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Trends In Blood Pressure control
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* Among all aduits with hypertension.
® Among aduits who self-reported taking anthypertensive medication.

Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan EB, Colantonio LD. Trends in Blood Pressure Control Among US Adults With Hypertension, 1999-2000 to 2017-2018. JAMA. 2020 Sep
22;324(12):1190-1200. doi: 10.1001/jama.2020.14545. PMID: 32902588; PMCID: PMC7489367.



Pathways of Renal Denervation
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There are multiple pathways through which renal denervation can directly and indirectly result in brain stem and stellate ganglion remodeling and
reduced nerve activity. These include inhibition of afferent ignali and ynapti e (28).
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Kiuchi M, Esler M, Fink G, et al. Renal Denervation Update From the International Sympathetic Nervous System Summit. J Am Coll Cardiol. 2019 Jun, 73 (23) 3006-3017.
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(Top) The right renal artery sympathetic innervation in (A) anterior and (B) posterior views divided in 3 proxi (green sq

middle (green diamonds), and distal (green triangles). (Bottom) A schematic concept for selective versus global renal denervation: red dots
represent “hot spots™—pressor spots. These are nerves that when stimulated increase BP. They are the ideal target for renal denervation. Blue
dots represent “cold spots“—inhibitory spots, which lower BP when stimulated. The yellow dots represent the majority of nerve fibers, which
are neutral in their contribution to BP control and do not show hemodynamic effects when sti d. *Connection b ganglia.

Kiuchi M, Esler M, Fink G, et al. Renal Denervation Update From the International Sympathetic Nervous System Summit. J Am Coll Cardiol. 2019 Jun, 73 (23) 3006-3017.
https://doi.org/10.1016/j.jacc.2019.04.015
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Schematic illustration of the renal artery with its surrounding nerves. The sympathetic nerve fibres
originate from the abdominal ganglia and run conically to the distal part of the vessel. The lower
circles show the nerve distribution stratified according to the total number (each green dot
represents 10 nerves) and relative number (as percent per segment) of nerves. Adapted with
permission from"



Techniques of Renal Denervation

Technology

System/Catheter

Evidence available

RF

us

Chemical

Microwave

Symplicity Flex
EnligHITN
Symplicity Spyral
Iberis

One-Shot

Vessix V2

Paradise

Surround Sound System

Vincristine,
Modified angioplasty catheter
Alcohol,

Peregrine system

In-house built catheter

Single electrode, unipolar, 6fr

Multielectrode, basket,
unipolar, 8fr

Multielectrode, over wire,
unipolar, 6fr

Single electrode, radial or
ulnar approach, unipolar, 4 fr
Balloon based, Irrigated, over
the wire, unipolar, 6fr
Balloon based, over the wire,

bipolar, 8fr

Active cooling balloon, 6fr

Non-invasive

Angioplasty balloon catheter
Over the wire, 8fr
Three-needle catheter, 7fr

Irrigated catheter, 8.5fr

Symplicity HITN-1, 2, 3, DENERHTN
17,35,63,69]
EnligHTN I, 11 [38,39]

Spyral feasibility study, Spyral HTN-Off
MED/On MED [40,74,75]
Case reports only [44]

In-man, RAPID [46]

In-man, REDUCE-HTN [43]

Porcine model studies

In-man, REDUCE, RADIANCE HTN
SOLO [49-51]

Feasibility study in canine,

In-man “WAVE -1V’ [47 48,52]
Swine model study,

In-man single case report [53,55]
Proof of concept in swine,

Randomised comparison with RF in swine,
First-in-man feasibility study [54,57,58]

Proof of concept study in sheep [60]

Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan EB, Colantonio LD. Trends in Blood Pressure Control Among US Adults With Hypertension, 1999-2000 to 2017-2018. JAMA. 2020 Sep

22;324(12):1190-1200. doi: 10.1001/jama.2020.14545. PMID: 32902588; PMCID: PMC7489367.



Review of Initial trials of renal denervation

Symplicity HTN-1
Symplicity HTN-2



Symplicity HTN-1
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O'Brien E. Renal denervation for resistant hypertension--the Symplicity HTN-1 study. Lancet. 2014 May 31;383(9932):1884. doi: 10.1016/S0140-6736(14)60910-7. PMID: 24881985.



