherence and also for
corroboration with ABPM, because there is a good correlation already established in the
literature between ABPM and home BP.
e Everyone should be on maximally tolerated doses of antihypertensive
medications, as recommended:
++ Thiazide or thiazide-like diuretic,
<+ Renin-angiotensin system (RAS) blocker ( [ACE] inhibitor or [ARB])
%+ Calcium channel blocker.
<+ After that, spironolactone can be added,

Any other medication after above deemed acceptable

Explanations to this disappointing
negative trial

® Possibility 1: sham treatment-> improved compliance, taking drugs
they didn't take before
%+ everybody in the placebo or sham group decided to take all their medicines
when they weren't taking them before.
« Did they seek other medical help with differential patterns?
e Possibility 2: blind to interventionalist? effective procedure done?
«¢ did everyone do proper denervation?

e Possibility 3: no additive or synergistic effect, progressive less -> In
trials, patients were on maximal doses->RDN effect is less than
expected

¢ To be in the trial, patients had to have a systolic blood pressure higher than
160 mm Hg and had to be on 3 drugs, all at maximal doses, and 1 of them
had to be a diuretic.

¢ Everybody got the drugs they were supposed to get. Then when you add
RDN on, maybe you don't get that much more
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Demographics and Control Group Impact What were the BP changes in
African Americans vs. Non African Americans?

0 - o Non African-American African-American
OBP at baseline 183.9% 19.8 178.6 + 10.7 x ‘g
Age 524 £ 107 57.8 114 E @ = Denervation ~ Sham Denervation ~ Sham
4 ] ;
Male 54.0% 68.6% o = =
. 3E n=264 n=85
Smoking 30.0% 47.4% gk
Type 2 diabetes 34.0% 43.8% ’f', Y -5 -5
=2
Hypercholesterolemia 56.0% 68.6% % E
History of sleep apnea 26.0% 33.9% @ E -10 -8.6 33 -10
No. of antihypertensive 55+ 1.6 51+13 k= - o
s ® < e
Vasodilat t baseli 56.0% 40.5% L) X P=0.641
asodilator usage at baseline o :E: _:::“ 5 15
Vasodilators are dosed up to £ o 152 P=0012 -15.5
4x daily, making compliance 178 20 20 -17.8

a challenge

HTN-3: Challenge of Limiting Medication Changes in

Uncontrolled Hypertension Population HTN-3: Procedural Experience

HTN-1 HTN-3 a) 5X more operators vs HTN-1

No. of operators 20 12 b) Greater heterogeneity of operator
e Protocol mandated maximum doses and 45 20 experience vs. HTN-1 and HTN-2
no medication changes 40 - Nodafiproced lires|peroperzton 6.0 33 c) Case proctoring was different and not
35 No. of procedures per site 86 a7 comparable
e ~40% of patients(n = 211) in the trial 30
required medication changes 2 40

— 69% of first medication changes were

medically necessary 20 -
15

10

5 -
o HE ;
RDN Control . I l
. m .

>50% of interventionalists perfcrmed <2 RDN
procedures in SYMPLICITY HTN-3

Patients With Medication Changes
(%)

No. of Proceduralists
S

2

RON Pmcedums ?eﬂom\aa

HTN-3: Continuing Areas of Investigation Key questions to be answered

Heterogeneity of US
Operator Experience

= Readout of the completion of the
procedure:
= Ongoing animal studies
= ECG for monitoring autonomic function
= High frequency voltage stimulation
= Patient selection:
Placebo Effect = Novel biomarkers
= MicroRNA?

Patient

Demographics Catheter Design

Medication
Changes or

Adherence Trial Conduct

Hawthorne Effect

Regression to Mean
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Resistant hypertension? Assessment of adherence by

toxicological urine anal

Oliver Jung®, lanis L. Gechter®, Cora Wunder®, Alexander Paulke®, Christine Bartel®,
Helmut Geiger”, and Stefan W. Toennes®

J Hypertens 2013;31(4):766-74.

