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Renal Nerves and the SNS

Efferent Renal Sympathetics Afferent Renal Sympathetics

» Decreased Renal Blood Flow The Kidney is a source of central
* Increased Renin Release Sympathetic activity, sending signals
* IncreasedSodium Reabsorption to the CNS

DiBona GF, et al. Am J Physiol Regul Integr Comp Physiol. 2010;298: R245-R253.
Schlaich MP, et al. Hypertension. 2009;54:1195-1201.



Chronic Effect of Increased Sympathetic
Nerve Activity

4 Neurohormones % 7 Blood Pressure
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Schlaich MP, et al. Hypertension. 2009;54:1195-1201.



Renal Nerve Anatomy Allows a Catheter-Based Approach

= Standard interventional technique

* 4-6 two-minute treatments per artery
* Proprietary RF Generator

- Automated

- Low-power

- Built-in safety algorithms




Renal Denervation by Radiofrequency: Update

Symplicity HTN-1: Significant, Sustained Blood Symplicity HTN-2: RDN Superior to Medical

Pressure Reductions to at Least 3 Years Management, Reductions Sustained to 36M
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RDN Technologies Avaible and in Development

Technology Device Name (Manifacturer) Key Characteristics
Radiofrequency Symplicity Flex (Medtronic, Inc) Single-electrode catheter
Spyral (Medtronic, inc) Spiral-electrode catheter
EnlighHTN (St.Jude Medical, Inc) Multielectrode Catheter
OneShot (Covidien, Manfield, MA) Irrigated, spiral-electrode catheter
Vessix V2 (Boston Scientific Corp.) Multielectrode catheter with bipolar energy deliver
ThermoCool (Biosense Webster, Inc) Irrigated, multielectrode catheter
Iberis (Terumo) Single-electrode, radial artery access system
Verve Medical System Multielectrode, retrouretic access system
Ultrasound Paradise (ReCor Medical) Nonfocused endovascular ultrasound energy
system
TIVUS (Cardiosonic) Nonfocused endovascular ultrasound energy
system
Kona System (Kona Medical) Externally applied, low-intensity ultrasound
Sound 360 (Sound Innovations, Inc) Endovascular ultrasound energy system
Cryoablati on Not yad named (friedrich-Schiller Universuty Standard cryoablation catheter
Brachitherapy CyberHeart Catheter based, beta-radiation Brachiterapy
pharmac0|ogica| Not yad named (Universuty of Athens) 0.1 mg vincristine delivered from six holed
proprietary balloon catheter
Bullfrog (Mercator MedSystems, Inc) Guanethidine microinjecyion into the adventitia
Peregrine (Ablative Solutions) Ethanol Microinjection into the adventitia
ApexNano system (Apexnano Ther) Magnetic Nanoparticles impregnated with Botox




SYMPLICITY HTN-3
results to be announced a mystery or a story foretold?

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Controlled Trial of Renal Denervation
for Resistant Hypertension

Deapak L. Bhatt, M.D., M.P.H., David E. Kandzari, M.D., William W. O'Maill, M.D.,
Ralph O'Agostine, Ph.D., John M. Flack, M.D., M.P.H., Barry T. Katzen, M.D,,
Martin B. Leon, M.D., Minglei Liu, Ph.D., Laura Mauri, M.D., Manuela Negoita, M.D,
Sidney . Cohen, M.D., Ph.D., Suzanne Oparil, M.D., Krishna Recha-Singh, M.D.,
Raymond R. Townsend, M.D., and George L Bakris, M.D.,
for the SYMPLICITY HTN-3 Investigators®




SYMPLICITY HTN-3 results to be announced a

mystery or a story foretold?

Primary End Point
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Secondary End Point

[ Bascine [l & Months

Difference in change. -1.96 mm Hg [35% C1, -4.57 to 1.05)
P=0.98
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Denervation

Bhatt DL, et al. Engl J Med. 2014 Apr 10;370(15):1393-401




@ ESC Eurapesn Heart Journal (2018) 39, 3021-3104 ESC/ESH GUIDELINES

European SOy dar 10109 eurhennjiehy33s
of Cardiology

2018 ESC/ESH Guidelines for the management
of arterial hypertension

The Task Force for the management of arterial hypertension of the
European Society of Cardiology (ESC) and the European Society of
Hypertension (ESH)

Device-based therapies for hypertension

Recommendation Class?® | Level®

Use of device-based therapies is not recom-
mended for the routine treatment of hyperten-
sion, unless in the context of clinical studies

and RCTs, until further evidence regarding their
367.368

safety and efficacy becomes available.

©OESC/ESH 2018

RCT = randomized controlled trial.

2Class of recommendation.

7

BlLevel of evidence.




The procedure was changed to reflect renal nerve anatomy

Renal nerves have a positional bias on radial
distance from arterial lumen; distal nerves are closer

Post-bifurcation
94% within 3 mm

Proximal
46% within 3mm

Renal nerve density highest in the post bifurcation region

94% of nerves are located within 3 mm of renal artery lumen post-
bifurcation versus 46% in proximal segment?

Garcia-Touchard et al. Microdisection of the Human Renal Nervous System. Hypertension. 2020.
Mahfoud, F. Histological examination of renal nerve distribution, density, and function in humans. Eurolntervention. 2023



Preclinical study provided rationale for combined branch & main artery treatment

“I” V7 “¥”

Main artery
and branches

Main artery Branches
only only

Treating both the branch and main renal artery
(Y) resulted in greater nerve destruction and
less variability.

TNE=Norepinephrine
1 Mahfoud F, et al. J Am Coll Cardiol. 2015;66:1766—-1775.
Preclinical data may not be representative of clinical performance in human subjects.
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There is increased benefit in ablating nerves in both
the main and branch as opposed to main alone.?



Technologies/technigues for renal denervation (RDN):
Second generation devices
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Multiple sham controlled RCT’'s demonstrated effectiveness
of RDN with and without medications

Systolic 24h ABPM (-4.1 mmHg) Systolic office BP (-5.7 mmHQ)
systolic 24-hour ambulatory blood pressure systolic office blood pressure
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Schmieder RE, Schneider M. Presented ESH 2023. Meta-analysis of the 5 sham-controlled RCTs



Endpoints at 6 Months Symplicity' HTN - 3

Office SBP! 24-hour SBP! Nighttime SBP?2

(powered 1° endpoint) (powered 2° endpoint) (1-6 am)

=

ange at 6 months (mmHg)

Supplemental Table S6. Safety outcomes in RDN, crossover, and non-crossover
patients

Crossover * Non-Crossover
% (1) N=364 N=101 N=70

1 Bhatt DL, et al. N Engl J Med. 2014;370:1393-1401
2 Kario K, et al. Hypertension. 2015;66(6):1130-7



Change in Office Systolic BP Symplicty

Clinical Study
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Bhatt DL, et al. Lancet 2022;400:1405-16.



Change in Office Systolic BP Symplicity’ HTN - 3

12mo 24mo 48mo 54mo
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Bhatt DL, et al. Lancet 2022;400:1405-16.



Change in Office Diastolic BP Symplicity |

linical Study
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Bhatt DL, et al. Lancet 2022;400:1405-16.



24-Hour Systolic BP Symplicity' HTN - 3

Baseline vs 36 Months

RDN Control
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Bhatt DL, et al. Lancet 2022;400:1405-16.



Over 4,500 Patients Studied Across Multiple Trials

OFF MED Pivotal Trial

Completed

SPYRAL ON MED Trial
HTN-OFF SR

HTN-ON
MED MED

Completed Completed U.S. Patient Preference Study

~anical Trial Redesign

SPYRAL
Study

First-in-Man W Z — T

SPYRAL DYSTAL Study

GLOBAL SYMPLICITY REGISTRY - uUp to 3,730 patients

Safety and Efficacy in Real-World Patients

Mahfoud et al, EuroPCR 2024



Radiofrequency RDN (Spyral) reduced BP in a variety of patient subgroups at 3 years

rHTNY Diabetict AF1 CKD1§ ISH! Age 265! Prior MI2 Stroke?

Baseline BP
(mmHg) 175 £20 165+23 163 £ 24 164 + 26 164 +17 166 + 25 164 + 25 168 + 28

n

Office SBP Change Baseline to 3Yrs
(mmHg)

-18.4

P < 0.001 vs. baseline BP for all subgroups

-23.5

*Resistant hypertension defined as OSBP>150 mmHg, =3 anti-hypertensive medications.

1. Mahfoud F, et al. J Am Coll Cardiol. 2020;75:2879-2888. § CKD defined as eGFR <60ml/min/1.73m2
2. Mahfoud F, et al. ESH 2022.



Vers

RDN IN PT WITH

AND RESISTANT
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Renal denervation: a novel therapeutic option
In the acute phase of hemorrhagic stroke

Blood pressure values trend at different study times
0 JACC
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RDN + external ventricular drainage benefit patients with
mild ventricular hemorrhage and malignant hypertension







Meta-analysis of 18 reports involving 4,439 patients

Radiofrequency RDN (Spyral) RDN provided sustained BP reductions at

mean follow-up 4.4 years

Screened 220 records, 18 independent reports
included

4,439 patients (12,639 patient-years)

Mean follow up: 4.4 years* (range: 3 - 9.4 years)

Office SBP reduction: -23.2 mmHg (n=1916)
with no escalation in anti-HTN medications

Study N
Esler MD et al. 2014 40
Krum H et al. 2014 88
Volz S et al. 2018 27
Kario K et al. 2019 22
Naduvathumuriyil T et al. 2020 28
lonov MV et al. 2021 22
Juknevicius V et al. 2021 49
Bhatt DL et al. 2022 219
Panchavinnin P et al. 2022 12
Mahfoud F et al. 2022 33
Pekarskiy S et al. 2022 21
Pekarskiy S et al. (Distal) 2022 18
GSR DEFINE 2023 1337

Common effect model
Random Effect Model w GSR DEFINE
Heterogeneity: /2 = 90%, % = 49.1667, p < 0.01

-50 -40 -30 -20 -10 O

Common effect model
Random Effect Model w/o GSR DEFINE
Heterogeneity: 1> = 81%, 1> = 48.9109, p < 0.01

Office SBP (mmHg)

Weight
95%-Cl (random)

-32.7 [402;-252]  7.9%
320 [-35.7;-28.3]  9.6%
150 [-26.7; -3.3]  6.0%
328 [-41.2;-244]  75%
264 [-346;-182]  7.6%
250 [30.6;-19.4]  8.8%
70 [134; -06]  84%
264 [29.8,-230]  9.7%
153 [-35.2; 46]  3.3%
209 [-26.1;-157)  9.0%
215 [-318;-112]  6.6%
243 [-368;-118]  56%
-16.7 [-182;-152]  10.1%
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Mahfoud et al. ACC 2024 — EuroPCR 2024




Cardiovascular Risk Reduction After Renal Denervation According
to Time in Therapeutic Systolic Blood Pressure Range

FIGURE 2 Kaplan-Meier Estimates of Cardiovascular Events Based on TTR
A 10% 4

9% -
go | HRTTR: 0% s >50%):
© 3.67 (95% CI: 2.12-6.38) P < 0.001
7% 4 HR (TTR: >0 to =50 vs >50%):
69 | 217 (95%Cl:1.18-4.00) P < 0.001
®7 P (trend): < 0.001
5% -
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2% 4
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0% =
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12 24
Time After Procedure (Months)
At Risk
—— TTR: 0% 1,152 1,049 853
—— TTR: >0% to s50% 782 n7 609
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Catheter-Based Renal Denervation: 9-Year Follow-Up
Data on Safety and Blood Pressure Reduction in
Patients With Resistant Hypertension

Participants

A-O

&6 RDM trial 9-years
participants follow-up
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Key Findings E
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No evidence of detrimental
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Conclusions: Blood Pressure is significantly reduced at nine year follow up
after renal denervation without adverse renal consequences




High-quality RCTs confirmed the BP-lowering safety and efficacy
of RDN requiring updated guidance

2018 ESC/ESH Guidelines forthe
Management of Arterial Hypertension?

Device-based therapies for hypertension

Recommendation Class® | Level®

Use of device-based therapies is not recom-
mended for the routine treatment of hyperten-

sion, unless in the context of clinical studies

Consensus Document

European Society of Hypertension position paper on

renal denervation 2021

Roland E. Schmieder®, Felix Mahfoud®, Giuseppe Mancia®, Michael Azizi%, Michael Bohm®,
. n 5

Kyriakos Dimi
Atul Pathak®,
Costas Tsioufi
Treatment of

This ESH Position Papd
fecommendations wal
publication of a set of
fandomized dinical tr
informaticn about the
device-based renal del
weatment. RDN is eff{
sympathetic signals

body sympathetic ac

completed, sham-<ord
evidence that RON loy
pressure (BP) to a sigr|

and RCTs, until further evidence regarding their
safety and efficacy becomes available. %

©ESC/ESH 2018

RCT = randomized controlled trial.
*Class of recommendation.
®Level of evidence.

Williams B et al, 2018 ESC/ESH Guidelines for hypertension

Barbato, et al. European Heart Journal, 15 February 2023, https://doi.org/10.1093/eurheartj/ehad05
4 Kreutz et al. ESH 2023

Mancia G. et al. Journal of Hypertension 2023, 41:000-000 DOI:10.1097/HJH.0000000000003480
Stabile E. et al. Minerva Cardiol Angiol. 2024 Mar 27. doi: 10.23736/S2724-5683.23.06433-5
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https://doi.org/10.1093/eurheartj/ehad054
https://doi.org/10.1093/eurheartj/ehad054

@ESC

European Society

2024 ESC Guidelines for the management of

elevated blood pressure and hypertension

Recommendations

To reduce BP, and if performed at a medium-to-high
volume centre, catheter-based renal denervation
may be considered for resistant hypertension
patients who have BP that is uncontrolled despite a
three BP-lowering drug combination (including a
thiazide or thiazide-like diuretic), and who express a
preference to undergo renal denervation after a
shared risk-benefit discussion and multidisciplinary
assessment 55 566-568.586-590

To reduce BF, and if performed at a medium-to-high
volume centre, catheter-based renal denervation
may be considered for patients with both increased
CVD risk and uncontrolled hypertension on fewer
than three drugs, if they express a preference to
undergo renal denervation after a shared risk-benefit

discussion and multidisciplinary assessment >*5%

568.586-590

Class® Level®

Recommendations Class® Level®
Due to a lack of adequately powered outcomes trials
demonstrating its safety and CVD benefits, renal c

denervation is not recommended as a first-line

BP-lowering intervention for hypertension.

Renal denervation is not recommended for treating

hypertension in patients with moderate-to-severely

impaired renal function (eGFR <40 mL/min/1.73 ml} C
or secondary causes of hypertension, until further

evidence becomes available.

ESC GUIDELINES

McEvoy JW, et al. Eur Heart J. 2024 Oct 7;45(38):3912-4018
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RISK REDUCTION FOR A FALL IN OFFICE SBP

% Risk reduction
g

-30%

Major CVD CHD Stroke Mortality

-20%

Irrespective of baseline
BP or pre-existing
conditions

-13%

n=613,815

17%

-21% .28%

En hadn Emd CA K'.!'\A etal \Elmdprﬁssural n of cardiovascular disease and
system:

5. Lancet 2! 016 33 rar




TAKE HOME MESSAGE
Position Statement on RDN 1n 2024

In base ai risultati dei recenti studi clinici controllati effettuati con
dispositivi di seconda generazione, la RDN rappresenta un opzione
terapeutica per il trattamento dell'ipertensione, assieme a modifiche
dello stile di vita ed al trattamento farmacologico.

La denervazione renale € una strategia terapeutica complementare, non
competitiva rispetto alla terapia medica.

Si raccomanda un percorso strutturato per l'uso clinico di RDN nella
pratica quotidiana.