Symplicity HTN-2

Symplicity HTN-2 was a prospective, multi-centre,

unblinded study that randomised 106 patients to either

RAD (n = 52) or control arm [34]. Similarly, the RAD arm

had a significant reduction in office BP at 6 months (-32/-

12 mmHg) with 84% responders. In follow-up studies, office
BP reduction was persistent at 1 (-28/-9.7 mmHg, n = 49) and
3 years (-33/-14 mmHg, n =40



Symplicity HTN-2

Assessed for eligibility

n=190
84 Patients excluded:
36 Ineligible after 2-week compliance period
30 Ineligible anatomy
10 Declined participation
8 Other (exclusion criteria discovered after consent)
Randomized
n=106
Allocated to renal denervation group Allocated to control group
n=52 n=54
1 Withdrew 1 Lost to follow-up
2 Lost to follow-up 2 Withdrew
6-Month follow-up 6-Month follow-up
RDN group Control group
n=49 n=51 2 Withdrew
1 Unsuitable anatomy
1 No femoral access
: th follow-up 1 SBP <140 mm Hg
—w Crossover group
n=46 2 Lost to follow-up
% 9 No Longer Eligible
SBP <160 mm
12-Month follow-up 6-Month follow-up { Ha)
1Death i pedt 1Death
3 Withdrew 4{ }7 1 Missed visit
3 Missed visits 1 Withdrew
24-Month follow-up 18-Month follow-up 1 Lost to follow-up
n=40 n=31
I 1 Death
36-Month follow-up 30-Month follow-up
n=40 n=30

Esler MD, Bchm M, Sievert H, Rump CL, Schmieder RE, Krum H, Mahfoud F, Schlaich MP. Catheter-based renal denervation for treatment of patients with treatment-resistant hypertension: 36 month
results from the SYMPLICITY HTN-2 randomized clinical trial. Eur Heart J. 2014 Jul;35(26):1752-9. doi: 10.1093/eurheartj/ehu209. Epub 2014 Jun 4. PMID: 24898552; PMCID: PMC5994826.




Symplicity HTN-2

BP change (mm Hg)

6 mo
(n = 84)

104+ 1186
(-12.9, -7.8)

-28.3+ 252
(-33.8, -22.9)

[0 Systolic
M Diastolic

12 mo
(n =80)

-26.3%273
(-32.4,-20.2)

18 mo
(n=74)

1182127
(-14.7, -8.8)

-30.7+28.8
(-37.3,-24.0)

24 mo 30 mo
(n=69) (n=69)
1132110
1262127
(-13.9, -8.6) (15,6, -9.5)
-30.3+255
CAh oA 3364279
(-40.3, -26.9)

36 mo
(n = 40)

136+ 121
(-17.4,-97)

-32.7 £ 241
(-40.4,-24.9)

Esler MD, Bchm M, Sievert H, Rump CL, Schmieder RE, Krum H, Mahfoud F, Schlaich MP. Catheter-based renal denervation for treatment of patients with treatment-resistant hypertension: 36 month
results from the SYMPLICITY HTN-2 randomized clinical trial. Eur Heart J. 2014 Jul;35(26):1752-9. doi: 10.1093/eurheartj/ehu209. Epub 2014 Jun 4. PMID: 24898552; PMCID: PMC5994826.



Symplicity HTN-2
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Esler MD, Bchm M, Sievert H, Rump CL, Schmieder RE, Krum H, Mahfoud F, Schlaich MP. Catheter-based renal denervation for treatment of patients with treatment-resistant hypertension: 36 month
results from the SYMPLICITY HTN-2 randomized clinical trial. Eur Heart J. 2014 Jul;35(26):1752-9. doi: 10.1093/eurheartj/ehu209. Epub 2014 Jun 4. PMID: 24898552; PMCID: PMC5994826.



Second General trials of Renal Denervation

Symplicity HTN-3
SPYRAL HTN OFF-MED
SPYRAL HTN ON-MED
RADIANCE SOLO-HTN
TARGET BP OFF-MED
TARGET BP |
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Symplicity HTN-3

@ Baseline [l 6 Months

Difference in change, -2.39 mm Hg (95% Cl, -6.89 to 2.12)
P=0.26

Change from baseline,  Change from baseline,
-14.13+23.93 mm Hg -11.74+25.94 mm Hg
P<0.001 P<0.001

Office Systolic Blood Pressure (mm Hg)

(N=364) (N=353) (N=171) (N=171)

Denervation Sham

@ Baseline [l 6 Months

Difference in change, -1.96 mm Hg (95% Cl, -4.97 to 1.06)
P=0.98

Change from baseline, Change from baseline,
-6.75£15.11 mm Hg  -4.79+17.25 mm Hg
P<0.001 P<0.001

Ambulatory 24-Hr Average Systolic
Blood Pressure (mm Hg)

(N =360) (N=329)
Denervation Sham

Figure 1. Primary Efficacy End Point.