Renal Denervati

Soluble fms-Like Tyrosine Kinase-1 and Endothelial
Adhesion Molecules (Intercellular Cell Adhesion Molecule-1
and Vascular Cell Adhesion Molecule-1) as Predictive
Markers for Blood Pri re Reduction After Renal

Sympathetic Denervat

Oliver Diwr, Ch

Figurs 4.y

Hypertension 2014;63(5):984-90.

"1 ot
Fagure 5. Recohnr operating Chasscinissic IROG) anys

s sciubin bk fyrosing kinasa-1 (FLT-1L inlarcaluler
bl bwesion o1 (ICAM-1), and vssculee el x
mclecuie- 1 (VGAM-1) serum bevels s markens for successhl

The areas urwder the curve for goELT-

wopen, (B3 jtmecy.artie rangs BOR]. 0.7 1B=0.571: F<D.001),
LL7EE DOR, 0.858-0.854; Pe.007). ancd SLER HOR. 0.
P=0.01], raspuctvely,

Hypertension 2014;63(5):984-90.

Follow-up data of Symplicity
HTN-3 study

Between the & Month to 12 Month follow up:
= The original RDN group saw a significant reduction in office BP

The o group a signifi i in office BP
Original RDN Treatment Group Non-Treatment & Non-Crossover Group
Oerarvation Denervation
6 Months 12 Months
6 Mondhs 12 Months

Change in Bood Pretsure
mem Hg)
]

| .
J '
I 2
|

ol msop
opep 40 | i2s Ll
Pe0.025 for SBP difforence 861 12 manta = + 1.8+ Smm Hg
304 50 4 Pe0.010for SBP difference
“Baveies = imw ol G pratmdure

fiy. B chumges v patowst bnsbna, it P - vt | Medtronic

The changes in Office 58P from & to 12 Months were even more pronounced in
patients of African American ethnicity who did not receive treatment

Change in Office SBP

-Afri i
(African American Ethnicity) Non-African American

RDN  Crossover Non-C.rosso.w ADN  Crossover Mon-Crossover
D8 neld 02t o2t |Teetd negi4 ne2dl  medS  n=d7  ned2
5 5
-]
3
@ ‘iﬁ 1 i5
2 E 152 52
z E AH 196 101 | 187
& @ as 223
£5 \ = 244
(TR
=8 ABP =209
S a
2% mm Hg 5
(=]
45 -45
B 12m am B 12m Bm 1im Bm Bm 12m

Baseline 181 180 187 1% 177
P 179 179 182 175 175

{mim Hg) * unblinded at & mosiths.
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The pesitive correlation of the total number of abl and the circumfe J
pattern of ablations on systolic BP drop is maintained and enhanced when the

&-month data from the crossover subjects

SYMPLICITY HTN-3: Impact of Number of Ablation
Attempts on Change in Office Systolic Blood Pressure:
Matched Cohort Analysis

8 29 210 11 212 13 =14 215 16 =17 218
400 34 290 % 12 n 4 M 18 " n ;:6
5 £
g 2
w.E. -15 &
8 159 s
§ E A70 450 -17.8 171 482 &
8 497 210 g
T8 s a2 °© e
& 259 Pvalue for trend=0.01
EE = 213 -30
oo =Denervation = Sham 09
-35 35
e U I R T T Beseios 388 82 1801 A8 W03 WAZ WS RO WA 11 UAT  UAD 3 WIS 13 182 28 14 1604
WO ATEAAT) AT(EGAN  SALNIAN D193 SALITAGN NEINEAN AWILZOT 4100069 24 (4L, 108)
L - el e o ont o o e e i
“Denervation and Propensity scores using baseline characteristics as covariates were used to match sham control and denervation patients
*P value change in SBP for RDN compared with sham
Data presented are mean (SD)
Kandzari, EuroPCR 2014
The positive lation of the total ber of ablati d the ci fi icl Y or pps ¥ A
pattern of ablations on systolic BP dropis fand enhancedwhen the Symplicity Spyral Feasibility Study Objective
6-month data from the crossover subjects
BB * Purpose: To assess performance of the multi-electrode
Office ABPM Home catheter
o
neB8  ne10 N a2 ne7 [ e o "
_ 10 - 300 s HE TRy * Primary goal: Acute procedural safety assessment
EE. 20 M2 oan2 12 Note: Given the focus on safety, we only allowed 1 treatment per
% 30 43 artery (Number of full 60-Second Ablations: 6.5 £ 1.5)
5 RDN + Crossover
g Office ABPM Home |
§ 1] —_—
B3 n=27 - n=T8 n=24 - n=82 =27 == . Pl
§ 19 . il el e
s BT 75 .82 Wi L \
E rT 121 =10.6
Z 20 6 187 &
= 0 Four-quadrant ablations - e e
. g ot . et
=30 273 1 Four-quadrant ablation (Right or Left) 6-; e ]