La discussione multidisciplinare dell'indicazione alla RDN su base
personalizzata e essenziale per il successo di un programma di RDN
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FOLLOW-UP OF SELF-EXPANDING CORONARY-ARTERY STENTS — SERRUYS ET AL. 13

ANGIOGRAPHIC FOLLOW-UP AFTER PLACEMENT OF A SELF-EXPANDING CORONARY-
ARTERY STENT

Partrick W. Serruvs, M.D., Braorey H. Stravss, M.D., Kevix J. Bearr, MB., BS,,
MicueL E. BerTrann, M.D., Jacoues Puer, M.D., Axtaony F. Ricraros, M.B., B.S.,
Bernmarp Meier, M.D., Jean-Jacgues Gov, M.D., Pirre Voet, M.D., Lukas KappENsErRGER, M.D.,
anp Urrics Siewart, M.D.

Abstract Background. The placement of stents in cor-
onhary arteries after coronary angioplasty has been investi-
galed as a way of treating abrupt coronary-artery occlu-
sion related to the angioplasty and of reducing the late
intimal hyperplasia responsible for gradual restenosis of
the dilated lesion.

Methods. From March 1986 to January 1988, we im-
planted 117 self-expanding, stainless-steel endovascular
stents {Wallstent) in the native coronary arteries (94
stents) or saphenous-vein bypass grafts (23 stents) of
105 patients. Angiograms were obtained immediately be-
fore and after placement of the stent and at follow-up
at least one month later (unless symptoms required angi-
ography sconer). The mortality after one year was
7.6 percent (8 patients). Follow-up angiograms (after a
mean [+SD] of 5.7+4.4 months) were oblained in 95 pa-
tients with 105 stents and were analyzed quantitatively
by a computer-assisted system of cardiovascular angio-
graphic analysis. The 10 patients without follow-up angio-
grams included 4 who died.

Results. Complete occlusion occurred in 27 stents in

25 patients (24 percent); 21 occlusions were documented
within the first 14 days after implantation. Qverall, immedi-
ately alter placement of the stent there was a significant
increase in the minimal luminal diameter and a significant
decrease in the percentage of the diameter with stenosis
{changing from a mean [+SD] of 1.88+0.43 10 2.48=0.51
mm and from 37+12 to 21=10 percent, respectively;
P<0.0001). Later, however, there was a significant de-
crease in the minimal luminal diameter and a significant
increase in the stenosis of the segment with the stent
{1.88+1.78 mm and 48+ 34 percent at follow-up). Signifi-
cant restenosis, as indicated by a reduction of 0.72 mm in
the minimal luminal diameler or by an increase in the per-
centage of stenosis to =50 percent, occurred in 32 per-
cent and 14 percent of patent stents, respectively.

Conclusions. Early occlusion remains an important
limitation of this coronary-artery stent. Even when the
early effects are beneficial, there are frequently late
ocelusions or restenosis. The place of this form of treal-
ment for coronary artery disease remains to be deter-
mined. (N Engl J Med 1991; 324:13-7))
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Renal Sympathetic Nerve Ablation for
Uncontrolled Hypertension

59-year-old patient,
resistant hypertension,
had renal sympathetic
nerve activity
modulated by catheter-
based radiofrequency
(RF) ablation

Renal Sympathetic-Nerve Ablation for Uncontrolled
Hypertension

The renal sympathetic nerves
bave been identifled as a major contriburar o the
camplex pathaphysiology of hypertension in both
experimental models and in bumans: Patients
with essential hypertension generally have in-
crezsed efferent sympathetic drive to the iddneys,
as evidenced by clevated rates of senal norepineph-
tine spillover, defined as the amount of ansmirter
that escapes neuroaal uptake and hcal metabo-
ligm 2nd thus *spills over™ into the cireulation.
Hypertension is also charucterized by an inereased
rate af sympathetic-nerve firing, possibly modo-
Lated by afferent signaling from renal sensory
nerves. it

A 59-year-old male patient with long-standing
essential bypertension that was resistant to phar-
macologic mrearment with seven differen antihy-
pertengive druge underwent catheter-bacsd radio-
frequency ablation to excise renal perves that
carry both efferent sympathetic and affesent sen-
sory fibers, The patient had a history of two
tramejent ischemic artacks and sleep apaea thar
was uncreated because of an (nabillcy w tolerate
therapy with continuous positive airway pressure.
Secondary forms of hypercension and heart fail-
ure were exchided, The mean affice blood pres-
sure was 1611907 mm Hg. with a heart rate of 76
beats per minue at baseline.

Radinfrequency sblarion was applled o both

renal arteries without apparea procedural com-

plications. There were no vascular or subsequent
‘biochemical complications, and renal function
was unakered. Fenal nosepinephrine spilloves, 2s
aseessed by the radiotracer dilution methods
from both the left and right kidneys, was ap
proximately three times the normal level at hase-
line (72 and 79 ng per minute, respectively). Bi
lareral renal-nerve ablazlon resulred ina marked
reduction in renal nocepinephrine spilloves
from both kidneys, with a reduction of 48%
from the left kidney and 75% from the right
kidmey, which demonstrated the effectivencss
of the inwervention (Fig. 1A). This effect was
accompanied by halving of renin activity from
030 to 0,15 g per liter per hour), an increase
in renal plasma flow from 719 w 1126 ml per
mimute, and 2 progressive and susrained reduc-
tion in systemic blood pressure from 161/107
mm Hg at baseline to 14190 mm Hg at 30 days
to 12781 mm Hg at 12 months. Whole-body
norepinephrine spillover was reduced by 42%
[Fig. 1B}

Microneurography st baseline and az 30 days
and 12 manthe showed 2 gradual reduetion in
muscle sympathetic-nerve activity to normal levels
156, 41, and 19 bursts per minute, respectivedy)
(Fig 1C). We also observed an impaovement in
«cardiac baroreflex sensitivity after renal deperva-
tlon (from 78 to 117 maee per millimeser of
mescury]. Cardiorascular magnetic resonance

HEMGL] MEOMNE NUM.0NG  ALGUST 27, 2008

Schlaich MP, et al. New Engl J Med. 2009;361:932-934.




Changes in Underlying Physiology Consistent With RDN

New Engl J Med Case Study

Baseline 1 Month A
Office BP (mm Hg) 161/107 141/90  (127/81 at 12 M)

Renal NE spillover (ng/min)
« Left kidney
* Right kidney

2 37 -48%
79 20 -15%

-42%

Total body NE spillover (ng/min)

Plasma renin (pg/l/hr) -50%

Renal plasma flow (mL/min) 57%

Left ventricular mass (g/m2) -1%

Schlaich MP, et al. New Engl J Med. 2009;361:932-934



Concept Validated by Surgical History

THE EFFECTS OF PROGRESSIVE SYMPATHECTOMY ON THE BRITISH JOURNAL OF SURGERY
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SPLANCHNICECTOMY FOR ESSENTIAL HNYPERTENSION
RESULTS IN 1,266 CASES

Reginald H. Smithwick, M.D.

and
Jesse E. Thompson, M.D., Boston JAMA 1953

Effective, but significant morbidity
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Effects on
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Renal Sympathetic Activation in Patients
with Hypertension
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CLASSIFICATION OF HYPERTENSION STAGES ACCORDING TO
BLOOD PRESSURE LEVELS, PRESENCE OF CARDIOVASCULAR
RISK FACTORS, HYPERTENSION-MEDIATED ORGAN DAMAGE,
OR COMORBIDITIES

Hypertension BP (mmHg) grading

disease Other risk factors, High normal Grade 1 Grade 2 Grade 3
staging HMOD, or disease | spp130-130 SBP140-159 SBP 160-179 SBP 2180
DBP 85-89 DBP 90-99 DBP 100-109 or DBP 2110

No other risk Taeh Low risk High risk
factors
Stage 1

(uncomplicated) | 1or 2 risk factors Low risk High risk

" Low to q . S
=3 risk factors Moderately High Risk High risk

HMOD, CKD grade
3, or diabetes S L High to
mellitus without BLEDEE: HIghZSK very high risk
organ damage

Stage 2
(asymptomatic
disease)

Established CVD,
CKD grade 24, or
diabetes mellitus

with organ damage

Stage 3
(established

Very high risk Very high risk Very high risk Very high risk
disease)

®ESC/ESH 2018

@ ESC European Heart Journal (2018) 39, 3021-3104 ESC/ESH GUIDELINES

European Society d0i10.1093/eurheartj/ehy339
of Cardiology




RDN guidelines and consensus published in multiple countries

2018 -2020

European Society of
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Asia
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High-quality RCTs confirmed the BP-lowering safety and efficacy of RDN requiring

updated guidance

2018 ESC/ESH Guidelines forthe
Management of Arterial Hypertension?

Device-based therapies for hypertension

Recommendation Class® | Level®

Use of device-based therapies is not recom-
mended for the routine treatment of hyperten-

sion, unless in the context of clinical studies

Consensus Document

European Society of Hypertension position paper on

renal denervation 2021

Roland E. Schmieder®, Felix Mahfoud®, Giuseppe Mancia®, Michael Azizi®, Michael Bohm®,
: » s

Kyriakos Dimi
Atul Pathak*,
Costas Tsioufi
Treatment of

This ESH Position Pap{
recommendations wal
putlication of a set o
fandomized dinical tr
information about the
device-based renal del
weatment. RDN is eff{
sympathetic signals
body sympathetic a
completed, sham-<ord
evidence that RON o
pressure (BP) to a sigr|

and RCTs, until further evidence regarding their
safety and efficacy becomes available. %

©ESC/ESH 2018

RCT = randomized controlled trial.
*Class of recommendation.
®Level of evidence.

Williams B et al, 2018 ESC/ESH Guidelines for hypertension

Barbato, et al. European Heart Journal, 15 February 2023, https://doi.org/10.1093/eurheartj/ehad05
4 Kreutz et al. ESH 2023

Mancia G. et al. Journal of Hypertension 2023, 41:000-000 DOI:10.1097/HJH.0000000000003480
Stabile E. et al. Minerva Cardiol Angiol. 2024 Mar 27. doi: 10.23736/S2724-5683.23.06433-5

arwNE

]

Renal denervation in the management of hypertension in
adults. A clipical e

Hypertensig
Cardiovasc|

Emanuele Barbato' |
Michael Bohm®, MD}
Thomas Kahan®, MD,
Atul Pathak”, MD, P}
Isabella Sudano'’, M}
Felix Mahfoud**, MTJ

The author: " afflias

This paper also includes

INTERVENTIONS FOR HYPERTENSION AND STROKE|
EXPERT CONSENSUS|
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E5H GUIDELINES
2023 ESH Guidelin GUIDELINES
Task Force for the
European Society

association (era)|  1talian Society of Interventional Cardiology (GISE)

" - and Italian Society of Arterial Hypertension (SIIA)

Position Paper on the role of renal denervation in the
management of the difficult-to-treat hypertension

Eugenio STABILE !, Maria L. MUIESAN 2, Flavio L. RIBICHINI 3,
Giuseppe SANGIORGI 4, Stefano TADDEI 5, Francesco VERSACI ¢,

Journal of (:103097/4)

Bruno VILLARI 7, Alessandra BACCA 5, Daniela BENEDETTO 4,
Vincenzo FIORETTI ! %, Eugenio LAURENZANO 7, Massimilano SCAPATICCI ¢,
Francesco SAIA 9, Giuseppe TARANTINI 19, Guido GRASSI 1, Giovanni ESPOSITO & #



https://doi.org/10.1093/eurheartj/ehad054
https://doi.org/10.1093/eurheartj/ehad054

European Society of Hypertension (ESH) 2023 guidelines

Recommendations and statements

*  RDN can be considered as a treatment option in patients with an eGFR >40
ml/min/1.73m? who have uncontrolled BP despite the use of antihypertensive
drug combination therapy, or if drug treatment elicits serious side effects and
poor quality of life.

*  RDN can be considered as an additional treatment option in patients with
resistant hypertension if eGFR is >40 ml/min/1.73m?

*  Selection of patients to whom RDN is offered should be done in a shared
decision-making process after objectives and complete patient’s information

*  Renal denervation should be performed in experienced centers to guarantee
appropriate selection of eligible patients and completeness of the denervation
procedure

Class of
recommendation

Level of evidence

Mancia G. et al. Journal of Hypertension 2023



https://journals.lww.com/jhypertension/pages/articleviewer.aspx?year=9900&issue=00000&article=00271&type=Abstract

Two possible clinical profiles of patients candidates to

Resistant hypertensive patients
Main features:

»Uncontrolled office and 24h BP

»In treatment with an association RAS-blocker /
CCB / Diur at maximally tolerated doses

»No secondary hypertension

»>Eligible renal artery anatomy

Additional features:
Adverse effects with spironolactone
Poor drug adherence despite extensive
counseling
Preferentially systo-diastolic hypertension
(But isolated systolic hypertension not
controindicated!)
No extensive vascular damage

>

>

>

>

>

» High/very high lifetime cardiovascular risk
» Patient preferences

Difficult-to-treat hypertensive patients
Main features:

» Grade 1-2 hypertensive patients

» Untreated or with uncontrolled systodiastolic
office and 24h BP with 1-2 drugs

» Systo-diastolic hypertension

» No secondary hypertension

» Eligible renal artery anatomy

Additional features:

»Multiple intolerance to bp-lowering drugs /

adverse effects

»Poor drug adherence despite extensive

counseling

»24h- heart rate >73.5 bpm

»Parossistic/persistent atrial fibrillation

»>High / very high lifetime cardiovascular risk
Patient preferences

Evidence from Spyral OFF-med, ON-med, Radiance solo; Bohm
Evidence from Symplicity trials; GSR; DENERHTN; Prague-15; Azizi et al,Eur Heart J. 2019; Atti V et al. J C Electrophysiol 2019
M et al, Circulation 2016; Mahfoud F et al Eur Heart J 2017, GSR SIIA Position Paper, High Blood Pressure &Cardiovascular
ACC2019 Prevention 2020



@ E S c European Heart Jourral (2024) 00, 1-107

European Society https/idoiorg/10.1093/curheartj/chac178
of Cardiology

ESC GUIDELINES

2024 ESC Guidelines for the management of
elevated blood pressure and hypertension

Recommendation Table 32 — Recommendations for

acutely managing blood pressure in patients with intra-
cerebral haemorrhage or acute ischaemic stroke

Recommendations Class® Level®

For patients with ischaemic stroke or TIA and an
indication for BP lowering, it is recommended that
BP-lowering therapy be commenced before hospital
disc harge B19.820,823

In patients with acute ischaemic stroke, early BP lowering with BP-lowering

therapy should be considered in the first 24 h in the following settings:
* In patients who are eligible for re-perfusion
therapy with intravenous thrombelysis or
mechanical thrombectomy, BP should be carefully lla
lowered and maintained at < 180/105 mmHg for at
least the first 24 h after treatment ?¢~%50

In patients with ischaemic stroke not receiving
re-perfusion treatment and BP of =220/110
mmHg, BP should be carefully lowered by
approximately 15% during the first 24 h after
stroke onset. ¢
In patients with intracerebral haemorrhage,
immediate BP lowering (within 6 h of symptom
onset) should be considered to a systolic target 140-
160 mmHg to prevent haematoma expansion and
improve functional outcome.?#%%+
In patients with intracerebral haemorrhage
presenting with systolic BP =220 mmHg, acute
reduction in systolic BP >70 mmHg from initial levels
within 1h of commencing treatment is not

recommended_‘?s&.?b].%ﬂ—‘?ﬁs

BP, blood pressure; TIA, transient ischaemic attack
*Class of recommendation.
b, .

Level of evidence.

© ESC 2024




PROOF OF CONCEPT STUDIES IN HYPERTENSION:
SPYRAL HTN-OFF MED PIVOTAL TRIAL

RANDOMIZED, SHAM-CONTROLLED
SCREENING TREATMENT
Follow-up
Y e ﬂ A 6&” 1%“"

CONTROL =
= ABPM =
= Office BP =
f2—weﬁk o 12 = Drug =
safety chec weeks testing =
VISIT 1 . VISIT 2 'R z
= Office BP 34weeks " Office BP (baseline) OsSBP 2140 =
= Drug naive or SBP 2150 to <180 =
medications DBP 290 =

discontinued = _24-hr ABPM RENAL A4

[ DENERVATIO rotoney, N -l
= Drug testing N every 3m 4M* Mt 12-36M
2 weeks'? Primary Unblinding and
endpoint optional
crossover to RDN
Screen failure if OSBP 2180 or DBP <90 Escape criteria met if OSBP 2180 or investigator
- discretion

Townsend RR, et al. Lancet. 2017;390:2160-2170.