A significant change from baseline to 6 months in
office systolic blood pressure was observed in both
study groups. The between-group difference (the pri-

mary efficacy end point) did not meet a test of superi-

ority with a margin of 5 mm Hg. The I bars indicate
standard deviations.

Figure 2. Secondary Efficacy End Point.

A significant change from baseline to 6 months in
ambulatory 24-hour average systolic blood pressure
was observed in both groups. The between-group dif-
ference (the secondary efficacy end point for which the
study was powered) did not meet a test of superiority
with a margin of 2 mm Hg. The I bars indicate stan-
dard deviations.

Bhatt DL, Kandzari DE, O'Neill WW, D'Agostino R, Flack JM, Katzen BT, Leon MB, Liu M, Mauri L, Negoita M, Cohen SA, Oparil S, Rocha-Singh K, Townsend RR, Bakris GL; SYMPLICITY HTN-3
Investigators. A controlled trial of renal denervation for resistant hypertension. N Engl J Med. 2014 Apr 10;370(15):1393-401. doi: 10.1056/NEJM0a1402670. Epub 2014 Mar 29. PMID: 24678939.



Symplicity HTN-3

Between-Group Difference in Change P Value for
Subgroup Denervation  Sham in Office Systolic Blood Pressure (95% Cl) PValue Interaction
no. of patients mm Hg
All patients 353 171 |—-—%—| -2.39 (-6.89 t0 2.12) 0.26
Diabetes mellitus i 0.82
Yes 169 68 —_— -453 (-11.51t0 2.46) 020
No 181 101 —_— -3.46 (-9.55 t0 2.62) 026
Sex E 037
Male 208 108 —— -2.30 (-7.63 to 3.03) 0.40
Female 142 61 —_— -6.64 (-1494t01.65)  0.12
Black race 1 0.09
Yes 85 49 225 (-7.27t011.78)  0.64
No 264 120 — -6.63 (-11.81to-1.44) 0.01
Body-mass index E 0.77
<30 91 42 —_— -2.77 (-11.47t05.93) 053
=30 259 126 I—I—%—l -4.36 (-9.76 t0 1.03) 011
Receiving aldosterone A 0.36
antagonist at baseline |
Yes 76 47 : -8.05(-17.63t0 1.52) 0.10
No 274 122 — -3.24 (-8.42101.93) 022
Estimated GFR 031
<60 ml/min/1.73 m? 68 38 —_— 054 (-8.29t09.37)  0.90
260 ml/min/1.73 m?2 282 131 —_— -5.22 (-1051t0 0.06)  0.05
Age ' 027
<65 yr 246 128 —— -5.73 (-11.06 to -0.40)  0.04
=65 yr 104 4 —_— 0.09 (-8.80t08.99) 099
Any medication change E 0.68
Yes 132 70 —_— -5.41 (-13.49t0 2.67) 0.19
No 218 99 — 344 (-883t01.96) 021
-2I0.0 -ll.’s.O —16.0 -5I.0 O.IO S.IO lOI.O lSI.O 2(;.0
Denervation Better Sham Better

Bhatt DL, Kandzari DE, O'Neill WW, D'Agostino R, Flack JM, Katzen BT, Leon MB, Liu M, Mauri L, Negoita M, Cohen SA, Oparil S, Rocha-Singh K, Townsend RR, Bakris GL; SYMPLICITY HTN-3
Investigators. A controlled trial of renal denervation for resistant hypertension. N Engl J Med. 2014 Apr 10;370(15):1393-401. doi: 10.1056/NEJM0a1402670. Epub 2014 Mar 29. PMID: 24678939.



SPYRAL HTN-OFF MED

Renal Sham
denervation procedure
(n=166) (n=165)

Baseline-adjusted change in
24-hour systolic BP (mm Hg)
P=0.0005

f 3 Objective: To assess the efficacy of renal denervation
< " in the absence of antihypertensive medications.
1 ;
Inclusion criteria: Patients aged 20-80 years, i flm.'mcom
331 history of hypertension with office systolic blood S —
pressure of 150 mm Hg to less than 180 mm Hg
| were randomly assigned 1:1 to following groups:

N,

patients

' SECONDARY OUTCOME

Baseline-adjusted change in office systolic
BP from baseline to 3 months (mm Hg)

P<0.0001

O 6

Conclusion: SPYRAL Pivotal showed the superiority of catheter-based
renal denervation compared with a sham procedure to safely lower blood
pressure in the absence of antihypertensive medications alone.

No major device-related or
procedural-related safety events
occurred up to 3 months.