Four quadrants = 1 superior, 1 inferior, and 2 posterior

Significant reduction in office blood pressure compared to baseline
demonstrated out to 12 months, despite only 1 set of treatments per artery

Change in Office Blood Pressure Thru 12 Menths

Change in Systolic Office Blood Pressure

1month  3months 6months 12 months
(n=50) (n=50) (n=50} (n=48)

P < 0.001 for all values compared to baseline. Error bars: =+ 1.96 SE

Our view of renal nerve distribution has changed!

Renal nerves may have a positional bias on
{ial i from the 1 distal

nerves are closer

10
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New Insights on Renal Nerve Anatomy

+ Recenlly released paper details
renal nerve anatomic location

« Biateral renal arteries were
cobected from human autopsy

subjects

+ Reduced distance from lumen . - .
as you move distal versus (-] Q . -
proximal . s

Eiruamteememis Pars heneriel marvs Location

J Am Coll Cardiolol 2014;64:635-643

Can we do better with new methodological approaches to
denervation with the existing technology?

Histological analysis by Renu
Virmani and others suggest that
a more distal approach could
increase the frequency of
successful ablations
Distal ablation strategies can be
executed with the existing
catheters
Human Main Renal Artery

*  5.18+0.71mm Dia.
Human Branch Renal Artery

*  4.05+40.90mm Dia. Superior

*  3.8140.80mm Dia. Inferior

Proximal (&

2 rmun radial Intesvals pev ring

Procedural Variability

Correlation with number of ablations
Correlation with 4-quadrant ablation pattern

Inferior Anterior Superior Posterior
Cross-section
of artery

= Lesion
4 quadrant ablation pattern

Kandzari, EuroPCR 2014

SYMPLICITY HTN-3: Systolic Blood Pressure Change at
6 Months According to Ablation Pattern

Office ABPM Home

o 77
15.2] -
058 g

13
-82

-9

o AU R

=0 Four-quadrant ablations
1 Four-quadrant ablations (Either Right or Left)

Change in Systolic BP (mmHg)
@

25 243
233)

=2 Four-quadrant ablations (Both Sides)

Baseline SBP Measurements (mm Hg)

0 four-quadrant tx 1796 158.7 168.5
1 Four-quadrant bc 178.8 161.2 171.3
2 Four-quadrant tc 186.9 1509 170.4

Four quadrants = 1 superor, 1 inferor, and 2 poserioranterior
Kandzar, EuroPCR 2014

Great minds discuss ideas;
Average minds discuss events;
Small minds discuss people.

- Eleanor Roosevelt

More patience is needed!

Thanks for Your Attention!
Questions and Comments?

R R

11
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-Eligibility for RDN Among “Refractory”

Hypertensives

Pancn
bonpi

Referred for RDN
(n=1209)

*1.2%

Resistant HTN

% __—(n=200)
S el 7.5%

Preliminary Experiences of Taipei Veterans General Hospital

Suitable for RDN
=15)

Io

Hao-min Cheng, M.D., Ph.D; Shih-Hsien Sung, M.D. "
Taipei Veteran General Hospital |
National Yang-Ming University

