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Les cardiologues interventionnels: Reveillez vous !

Deep Brain Stimulation
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]
Carotid Body BAT

Ablation
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Carotid Bulb restoration

Aortic Baroreceptor stimulation

Vagal Nerve Stimulation
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Renal
Denervation

AV anastomosis
Median Nerve Stimulation

Lobo, Sobotka, Pathak. EHJ 201¢



Target : the Renal Nerve



Sympathetic modulation and the scientific basis for RDN

SNS Role in Hypertension

M cardiac output

M vascular resistance Cardiac hypertrophy

Vascular remodelling
Smooth muscle hypertrophy

Afferent Sympathetic
Nerves

- ‘" Renin Release = RAAS activation
™ Sodium Retention

J, Renal Blood Flow

Thomas P and Dasgupta I. Pediatr Nephrol 2015; 30 (4): 549-60



Sympathetic modulation and the scientific basis for RDN

Renal Nerves as a Therapeutic Target

Arise from T10-L1, Follow the renal artery to the kidney
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Denervation Réenale: apprendre du passe

HTN-3: End Points

[ Baseline [l 6 Months [ Baseline [ 6 Months
Difference in change, -2.39 mm Hg (95% Cl, -6.89 to 2.12) Difference in change, ~1.96 mm Hg (95% CI, -4.97 to 1.06)
P=0.26 P=0.98
Change from baseline, ~ Change from baseline, Change from baseline, Change from baseline,
14132393 mmHg  -11.74£25.94 mm Hg -6.75:15.11mmHg  -4.79£17.25 mm Hg
P<0.001 P<0.001 P<0.001 P<0.001
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Denervation Sham Denervation Sham

N Engl J Med 2014,370:1393-401

Procedure

European Clinical Consensus Conference for device-based therapies for hypertension 1, Eur Heart J 2015
European Clinical Consensus Conference for device-based therapies for hypertension 2, Eur Heart J 2017



Randomized, sham-controlled, blinded trial, with (ON ) or without drugs

Screening visit 1

. Office BP
g Drug naive or medications D/C

2-wek
safety check*

Screen
failure

Screening visit 2

Office BP
24-hr ABPM
Drug testing

(OFF)

1-2 wk

ABPM SBP =140 to <170
Office SBP =150 to <180
Office DBP =90

Follow-up every 2 weeks

Randomization /
Procedure

Renal denervation

ABPM
Office BP

Unblinding

Drug testing

Drug titration
until OSBP<140

Follow-up every 2 weeks

12-36M

Townsend RR, |
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Clinical Trials Results

"~ K:/';\/
' SPYRAL HTN-ON MED SPYRAL HTN-OFF MED RADIANCE-HTN SOLO
End point assessment at 6 months End point assessment at 3 months End point assessment at 2 months
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Alcohol-Mediated Denervation via Precise Targeting

Perivascular Sites Where Device Expanded View of Device Infusing
Infuses Alcohol Alcohol

PVRD Chapter 13; RENAL DENERVATION: A New Approach Treatment — Page 107-116;2015

Site-specific delivery of alcohol: Local nerve inactivation
1. Micro-volume (0.3 mL-0.6 mL) infused directly to the perivascular region

2. Extracellular fluid helps spread alcohol circumferentially in the perivascular
region
3. Alcohol activity range self-limited through dilution by extracellular fluid

CAUTION: "The Peregri
System Kit is a combina

ertension. The Peregrine
Investigational Medicinal

CONFIDENTIAL - This document and information provided therein are provided in confidence for the sole purpose of seeking Scientific Advice from the agency. Do not duplicate or distribute this material without written permission of Ablative Solutions Inc. ABI : T'I VE

SOLUTIONS




1, 3, 6 and 12 Months Systolic Blood Pressure Reduction™

Mean Reduction Systolic OBP Mean Reduction 24-Hr Systolic ABPM
0 0
10 10 - - -
-20 -20
-30 -30
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.014
-40 -40
1-M (N=45) 3-M (N=43) 6-M (N=44) 12-M (N=28) 1-M (N=42) 3-M (N=36) 6-M (N=42) 12-M(N=26)
Bars = 95% CI Bars = 95% ClI
Baseline OBP: 169 + 15 mmHg (N=45) Baseline ABPM: 151 + 14 mmHg (N=44)
%%

Responders**: 69% 958% 61% 68% 64% 67% 71% 54%

* 24-hour data from CL; OBP Data: site reported. 12 Month data not yet monitored

** Responders are defined as = 10mmHg drop for OBP and = 5mmHg drop for ABPM
Under review European Heart
Journal
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1, 3, 6 and 12 Months Diastolic Blood Pressure Reduction™

Mean Reduction Diastolic OBP

P<0.001 P<0.001 P<0.001 P<0.001

1-M (N=45) 3-M (N=43) 6-M (N=44) =28)
Bars = 95% CI

Baseline DBP: 99 * 13 mmHg

* 24-hour data from CL; OBP Data: site reported. 12 Month data not yet monitored

0
-6 - - -

-13
-19

-25

P<0.001

1-M (N=42)