Bohm M, Kario K, Kandzari DE, Mahfoud F, Weber MA, Schmieder RE, Tsioufis K, Pocock S, Konstantinidis D, Choi JW, East C, Lee DP, Ma A, Ewen S, Cohen DL, Wilensky R, Devireddy CM, Lea J, Schmid
A, Weil J, Agdirlioglu T, Reedus D, Jefferson BK, Reyes D, D'Souza R, Sharp ASP, Sharif F, Fahy M, DeBruin V, Cohen SA, Brar S, Townsend RR; SPYRAL HTN-OFF MED Pivotal Investigators. Efficacy of
catheter-based renal denervation in the absence of antihypertensive medications (SPYRAL HTN-OFF MED Pivotal): a multicentre, randomised, sham-controlled trial. Lancet. 2020 May
2;395(10234):1444-1451. doi: 10.1016/S0140-6736(20)30554-7. Epub 2020 Mar 29. PMID: 32234534.



SPYRAL HTN-ON MED

467 patients enrolled
and assessed for eligibility
L3
= | A28 patients at screening visit 1 l

X
[ 219 patients at screening visit 2 |

80 patients randomised |

39 patient did not meet all ‘

inclusion/exclusion criteria

209 excluded:
194 - office BP out of range
15 - miscellaneous

139 excluded:
53 - office BP out of range
»  71-ABPM out of range
8 - ineligible renal anatomy
7 - miscellaneous

L2 v

At 6 months:
Office BP, n=38/38
24-hour BP, n=37/38

-

At 3 months:
Office BP, n=38/38 .
24-hour BP, n=38/38

38 patients allocated to
renal denervation group
{ITT population)

42 patients allocated to
sham control group
{ITT population)

At 6 months:
Office BP, n=36/36
24-hour BP, n=35/36

[ 2 patients met escape criteria “'7

At 3 months:

| At 3 months:
»  Office BP, n=40/42
24-hour BP, n*39/42

—: 3 patients met escape criteria ]

L 2
36 patients included

Office F, n=36/36 in mITT population

X
39 patients included
in mITT population

24-hour BP, n=36/36 + {

>

At 6 months:
Office BP, n=41/42

24-hour BP, n=40/42

| At3 months:
»  Office BP, n=37/39
24-hour BP, n=36/39

At 6 months:
Office BP, n=38/39
24-hour BP, n=37/3%

Kandzari DE, Bchm M, Mahfoud F, Townsend RR, Weber MA, Pocock S, Tsioufis K, Tousoulis D, Choi JW, East C, Brar S, Cohen SA, Fahy M, Pilcher G, Kario K; SPYRAL HTN-ON MED Trial Investigators.

Effect of renal denervation on blood pressure in the presence of antihypertensive drugs: 6-month efficacy and safety results from the SPYRAL HTN-ON MED proof-of-concept randomised trial. Lancet.
2018 Jun 9;391(10137):2346-2355. doi: 10.1016/S0140-6736(18)30951-6. Epub 2018 May 23. PMID: 29803589.



SPYRAL HTN-ON MED

24-hour SBP 24-hour DBP Office SBP Office DBP 5

——Renal Denervation ——Sham Control
-7-4(-12-5, -2-3) -4-1(-78,-0-4) -6-8 (-12:5,-1-1)
p=0-0051 p=0-0292 p=0-0205

== I )

-10

Change in 24-hour SBP
(mmHg)
&

Baseline 3 months 6 months
-15

—Renal Denervation ——Sham Control

Change in BP from baseline to 6 months (mmHg)
&

-6-0
(-85,-3-5) %
-8 p<0-001 a
5 0
O —~
.? o0
90 B4 3E
-10 (-12.7,-5:3) (135, -53) m Renal denervation £E
g @
P<0-001 <0001 @ 5
P m Sham control 2
-12 o
Baseline 3 months 6 months
Baseline BP 1519 1511 969 97-6 164-6 163-1 99-6 102-3 -10
(mmHg)

Kandzari DE, Bohm M, Mahfoud F, Townsend RR, Weber MA, Pocock S, Tsioufis K, Tousoulis D, Choi JW, East C, Brar S, Cohen SA, Fahy M, Pilcher G, Kario K; SPYRAL HTN-ON MED Trial Investigators.
Effect of renal denervation on blood pressure in the presence of antihypertensive drugs: 6-month efficacy and safety results from the SPYRAL HTN-ON MED proof-of-concept randomised trial. Lancet.
2018 Jun 9;391(10137):2346-2355. doi: 10.1016/S0140-6736(18)30951-6. Epub 2018 May 23. PMID: 29803589.