Sevard et al, J Am Coll Cardiol 2013

- Case 1 - w
® Mr. Huang, 61 year-old man PalemBT R
Name : 2w
. . . Sex : Male s
® Medical History: Sox: -
H DOB :1952/10/12
B Hypertension Day and Night Period E o
. . Time  Interval P
® Medications Doy: 0822 15min .
. Night : 22 ~06 30 min ®
HMIrbesartan 150mg, Carvedilol 25mg BID, ‘Actual Awake T Aslecp .
. « . . . Awake : 06 ~22h
Nifedipine 30mg, Dichlotride 12.5mg, loon - 22 66h e I ——
BF Threshold o e —
Aldactone 25mg Dy B kg o =
@® Office BP Moh: 12070 mmg P T e e T
. Readings Average Blood Pressure (SD) White Coat Window
.2013/05/07 169/80p81 Total Readings : 83 Sys Dia HR MAP PP ) Sys Dia HR
Estlmated GFR i::izs:ll 55 (66.3%) 24-hr 183 (24) 81(18) 56(9) 105 72 ?;a::r'\g;:ST :3 :2
. Day readi 135/85 100.0%| Awake 168 (21) 87(17) 58(11) 114 81 |Night-time Dip%
47.3cc/min N;’Mar:udr::;:t 12070 75.0% e mesy: Dia
Asleep 130(12) 71(6) 53(4) 91 59 |Dip% 226 184

12
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EEE ]

ssure waveform Changes during Proced

Renal
artery

Femoral artery
artery

\

_Femoral Artery

Ascending aorta

Central Aorta

Before 152148 mmHg
After 120141 mmHg

Before 158152 mmHg
After 125143 mmHg 2

Before 157150 mmHg
Aftor 129142 mmiHg 2

Before 157151 mmHg
Aftor 133141 mmHg 2

Before 161/50 mmHg
Aftor 134141 mmiHg

Thol

22¢1° Abdominal aorta

Ascending aorta

Patient ID :

DOB : 1852110112
[DayandNight Period |
Time  Interval
Day: 06~22 15min
Night : 22~ 0630 min
Actual Awake | Asleep

Avake : 06 = 22h
Asieep : 22~ 08 h
BP Threshold

Day: 135/85 mmHg
Night | _120/70 mmHg

Readings Average Blood Pressure (SD) White Coat Window
Total Readings : 79 Sys  Dia MAP PP Sys Dia HR
Successtul: 72 (91.1%) | 24hr 133(12) 79(8) 48(6) 97 54 |Readings 5 5 5
BP Load 1sthe Max 130 9150

Dayreadings= 135/85 50.0% | Awake 132(12) 79(8) 52(5) 97 53 [Night-time Dip%
Night readings 2 120/70 100.0° Sys Dia

Asleep 135(13) 79(6) 45(3) 98 56 |Dip% 23 00
2013/5/29: Office BP 142/69p60

2013/6/25: Office BP 129/62p58
2013/9/1: eGFR 49.8mmHg

Case 2
® Mr. Liu, 66 year-old retired air force officer
® Medical History:

B Hypertension
W CAD (LAD-D2 60% stenosis)

® Medications

W Telmisartan 80mg, Bisoprolol 5mg, Amlodipine 10mg, Natrilix
1.5mg, Aldactone 25mg

W Fenofibrate 200mg
® Office BP
W 2013/05/08: 148/97p59
Estimated GFR

92cc/min

Sy Le_gu 1261

Patient ID
Name e
Sex: Male ne
Age : 65 .
DOB : 1947/11/13 i .
Day and Night Period i
Time  Interval P
Day: 06-22 15min bt
Night : 22 ~ 06 30 min 3
Actual Awake | Asleep *
Awake : 06~ 22 h B
Asleep : 22-06h
BF Threshold 1 *
Day:  13585mmHg ®
Night 1 i
Readings Average Blood Pressure (SD) White Coat Window
Tolal Readings - 86 Sys  Dia HR  MAP PP Sys Dia HR
Successful: 72 (837%) | 24-hr  150(12) 95(9) 64(9) 113 55 |Readings 4 4 4
BP Load 1st hr Max 161 101 61
Day readings = 135/85 1000% Awake 153(12) 97(9) 61(9) 116 56 [Nighttime Dip%
Night readings = 120/70 100.0%) Sys Dia
Asleop 143(11) 01(7) _ 69(9) 108 52 |Diph 65 62

Physician : Ur.5ung

Patient D

Name : -

Sex: Male -

Age:65 g

DOB : 1847111113 i
H
&

Day and Night Period
Time Interval
Day: 06~22 15min
Night :22 - 0630 min
Actual Awake | Asleep .
Awake: 06~22h
Asleep : 22~06h !