PROOF OF CONCEPT STUDIES IN HYPERTENSION:
SPYRAL HTN-OFF MED PIVOTAL TRIAL

BLOOD PRESSURE CHANGE FROM BASELINE AT 3 MONTHS

24-hr SBP 24-hr DBP Office SBP Office DBP

Baseline 151 151 163 163 101 102 (mmHg)

Blood pressure change at 3 months (mmHg)

-4,7 5.1
8 P
A -4.0 mmHg* A -3.1 mmHg” A -4.4 mmHg®
P <0.001 P <0.001 P <0.001
-9,2
-12 A -6.6 mmHg”
P <0.001 B RODN

Il Sham Control

Rdn showed significant reductions in all bp measures

Townsend RR, et al. Lancet. 2017;390:2160-2170.

\



SPYRAL HTN-OFF MED PIVOTAL TRIAL

Rdn demonstrated an “always on” effect on 24-hour Bp lowering?

24-HOUR SYSTOLIC ABPM TREND AT 3 MONTHS

Renal Denervation Sham Control
1

160 ! 160
i 1
- i
= 1
E [
g 150 150 4
2
g
o
E — ?a’;eli?: (BIJ=11E:|‘2) == Baseline (N=164)

. % : — lonths (M= - =
= 144 A eyl = Difference 1404 4 J— S_Mcnths{N-H-’-l}
o Difference
! .
= i
2] 1 -

130 r H - ™ 130 r T ™ —

T 2 2 3 = £ 2 2 2 2 & S 22 22z &8z 32435 a &
: ~ =t I+] <] g ~ =t [f=] o 9 2 ~ T (1] o \2 2 ~ =t o £ E
Time

The nighttime / early morning period is a “high-risk zone” associated with increased risk for stroke and cardiovascular events23

1. Bohm et al. The Lancet, 2020.
2. Amodeo C, Blood Pressure Monit, 2014
3. Boggia J, The Lancet, 2007
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6M-FU: RDN vs Gruppo di Controllo
Riduzione della PA Sistolica
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The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

THE CHANGING FACE OF CLINICAL TRIALS
Jeffrey M. Drazen, M.D., David P. Harrington, Ph.D., John J.V. McMurray, M.D., James H. Ware, Ph.D., and
Janet Woodcock, M.D., Editors

Lessons in Uncertainty and Humility —
Clinical Trials Involving Hypertension

Marc A. Pfeffer, M.D., Ph.D., and John J.V. McMurray, M.D.

Pfeffer and McMurray, New Engl J Med 2016



Table 1. Major Outcome of Trials Assessing the Risks and Benefits of Treating Elevated Blood Pressure.*
HDFP (1979)™ Diastolic pressure Stepped care vs. referred  Stepped care: 159/101  Decrease of 17% in all-cause No All patients could be treated
ikl e 90 to >115 mm Hg care Referred care: 159/101 mortality (P<0.01)
MRC (1985)” Diastolic pressure Thiazide or propanolol ~ Men Decrease of 46% in stroke Yes Previous data considered insuffi-
Quration. 1077102 90-109 mm Hg, systolic vs. placebo Thiazide: 158/98 (P<0.01) and 19% in cient for general recommen-
pressure <200 mm Hg Propanolol: 158/98 cardiovascular events dations; active drug initially
Placebo: 158/98 (P<0.05) recommended for patients
Women with systolic pressure =210
Thiazide: 165/98 mm Hg or diastolic pressure
Propanolol: 165/98 2115 mm Hg; reduced during
Placebo: 165/98 trial to =200 mm Hg and
=110 mm Hg, respectively
Syst-Eur (1997)* Diastolic pressure Antihypertensive treat-  Treatment: 174/86 Decrease of 42% in stroke Yes Eligibility requirements similar
Liead e L0 LU0 <95 mm Hg with ment vs. placebo Placebo: 174/86 (P=0.003) to SHEP and STOP,; active
systolic pressure treatment for systolic pres-
160-219 mm Hg; sure >219 mm Hg or diastolic
age =60 yr pressure =99 mm Hg; during
trial, ethics committee low-
ered eligible systolic pressure
to 200 mm Hg
HOT trial (1998)% Diastolic pressure Different intensities of ~ Participants in each of ~ No significant difference in No Therapy started with calcium-
Quation. 1000100 100-115 mm Hg antihypertensive three treatment groups: rate of cardiovascular channel blocker, with ACE
treatment intended 170/105 death, myocardial infarc- inhibitor, beta-blocker, di-
to target diastolic tion, or stroke across all uretic, or any combination
blood pressures three groups; however, thereof added; three levels
of <90, <85, or fewer clinical events in of reduction of diastolic
=80 mm Hg patients with diabetes in pressure targeted
subgroup targeting low-
er diastolic pressure
ALLHAT (2000)= Systolic pressure Chlorthalidone vs. doxa-  Chlerthalidone: 145/83  No significant difference in No Intended to control bloed pres-
Baanloos Jaag =140 mm Hg or zosin Doxazosin: 145/84 primary cutcome of sure and address potential
diastolic pressure death from coronary differences between agents
=90 mm Hg and one heart disease or nonfatal
or more risk factors for myocardial infarction;
coronary heart disease; trial terminated prema-
age =55 yr turely when rate of heart
failure with doxazosin
increased 104% vs.
chlorthalidone (P<0.001)

Pfeffer and McMurray, New Engl J Med 2016
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Office Systolic BP Distribution Symlicity’ |
(% Patients)

linical Study

Crossover to RDN

RDN procedure RDN procedure

B =180 mmHg

B =160 and <180 mmHg
=150 and <160 mmHg
=140 and <150 mmHg
<140 mmHg

P<0.001

12.3
15.1

Baseline 6 Mo Baseline
(N=364) (n=350) (N=101)

Bhatt DL, et al. Lancet 2022;400:1405-16.



RDN
(EnlighHTN)

F.Versaci, et al. Int J Cardiol, May 2014

"
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F. Versaci, et al. Int J Cardiol, May 2014



Redo of RDN: a case of effective treatment with a second generation of device in a
patient with recurrent resistant hypertension after primary treatment success.

250 7 After 1° RDN (MDT Symplicity)
A After REDO- RDN (EnlighHTN)
) AN
T 200 - N
£
E
(al
m
150 A
B SBP
B DBP
100 A
50 -~
0 -
F.Versaci, et al. Int J Cardiol, May 2014 Basal 1 week 1M 3 M 3 day
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Boston Scientific Vessix Renal Denervation System

Balloon-based technology (sizes 4 — 7 mm)

Low pressure non-compliant balloon
(3 atm/304 kPa)

Helical pattern of RF electrodes for uniform
treatment

30 second treatment time with up to 8 RF
electrodes activated simultaneously

Electrodes that are unapposed to vessel wall
are automatically deactivated

Bipolar energy delivery, using energy of ~1W

Temperature control algorithm ensures energy
deliver at precisely 68°C

One button operation
CE marked and TGA approved




Vascular response after percutaneous sympathectomy:
not all devices are equal.

ABPM 1
month post-
procedure

ABPM pre-

Blood pressure
procedure

Symplicity vs Vessix (n:20) Systolic BP 24h 138,44 + 16 138,14+ 8,88 ummm
ABPM 1 month ..? Diastolic BP 24h 73,89 +5,71 72,71£6,7
%_ Systolic BP «<awake» 141,11 + 16,45 140 + 8,02
§. Diastolic BP «awake» 76,67 + 6,24 74,43 + 6,85
(2] Systolic BP «asleep» 129,44 £ 17,71 131,29 £ 14,67

Diastolic BP «asleep» 64,78 + 5,67 66 £ 8,72
Systolic BP 24h 143,29 + 21,28 135,33 + 8,31 G
70,33 £ 6,62 ¢

Diastolic BP 24h 76+9,8
E Systolic BP «awake» 144,86 + 21,28 139+ 8,22
§ Diastolic BP «awake» 77,14 + 9,75 73,67 + 7,66
Systolic BP «asleep» 139,57 £+ 26,37 123,5+10,01
Diastolic BP «asleep» 74,14 + 13,94 60 +5,21

Versaci et al., JACC 2015

o
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Is it cost effective?



RF RDN was shown to be cost-effective in uncontrolled hypertension

£20,000
_‘6‘
@
c
®
@ £15,000
2
<
)
[y
2 £10,000
&
o
L
S
£5,000
£0

UK NICE cost-effectiveness threshold of £20,000 per QALY

£13,629
1 & 2™ gen.
RF RDN trials
pooled estimate £12.230 £11,555
4 i OFF MED
° [ ]
2" gen, o
RF RDN trials
pooled estimate £9,795 £7f65
ON MED
outside U.S. ON MED
cohort on N vsl.'
3 antiHTN aseline
medications
-4 -5 -6 -7 -8 -10

ICER: incremental cost-effectiveness ratio

RDN vs sham-control office SBP reduction, mmHg

® Scenario analysis

Sharp et al. European Heart Journal - Quality of Care and Clinical Outcomes (2024) 0, 1-11 https://doi.org/10.1093/ehjgcco/gcae001


https://doi.org/10.1093/ehjqcco/qcae001

Do the nerves regrow after RDN?



Lack of myelination may be the key to RF RDN durability

Myelinated Non-Myelinated

Injury Myelin Sheath Radlolfr:j(-ijc:l;ency
Injured » QA
Fiber - “« X
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- N
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” &2

Regenerating ceoceo g

-

Degenerating

Sustained
Axonal Loss
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Containment

Axon mmmmm==  Myelin sheath o



Unrecoverable Sympathetic Nerve Activity After RF RDN

Permanent axonal destruction and sustained reductions in renal norepinephrine in a porcine model
Pre-RDN

Morphological Assessment Physiological Assessment
Renal Cortical Axon Density Renal NE Concentration
N
500 N 600
Day ’ - 12 12 16 16 12 12 16 16 ® Control
ey e a0 * o’ # o " = RON
.-7 i 4 ; AL R . ] 2([))r;jrol 4004 ® [ * p<0.001
L ), £ 3001 & " > o # p=0.0003
el BOE e { E ° # p=0.008 =, . . -
E 2004 , . - * p<0.001 e n
& ! 200 ;%% *
® [}
100
0 = 0 aSu
X 7 180 7 180
Day post RDN Procedure Day post RDN Procedure

Brown staining = viable axons

Sharp A, et al. J Hypertension. 2022;40(10),2068-2075.



Are there any predictors of response?



Many predictors of RDN response have been proposed but no single attribute has emerged

INCREASED SYMPATHETIC ACTIVITY

Response Predictor

Reference

LOWER ARTERIAL STIFFNESS

Response Predictor Reference

Younger age = Azizi M, et al. Lancet. 2018;391:2335-234. Aortic Calcification = Courand P, et al. J Am Heart Assoc.
= FenglerK, et al. J Hypertens. 2018;36:1578-1584. 2017;6(10):e007062.
Higher baseline heart rate = Bohm M, et al. Eur Heart J. 2019;40:743-751. Aortic Distensibility = Stoiber L, et al. Clin Res Cardiol. 2018;107(8):642-
= Bohm M, et al. J Am Coll Cardiol. 2021;78(10):1028- 652.
1038. Pulse wave velocity = ZeijenV, et al. J Hypertens. 2023 Jan 20.
Higher baroreceptor sensitivity = Zuern C, et al. JAm Coll Cardiol. 2013;62:2124-30. = Fengler K, et al. Eurolntervention. 2022. ElJ-D-21-
01036

Worse renal function

= VinkE, et al. J Hypertens. 2014;32:2045-53.

Plasma biomarkers

=  Mahfoud F, et al; J Am Coll Cardiol. 2021;77:2909-19.

= Fisher N, et al. Journal of Hypertension 2022;40:221—
228.

= Dorr O, et al. Hypertension. 2014,;63:984-990.

=  Dorr O, etal. JAm Coll Cardiol. 2015;65:1151-3.

= FenglerK, et al.JAm Heart Assoc.
2017;6(5):e005879.
=  Davies J. EuroPCR 2016.

Central Pulse Pressure = OttC, etal. Eurointervention. 2015;11:110-6.

Augmentation Index = Schlaich M, et al. J Hypertens. 2013,31:1893—-1900.
=  Weber T, et al. Hypertension. 2022;79:1506-1514.

Lower BMI = |d D, etal. Catheter Cardiovasc Interv. 2016;87:E30-8.
Sleep Apnea = Kario K, et al. CircJ. 2016;80(6):1404-12.
Nighttime BP = Gosse P, et al. Hypertension. 2017;69(3):494-500.

= Gosse P, et al. Hypertension. 2021;77(2):529-536.

Orthostatic Hypertension

= Saxena M, et al. J Hum Hypertens. 2022 Jul;36(7):629-
639.
=  Kario K. AHA 2019.

RAAS activity

= LinS, et al. Rev Cardiovasc Med. 2022;23(2):65.

No single attribute with sufficient sensitivity and specificity
has been identified to predict response at the patient level

Research into a multi-parameter model ongoing



Can we reduce CV events following RDN?
Will we have an outcomes study?



Increased TTR corresponds with a significant decrease in MACE
GSR DEFINE outcomes

10%
9%
8% 7.8%
7% — TTR: 0%
MACE 6% 57%
(%) 5% — TTR: >0 to <47%
4% —
3% -
o 2.5%
2% TTR: >47%
1% —
0% T T 1
6 12 24 36
Time After Procedure (Months)
Number at risk
TTR: 0% 1223 1120 914 614
TTR: >0t0 <47% 730 668 567 384

TTR: >47% 719 668 555 402

Mahfoud et al. JACC Vol. 80, No. 20, Nov. 2022: 1871-1880



RDN associated with 26% relative risk reduction in MACE over 3 yrs?
Observed event rates for GSR patients vs. calculated control*

All GSR Patients

B Observed Event Rate in GSR (3Y)
M Calculated Control Event Rate*

13,5%

MACE CV Mortality Myocardial Infarction Stroke
RR 0.74 0.84 0.79 0.66
NNT 28 178 148 43

*Analysis applied a previously published CV risk regression meta-analysis? to estimate the event rates of a modeled control group using the
assumption the baseline blood pressure and anti-hypertensive drug prescription regimen remained unchanged for patients enrolled in GSR

MACE: major adverse cardiovascular events, calculated as composite
of CV death, MI, and stroke

RR: relative risk; calculated from modeled control

NNT: number needed to treat; calculated from modeled control

1 Adopted from Schmieder RE, et al. Eur Heart J Qual Care Clin Outcomes. 2022 Sep 4:qcac056. doi: 10.1093/ehjqcco/qcac056.
2 Thomopoulos C, et al. J Hypertension. 2014;32:2285-2295



How can you tell if the procedure has been
successful?
Will we have a procedural success marker?



Can RDN be used in CKD patients?



BP reductions observed in CKD patients following RDN in GSR

Global SYMPLICITY Registry results out to 3 years

Change in OSBP
1 Year 2 Year

Systolic

-8,5 Systolic

Change in BP from Baseline (mmHg)

3 Year

-10,2 Systolic

Baseline Systolic BP 162 + 26 mmHg
Baseline Diastolic BP 83 + 17 mmHg

CKD defined as baseline eGFR<60 ml/min/1.73m?
Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310.

11,7

Change in 24-hr ABPM
1 Year 2 Year 3 Year

Diastolic
-3,5
Systolic

-6,0 Systolic

-7,2 .
Systolic

-9,2

Baseline Systolic BP 154 + 19 mmHg
Baseline Diastolic BP 82 + 14 mmHg



Renal denervation in patients with vs without CKD*

Results from the Global SYMPLICITY Registry with follow-up data to 3 years

Change in OSBP
1 Year 2 Year

329

S

Change in BP from Baseline (mmHg)

-14,4 No CKD
-16,7
P=0.056 P=0.074

Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310.
*CKD defined as baseline eGFR<60 ml/min/1.73m?