Mean Reduction 24-Hr Diastolic ABPM

P<0.001

P<0.001 P=0.007

3-M (N=36) 6-M (N=42) 12-M (N=26)

Baseline ABPM: 89 + 12 mmHg

Bars = 95% CI

Under review European Heart

Journal
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Individual Patient Response at 2 Months:

Change in Daytime Ambulatory Systolic BP at 2 Months (ITT Population)

Renal Denervation (N=74)

Sham Procedure (N=72)

% Patients with
2 5 mm Hg Decrease

Renal Denervation: 66%
Sham Procedure: 33%

P<0.001

Data presented at euroPCR — RADIANCE SOLO



SPYRAL HTN — ON MED

Medication Adherence

Baseline

. Adherent

. Incomplete or Non-Adherent
Missing

Drug testing of urine and serum by tandem HPLC and mass spectroscopy. Medication adherence defined as detectable levels of all prescribed antihypertensive medications at each
follow-up visit and includes cases in which an extra antihypertensive medication was also detected.



Hope for quidelines Hype for science

Interventional Cardiologists

Interest in RDN
-

Hypertension Expert
‘ Patient
’ Guidelines

SYMPLICITY HTN3 SPYRAL off SPYRAL on Time




Target : the Baroreflex



Baroreflex Physiology

C.l.

Baro receptor

Carotud
sinus
& Ba roreceptor

=0

;.

Freeman R. N Engl J Med 2008;358:615-624



What happens when BP increases ?

Afferent pathway Efferent pathway

\Q/ Baroreceptor

Carotid
sinus

Baroreceptor

Aortic
arch

Sympathetic
ganglion

Blood
vessel




How to play with the Baroreflex ?

e Barostenting



Barostenting or Carotid Bulb Modifier:
Site of action and Material

—

/ \
Baroreceptor E /i

' “Carotid
SINuUs




ABPM
Baselme 166/100 mm Hg

=
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3 months 6 months

Baseline SBP (mm Hqg) 166 166
Baseline DBP (mm Hq) 100 100

Spieri ng et al. Lancet . Volume 390, No. 10113, p2655-2661, 16 December 2017



http://www.thelancet.com/journals/lancet/issue/vol390no10113/PIIS0140-6736(17)X0056-1
http://www.thelancet.com/journals/lancet/issue/vol390no10113/PIIS0140-6736(17)X0056-1
http://www.thelancet.com/journals/lancet/issue/vol390no10113/PIIS0140-6736(17)X0056-1
http://www.thelancet.com/journals/lancet/issue/vol390no10113/PIIS0140-6736(17)X0056-1

How to play with the Baroreflex ?
Site of action

Baroreceptor

e Baropacing 1%

— Carotid site

e Extravascular stimulation

— Aortic site _

e Intravascular stimulation



1st Generation

Rheos™

LEFT RIGHT
.

CVRx

Rheos” 2000 !

SN: PGU-004-11501 4
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Acute Effects of Baroreflex Activation

e« BRASS:

— proof of the
concept study,

— dose

dependent BP

reduction.

63 yo female, 1 day after device implant

AANANANANA| AAAN—AN—AN

\p\\fk\wq\\f

Heart
Rate 56

bpm

Blood
Pressure 210/ 96 168 /73

mmHg

~ 4 min

Control 1 VoIt 2 Volts 3 Volts
N | | | l l ‘ | | | !.-.'.' ?:';.e 6 b .;:- 5 .l_ 01} ez ! | ” ‘{,l?]‘,
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58 50

156 / 72 144 | 66




Device OFF
for one month
following implant

Implant

-

\_

Randomized
N=265
181 vs 84

~N

Rheos Trial

Randomization

J

l

2:1 (Group A; Group B}
12 Month Blinded Follow-Up Period

Group A - Device ON Group A - Device ON

Group B - Device OFF Group B - Device ON

-1

0 1 Vi S 6 s 8 11 12

Visit Interval (Months])

J Am Coll Cardiol. 2011; 58:765-73



Efficacy and safety

5 pre-specified co-primary endpoints

1. Acute efficacy
NS

2. Sustained efficacy on BP control
Significant

3. Procedural safety
Comparable to AICD or Pacemaker procedure

4. BAT safety
Early treatment reduces complication.

5. Device safety
Higher rate of complication +++++



Summary of Adverse Events

Procedural
Surgical complication

Nerve injury with residual
deficit

Transient nerve injury
Respiratory complication
Wound complication
BAT
Hypertensive crisis (Group A)
Hypertensive crisis (Group B)
Device

Hypertension-related stroke

68 (25.5)
13 (4.8)
13 (4.8)

9 (5.0)
7(8.3)
34 (12.8)
6 (2.3)

J Am Coll Cardiol. 2011; 58:765-73
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From First to
Second Generation Device

1 side

1 electrode

1 inch incision

1 hour procedure

1 hospital day




Research Article

| —

An exploratory propensity score matched comparison () crossmar
of second-generation and first-generation baroreflex
activation therapy systems
Rolf Wachter, MD™*, Marcel Halbach, MD", George L. Bakris, MD*,

Second Generation First Generation First Generation
Immediate Activation |Immediate Activation Delayed Activation