BP Threshold
Day: 135/85 mmHg
Night : 120170 mmHg i

Readings

Total Readings : 80
Successful 14 (17.5%)
BP Load

Day readings = 135085 33.3% | Awake 135(13) 71(8) 61(5) 92
Night readings = 12070 0.0%

Average Blood Pressure (S0) White Coat Window
Sys Dia Sys Dia HR
24hc 135(13) 71(8) 61(5) 92 64 [Readings 0 O 0
15t hr Max.
64 |Night-time

Sys Dia
Asesp ~ (1) -~ () () - - [Dp%

2013/5/29: Office BP 123/75p60

Repart

Snty Dt B

1
i

Arerage Biood Pressurs (80)

ot Haacign - 48 Sy D R

Buccowsid | 88 (TSOW) | Béhe 110090} 88(T) T2} B0 45 [Resdegn 2 2 2

BF Load

Day a2 13585 0% | Aweke 108 (00) E516) TT(0) T8 43 [ighadime i

Nghi madings ¥ 1200 37.4% Sy Dis
Asosp 11400} BT E3T) K2 5

2013/8/21: eGFR 93cc/min

13
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- Summarized Results of RDN - -dictors for Mortality: Kinmen Stuc_

-SbP/DBP

Hazards Ratio/10 mmHg (CI)

Office BP Ambulatory BP All-cause Mortality Cardiovascular Mortality
190 w0
170 150
SBP-B SBP-B —e—
150
> 130
I 130 PP-B PP-B ——
g - 110
% * SBP-C SBP-C ——
o n
o © PP-C pp-C —
Baseline  *ritiiie’  3months Baseline  *ritii" 3montns 0.5 10 15 20 0.5 1.0 15 2.0
Hazards ratio Hazards Ratio

All adjusted for age, sex, heart rate, BMI, current smoker, fasting plasma glucose,
cholesterol/HDL, PWV, LVM, IMT, and eGFR

Wang KL, Cheng HM, Chuang SY, Spurgeon HA, Ting CT, Lakatta EG, Yin FCP, Chou P, Chen CH.
Central or peripheral systolic or pulse pressure: Which best relates to target organs and future mortality? . Hypertens. 2009;27:461-467

-Summarlzea Results of RDN- - Arterial Stiffn

Central BP

o 1 | !
I D B | B Femoral
E 1o Aorta (carotid) Femoral artery le—sl artery
N PWV = Distance (D) / Time delay (AT) misec
Baseline 3months ' 5

is Predictive of CVD Events in Apparen: ummarized Results

0.3 carotid-femoral PWV

N = 2835 1400
0.2 -
P value of log-rank test 0.001 Third Tertile 1200
HR 2.45 (1.29-4.66) g
]
Second Tertile g o
01 HR 1.72 (0.91-3.24) 0

First Tertile

0.0

Baseline 3months
0 1 2 3 4 5 6

Kaplan-Meier estimates of CVD

Circulation 2006;113:657-663

14
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90

80

70

60

50

Alx = Pa/PP = 0.31

Pf = forward = 27 mmHg
Pb = reflected = 11 mmHg
RI = Pb/(Pf + Pb) = 0.29

Quantification of wave reflection in the human aorta from pressure

alone: a proof of principle. Hypertension. 2006;48:595-601.

s APl 5 B.Pa
§4 i..
23 e
2 L z
§2- E;.
=y T4
(] 0
5, C.Pi 5 D.Pb
Ea 54-
=31 Es
321 ¢ g2
2 x
T, 1
(] 0
S-year 10year  15year S-year 10year  15-year
Femsle 6 17 m Female 6 17 ®
[ 2 » Male @ 2 3