3 Year

No CKD
-17,3

P=0.009

Change in 24-hr ABPM
1 Year 2 Year 3 Year

CKD

CKD

NO CKD -6,0 No CKD _7’2 NO CKD CKD
-8,1 -8,9 -8,5 _9’2
P=0.317 P=0.405 P=0.690



RDN in CKD patients in GSR

Global SYMPLICITY Registry: safety at 3 years

Without CKD With CKD P-value

(n=1087) (n=338)

MAE* 8.0 18.6 <0.001

All-cause death 4.1 9.2 <0.001
CV death 2.4 5.3 0.007
Myocardial Infarction 2.5 3.6 0.294
Stroke 3.6 6.2 0.036
New onset ESRD 0.3 5.9 <0.001

CKD defined as baseline eGFR<60 ml/min/1.73m?2
*MAE: death, new onset end-stage renal disease, significant embolic event resulting in end-organ damage, renal artery re-intervention due to perforation or dissection, vascular complications, hospitalisation for
hypertensive crisis / hypertensive emergency or new renal artery stenosis > 70%

Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310.



RDN in CKD vs non-CKD patients in an independent study

Verona experience: patient baseline characteristics

Mean + SD or % (n)

eGFR <45
ml/min
N=27

BASELINE PATIENT CHARACTERISTICS

Age (years)

Male

eGFR (ml/min)

CKD

Stage V

Diabetes, type 2

ISH

CAD

Antihypertensive

medications

58.5+17.0
81.5% (22)
26.7+12.9
100% (27)
25.9% (7)
51.9% (14)
48.1% (13)

18.5% (5)

55+0.9

eGFR 245
ml/min
N=45

59.8 + 14.0
66.7% (30)
77.2+20.0
35.5% (16)
37.8% (17)
55.6% (25)

28.9% (13)

51+1.2

0.79
0.17
<0.001

<0.001

0.50
0.36

0.39

0.31

Mean + SD or % (n)
BASELINE BLOOD PRESSURE

Office SBP (mmHg)

24-hr SBP (mmHg)

eGFR <45
ml/min
N=27

160.6 £ 22.1

157.4+16.8

eGFR 245
ml/min
N=45

157.6 £ 24.5

148.3 £19.2

0.61

0.10

Ribichini F. EuroPCR 2022.
Marin F, et al. J Nephrol. 2021;34(5):1445-1455.



BP reductions in CKD vs non-CKD patients in independent study

Verona experience: similar efficacy at 12 months

Office SBP 24hr SBP

eGFR 245
ml/min

-6,0

eGFR <45
ml/min eGFR <45

ml/min

eGFR 245

_15’7 ml/min
-20,9

-17,2

P=0.40

P=0.99

Change at 12 months from Baseline (mmHg

Ribichini F. EuroPCR 2022.



BP reductions in CKD vs non-CKD patients
indndeperdentstody

Creatinine variation (mg/dL)

eGFR <45 eGFR 245

ml/min ml/min 0.5
\Ery) N=45 .
] 0.06
Major complication and 0 0 0 i ]
MACE ’ 0.01
Minor complication 8.3% (6) 14.8% (4) 4.4% (2) 0.12 0.0
Transient increment of 7]
. 5.5% (4) 11.1% (3) 2.2% (1) 0.003 . -0.05
creatinine .
Femoral . . . ]
pseudoaneurysm 2.7% (2) 3.7% (1) 22%(1)  0.999 o5 | -0.04 . .
@ & R R
¢ PP o S

Ribichini F. EuroPCR 2022.



linical Study

Change in 24-Hour Systolic BP Symplicty |

12mo 24mo 36mo
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A -8.5 mmHg A -12.6 mmHg A -16.5 mmHg
P<0.0001 P<00001 F<0.0001 | RDN (baseline 159 mmHg)

Control pasciine 159 mmHa)

Bhatt DL, et al. Lancet 2022;400:1405-16.



Change in 24-hour Diastolic BP Symplicity |

linical Study

36mo 48mo
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A -5.6 mmHg A -7.5 mmHg A -11.2 mmHg
P<0.0001 P<0.0001 P<0.0001 | RDN (baseline 88 mmHg)

Control paseiine 91 mmHg)

Bhatt DL, et al. Lancet 2022;400:1405-16.



PROGRAMMA SCIENTIFICO

14:45 Registrazione dei partecipanti

15:00 Apertura dei Lavori
Francesco Versaci

1 SESSIONE

MISURE EFFICACI PER LA GESTIONE
DELL'IPERTENSIONE NON CONTROLLATA
Moderatori:

Ermnanuele Barbato

Eugenio Stabile

1510 Laragionevole terapia farmacologica
antipertensiva: le nuove linee guida
Giuliano Tocci

1525 Strategie di approccio al trattamento
dell'ipertensione. L'aderenza
terapeutica e la terapia combinata
Giovambattista Desideri

1540 La steria clinica della denervazione
renale fino alle nuove linee guida
Francesco Versaci

1555 Denervazione renale: il punto divista
del Nefrologo
Sandro Feriozzi

1670  Discussione

16:30 Coffee Break

11 SESSIONE

DALLATEORIA ALLA PRATICA CLINICA:
LESPERIENZA REGIONALE SULLA
DEMERVAZIONE RENALE

Moderatori:

Andrea Berni

Achille Gaspardone

Sebastiano Sciarretta

Discussants:

Angelo D'Urso - Cristian Di Russo -

Michael Donahue - Benedetta Giannico -

Luigi luliano - Anna Pacla Mitterhofer -
Raffaele Papa - Igino Proietti - Francesco
Rotolo - Andrea Spampinato - Gaetano Tanzilli

17:00 Il protocollo per lo sereening del
paziente candidato alla denervazione
renale
Mauro Pennacchi

1710 Aspetti procedurali del trattament
il nuove razionale clinico
Fabrizio Tomai

17:20 Ablazione delle arterie renali con
radiofrequenza e ultrasueni: due
tecnologie per un obiettivo comune
Iginio Colaiori

17:30  Modello “Pisanc” del trattamento
dell'ipertensione resistente
Alessandra Bacca

17:40 Discussione

1750 Sieurezza ed efficacia a lungo termine
Carlo Penzo

18:00 Stenosidell'arteria renale:
PTA o denervazione? Protocolle
empirico per un corretto planning
Domenico Tavella

1810

18:20

18:30

L'esperienza nei pazienti con eventi
cerebrali dovuti ad ipertensione non
controllata

Massimiliano Scappaticci

Denervazione renale e nuove
frontiere: fibrillazione atriale e
scompenso cardiaco

Cristiano Miott

Discussione

18:50 Tavela Rotonda:

1910

1915

Come approcciare il territorio per
efficientare il processo di riferimento
del paziente iperteso:

Giuseppe Biondi Zoccai

Giovambattista Desideri

Carlo Penzo

Fabrizio Tomai

Francesco Versaci

Take home message e chiusura lavori
Francesco Versaci

Questionario ECM



Histology after Renal denervation

4 Hours after RDN

6 Months after RDN

No pthlgl change i

14 days after RDN

Courtesy of R. Virmani




Blood Pressure and Autonomic Responses to Electrical
Stimulation of the Renal Arterial Nerves Before and After
Ablation of the Renal Artery

Serum Cathecolamine

Blood Pressure Responses .
Analysis

Heart Rate Response

matiy

gupdngi

—_——==

______

———
—

Chinushi M et al. Hypertension. 2013; 61:450-456



Case Example

R142/12

Hypertensive



Three Dimensional Nerve Reconstruction in
Hypertensive vs. Normotensive Pts

Hypertensive Normotensive



CardRIXIA 21-23 settembre 2023 Brescia

GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

Office BP
6Mo  1Yr 2Yr 3Yr

24-Hr ABPM
6Mo  1Yr 2Yr 3Yr

-13,3

Systolic Blood Pressure Change (mm

1
1
1
1
1
i
1
1
1
1
1
1
i
1
| -1.5
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-5 -14,0
-15,3
-16,7
2 Baseline BP 166 + 25 Baseline BP 155 + 18
mmHg mmHg

P < 0.001 at all timepoints vs. baseline BP

P < 0.001 at all timepoints vs. baseline BP

Mahfoud et al. EuroPCR 2022



Card

RIXIA 21-23 settembre 2023 Brescia

GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

24-Hr Systolic ABPM

Resistant HTN?® Elderly? Diabetic
(N=1822) | (N=1101) | (N=1007)
| |
0 \ 6M 1 \ 6M 1 2
1 1
n946 s n944 Y
o 1 r |
= 0 2
3 | |
g _ I I
a W
I-5 -
BE [ I
s E I I
L% L e I
S g B 75 1.3
3 § | |
270 -9,5 I I
3 -10,2 10,4 I I -10,2
~
Baseline BP 157 & 18 mmHg : Baseline BP 152 * 18 mmHg : Baseline BP 155 & 18 mmHg
-15 - . .

P < 0.001 at all timepoints vs. baseline BP

Mahfoud et al. EuroPCR 2022



Card

RIXIA 21-23 settembre 2023 Brescia

GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

24-Hr Systolic ABPM

CKD? Atrial Fibrillation
| (N=630) | (N=328)
I I
0 \ 6M 1 \ 6M 1 2
7 T T
| n=027 T | n=014 T
1 9 3 2

[ [
4
5 I I
g 51 I I
9T

T -5,6
BE : T 64 :
3 % I I
5]
E 20 1 1 10.1 I 9.2 10,0
25 - -
a° I ’ I 10,8 11,0
=
g Baseline BP 152 % 17 mmHg : Baseline BP 154 + 19 mmHg : Baseline BP 154 = 18 mmHg
15 -

P < 0.001 at all timepoints vs. baseline BP

Mahfoud et al. EuroPCR 2022



RDN demonstrated an “always on” effect on 24-hour BP lowering?

Renal denervation Sham control
I I
_ 160 A4 : 160 A4 :
T 1 I
= i
> Nighttime/ _— 1
© 150 o emigmane 150 1 "Gy Y
? P <0.0001 morning
o P =0.59
o
3 N\ = Baseline (N = 164)
ie) . 1 == Baseline (N =164 1 —
s 140 1 — 3?53?55((N :143?) 140 : 3 months (N = 134)
S ' Difference ! Difference
2 : 1
2 1 |
130 ! 130 .
S S =S =21 =2 2 =2 =2 =2 =2 = = S = = M= = =2 = = = = =
< < < < < < o0 o oo oo oo < < < < < < 0O oA oA o o oo
o o < (o] (o0] o (@} (gl < (o] o0 o o o < (o} o0 o (@} (@) < o [ee} o
i i i i i i — —

The nighttime/early morning period is a “high-risk zone” associated with increased
risk for stroke and cardiovascular events?3

1. Bohm M, et al. Lancet. 2020;395:1444-1451
2. Amodeo C. Blood Press Monit. 2014;19:199-202
3. Boggia J, et al. Lancet. 2007;370:1219-1229
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The Symplicity Spyral™ procedure reflects renal nerve anatomy

Post-bifurcation

94% within 3 mm

arriving
nerves Proximal 46%
¢ within 3mm
Nerve may not completely converge until Renal nerve density highest in the post
beyond the main bifurcation bifurcation region
63% of kidneys had renal nerves that joined distal to 94% of nerves are located within 3 mm of renal artery
the main renal artery bifurcation? lumen post-bifurcation versus 46% in proximal segment?

L Garcia-Touchard et al. Microdisection of the Human Renal Nervous System. Hypertension. 2020
2Mahfoud, F. Histological examination of renal nerve distribution, density, and function in humans. Eurolntervention. 2023.



Inferior Inferior Infecior Inferior

The plots show the percentage of nerves in regiony within <2, <4, <6, <8, and <100 mm from the renal arteries " lumen.



Rateo dose
mGy/min

Geometria

N 20cm




Medtronic RF RDN results in clinically meaningful,

* Meta-analysis of 18 reports involving 4,439 patients

Screened 220 records, 18 independent
reports

4,439 patients* (12,639 patient-years)

Mean follow up: 4.4 years (range: 3 - 9.4 years)

Mahfoud et al. ACC 2024.

*Over 2000 of the 4,439 contributed to long-term data analysis of 3 years and beyond

safe, and sustained BP reductions

Random effects model:

Long-term office SBP reductions

-23.2 mmHg
[95% CI: -27.6 to -18.8; p <0.001]
(n=1916)

>

I T T T T 1— 1
-50 -40 -30 -20 -10 0 10
Favors RDN <

Favors No RDN

Long-term 24-hr ambulatory SBP reductions
-14.0 mmHg

[95% CI: -17.4 to -10.7; p <0.001]
(n=912)

-50 -40 -30 -20 -10 0 10

Favors RDN 4 Favors No RDN

No escalation in anti-HTN meds through follow-up



OVER 4,000PATIENTS STUDIED ACR
MULTIPLE TRIALS

OFF MED Pivotal Trial

Completed

SPYRAL L ON MED Trial
HTN-OFF ey
MED

MED
Completed Completed U.S. Patient Preference StUdy

<linical Trial Redesign

SPYRAL

First-in-Man W 2 = I

Study

SPYRAL DYSTAL Study

GLOBAL SYMPLICITY REGISTRY - up to 3,000 patients

Safety and Efficacy in Real-World Patients

v

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022

Mahfoud et al, EuroPCR 2022



SIIA position paper on the role of renal denervation
in the management of the difficult-to-treat
hypertensive patient

i Societa Italiana dell’lpertensione Arteriosa
\ Lega Italiana contro I’'lpertensione Arteriosa

Bruno RM 1, Taddei S 1, Borghi C 2, Colivicchi F 3, Desideri G 4, Grassi G 3, Mazza A 6, Muiesan ML
7 Parati G &, Pontremoli R 9,Trimarco B 10, Volpe M 11, Ferri C 4

1University of Pisa, Pisa, 2 University of Bologna, Bologna, 3 Ospedale San Filippo Neri, Roma, 4 University of L'Aquila, L'Aquila,, 5
University of Milano-Bicocca, Milano, 8 AUSL Rovigo, Rovigo, Italy, 7 University of Brescia, Brescia, 8 Istituto Auxologico Italiano
,IRCCS & Department of Medicine and Surgery, University of Milano Bicocca, Milano, °® University of Genova, Genova,

10 University of Napoli, Napoli, 1t University of Rome “La Sapienza”, Roma

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Two possible clinical profiles of patients candidates to
RDN

Resistant hypertensive patients Difficult-to-treat hypertensive patients
Main features: Main features:
»Uncontrolled office and 24h BP » Grade 1-2 hypertensive patients
»In treatment with an association RAS-blocker / » Untreated or with uncontrolled systodiastolic office
CCB / Diur at maximally tolerated doses and 24h BP with 1-2 drugs
»No secondary hypertension » Systo-diastolic hypertension
> Eligible renal artery anatomy » No secondary hypertension

» Eligible renal artery anatomy

Additional features:

Additional features: »Multiple intolerance to bp-lowering drugs /

> Adverse effects with spironolactone adverse effects

> Poor drug adherence despite extensive counseling »Poor drug adherence despite extensive

» Preferentially systo-diastolic hypertension counseling

» (But isolated systolic hypertension not »24h- heart rate >73.5 bpm
controindicated!) »Parossistic/persistent atrial fibrillation

» No extensive vascular damage »>High / very high lifetime cardiovascular risk
High/very high lifetime cardiovascular risk Patient preferences

Patient preferences

Evidence from Spyral OFF-med, ON-med, Radiance solo; Bohm et al,Eur

Evidence from Symplicity trials; GSR; DENERHTN; Prague-15; Azizi Heart ). 2019; Atti V et al. J C Electrophysiol 2019
M et al, Circulation 2016; Mahfoud F et al Eur Heart J 2017, GSR SIIA Position Paper, High Blood Pressure &Cardiovascular Prevention
ACC2019 2020

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Change in 24-h ambulatory and office BP after RDN observed
In 5 sham-controlled randomized clinical trials of second generation