6M 12M 6M 12M 12M

L
=

2
=

\_'_l
\—'—I

B BAT On [ BAT Off

Change in Systolic Blood Pressure (mmHg)
N
o

-40

Journal of the American Society of Hypertension 11(2) (2017) 81-91



Percent Free from Complication

Safety of the
2nd Generation Device

1001 T,
N
90 - L"{
80 -
1 L
70 -
60 -
50-
40 -
30-
20 ' ——First Generation
= ———Second Generation
10
130 21 21 21 21
0 - 39 | ' 2.6 ' ' 2|6 ' ' 2'6 ' ' 2'6
0 3 6 9 12

Months from Implant
Log Rank p-value =0.09

Journal of the American Society of Hypertension 11(2) (2017) 81-91



JACC: HEART FAILURE VOL. 3, NO. 6, 2015

Abraham et al.
Activation Therapy for HF

Baroreflex

JUNE 2015:487-96

Baroreflex Activation Therapy for the Treatment of
Heart Failure With a Reduced ciaction Fraction

cum Journal
ABSTRACT z:’,:ﬁ_:‘i%';‘ doi=10.1002/ejhf 23;“'3"‘" Fallure (2015)

OBJECTIVES The objective of this clinical trial was to assess t

BACKGROUND Increased sympathetic and decreased parasyn
toms and disease progression. Baroreflex activation therapy (BA

outflow and increased parasympathetic activity. €je ction fl"act ion:

w
METHODS Patients with New York Heart Association (NYHA! lth and Wi

chronic stable guideline-directed medical therapy (GDMT) wel thera

Europe. They were randomly assigned to receive ongoing GC p y

(treatment group) for 6 months. The primary safety end pol Michael R. Zile* Wil;

neurological and cardiovascular events. The primary efficacy Anique Ducharn;evsv::lam T. Abraham? Ered
y Mlarce <

quality-of-life score, and 6-minute hall walk distance. Jochen Miiller Eh | Halbach® Did:
- m 9 ~ » D d
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. aver3 Christi
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RESULTS One hundred forty-six patients were randomize ¥
neurological and cardiovascular event-free rate was 97.2%
BAT, compared with control group patients, experienced ir Cantar Bermau—Medical Schoo! Brandanby, m%og':fmsc JM 2
1.5+13.2m; p= 0.004), quality-of-life score (-17.4 £ 2d Minnaapolls, MN, USA; Dapartm v =
class rankin _ 0.002 for change in distribution). BAT G
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. . of Mississy p rgamo. : . :
(p = 0.02) and was Jssociated with a trend toward fewe PPt Medicl Camsar, scksom, 185, oA T o o "Dopartment of Blectrophysics .mmfi“":‘“; of Resaarch, CVRx, |
23 Apeil 2015; reviend 13 Moy 2015 ovascubir Resaarch Camtor (Dzﬁ:'go’:‘ Haart Hmpmﬂl P:::c 5, MN, USA; -
- - . s occepeed 14 ngen, G ' ,"'"AZUSA;U
CONCLUSIONS BAT is safe and improves functional status, quauty v == May 2015 armany; and ™ Divisicn dcwg;; or
 Univarsiy

uretic peptide, and possibly the burden of heart failure hospitalizations in patients with GDMT-treateu -
Il HF. (Barostim Neo System in the Treatment of Heart Failure; NCT01471860; Barostim HOPE4HF [Hope for Heart Failure]

Study; NCT01720160) U Am Coll Cardiol HF 2015;3:487-96) © 2015 by the American College of Cardiology Foundation.




How to play with the Baroreflex ?
Site of action

— Aortic site

e Intravascular stimulation

| Baroreceptor

! "Carotid
sinus
Baroreceptor

Aortic Baroreceptor
+ Enopace Neurostimulator

+ Scaffold with electrodes
* Driven wirelessly via handheld or subcutaneous device
* Aimto improve cardiac efficiency




Future of Devices for HTN

Deep Brain Stimulation = (1 '
(too early)

BAT

Carotid Body
lation

Carotid Bulb restoration

Aortic Baroreceptor stimulation (early)

Vagal Nerve Stimulation

Kidnoys — -

Renal
Denervation

AV anastomosis

Median Nerve Stimulation

Lobo, Sobotka, Pathak. EHJ 2016



—

La révolution est en marche

| — Stopper consisting of inert tablet |
with Ingestible Sensor on the
exterior stopper surface

— Hemi-capsule

containing valsartan )
Adhesive Patch

Up to /-day wear
during all activities

Confirms ingestion of
Ingestible Sensor

Provider Report
Report contains:

Pattern & Reqgularity of medicines use
Blood Pressure

Circadian patter of rest & activity
Daily step count

Mobile Device
Encrypted data relayed
tO secure server

Secure Servers

Patient

-Easy BP measurement
Centered approach
-Algorithm
-Network

Provider

-Data Management
|




Demain ?

e Denervation renale plus tot, malade moins sévere

o Dispositif de plus en plus physiologique

« Gestion moderne de la mesure a I'analyse des données, du
phenotypage a |I'intervention