RADIANCE HTN-SOLO

FIGURE 1 Proportion of Patients on 0, 1, 2, and 3 Antihypertensive Medications in the Renal Denervation Group and the Sham Group From Screening to

6 and 12 Months

Renal Denervation
% patients

100
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0
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Sham Procedure
% patients
100

20

Screening 6 Mo 12 Mo

Follow-up (months)

Number of Antihypertensive Medications: IOM 13 2 B 3+

Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, Basile J, Kirtane AJ, Wang Y, Lobo MD, Saxena M, Feyz L, Rader F, Lurz P, Sayer J, Sapoval M, Levy T, Sanghvi K, Abraham J, Sharp
ASP Fisher NDL, Bloch MJ, Reeve-Stoffer H, Coleman L, Mullin C, Mauri L; RADIANCE-HTN Investigators. Endovascular ultrasound renal denervation to treat hypertension (RADIANCE-HTN SOLO): a
multicentre, international, single-blind, randomised, sham-controlled trial. Lancet. 2018 Jun 9;391(10137):2335-2345. doi: 10.1016/S0140-6736(18)31082-1. Epub 2018 May 23. Erratum in: Lancet.

2018 Sep 8;392(10150):820. PMID: 29803590.



RADIANCE HTN-SOLO

Blinded, Sham- . Annual
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Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, Basile J, Kirtane AJ, Wang Y, Lobo MD, Saxena M, Feyz L, Rader F, Lurz P, Sayer J, Sapoval M, Levy T, Sanghvi K, Abraham J, Sharp
ASP Fisher NDL, Bloch MJ, Reeve-Stoffer H, Coleman L, Mullin C, Mauri L; RADIANCE-HTN Investigators. Endovascular ultrasound renal denervation to treat hypertension (RADIANCE-HTN SOLO): a
multicentre, international, single-blind, randomised, sham-controlled trial. Lancet. 2018 Jun 9;391(10137):2335-2345. doi: 10.1016/S0140-6736(18)31082-1. Epub 2018 May 23. Erratum in: Lancet.
2018 Sep 8;392(10150):820. PMID: 29803590.



RADIANCE

HTN-SOLO

Blinded, Sham- . Annual
L -1M |
Controlled RCT T T T M i 12 Follow-up
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o
Blinded
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Medications Medication Medications Medications

Medication Burden Renal Denervation fAR ST GtoN Sham
Randomization oM Rril) Randomization GM M
Number of Antihypertensive
e 0.0 0.9 1.0 0.0 13 14
Defined Daily Dose (mean) 0.0 14 14 0.0 2.1 2.2

155

145

135 ey
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24h Ambulatory Systolic Blood Pressure
(mmHg)

Azizi M, Schmieder RE, Mahfoud F, Weber MA, Daemen J, Davies J, Basile J, Kirtane AJ, Wang Y, Lobo MD, Saxena M, Feyz L, Rader F, Lurz P, Sayer J, Sapoval M, Levy T, Sanghvi K, Abraham J, Sharp
ASP Fisher NDL, Bloch MJ, Reeve-Stoffer H, Coleman L, Mullin C, Mauri L; RADIANCE-HTN Investigators. Endovascular ultrasound renal denervation to treat hypertension (RADIANCE-HTN SOLO): a
multicentre, international, single-blind, randomised, sham-controlled trial. Lancet. 2018 Jun 9;391(10137):2335-2345. doi: 10.1016/S0140-6736(18)31082-1. Epub 2018 May 23. Erratum in: Lancet.
2018 Sep 8;392(10150):820. PMID: 29803590.



Review and Comparison of Newer RDN Trials

Office BP
® Renal Denervation m Sham Procedure
SIMPLICITY SPYRAL SPYRAL SPYRAL RADIANCE
HTN-3 HTN-ON MED HTN-OFF MED OFF MED Pivotal HTN-SOLO
P=026 P=0021 P=0016 P =<00001 P=0007

-14.1
24H ABPM
® Renal Denervation m Sham Procedure
SIMPLICITY SPYRAL SPYRAL SPYRAL RADIANCE
HTN-3 HTN-ON MED HTN-OFF MED  OFF MED Pivotal HTN-SOLO
P=0.98 P =0.006 P=0.041 P =0.0005 P =0.006

-9

Kiuchi MG, Esler MD, Fink GD, et al. Renal Denervation Update From the International Sympathetic Nervous System Summit: JACC State-of-the-Art Review. J Am Coll Cardiol. 2019;73(23):3006-3017.
doi:10.1016/j.jacc.2019.04.015



Review and Comparison of Newer RDN Trials

N Medications i i

Study and Year Catheter RON Sham RDN  Sham Weight (%) Mean difference [95% CI]
Ambulatory sy blood p ducti