RDMN SHAM
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Schmieder et al. J Hypertens. 2021 Sept 1;39(9):1733-1741
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Antihypertensive Efficacy of RDN Compared

to Antihypertensive Drugs

ARBs

-78 | |‘ |‘

& b

ABPM Reduction (mmHg)
o

RDN Spyral
HTN OFF-Med

| -52
-10

Messerli F, et al. J Am Coll Cardiol Intv. 2020 Dec, 13 (24) 2934-2936

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



RISK REDUCTION FOR A FALL IN OFFICE SBP

S % BP or pre-existing
© : conditions
S
o 5% -13%
@
X o A% n=613815
= ' -20%

5%

279,
-30% 27% -28%
EnehadD Emdin CA, Kiran A, et al IB\Ddenessune\wenr\g r prevention of cardiovascular disease and

deati- 3 systematic revew and met

Major CVD CHD Stroke HF Mortality

Irrespective of baseline

alysis. Lancet 2018; 387: 85787

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Renal Denervation Increased
Time in Target Range (TTR)

Renal Denervation increases long-term time in target blood pressure range

compared with sham control: ON MED pilot data
Blood pressure and MACE reductions after renal denervation: 3-year GSR result

Time in Target Range - Methodology

More Time in Target Range

* TTR evaluates BP control beyond a single 160
measurement :
140
+ Uses several points to calculate the proportion of =
time a patient spends within the desired range ]
120
+ Commonly used in other disease states such as “ ﬁ

diabetes

SBP (mmHg)

+ |s an established assessment of BP control and an BL 3 6 12 24 36
~ Months
independent predictor of reductions in CV risk

Less Time in Target Range
Successive systolic BP measurements from
baseline throughout follow-up were linearly 160
interpolated

= Time a patient spent (%, days) at or below a 120
certain BP threshold was calculated .
00

BL 3 6 12 Months 24 36

SBP (mmHg)

Mahfoud et al. EuroPCR 2022
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Renal Denervation Increased
Time in Target Range (TTR)

Nearly 2x greater time spent at target in RDN patients vs. sham through 3 years
With numerically lower medication burden - SPYRAL HTN-ON MED Pilot

Higher %
is better
33.7%
Combined RDN
Office or ABPM*
o
E 18.8%
Combined Sham
| Office or ABPM*
8 0.2
2
5
2 Lower
% burden is
%‘ better
Baseline to: 6 months 12 months 24 months 36 months

Analyses use all non-missing BP data from BL, 3M, 6M, 12M, 24M & 36M within time ranges. Error bars represent standard error from the mean
*TTR calculated as target SBP range OSBP<140 mmHg and/or ASBP<130 mmHg

Kandzari, et al. EuroPCR 2022.

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



TAKE HOME MESSAGE (1)

European Society of Hypertension:
Position Statement on RDN in 2021

 In base ai risultati dei recenti studi clinici controllati effettuati con
dispositivi di seconda generazione, la RDN rappresenta un opzione
terapeutica per il trattamento dell’ipertensione, assieme a modifiche
dello stile di vita ed al trattamento farmacologico.

« La denervazione renale e una strategia terapeutica alternativa o
additiva, non competitiva.

« Si raccomanda un percorso strutturato per l'uso clinico di RDN nella
pratica quotidiana.

........................
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TAKE HOME MESSAGE (2)

European Society of Hypertension:
Position Statement on RDN in 2021

La prospettiva e le preferenze dei pazienti, nonché lo stadio della malattia
ipertensiva, comprese le comorbidita, dovrebbero portare a una strategia di
trattamento individualizzata in un processo decisionale condiviso, che includa

attentamente le varie opzioni di trattamento, inclusa la denervazione renale.

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022
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FOLLOW-UP OF SELF-EXPANDING CORONARY-ARTERY STENTS — SERRUYS ET AL. 13

ANGIOGRAPHIC FOLLOW-UP AFTER PLACEMENT OF A SELF-EXPANDING CORONARY-
ARTERY STENT

PaTrick W. Serruvs, M.D., BrabLey H. STRaUss, M.D., Keviv J. Beatr, M.B., B.S,,
MicreL E. BerTraND, M.D., Jacgurs Puer, M.D., Antrony F. Rickarps, M.B., B.S,,
Bernnarp MEIER, M.D., Jeax-]JacqQues Goy, M.D., Pierre Voer, M.D., Lukas KappesERGER, M.D.,
axp UrricH Siewart, M.D.

Abstract Background. The placement of stents in cor-
onary arteries after coronary angioplasty has been investi-
gated as a way of treating abrupt coronary-artery occlu-
sion related to the angioplasty and of reducing the late
intimal hyperplasia responsible for gradual restenosis of
the dilated lesion.

Metheds. From March 1986 to January 1988, we im-
planted 117 self-expanding, stainless-steel endovascular
stents {Wallstent) in the native coronary arteries (94
stents) or saphenous-vein bypass grafts (23 stents) of
105 patients. Angiograms were obtained immediately be-
fore and after placement of the stent and at follow-up
at least one month later (unless symptoms required angi-
ography sooner). The mortality after one year was
7.6 percent (8 patients). Follow-up angiograms (after a
mean [+SD] of 5.7+4.4 months) were obtained in 95 pa-
tients with 105 stents and wete analyzed quantitatively
by a computer-assisted system of cardiovascular angio-
graphic analysis. The 10 patients without follow-up angio-
grams included 4 who died.

Results. Complete occlusion occurred in 27 stents in

25 patients (24 percent); 21 occlusions were documented
within the first 14 days after implantation. Overall, immedi-
ately after placement of the stent there was a significant
increase in the minimal luminal diameter and a significant
decrease in the percentage of the diameter with stenosis
{changing from a mean [+ SD] of 1.88+0.43 t0 2.48+0.51
mm and from 37212 to 21210 percent, respectively;
P<0.0001). Later, however, there was a significant de-
crease in the minimal luminal diameter and a significant
increase in the stenosis of the segment with the stent
(1.88+1.78 mm and 48=34 percent at follow-up). Signifi-
cant restenosis, as indicated by a reduction of 0.72 mm in
the minimal lurminal diameter or by an increase in the per-
centage of stenosis to =50 percent, occurred in 32 per-
cent and 14 percent of patent stents, respectively.

Conclusions. Early occlusion remains an important
limitation of this coronary-artery stent. Even when the
early effects are beneficial, there are frequently late
occlusions or restenosis. The place of this form of treat-
ment for coronary artery disease remains to be deter-
mined. (N Engl J Med 1991; 324:13-7.)
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HTN3: Guppo Sham 5.2+1.4 farmaci
al giorno a dosaggio pieno

... € eticamente corretto prevedere «a vita» una terapia con 5 o piu farmaci a dosaggi
cosi elevati da essere difficilmente gestibile per la presenza di effetti collaterali...



Renal Nerve Anatomy Allows a Catheter-Based Approach




6 Months after RDN J

No pathologic change in arterial wall

[ 4
| ¢
[

Courtesy of R. Virmani



21-23 settembre 2023 Brescia

ITHRDN IN PT WITH
& SPB: -90 mmHg BKE AND RESISTANT
[] DBP: - 65 mmHg NSION

] HR:-52bpm

Hemorrhagic stroke

| ) Glasgow Coma Scale: 9

sion despite: Norton Scale: 8

g twice daily

ice daily Persistent hypertension during

g twice daily hospitalization (BP 210/120 mmHg)
g twice daily despite 6 medications p.o. and
urapidil iv

78

Before RDN 1 day

2%
.o RDN

12EI130 120
100
50 I
b I,
Before RDN

m)

BP (mmHa) & HR (

105
i 70 74 65 72 7070 7572
55 5 55
1 day 2day  2week  8Month  12Month 24 Month

Versaci F et al. Int J. Neurol Neurother 2015 Versaci F. et al SAGE Open Med Case Rep. 2019



CardRIXIA 21-23 settembre 2023 Brescia

Renal denervation: a novel therapeutic option
In the acute phase of hemorrhagic stroke

Blood pressure values trend at different study times

Blood Pressure Blood Pressure Values Variability
200 197,7
185 Journals
180
160
140
120 104.6
100 94.4
0
60
0
2
¥ o
£ HAdmission ~ PreRDN
= —y |
10 102 74.649.6
- =
30
0 Pre RDN Post RDN Discharge
50 «@=Systolic BP «fmDiastolic BP
&0
70
80
Blood pressure reduction

Versaci F, et al. JACC Adv 2023
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RDN + external ventricular drainage benefit patients with mild
ventricular hemorrhage and malignant hypertension




Vascular response after percutaneous
sympathectomy: not all devices are equal. CARDIOLOGY

OCT evaluation of 14 renal arteries

Before renal denervation ‘ | After renal denervation

Right renal artery

Left renal artery

F.Versaci et al., Int J Cardiol, April 2014




Cook S, Eur Heart J. 2012 Dec.

lerna S, et al. Int J Cardiol. 2013 May
Versaci F, et al. JEVT 2014



RDN: from theory to daily practice
(Case:b)

* 65 year old woman,

*  CVrisk factors: family history, hypercholesterolemia — Hypertension

+  «true» refractory HTN

B-blocker
o-blocker
ACE
Vasodilator
2 diuretics

Direct Renin Inhibitor






RDN: from theory to daily practice
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J ENDOVASC THER
2014;21:000-000 0

#CASE REPORT *

Is an Abnormal Vascular Response After Renal Sympathetic
Denervation Predictive of Permanent Damage?
An Unusual Case of Late Renal Artery Stenosis After
Energy Delivery

Francesco Versaci, MD"?; Antonio Trivisonno, MD?; Carlo Olivieri, MD?; Gianludovico Magri, MD";
Fiorella Caranci, MD'; and Francesco Prati, MD>

Department of Cardiovascular Disease, Ospedale “Antonio Cardarelli,” Campobasso, Italy.
2Depanment of Cardiovascular Disease, Ospedale “Ferdinando Veneziale,” Isernia, Italy.
3Depadment of Cardiovascular Disease, Ospedale “San Giovanni-Addolorata,” Rome, ltaly.

* *

Purpose: To describe the effect of renal sympathetic denervation (RDN) on renal arteries
immediately after the procedure and at follow-up.
Case Report: A 52-year-old woman with severe resistant hypertension underwent RDN. A
transient spasm occurred in left renal artery immediately after radiofrequency energy
delivery, with subsequent complete resolution without any additional therapy. At 6-month
follow-up, the blood pressure increased, and imaging revealed a tight stenosis in the left
renal artery, which was successfully treated with a stent. In the next days, there was an
immediate significant blood pressure reduction.
Conclusion: Renal denervation can be complicated by local tissue injury at the ablation sites
that could be a possible trigger of late arterial disease.

J Endovasc Ther. 2014,21:000-000
Key words: hypertension, renal denervation, renal artery disease intervention, peripheral/
renal angiography, optical coherence tomography, peripheral intervention
* *




Pre RDN

Versaci F, et al. J Endovasc Ther 2014



Post RDN

Versaci F, et al. J Endovasc Ther 2014



Five days later

Versaci F, et al. J Endovasc Ther 2014



BP after RDN (3M Follow up)
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Versaci F, et al. J Endovasc Ther 2014
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Calcincl

Versaci F, et al. J Endovasc Ther 2014



Versaci F, et al. J Endovasc Ther 2014



Renin Venous Activity

Left Kidney: 223.0
Right Kidney 38.0 et Kidney

Ratio sx/dx: 5.8



Versaci F, et al. J Endovasc Ther 2014



PTA-Stent

Dynamic Renal 5/15 — Biotronik

Versaci F, et al. J Endovasc Ther 2014



BP after PTA

= SBP
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Versaci F, et al. J Endovasc Ther 2014
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TAKE HOME MESSAGE (3)

RDN per la cura della fibrillazione atriale

 La modulazione della RDN sul sistema simpatico ha mostrato di poter
ridurre non solamente i valori di PA, ma anche avere effetti favorevoli
antiaritmici in pazienti sintomatici con FA sottoposti a Isolamento delle vene

polmonari, rappresentando pertanto un ulteriore strategia terapeutica.
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JAMA | Original Investization

Trends in Blood Pressure Control Among US Adults With Hypertension,
1999-2000 to 2017-2018

Paud Muntmer, PRI Salkia T Hardy, PR Lawrance | Fine, MD; Byron C. laeger. PhDD; Grogory Woaniak, PR
Emily B. Lewitan, 5ci; Lisandra 0. Colantomio, MOL PhD

Age-Adjusted Estimated Proportion of Adults With Hypertension and Controlled Blood Pressure

IE Blood pressure control among all adults with hypertansion Blood pressure control among adults taking antihypertensive medication
100 1004
5 304 5 80
25 e 28 &0
g o S a
55 s
- =
Ed 36
25 40 EL- S
e "
7E i
&= =
=< 204 = 20
0 T T T T T T T T 1 T T T T T T T T T 1
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Muntner P, et al. Jama 2020
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Mechanisms involved in BP regulation and the pathophysiology of hypertension




Systolic BP in crossover and non-crossover patients
from baseline through 36 months

m Post-RDN crossover procedure

—s—crossover

e systolic BP {mmHg)

Offi

B

blindad unblinded

n=101 naifit nest a3 n=63
baseline & manths 1zmenths  24months 36 months
Time after randomization

=

—#—non-crassover

g E

Office systelic EF (mmHg)

Supplemental Table S6. Safety outcomes in RDN, crossover, and non-crossover
patients

£

RDN Crossover * s “rossover
% (n) N=364 N=101 N=T0

blinded unblinded

haseline Gmonths  12menths  24months 36 menths
Time after randomization

Bhatt DL, et al. Lancet 2022;400:1405-16.




Societa ltaliana dell'Ipertensione Arteriosa
Lega Italiana contro I'lpertensione Arteriosa

Misurazione della PA ed esami diagnostici da eseqguire
In tutti i pazienti sottoposti alla procedura di RDN

* Misurazione della PA domiciliare, clinica ed ambulatoriale delle 24 ore
» Misurazione della PA clinica ed ambulatoriale delle 24 ore ad 1, 3 e 6 mesi, poi ogni anno
+ ECG a 12 derivazioni ad 1 mese e poi ogni anno

* Prelievo ematico per valutazione della funzione renale (creatininemia, filtrazione glomerulare
renale stimata, clearance della creatinina stimata, azotemia, sodio, potassio), esame completo
delle urine e dosaggio della microalbuminuria e della creatinuria sulle urine del mattino con

calcolo del rapporto albuminuria/creatinuria
ad 1, 3 e 6 mesi, poi ogni anno

* Prelievo per emocromo ad 1 mese e poi ogni anno




Crosstalk Between Renal Nerves and CNS

Kidney impairment, or

systemic, sympathetic 4 y dysfunction = 4 afferent
outfiow activity




Renal Nerves and the SNS

Efferent Sympathetics Afferent Renal Sympathetics

The kidney is a source of central
sympathetic activity, sending signals to
the CNS

DiBona GF, et al. Am J Physiol Regul Integr Comp Physiol. 2010;298: R245-R253.
Schlaich MP, et al. Hypertension. 2009;54:1195-1201.



The Interplay Between RAAS, Volume, and SNS

Sympathetic nerves Juxtaglomerular

cells
' Macuta densa

Afferent ~o R
y ~ Fe,
arteriole Nay :”:.c'. ¥ Renal artery
s \':o,, # Sympathetic

Loa ) Ly
. . ({-
< . \ N\Mdcula
< o
1

’ densa

/ Efferent

arteriole
Glomerulus

oo ' .