Wave reflection and arterial stiffness in the prediction of 15-year all-cause and cardiovascular
mortalities: A community-based study. Hypertension. 2010;55:799-805

ummariz

ed Results o

-Wave Reflection

rt-Term Blood Pressure Variability Predicts Mortality and

Hazard ratios and 95% confidence intervals per 1 standard deviation increment of each variable for all-cause
and cardiovascular mortalities (n=836)

Variable All-cause mortality Cardiovascular mortality
Reflected wave amplitude Augmented Pressure (Pa)
(Pb) 2 Adjusted for 24-h SBP, cf-PWV, Pb, and other variables*
35
. 2 wSD (3.5 mmHg) 1.38 (1.14-1.67) 1.82 (1.32-2.52)
2
o " ARV (2.9 mmHg) 1.34(1.07-1.12) 1.81 (1.34-2.45)
I
€ s o .
€ . Daytime SD (4.0 mmHg) 1.33 (1.11-1.61) 1.73 (1.27-2.35)
s
: . Nighttime SD (4.3 mmHg) 1.23 (1.02-1.49) 1.42 (1.04-1.93)
) ) *other variables included age, sex, waist circumference, heart rate, heart rate variability, creatinine, fasti
Baseline 3months Baseline smonths other variables included age, sex, waist circumference, heart rate, heart rate variability, creatinine, fasting
glucose, smoking, and cholesterol.
JACC 2013, in revision
BP Variability 2
A. Model R? = 0.338 B. Model R? = 0.304 A. Model R? = 0.249
Pb Pa ~ 1l 24 SBP Variabili Awake SBP Variability Asleep SBP Variability
Bt - e » 0 2
cf-PWV cI-PWV crrwv N 15 15 15
[}
TPR TPR R i :ém 0] i 4 . 1
co co coll E e | - .
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 ° e °
_ Baseline 3months Baseline 3months Baseline 3months
Partial r/Model R?, % Partial riModel R?, % Partial r2/Model R?, %

the hemodyr

measure of wa

the measure

mic paramet e varian ce anel

ve reflections; C. Al as the measure of wave reflections.

JACC 2013, in revision
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Varied Patient Anatomies

*98% anatomically eligible

«Average number renal arteries: 2.16
*Mean length of renal artery: 43 +/- 14 mm
*Mean diameter of artery: 5.7 +/- 1.2 mm

Procedure (n=617)

*9% incidence of spasm

2 patients with vascular complications
*Pseudoaneurysm/hematoma

*No serious adverse events related to
delivering RF to the renal artery with the
Symplicity Flex™ catheter

Anatomies with Remarkable Safety Profile

) 114
b1l [

Post-Procedure through 6M*

*No new vascular abnormalities

2 hypertensive crises

1 death deemed unrelated to device
or procedure

1 new onset of end-stage renal
disease

2 Ml

*Data collected on all patients who reached either 3 or 6M F/U

EuroPCR 2013 annual meeting

Lancet 2012; 380: 778

with resistant hypertension

Until more evidence is available
on the long-term efficacy and
safety of renal denervation and
baroreceptor stimulation, it is
recommended that these
procedures remain in the hands

of experienced operators and
to hypertension centers.

diagnosis and follow-up restricted

It is recommended that the
invasive approaches are

hypertensive patients, with clinic
values =160 mmHg SBP or
=110 mmHg DBP and with BP
elevation confirmed by ABPM.

considered only for truly resistant

93

2013 ESC guideline of Arterial Hypertension

B Summaries

* Renal sympathetic denervation seems a feasible
procedure for the management of patients with
resistant hypertension

* Suggested by the improved surrogate
prognostic hemodynamic indices, it is
anticipated that future cardiovascular events of
patients receiving RDN could be reduced
considerably.

* Populations:
— Study associated with RDN in patients with resistant HTN
* Objects:
— The associations of cardiocerebral i

* Fee:

nteractions beyond BP reductions

— Free of Symplicity catheter (but <20000 procedure fee charged by the

hospital)

— Free of ABPM study, Brain MR, Sleep study
© PRRBFFH R AFE  RLTFE
* However, patients have to follow the study protocol for clinical
follow-up including Home BP and ABPM.

Thanks for Your Listening!

Preliminary Experiences of Taipei Veterans General Hospital
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