SYMPLICITY HTN-3, 2014 Symplicity Flex 329 162 51 52 181 l—-.-——4 -196[-4.98, 1086]
ReSET, 2016 Symplicity Flex 35 33 41 42 33 —_—  » -1.10[-8.17, 597)
SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 341 —— -360[ 580, -1.40]
Desch etal, 2014 Symplicity Flex 32 35 44 43 73 )—-—a -350[-8.27, 1.27]
SPYRAL HTN ON MED, 2018 Spyral 3 36 22 23 69 —_— ~7.00 [-11.80, -2.10]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 196 —a— -4.10[ -7.00, -1.20]
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 108 —— -4.20(-8.10, -0.30)
Random effects model for change in ambulatory systolic blood pressure (p < 0.0001) g -361[-489 -233]

Q =367, df =6, p for heterogeneity = 0.72; F = 0.0%

2 v diastolio biood pr I
SYMPLICITY HTN-3, 2014 Symplicity Flex 29 162 51 52 196 . -1.00[-2381, 0381
ReSET, 2016 Symplicity Flex 35 33 41 42 56 —_—— 090[-2.88, 468]
SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 281 - -2.90 [ -4.30, -1.50]
Desch et al, 2014 Symplicity Flex 32 35 44 43 124 - -070[-3.12, 172]
SPYRAL HTN ON MED, 2018 Spyral 3 36 22 23 65 e -4.30 [ -7.80, ~0.80]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 169 o -180(-3.80, 0.20)
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 110 —a -2.00 [ -4.60, 0.60)
Random effects model for change in ambulatory diastolic blood pressure (p < 0.0001) - -185([-278, -0.92)

Q=7.79, dt = 6, p for heterogenelty = 0.25; I = 18.6%

r T T T 1
-5 -10 -5 0 5
Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.
2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900.



Review and Comparison of Newer RDN Trials

N Medications v

Study and Year Catheter RON  Sham RDN_ Sham Weight (%) Mean difference [95% CI]
Office systolic blood p e reductls

SYMPLICITY HTN-3, 2014 Symplicity Flex 353 171 51 52 18.0 »—-—c -239(-6.90, 212)
SPYRAL HTN ON MED, 2018 Spyral 38 40 22 23 113 —_— -6.60 [-12.30, -0.90]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 166 ——y -6.50 [~11.20, -1.80)
SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 467 —_—— 3 -660[-940, -380]
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 75 ‘ ~7.00 [-14.00, -0.00]
Random effects model for change in office systolic blood pressure (p < 0.0001) —~—— i -586 [-7.77, -3.94]

Q =278, df = 4, p for heterogeneity = 0.60; I’ = 0.0%

Office diastolic blood pressure reduction

SYMPLICITY HTN-3, 2014 Sympiicity Flex 353 171 51 52 203 »—-—4 -2,00[-4.52, 0.52)

SPYRAL HTN ON MED, 2018 Spyral 38 40 22 23 105 —— -4.20(~7.70, -0.70]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 165 —— -4.10[ ~-6.90, -1.30]
SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 446 —.— -4.00 [ -5.70. -2.30]
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 8.1 —_— -4.00 [ -8.00, -0.00)
Random effects model for change in office diastolic blood pressure (p < 0.0001) . i -363[-4.77, -250]

Q =203, df = 4, p for heterogeneity = 0.73; I = 0.0%

r T T T 1
-15 -10 -5 0 5
Denervation better < Change in blood pressure (mmHg) > Placebo better
Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.
2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900.



Review and Comparison of Newer RDN Trials

N Medications ’
Study and Year Catheter RDN Sham RDN Sham Weight (%) Mean difference [95% CI]

Ambulatory systolic blood p duction (ON med trials)
Desch et al, 2014 Symplicity Flex 32 35 44 43 157 r—o—c -3.50[-8.27, 1.27]
SYMPLICITY HTN-3, 2014 Symplicity Flex 329 162 51 52 390 0—.—0—1 -195[-4.98, 106]
ReSET, 2016 Symplicity Flex 35 33 41 42 71 ————  -1.10[-8.17, 597)
SPYRAL HTN ON MED, 2018 Spyral 36 36 22 23 148 —_— —7.00 [-11.90, -2.10]
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 234 p—.—q -4.20 [ -8.10, -0.30)
Random effects model for change in ambulatory systolic blood pressure ON meds (p = 0.0004) - -3.41[-5630, -1.52]

Q =352, df = 4, p for heterogeneity = 0.48; FF = 0.0%

Ambulatory sy biood p. duction (OFF med trials)

SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 635 —— -360( -5.80, -1.40]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0o 0 365 —— ~4.10( -7.00, -1.20)
Random effects model for change in ambulatory systolic blood pressure OFF meds (p < 0.0001) e -3.78 [-5.54, -2.03)

Q=007, df = 1, p for heterogeneity = 0.79; F = 0.0%

p-value for interaction: 0.777

r T T I 1
Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.
2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900. Denervaton betier < Change in bicod pressure (mmHg) > Placebo better



Review and Comparlson of Newer RDN Trials

Madlcaﬂons
l o
Study and Year Catheter e snam it Weight (%) Mean difference [95% CI)

Ambulatory blood pr reduction (ON med trials)

Desch et al, 2014 Symplicity Flex 32 35 44 43 221 b -0.70 [-3.12, 1.72]
SYMPLICITY HTN-3, 2014 Symplicity Flex 329 162 51 52 392 —.— -1.00 [-2.81, 0.81]
ReSET, 2016 Symplicity Flex 35 33 41 42 90 — 0.90([-2.88, 468]
SPYRAL HTN ON MED, 2018 Spyral 35 36 22 23 105 [ —4.30 [-7.80. -0.80]
RADIANCE-HTN TRIO, 2021 Paradise 69 67 3 3 191 —— -200 [-4.60, 0.80]
Random effects model for change in ambulatory diastolic blood pressure ON meds (p = 0.0249) = -1.30 [-2.44, -0.16)

Q =475, df = 4, p for heterogeneity = 0.31, I = 0.0%

A latory diastolic blood pr duction (OFF med trials)

SPYRAL HTN OFF MED, 2020 Spyral 156 150 (1] 0 67.1 L I ~2.90 [-4.30, -1.50]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 329 —8—3 -1.80 [-3.80, 0.20]
Random effects model for change in ambulatory diastolic blood pressure OFF meads (p < 0.0001) - : -2.54 |-3.69, -1.39)

Q=078, df = 1, p for heterogeneity = 0.38; I = 0.0%

p-value for interaction: 0.133

-15 1N -8 n s
Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.

2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900, %" %911 = Cnange n blood pressure (mmig) > Flaceoo betier



Review and Comparison of Newer RDN Trials

N Medications
i % if
Study and Year Catheter RON Sh R Gt Weight (%) Mean difference [95% CI]

Office sy blood p duction (ON med trials)

SPYRAL HTN ON MED, 2018 Spyral 38 40 22 23 311 ey -6.60 [-12.30, <0.90]
SYMPLICITY HTN-3, 2014 Symplicity Flex 353 171 51 52 477 »—o——c -239[-6.90, 2.12]
RADIANCE-HTN TRIO, 2021 Paradise 69 87 3 3 212 F 1 —7.00 [-14.00, -0.00]
Random effects model for change in office systolic biood pressure ON meds (p = 0.0055) ————— -4 68 [-798, -137]

Q =185, df = 2, p for heterogeneity = 0 40, F = 7.3%

Office sy blood p duction (OFF med trials)

SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 738 Poom -6.60 [ -9.40, -3.80]
HADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 262 [ -6.50 [-11.20, -1.80)
Random effects model for change in office systolic blood pressure OFF meds (p < 0.0001) T § -6.57 [-8.98, -4.17)

Q = 0.00, df = 1, p for heterogeneity = 0.97; F = 0.0%

p-value for interaction. 0.334

r T T I 1
Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.
-15 -10 -5 0 5

2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900.
Denervation better < Change in blood pressure (mnmHg) > Placebo better



Review and Comparison of Newer RDN Trials

N Medications :
Y % it ™
Study and Year Catheter ADN m RON Sh Weight (%) Mean ditference [95% Cl)

Office diastolic blood p e reduction (ON med trials)

SPYRAL HTN ON MED, 2018 Spyral 38 40 22 23 27.1 ey -4.20 [-7.70. -0.70]
SYMPLICITY HTN-3, 2014 Sympicity Flex 353 171 51 52 522 —— -200([-4.52, 052]
RADIANCE-HTN TRIO, 2021 Paradise 89 67 3 3 207 [ —— —4.00 [-8.00, -0.00]
Random efiects model for change in office diastolic blood pressure ON meds (p = 0.0012) — -3.01[-483 -1.19]

Q =130, df = 2, p for heterogeneity = 052, = 0 0%

Office blood p reduction (OFF med trials)

SPYRAL HTN OFF MED, 2020 Spyral 156 150 0 0 731 o B -4.00 [-5.70, -2.30]
RADIANCE-HTN SOLO, 2018 Paradise 74 72 0 0 269 —— -4.10 [-6.90, -1.30)
Random effects model for change in office diastolic blood pressure OFF meds (p < 0.0001) e g -403 [-5.48, -257)

Q=0.00, df = 1, p for heterogeneity = 0.95; ¥ = 0.0%

p-value for interaction: 0.392

Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.