Adrenal Kidney Intestine CNS Peripheral Nervous System Vascular smooth

cortex muscle
1 # Sympathetic discharge
# Aldosterone R — & ot # Contractility
synthesis -
Sodium/water # Blood § A\ Total peripheral A Cardiap
reabeorption volume resistance output

v
#* Blood pressure

Saseen JJ, Carter BL. Pharmacotherapy A Pathophysiologic Approach.
6th ed. New York, NY: McGraw-Hill Professional; 2005:185-218.
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Acute Treatment with RDN in pt with Hemorrhagic Stroke and Resistant Hypertension

[J] SPB: -90 mmHg

RDN [] DBP: - 65 mmHg  [ertension during
210 (BP 200/110 mmHg)

[1 HR:-52 bpm cations p.o. and

u SBP m DBP wHR

78

118 120

70 70 75 72

i i
. h 12 Month 24 Month

Before RDN 1 day

Versaci F et al. Int J. Neurol Neurad
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Versaci F. et al SAGE Open Med Case Rep. 2019
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Significant, sustained office and 24hr SBP reductions over 3 years in real-world setting
GSR DEFINE
Office BP 24-hr ABPM
6Mo  1¥r 2Y¥r  3Y¥r &6Mo  1Yr 2Yr  3Y¥r

E n=1607 n=1270 n=741 n=533

£

§

g

&

&

E

i

o -16.7

F < 0.001 at all imepoints vs. baseline BF
Baseline BP 1686 + 25 mmHg Baseline BF 154 + 19 mmHg
Mote: patient numbers reflect who had completed follow-up atthe time of analysis.
Mahfoud et al. EuroPCR 2022 Az
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Long-term efficacy and safety of RDN in the presence of
antihyperthensive drugs (SPYRAL HTN-ON MED):

arandomized sham-controlled trial

hange n2ith dastoicblood prssre v )

Mahfoud F, et al. Lancet 2022 &
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Higher TTR associated with significant CV event reductions from 6 to 36 months
GSR DEFINE

P<0.0001 0% TR
W >0toc =50% TTR*
| =50% TTR*

103

Cardiovascular event rate
between 6-386 months (%)

MACE CV death Mi Stroke

MACE defined as cardiovascular death, Ml or stroke. Patients who had events between 0-6 months were
excluded from analyses. P-values were calculated using Cochran-Armitage trend tests.
*TTR from baseline to 6 months

Mahfoud et al. EuroPCR 2022.
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Hypertension is the most common underlying disorder
in patients with AF

* Hypertension is more prevalent than AF
* Many Patients with Hypertension have
AF

* Most Patients with AF have Hypertension

* Prevalence of AF and Hypertension both

increase with age

* Hypertension is main contributor (~20%) of new AF cases!
* Hypertension is the most important clinical predictor of recurrent AF after
catheter ablation?

1. Huxley RR, et al. Circulation 2011;123:1501-8
2. Parkash R, et al. Circulation 2017; 135:1788-98
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High Sympathetic Tone Can Impact Both Triggers and Substrate
Required to maintain AF

Chronic
Atrial Stretch

Hypertension Heart Failure

Sleep Apnea
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Linz et al. Clin Res Cardiol. 2014;103:765-74
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RDN and Atrial Electrical Remodeling in Goats

A Right Atrium Left Atrium
E . l
o
£
1]
AFCL= 184ms AFCL = 197ms
z
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| a ‘
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Linz D, et al. Circ Arrhythm Electrophysiol 2015
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RDN + PVI patients are 40% less likely to have
AF recurrence vs PVI only: Meta analysis

Figure 2.1 Overall Recurrence of Atrial Fibrillation in Hypertensive Patients

RSDN+PVI PVI Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Pokushalov 2012 4 13 10 14 4.1% 0.43 (0.18, 1.04] 2012 |

Pokushalov 2014 15 41 23 39 13.8% 0.62 (0.38, 1.00] 2014 =

Kiuchi 2016 S 21 18 24 5.0% 0.32 [0.14, 0.71) 2016 —

Kiuchi 2017 15 39 59 96 17.4% 0.63 (0.41, 0.96] 2017 i

Romanov 2017 15 39 22 37 14.0% 0.65 [0.40, 1.04] 2017 .

Kiuchi 2018 13 33 23 36 13.3% 0.62 [0.38, 1.01] 2018 -

Steinberg 2020 43 154 64 148 32.4% 0.65 [0.47, 0.88] 2020 -

Total (95% Cl) 340 394 100.0% 0.60 [0.50, 0.72] ’

Total events 110 219

Heterogeneity: Tau® = 0.00; Chi* = 3.36, df = 6 (P = 0.76); I’ = 0% i t t i

Test fz? ovegll effect: Z = 5.56 (P < 0.00001) : ) vel g el 1
Favors RSDN+PVI Favors PVI

ANEE
araiaioye hatans ov erits

Mujer et al. Pacing Clin Electrophysiol. 2020 Aug;43(8):866-874.
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JAMA | Original Investigation

Effect of Renal Denervation and Catheter Ablation vs Catheter Ablation
Alone on Atrial Fibrillation Recurrence Among Patients

With Paroxysmal Atrial Fibrillation and Hypertension

The ERADICATE-AF Randomized Clinical Trial

Jonathan 5. Steinberg, MO; Vitaliy Shabanow, MD; Denitry Ponomarnes, MO Denis Losic, MDO; Eduard haniday. MO;
Evgeny Kropotkin, MO; Konstartin Polyakow, MD; Pawel Ptaszyrsls, MO; Boris Kewsloh, MO
Christopher | Yao. MPH; Evgeny A. Pokushalow, MID. PhD: Al=xander B. Romanow, MO

392 Patients eligible for the study? 0.5

Hazard ratlo, 0.57 (95% CI, 0.38-0.85)
Log-rank test P=.006 Pulmonary veln Isolation

Il—I

90 Excluded

75 Did not meet inclusion/
exclusion criteria
15 Declined participation

=
s
1

=
w

(/ 302 Randomized >

Pulmonary veln Isolation +

Recurrence of Atrial Fibrillation
Flutter, or Tachycardia
(=1
o

154 Randomized to receive pulmonary 148 Randomized to receive pulmonary renal denervation
vein isolation + renal denervation vein isolation only 0.1
154 Received intervention as 148 Received intervention as
randomized randomized
: 1 T 7 & 3 © b
9 Did not complete trial 10 Did not complete trial
2 Died 2 Died Time Since Randomization, mo
7 Lost to follow-up 8 Lost to follow-up No. at risk
Pulmonary veln Isolation 148 148 127 101 85 73 B9
154 Included in the primary analysis | ‘ 148 Included in the primary analysis Pulmonary veln isolation + 154 154 141 126 108 101 97

renal denervation

[AREE |

JAMA. 2020;323(3):248-255
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Consensus Document

LFuropean Society of Hypertension position paper on
renal denervation 2021

Roland E. Schmlecler Felix Mahfoud®, Giuseppe Mancia©, Mlchael Azizid, Michael B6hm*®,
Kyriakos Dlmltnadls Kazuoml Kario9, Abraham A. Kroon", Melvin D Lobo Christian Dtta‘
Atul Pathak, Alexandre Persu', Filippo Scalise™, Markus Schlalch“ Reinhold Kreutz®,

Costas Tsmuﬁs on behalf of members of the ESH Working Group on Device-Based
Treatment of Hypertension

J Hypertens, September 2021
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EuroPCR 2022

Renal denervation increased

time In target range

Renal Denervation increases long-term time in target blood pressure range
compared with sham control: ON MED pilot data

Blood pressure and MACE reductions after renal denervation: 3-year GSR results




Renal Denervation Increased
Time in Target Range

Renal Denervation increases long-term time in target blood pressure range

compared with sham control: ON MED pilot data
Blood pressure and MACE reductions after renal denervation: 3-year GSR result

Time in Target Range - Methodology

More Time in Target Range

* TTR evaluates BP control beyond a single 160
measurement :
140
+ Uses several points to calculate the proportion of =
time a patient spends within the desired range ]
120
+ Commonly used in other disease states such as “ ﬁ

diabetes

SBP (mmHg)

+ |s an established assessment of BP control and an BL 3 6 12 24 36
~ Months
independent predictor of reductions in CV risk

Less Time in Target Range
Successive systolic BP measurements from
baseline throughout follow-up were linearly 160
interpolated

= Time a patient spent (%, days) at or below a 120
certain BP threshold was calculated .
00

BL 3 6 12 Months 24 36

SBP (mmHg)

Mahfoud et al. EuroPCR 2022



Nearly 2x greater time spent at target in RDN patients vs. sham through 3 years
With numerically lower medication burden - SPYRAL HTN-ON MED Pilot
P=0.023 Higher %
is better
33.7%
Combined RDN
Office or ABPM*
o
E 18.8%
Combined Sham
Office or ABPM*
8
H
5
= Lower
‘5 burden is
§ better
Baseline to: 6 months 12 months 24 months 36 months
Analyses use all non-missing BP data from BL, 3M, 6M, 12M, 24M & 36M within time ranges. Error bars represent standard error from the mean
*TTR calculated as target SBP range OSBP<140 mmHg and/or ASBP<130 mmHg

Kandzari, et al. EuroPCR 2022.



Higher TTR associated with significant CV event reductions from 6 to 36 months
GSR DEFINE

P<0u0001 | 0% TR
W =0to <30% TTR”
W, 50% TR

103

Cardiovascular event rate
betweean 6-36 months (%)

n=Tid nm=S30 n=512 re= F81 =537 n=527 n=F81 n=53% n=5E2 n=FF4 n=53% =519

MACE CV death M Stroke

MACE defined as cardiovascular death, Ml or stroke. Patients who had events between 0-6 months were
excluded from analyses. P-values were calculated using Cochran-Armitage trend tests.
*TTR from baseline to 6 months

Mahfoud et al. EuroPCR 2022.



Time in Target Range increased to nearly 35% over 3 years in a real-world setting
GSR-DEFINE

34.9%

3Mo 6Mo 1Yr 2Yr 3Yr
(N=2845) (n=2948) [n=2985) (n=2997) [n=3000)

Every 10% increase in TTR at &6 months resulted in a 16% decrease in MACE

TTR calculated as target SBP range OSBP<140 mmHg and/or ASBP<130 mmHg

Mahfoud et al. EuroPCR 2022



Central and
eastern Europe

Hypertension Epide

High prevalence: [ Controlled hypertension 100
. Affects 1in 3 adults [ Treated but not controlled
_ Diagnosed but untreated /5
e 1B people worldwide 2 B Undiagnosed 50

e Singlelargest contributor-
worldwide 25

e Every 20 mmHg increase i
with a doubling of 10-year

mortality

e  Dramatically increases risk ot stroke, heart = p—
attack, heart failure, & kidney failure

e Only half of all treated hypertensives are :

controlled to established BP targets
e Resistant Hypertension ~ 10%

w
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Sub-Saharan Afric

Lancet 2021, Aug 24
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Symplicity Spyral™ catheter
reduces procedural variability
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Patient Perspectives

10 mmHg SBP Office reduction

Baseline BP Baseline BP

160 mmHg 145 mmHg
Fewer drugs Free from drugs

Fewer symtoms No symtoms

Less effects on lifestyle No effects on lifestyle

Scilla'C uore
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Ongoing prospective trials as assessing the effects of RDN in Pts with AF

Trial Design Status Location Enroliment Intervention Outcome

ERDAF study (Effect of Renal Denervation Prospective Mot recruiting Greece 30 participants with resis-  RDOM and ILR implartation  Recurrence of AF

on Atrial Fibrillation) Randomized yet tant HTN and paroxysmal vs. optimal antihyperten and AF burden

NCTOM055285 Open label or persistent AF sive treatment and ILR (with the use of
implantation ILR)

Ultrasound-Based Renal Sym pathetic Prospective Recruiting LISA 130 participants with un ROM and catheter abla Recurrence of AF

Denervation as Adjunctive Upstream Randomized controlled hypertension  tion s, catheter ablation  upto 12 months

Therapy During Atrial Fibrillation Ablation  Single-blinded and paroxysmal only

(ULTRA-HFIB) or persistent AF

NCTO4182620

Treatment of Atrial Fibrillation in Patients Prospective Recruiting Netherlands 138 participants with ROM and PVl vs, PVl only  Recurrence of AF

by Pulmanary Vein Isolation in Coambina Randomized resistant hypertension

tion With Renal Denervation or Pulmao Open label and AF

nary Vein Isolation Only (ASAF)

NCT 02115100

Renal Merve Denervation in Patients With  Prospective Active, not UsA 245-participants with ROM and PVI icryoabla Recurrence of AF

Hypertension and Paroxysmal and Per Randomized, recruiting uncontrolled HTH and AF  tion) ws, PVI (cryoabla

siste nt Atrial Fibrillation (Symplicity AF) Open label First results tian) anly

NCTO2064 764

in 2020
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Enrollment/Baseline

SYMPLICITY AF CLINICAL TRIAL

CT scan and
randomization

.;
Pulmonary vein
isolation

Arctic Front®

LONEanay ]
_s—.

yir

T

Treatment: renal
Control: LINQ angiogram, renal artery

insertion denervation and LING
insertion

¢

Hospital Hospital
Discharge Discharge
Reveal
™
LI NQ 1 month and 6
month

Every 6 months Every 6 months Sym pliC] ty Spyra lm

until study until study
closure closure
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RDN and Atrial Electrical and Mechanical Remodeling in
Hypertensive Patients

1.8 A

1.6

1.4 A

1.2 A

m/s

0.8 A

0.6 A

0.4 4

Global and regional conduction velocity

p<0.01 p<0.01 p=0.08 p=0.01 p=0.04
=14
W Baseline
M Follow up
Global CV  Posterior Anterior Septal Lateral

McClellan, Schlaich et al. Heart Rhythm, 2015
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RDN Technologies Avaible and in Development

Technology

Radiofrequency

Ultrasound

Cryoablation
Brachitherapy

Pharmacological

Device Name (Manifacturer)
Symplicity Flex (Medtronic, Inc)

Spyral (Medtronic, inc)

EnlighHTN (St.Jude Medical, Inc)
OneShot (Covidien, Manfield, MA)
Vessix V2 (Boston Scientific Corp.)
ThermoCool (Biosense Webster, Inc)
Iberis (Terumo)

Verve Medical System

Paradise (ReCor Medical)

TIVUS (Cardiosonic)

Kona System (Kona Medical)

Sound 360 (Sound Innovations, Inc)

Not yad named (friedrich-Schiller Universuty
CyberHeart

Not yad named (Universuty of Athens)

Bullfrog (Mercator MedSystems, Inc)

Peregrine (Ablative Solutions)

Key Characteristics

Single-electrode catheter

Spiral-electrode catheter

Multielectrode Catheter

Irrigated, spiral-electrode catheter

Multielectrode catheter with bipolar energy deliver
Irrigated, multielectrode catheter
Single-electrode, radial artery access system
Multielectrode, retrouretic access system

Nonfocused endovascular ultrasound energy
system

Nonfocused endovascular ultrasound energy
system

Externally applied, low-intensity ultrasound
Endovascular ultrasound energy system
Standard cryoablation catheter

Catheter based, beta-radiation Brachiterapy

0.1 mg vincristine delivered from six holed
proprietary balloon catheter

Guanethidine microinjecyion into the adventitia

Ethanol Microinjection into the adventitia

T Sy ST P e TR TS T T e R TR
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Renal Sympathetic Activation in Patients
with Hypertension
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Normal Age Age Age
BP 20-39 40-59 60-79
Essential
Hypertension

Esler et M al. Clin Exp Hyper 1984



Chronic Effect of Increased Sympathetic
Nerve Activity

4 Neurohormones

Schlaich MP, et al. Hypertension. 2009;54:1195-1201.
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Symplicity Spyral™ catheter
reduces procedural variability
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Acute Treatment with RDN in pt with Hemorrhagic Stroke and Resistant
Hypertension

Hemorrhagic stroke

49 y-old-male Glasgow Coma Scale: 9

Resistant Hypertension despite: Norton Scale: 8

+ Bisoprolol 2.5 mg twice daily

* Ramipril 10 mg twice daily Persistent hypertension during

* Amlodipine 10 mg twice daily hospitalization (BP 200/110 mmHg)
* Furosemide 25 mg twice daily despite 6 medications p.o. and

Metolazone 5 mg urapidil iv

250

RDN

210 = SBP = DBP s HR
200

150
120" 120 123 115 118 120
105

100
7 72 70 70 73 72

78 4
55 Eﬁm 55 59
50
, l Il Il Il Il Il Il

Before RDN 1 day 2 day 2 week &Month 12Month 24 Month

BP (mmHa) & HR (bpm)

Versaci F et al. Int J. Neurol Neurother 2015 Versaci F. et al SAGE Open Med Case Rep. 2019
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The procedure was changed to reflect renal nerve anatomy

Renal nerves have a positional bias on radial
distance from arterial lumen: distal nerves are closer

Mompeo B, et al. Clin Anat. 2016;29:660-664.
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JAMA | Original Investization
Trends in Blood Pressure Control Among US Adults With Hypertension,
1999-2000 to 2017-2018

Paud Muntmer, PRI Salkia T Hardy, PR Lawrance | Fine, MD; Byron C. laeger. PhDD; Grogory Woaniak, PR
Emily B. Lewitan, 5ci; Lisandra 0. Colantomio, MOL PhD

Age-Adjusted Estimated Proportion of Adults With Hypertension and Controlled Blood Pressure

IE Blood pressure control among all adults with hypertansion Blood pressure control among adults taking antihypertensive medication
100 1004
5 a0 5 B0
g®F =3
£E =
23 & 28 &0
g o =
55 s
- =
Ed 36
TE 404 ZhH 401
= =
%E RE
&= =
=< 204 = 20
0 T T T T T T T T 1 T T T T T T T T T 1
1099- 2001- 2003- 2005- 2007- 2009- 2011- 2013- 2015 2017- 1999- 2001- 2003- 2005- 2007- 2009- 2011- 2013- 2015- 2017-
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2000 2002 2004 2006 2008 2010 2012 2014 2016 2013
NHANES cycle NHANES cycle

Muntner P, et al. Jama 2020



Study Overview Demonstrating Freedom From AF With RSDN

Age: 60 years, 88% paroxysmal AF
Mean follow up: 15 months

AF Ablation AF Ablation + RSDN
205 of 438 89 of 287
31%
47% |
B i 9% 0
ERADICATE-AF, 0.65 (0.47 - 0.88) -
HFIB1, 073 (032-165) —r—
Kiuchi 2017, 0.81(0.53 - 1.24) l—l:-!
Pokushalov 2012, 043 (018 - 1.04) —
Pokushalov 2014, 062 (038 -100) -
Pooled Data, .57 (0.5 - 0.83), ;= 00007 mi

D e

001 01
RSDN

1 10
Favors Favors
+ AF Ablation  AF Ablation

RR 0.68, 95% Cl 0.55-0.83, p = 0.0002

Turagam, M.K. et al. J Am Coll Cardiol EP. 2021;7(1):109-23.

RDN + PVI patients are 40% less likely to have AF recurrence vs PVI only: Meta analysis




NEUROMODULATION-ATRIAL FIBRILLATION

Renal Sympathetic Denervation as @
Upstream Therapy During Atrial

Fibrillation Ablation

Pilot HFIB Studies and Meta-Analysis

Mohit K. Turagam, MD,* William Whang, MD,* Marc A. Miller, MD,* Petr Neuzil, MD, PuD,” Arash Aryana, MD,"

Alexander Romanov, MD,? Frank A. Cuoco, MD,* Moussa Mansour, M‘D,thanunjaya Lakkireddy, MD,*
Gregory F. Michaud, MD," Srinivas R. Dukkipati, MD,* Sam Cammack, MA, MPH,* Vivek Y. Reddy, MD?*



-

Bonoscere.bunareiluoe =

Enrollment/Baseline

SYMPLICITY AF CLINICAL TRIAL

CT scan and
randomization

.;
Pulmonary vein
isolation

Arctic Front®

LONEanay ]
_s—.

yir

T

Treatment: renal
Control: LINQ angiogram, renal artery

insertion denervation and LING
insertion

¢

Hospital Hospital
Discharge Discharge
Reveal
™
LI NQ 1 month and 6
month

Every 6 months Every 6 months Sym pliC] ty Spyra lm

until study until study
closure closure




TABLE 5 Effect of Renal Sympathetic Denervation on Blood Pressure

P Value p Value
thange in SBP Change in DEP
Follow-Up From Baseline  Compared With Compared With  From Baseline Compared With Compared With

First Author/Study, Year N (Months) (mm Hg) Baseline AF Ablation (mm Hg) Baseline AF Ablation
Pokushalov et al., 2012 13 12 =25+ 5 <0.00 <0.001 -0 +2 <0.00 <0.001
Pokushalov et al., 2014 41 12 -20 £ 14 <0.00 <0.001 A0+ 6 <0.00 =<0.001
Kiuchi et al., 2017* 39 & -3+ 2 NSt NSt -1+ 3 NSt NS
ERADICATE-AF study 154 12 -6+ 9 0.001 0.0 -+ 6 000 <0.001
HFIB-1 study 13 12 5126 NSt NSt 0.6 +15 NSt NS
HFIB-2 study 28 12 -8+ 25 NSt NSt 1+12 NSt NSt

Walues are mean <+ 50, unless otherwis indicated. Mean change in blood pressure compared with baseline: SBF -12.1 mm Hg (95% confidence interval: -20.9 to-33 mm Hg; p <

-5.60 mm Hg (95% C: -10.05 to -1.1mm Hg; p = 0.01). *24-h mean ambulatory blood pressure monitoring. tp = 0.05.

Abbreviations as in Table 1.

0.007); DBP




Classification of hypertension stages according to blood pressure levels, presence of
cardiovascular risk factors, hypertension-mediated organ damage, or comorbidities

@W@ESC

of Cardiology

Hypertension
disease
staging

Stage 1
(uncomplicated)

Stage 2
(asymptomatic
disease)

Stage 3
(established
disease)

Other risk factors,
HMOD, or disease

No other risk
factors

1 0r 2 risk factors

=3 risk factors

HMOD, CKD grade
3, or diabetes
mellitus without
organ damage

Established CVD,
CKD grade =4, or
diabetes mellitus

with organ damage

w Bonoscere.Burarebuoie ==

BP (mmHg) grading ‘

European Heart Journal (2018) 39, 3021-3104
European Society doi10.1093/eurheartj/ehy339

High normal
SBP 130-139
DBP 85-89

Low risk

Low risk

Low to
Moderate risk

Very high risk

Grade1 Grade 2 Grade 3
SBP 140-159 SBP 160-179 SBP =180
DBP 90-99 DBP 100-109 or DBP =110

Low risk High risk
High risk

High Risk High risk

High to

High risk very high risk

High risk

Very high risk Very high risk Very high risk

ESC/ESH GUIDELINES

BESC/ESH 2018



The Problem of AF gets larger

Projected number of persons with AF in
the US between 2000 — 2050

Projected number of persons with AF

16 - 152 _o
s _o

Projected number of
persons with AF (millions)

8
6
a4
2
0

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Briffa T, et al. BMJ 2009




Atrial fibrillation and Stroke

Persons (thousands)

Estimated age-specific AF prevalence

g8 8 & €

8

o
3

30-34 35-39 40-44 4549 50-54 55-59 60-64 65-69 70-74 75-79 8084 >85
Age (years)

Relationship of AF and stroke

30% +

20% - I Prevalence of AF
I Strokes attributed to AF (%)

10% -

50-59 60-69 70-79 80-89
Age (y)

Fuster, et al. Circulation. 2006




Meta-Analysis Demonstrating Impact of Renal Denervation on Ventricular
Arrhythmias

A. Total Number of Ventricular Arrhythmia Episodes

Renal Denervation

20 0 10 20
Favors Renal Denervation  Favors No Theragy
C. Total Number of Shocks
Study or Subgroup 1V, Random, 95% CI
Armagangan 2015
Stako 2015 -
Evaeos 2016
Ukena 2016 =t
Kiuchi 2017 <=
Jang 2018 P
<
-
-20 10 ) 20

Favars Renal Denarvation ~ Favors No Theeagry

Hawson, J. et al. J Am Coll Cardiol EP. 2021;7(1):100-8.



Congresso Regionale GISE Lazio | "La rinascita”

TAKE HOME MESSAGE

European Society of Hypertension:
Posistion Statement on RDN in 2021(1)

« On the basis of consistent results of several sham-controlled
clinical trials, renal denervation represents an evidence-based
option to treat hypertension, in addition to lifestyle changes and
blood pressure lowering drugs.

« Renal denervation therefore expands therapeutic options to
address the first objective of hypertension treatment, that is to
effectively reduce an elevated blood pressure and achieve blood
pressure targets.

* Renal denervation is considered a safe endovascular procedure
without significant short-term or long-term adverse effects based
on data available up to 3 years.



Congresso Regionale GISE Lazio | "La rinascita”

TAKE HOME MESSAGE

European Society of Hypertension:
Posistion Statement on RDN in 2021(2)

* Renal denervation is an alternative or additive, not a competitive
treatment strategy.

» A structured pathway for clinical use of RDN in daily practice is
recommended.

« Patients’ perspective and preference as well as patients’ stage of
hypertensive disease including comorbidities should lead to an
individualized treatment strategy in a shared decision-making
process, that carefully includes the various options of treatment,
including renal denervation.
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TAKE HOME MESSAGE

LA DENERVAZIONE DELLE ARTERIE RENALI CON | SISTEMI DI SECONDA
GENERAZIONE.
UN RIMEDIO PER L'IPERTENSIONE RESISTENTE?

* Le nuove evidenze dimostrano che la denervazione renale ha
tuttora forti potenzialita di sviluppo clinico.

« Sulla base dei risultati dei recenti studi clinici, questa tecnica non
e piu “confinata” all’ipertensione resistente, ma € possibile
proporla ad esempio a pazienti difficili da trattare perché non
aderenti od intolleranti alla terapia farmacologica.

« Tuttavia la selezione dei pazienti e I'esecuzione della procedura
deve essere limitata a centri con un reale “expertise” di
ipertensione arteriosa e di cardiologia interventistica.



Bottom line Summary

* Percutaneous renal denervation interrupts efferent and afferent nerve traffic
between the brain kidneys.

* Sympathetic activity effects both the triggers and substrate required to initiate
and maintain atrial arrhythmias.

* Pre-clinical data demonstrates that renal denervation modulates sympathetic
nerve activity in the kidneys, and in the heart and central nervous system.

¢ Clinical trials have demonstrated reverse atrial electrical and mechanical
remodeling and reductions in atrial tachyarrhythmia burden following renal
denervation.

* The prospective, randomized controlled SYMPLICITY AF trial will evaluate the
safety and efficacy of renal denervation and pulmonary vein isolation to further
reduce atrial arrhythmia burden.



PROOF OF CONCEPT STUDIES IN HYPERTENSION:
SPYRAL HTN-OFF MED PIVOTAL TRIAL

KEY INCLUSION & EXCLUSION CRITERIA

Inclusion 1. Patient is either:
a. Not on antihypertensive medications, OR

b. Permitting discontinuation of drug therapy
2. Office SBP 2150 and <180 mm Hg
3. Office DBP 290 mm Hg
4. Systolic 24-hour mean ABPM 2140 and <170 mm Hg

Exclusion . Ineligible renal artery anatomy (accessory arteries
allowed)

eGFR <45 mL/min/1.73m?

Type 1 diabetes mellitus or type 2 diabetes mellitus with
HbA1C >8.0%

Bohm et al. Clin Res in Card, 2020



Symplicity HTN-1: Responder Rate Does Not Decrease Over Time —
This Clinical Benefit of RDN is Sustained

100%
90%

80% -

70%
60%
50%
40%
30%
20%
10%

0%

Schlaich, M, TC

96% 94%
T 80% 82% 82%
69% (A% 71%  71% I I I
1imo 3mo 6mo 9mo 12mo 18mo 24mo 30mo 36mo
(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 reduction 210 mmHg
* Number of patients represents data available at time of data-lock

T 2012
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Changes in Underlying Physiology
Consistent With RDN

New Engl J Med Case Study

Baseline 1 Month

Office BP (mm Hg) 161/107 141/90
Renal NE spillover (ng/min) (127/81 at 12 M)
« Left kidney 72 37 -48%

» Right kidney 79 20 -15%

Total body NE spillover (ng/min) 348 -42%

Plasma renin (pg/l/hr) I 0.15 -50%
Renal plasma flow (mL/min) 1126 57%

Left ventricular mass (g/m2) : 731 1%

Schlaich MP, et al. New Engl J Med. 2009;361:932-934.
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Renal Nerve Anatomy Allows a Catheter-
Based Approach

* Standard interventional technique
* 4-6 two-minute treatments per arte!

* Proprietary RF Genera tor

- Automated
- Low-power

- Built-in safety algorithms




Histology after Renal denervation

4

4 Hours after RDN

L -~

~nia
= =N

14 days after RDN
H! .ﬂl = _‘V 3 one t.,;::%l_//@kiﬂ .

Courtesy of R. Virmani
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Blood Pressure and Autonomic Responses to Electrical
Stimulation of the Renal Arterial Nerves Before and After
Ablation of the Renal Artery

Serum Cathecolamine

Blood Pressure Responses .
Analysis

Heart Rate Response

matiy

.....,..
R ony
LR
videede
bayghaki

Chinushi M et al. Hypertension. 2013; 61:450-456
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Chronic Effect of Increased Sympathetic
Nerve Activity

4 Neurohormones % s Blood Pressure

Worsening Xidney Failure

Schlaich MP, et al. Hypertension. 2009;54:1195-1201.



Morphometric Evaluation of Renal aa

Hypertensive | Normotensive
RS =120 RS =120

| Maximum thickness of intima (sm) 333.0 +183.1 197.4 +135.1
Thickness of arterial wall (pm) 880.4 + 209.9 9704 + 3103

Cross-sectional luminal stenosis (%) m

meerw | wmoere ||

-stabe (7A) “mman | e ||
R S —

- unstable

Renal artery in Hypertensive pt Renal artery in Normotensive pt
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Normotensive Hypertensive

Courtesy of A. Mauriello
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Three Dimensional Nerve Reconstruction
In Hypertensive vs. Normotensive Pts

Normiciensive

Courtesy of A. Mauriello



Societa Italiana dell'Ipertensione Arteriosa
Lega Italiana contro I'lpertensione Arteriosa

GPs — Cardiologists — Hypertension specialists

|

RDN Selection Center

Screening for
secondary
hypertension
Drug
and tolerability
assessment

Optimization of BP-lowering treatment

andidate to
RDN? BP controlled?

Multidisciplinary staff Clinical follow-up
evaluation for RDN

SIIA Position Paper, High Blood Pressure &Cardiovascular Prevention 2020



CCONMILTIE e e

Renal denervation: which patient?

Dynamic definition of the difficult-to treat hypertensive patient:

- Screening for secondary hypertension

- Prescription of a rational drug scheme —
- Evaluation of drug tolerability and adherence n 7 ﬂ o ?
- Comorbidities / global CV risk N &:

- Patient preferences [ &) @ Q
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PROOF OF CONCEPT STUDIES IN HYPERTENSION:
SPYRAL HTN-OFF MED PIVOTAL TRIAL

SAFETY RESULTS AT 3 MONTHS

Sham Control

(n=165)
New myocardial infarction 0 0
New stroke 0 1(0.6%)
Major Adverse Events 1 (0.6%) 0
Death 0 0
New onset end stage renal disease 0 0
Sign. embolic event resulting in end-organ damage 0 0
Benal artt.ery perforation or dissection requiring 0 0
intervention
Vascular complications 0 0
Hospitalization for hypertensive crisis/emergency 1 (0.6%) 0
Major bleeding (TIMI) 0 0
Serum creatinine elevation >50% 0

Townsend RR, et al. Lancet. 2017;390:2160-2170.
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Anatomic Assessment of Sympathetic
Peri-Arterial Renal Nerves in Man

A proxma B widde C o
€ =10 2 =10 pt




HTN3: Guppo Sham 5.2+1.4 farmaci al
giorno a dosaggio pieno

... € eticamente corretto prevedere «a vita» una terapia con 5 o piu farmaci a dosaggi
cosi elevati da essere difficilmente gestibile per la presenza di effetti collaterali...



AF as a Symptom of Hypertension?

Hypertension and atrial fibrillation (AF) axis in the cardiovascular disease continuum.

= Age / Gender / Race
*Family history / genetic
predispasition
aObesity | Overweight
“Sheep apnoeca
*Inflammation / Oxidative
siress [ Endothelial
dysfunction

Risk factors

* RAAS and sympathetic

* Left ventricular

Arterial

Hypertension Outcomes

= Atrial stretch and fibrosis
* Mew-onset AF
* AF recurrence on rhythm

= Swoke TIASE
acivation conirol therapy

“ . * Myocardial infarction
= Progression o permanent N

hypertrophy = Congestive heart failure
= [hastolic dysfunction = Major bleeding
* HFpkF = Cogmitive decline
» Anerial stiffness = » Tieg
* Kidney dysfunction Atrial Desth

Fibrillation

N

Mikhail S. Dzeshka. Hypertension 2017, Volume: 70, Issue: 5, Pages: 854-861



Arrhythmia triggering through the reno-cardiac axis

Action through
the posterior
hypothalamus

T2-T4

Stellate ganglia ‘ '

T5-T12

Vs

Nammas et al, Heart Rhythm 2016;13:2388—

Central
sympathetic
outflow

Efferent
sympathetic
nerve signaling

to the heart

Renal afferent
sympathetic
nerve signaling

2394,

Ca influx and Ca release
from the sarcoplasmic
reticulum, enhancing
automaticity and
triggered activity

Stimulation of
mechanoreceptors in
the renal pelvic wall
and chemoreceptors
in the renal
interstituim



Changes in aortic distensibility.

cross-sectionalarea (mm?)

time (ms)

p=0.007 mm No-HF
;1:0»013 |'mm HFpEF
1 p=0.331
: —
Pre RDN Post RDN

Kresoja KP, et al Circ Herart Fail 2021




Contribution of the sympathetic nervous system to heart failure with preserved
ejection fraction (HFpEF)

Renal Denervation

Efferent Effects Afferent Effects via central modulation

!

% -Reduced peripheral arterial resistance
-Increase venous and splanchnic vascular
capacitance

-Decrease Na*
-improved endothelial function

-Decrease renin activity
-Increased renal blood
flow

-Decrease cardiac hypertrophy
-Reduced atrial and ventricular arrhythmia risk
<improved sympathetic increase in heart rate

' -improved insulin resistance

E:i

Fudim M, et al. Circ Heart Fail 2021



Worldwide trends in hypertension prevalence and progress
in treatment and control from 1990 to 2019: a pooled
analysis of 1201 population-representative studies with
104 million participants

waorid High-Income Centraland Latin America and
westem eastem Ewrope Caribbean

[ Controiled ypertersion

[ Treates bt not controled

[ Dilagrcsed but untreated

I Undiagnosed

1250

100

High-Incoms Exst and Sguthish

Murnksr of paopl irviliared

Lancet 2021 Aug 24,
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Hypertension Epidemiology

High prevalence:
e Affects 1in 3 adults
e 1B people worldwide = 1.6 B by 2025

e Single largest contributor to death

30% 35% worldwide
Untreated BECEEENel]: e Every 20 mmHg increase in BP correlates

Uncontroned with a doubling of 10-year cardiovascular

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

35%

Treated & « Only half of all treated hypertensives are
Controlle controlled to established BP targets
d * Resistant Hypertension ~ 10%

Chobanian et al. Hypertension. 2003;42(6):1206-1252.



Morphometric Evaluation of Renal aa

Maximum thickness of intima (um)

[ Thickness of arterial wall (pm)

Cross-sectional luminal stenosis (%)

Type of plaque:

- stable (FA)
- unstable

Renal artery in Hypertensive pt

Hypertensive | Normotensive

32 (26.7%) 44367%) | |
88 (73.3%) 76(633%) | |

Renal artery in Normotensive pt

Sangiorgi G, et al.

TCT 2012




Case Example

R142/12:

Normotensive Hypertensive

Courtesy of A. Mauriello



Three Dimensional Nerve Reconstruction in
Hypertensive vs. Normotensive Pts

Normiciensive

Courtesy of A. Mauriello



Symplicity HTN-1: Responder Rate Does Not Decrease Over Time —
This Clinical Benefit of RDN is Sustained

100% - 96%  94%
90% - 80% 82% 82%

80% 1 69 1A% 71%  71%

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

1mo 3mo 6mo 9mo 12mo 18mo 24mo 30mo 36mo

(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 reduction 210 mmHg
* Number of patients represents data available at time of data-lock

Schlaich, M, TCT 2012
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PROOF OF CONCEPT STUDIES IN HYPERTENSION:

SPYRAL HTN-OFF MED PIVOTAL TRIAL

BLOOD PRESSURE CHANGE FROM BASELINE AT 3 MONTHS

24-hr SBP

Baseline 151 151

A -4.0 mmHg”
P<0.001

Blood pressure change at 3 months (mmHg)

-12 4

24-hr DBP

A -3.1 mmHg"
P <0.001

Office SBP
163 163

-9,2

[E—

A -6.6 mmHg’
P<0.001

Office DBP
101 102 (mmHg)
n=156  n=150

A -4.4 mmHg”
P <0.001

Bl RDN
Il Sham Control

Rdn showed significant reductions in all bp measures

Townsend RR, et al. Lancet. 2017;390:2160-2170.




Mean Changes in Systolic BP in 4 Prospective, randomized,

sham-controlled trials of renal denervation

24-hour
SYMPLICITY SPYRAL SPYRAL
HTN-3 HTN-ON MED HTN-OFF MED

Change in Systolic Blood Pressure (mm Hg)

MIRDN [ Sham Control

© 2019 Medtronic. All rights reserved. Medtronic, Medtronic
logo and Further, Together are trademarks of Medtronic. All

Weber, MA, et al. JACC Intv. 2019;12 (12):1095-105
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GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

Office BP
6Mo 1Yr 2Yr 3Yr

24-Hr ABPM
6Mo 1Yr 2Yr 3Yr

Hg)

13,3
15 -14,0

-15,3

-16,7

1
1
1
1
1
:
1
1
1
1
1
1
:
1
: 75
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Systolic Blood Pressure Change (mm

20 Baseline BP 166 + 25 Baseline BP 155 £ 18

mmHg mmHg
P < 0.001 at all timepoints vs. baseline BP

Mahfoud et al, PCR e-Course 2020



GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

24-Hr Systolic ABPM

Resistant HTN? I Elderly? I Diabetic
(N=1822) | (N=1101) | (N=1007)
0 6Mo 1Y 2Y 3Y 6Mo 1y 2Y 3Y 6Mo 1Y 2Y 3Y
WEVEYRRR=670N n=441 n=302 : NEZISORRASAL/N n=272 n=197 : WELZYARRA=4068 n=264 n=201
o
3 1 1
4 1 1
a o 1 1
I-5
BE | |
= E I I
2% 1 |
2]
% S -8,1 ! !
& Y90 9.5 1 1
I e 1 1 -
3 102104 | | 10,2
Baseline BP 157 = 18 mmHg : Baseline BP 152 &£ 18 mmHg : Baseline BP 155 = 18 mmHg
-15 - 1 1

P < 0.001 at all timepoints vs. baseline BP

Mahfoud et al, EuroPCR 2019.



GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

24-Hr Systolic ABPM

ISH I CKD? I Atrial Fibrillation
(N=995) | (N=630) | (N=328)
0 6Mo 1Y 2Y 3Y 6Mo 1Y 2Y 3Y 6Mo 1Y 2Y 3Y
WEZELRIRSSRON =266 n=199 : (EYAMIN=0908 n=155 n=116 : WSVERRS130) n=93 n=70
1 1
g 1 1
" _5 A I I
§ —_ | |
ST I I
-g € -630
S £ ! !
o | |
L ¥
S £10 - I I
25 ! -10,1 1 -10,0
o I ’ I 10,8 11,0
S Baseline BP 152 17 mmHg : Baseline BP 154 = 19 mmHg : Baseline BP 154 & 18 mmHg
15 - 1 1

P < 0.001 at all timepoints vs. baseline BP
Mahfoud et al, EuroPCR 2019.
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Renal denervation: which patient?

Dynamic definition of the difficult-to treat hypertensive patient:

- Screening for secondary hypertension

- Prescription of a rational drug scheme —
- Evaluation of drug tolerability and adherence n 7 ﬂ o ?
- Comorbidities / global CV risk N &:

- Patient preferences [ &) @ Q
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PATIENT PERSPECTIVES

*Choice over therapy

"Patients desire to stay drug free - absolute
*More time before starting meds

»Taking less meds
= Taking meds which affect lifestyle less



Razionale per la terapia di combinazione:
due farmaci sono piu efficaci di uno

. Aggiunta di un farmaco 116 - Raddoppio della dose di un farmaco
1.4 - di un'altra classe (dalla dose standard a quella doppia)
1.04 1.00

1.2 0.89 1.01

1.0

0.8

0.6

0.4

0.2

Rapporto tra riduzione pressoria incrementale
osservata e riduzione pressoria attesa

Tiazidici Beta ACEI ccB Tutte le

bloccanti classi

Wald et al. Am 1 Med 2009;122:290-300.




the relationship between BP and risk of AF may be causal (Genetic
analysis)

Mendelian Randomization analysis identified a potentially causal association
between Hypertension and AF

Table | Mendelian randomization estimates between blood pressure traits and atrial fibrillation

Inverse-variance weighted method Maximum likelihood MR-Egger regression Median-based method

Int t

BP N OR 95% Cl P-value P-value for OR 95%Cl P-value P-value for OR 95%Cl P-value OR 95%Cl P-value OR 95%Cl P-value

trait heteraogeneity heterogeneity

SBP 2661.0181.012-1.024 1E-08 <0.0001 1.0191.012-1.025<0.001  <0.0001 1.0061.002-1.0100.006 0.9980.982-0.0130.763 1.0161.009-1.023<0.001
DBP  3451.0261.016-1.035 15E-<0 <0.0001 1.0271.016-1.037<0001  <0.0001 1.0010.997-1.0050.597 1.02 0.997-1.0430.083 1.0211.012-1.030<0.001
PP 2831.0141.001-1.028 0033 <0.0001 1.0161.000-1.031 0.05 <0.0001 0.9980.993-1.0040.533 1.0240.991-1.0580.158 1.0151.005-1.025 0.004

BP, blood pressure; Cl, confidence interval; DBP, diastolic blood pressure; MR, mendelian randomization; OR, odds ratio; PP, pulse pressure; SBP, systolic blood pressure; SNPs, single-nucleotide polymorphisms; M, # of SNPs used in MR.

Georgiopoulos, Tsioufis K, et al. European Journal of Preventive Cardiology, 2021doi:10.1093/eurjpc/zwab005



Role of the sympathetic nervous system in heart
failure

« Hypertrophy
« Fibrosis
Cardiac « Arrhythmias
Baroreceptors efferents
X
Cardiac Vascular = =y -Endothelial dysfunction
afferents efferents «Vascular remodeling
(@ i( : « Hypertension
s
+ Epinephrine
release

Renal Renal
afferents efferents

« 4 Sodium reabsorption
«Vasoconstriction

« 4 Renin release

« Renal ischemia



Vulnerability

Progression of AF Theory (“AF Begets AF”)

Progression may not be monotonic

Paroxysmal AF Persistent AF Permanent AF
7day$ I . 1 r 2 r . 1
=
TNl
' R v '
: 2110 5, 8. g
5 B0 L o
~-| =y =t = !-' i i
= SRR = Ra : Remodeling Cardiac
;;A;‘ v vavh \J G > Substrate
v s Age- and . Involvement
co-morbidity- Remodeling
related remodeling

m B B B Geretics NG
60 80

Age (years)



Renal denervation associated with left atrial remodeling in refractory
hypertensive humans

55

Renal denervation ®RDN
reduced LV mass, atrial 50 n=46 — n=18 b for trend.
size and imprOVEd - RDN: p<.0.001
diastolic function % 45 Control: P=0.49
Compared toa g 40 RDN vs. Control; P=0.02
matched control group. a ’E\

©

2 E 35

< Baseline 1 Month 6 Months

g

]

—

Brandt MC, et al. J Am Coll Cardiol. 2012;59:901-9



GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

RDN decreased blood pressure without increasing medication burden

Number of Medications

Mean Number of Med
Classes

4,56
4,47 4,46
4,42 4,30
Baseline 6Mo 1Yr 2Yr 3Yr
(n=2712)  (n=2724) (n=2674) (n=2568) (n=2514)

Mahfoud et al, PCR e-Course 2020

3

Patients (%)
&

B

Office Systolic BP Distribution

B<130 mmHg 2130 and <140 mmHg
2140 and <150 mmHg 2150 and <160 mmHg

12 12 12 9
27
18
22 20 19
a 15
13 17 16
19 20
17

19 20

="

- o 19 o1 2 1

11

— -
7

Baseline 6Mo 1¥Yr 2Yr 3¥Yr
(n=2662) (n=2107) (n=2001) (n=1537) (n=1254)
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Proposed beneficial mechanism of renal sympathetic denervation in
patients with heart failure with preserved ejection fraction (HFpEF)

Pre RDN

Sympathetically Driven % I Ventricular
Aortic Stiffness Compensation

Irpaied
sortc
cmmraitar

Malignant VA
interaction ~ Hmesemacity

High shrcon voums.

G

Clinical phenotype
Blood pressure 11
Dyspnoea t

NT-pecBNP 1 1

Post RDN

:

a 7

H %)

: \ /a

s Reduced Aortic | Ventricular
H Stiffness Normalisation

\

Favourable VA
Interaction Mo comactiy

Restered
ot
PSR Nommal sicke vome

G
o Lo -
s [
: {
H 1
_ Altered Ventricular : ) Improved Ventricular
Increased Pulsatile load . Reduced Pulsatile load
Physlology H Physiotogy
: 4
& : i
Sysiobe strmesst| 3 . Syaronc it ||
g prossion 1 Otastokc strmess 1| £ s s e | Otmatoke shtioens ||
8508 pressare | WEDP | L ) : B0 pressare | LveD® | /
Blood pressare varabéty 1 Bowe { ) o E4004 pressure vanaoiy | PCWP | / ide
l | - l |
&g .
H
H

Clinical phenotype
Blood pressure |
Dyspnoea |
NT-proBNP |

Kresoja KP, et al Circ Heart Fail 2021
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High Sympathetic Tone Can Impact Both Triggers and Substrate
Required to maintain AF

/
g

Acute
Atrial Stretch

e
N,
\
\
Q # Spontaneous Focal “
Structural 8 O Electrical " Discharges \
Remodeling Remodeling H 1
Profibrotic &) Altered lony 1
Pathways Currents | ‘ :
Wavelength W | T"gger H
Conduction 7 - Reentry Circuits T Action Potential 1 H
Velocity ¥ Duration ¥ '|
’f
’

~
il

Linz et al. Clin Res Cardiol. 2014;103:765-74



Sham

RDN

DN and Atrial Electrical Remodeling in Goats

A Right Atrium
/ . »
o % ¥
- °
o
\ ‘Sham RON
AFCLa 197ms A RA A

B waves/AFCL Cc Wave size
150-

Left Atrium
15
p=0.001 p=057 =001
T o °

£y I £ =066

=3 T oo 50 . o
Sham RON 9 Sham RON Sham RON

RA

AFCL = 184ms
. 0
Breaktrough/AFCL
®1 pe00s9 poss
6 * * e
AFCL = 141ms -.' o°
¥ .-

AFCL= 130ms
Sham RON

RA

o
Sham RON

LA

"% Breakthrough wave

Sequence of appearance
e
{ ) Peripheral wave

N1 N2 N3 N4 N5 N6 N7

Linz D, et al. Circ Arrhythm Electrophysiol 2015
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Blood Pressure and Autonomic Responses to Electrical
Stimulation of the Renal Arterial Nerves Before and After
Ablation of the Renal Artery

Serum Cathecolamine

Blood Pressure Responses .
Analysis

Heart Rate Response

.....;.,
IEITTITEH]
BEIREERE

“regdre

BAFRRARA

Chinushi M et al. Hypertension. 2013; 61:450-456
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