2021 Dec 13;14(23):2614-2624. doi: 10.1016/j.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900. =R a8 B < ®
Denervation better < Change in blood pressure (mmHg) > Placebo better



CENTRAL ILLUSTRATION Renal Denervation Versus Placebo Meta-Analysis (N — 1,368)

Endpoint Heterogeneity Changes in mean difference Mean difference P Value

(?) in blood pressures (mm Hg) [95% Ci]

Ambulatory systolic blood pressure 0 e i -3.61(-4.89 to -2.33) <0.0001
Ambulatory diastolic blood pressure 18.6 g -1.85(-2.78 t0 -0.92) <0.0001
.
Office systolic blood pressure 0 —_— : -5.86 (-7.77 to -3.94) <0.0001
Office diastolic blood pressure 0 —_—— . -3.63 (-4.77 to -2.50) <0.0001
‘
. L} . L}
-10 -5 0 5
Denervation better Placebo better

Ahmad, Y. et al. J Am Coll Cardiol Intv. 2021;14(23):2614-2624.

A summary of the effect of renal denervation on ambulatory systolic, ambulatory diastolic, office systolic, and office diastolic blood pressure.
Mean difference in blood pressure in millimeters of mercury with 95% Cls, P values, and heterogeneity as assessed using the I” statistic. All
meta-analyses were random effects and by the intention-to-treat principle.

Ahmad Y, Francis DP, Bhatt DL, Howard JP. Renal Denervation for Hypertension: A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials. JACC Cardiovasc Interv.
2021 Dec 13;14(23):2614-2624. doi: 10.1016/}.jcin.2021.09.020. Epub 2021 Nov 4. PMID: 34743900.



RADIANCE I

JAMA

QUESTION What is the effect of endovascular ultrasound renal denervation on blood pressure (BP) lowering compared
with a sham procedure in patients with hypertension without the confounding influence of antihypertensive medications?

CONCLUSION Ultrasound renal denervation lowered daytime ambulatory systolic BP (SBP) among patients with hypertension.

POPULATION INTERVENTION FINDINGS
160 Men Q i Mean SBP at 2 months
64 Women . §

Ultrasound renal denervation

"224 Patients andom'zedr
< ientsr. I_, - =7.9 mm Hg (50, 11.6 mm Hg)

:‘\dUltS with 150 | N 74 Sham procedure
ypertension Ultrasound renal Sham procedure _1‘ 8 £ H
Mean age: 55 years denervation Renal angiography o S e )

Ultrasound sonications
were performed bilaterally

LOCATIONS The outcome was statistically significant:
61 Between-group difference, 6.3 mm Hg
C PRIMARY OUTCOME (95% Cl, =9.3 to -3.2 mm Hg)

enters
in the US Change in daytime ambulatory SBP at 2 months
and Europe

Azizi M, Saxena M, Wang Y, et al; RADIANCE 11 Investigators and Collaborators. Endovascular ultrasound renal denervation to treat hypertension
4

the RADIANCE Il randomized clinical trial. JAMA. Published Februar 023. doi:10.1001/jama.2023.0713




Ongoing Trials (since 2022)

Trial, NCT*

SPYRAL HTN-
ON MED
Expansion,
NCT02439775

RADIANCE II,
NCT03614260

TARGET BP
OFF-MED,
NCT03503773

TARGET BP |,
NCT02910414

Catheter
system

Symplicity
Spyral (multi-
electrode RF)

Paradise (US)

Peregrine
(ethanol
injection via
microneedles)

Peregrine
(ethanol
injection via
microneedles)

Design,
(randomisation
ratio)

Bayesian
adaptive
design, RDN vs
sham (1:1)

RDN vs sham
(1:1)

RDN vs sham
(1:1)

RDN vs sham
(1:1)

Sample
size

340

225

90

300

Inclusion
criteria

Uncontrolled
office and 24-
hour BPon 1-3
antihypertensive
drugs

Uncontrolled
stage Il
hypertension
(office and
daytime
ambulatory BP)
in absence of
antihypertensive
drugs

Uncontrolled
office and 24-
hour BP in
absence of
antihypertensive
drugs

Uncontrolled
office and 24-
hour BP on 2-5
antihypertensive
drugs

Primary
efficacy
outcome

Changein
24-hour
SBP at6
months

Changein
daytime
ambulatory
SBP at 2
months

Changein
24-hour
ambulatory
SBPat2
months

Changein
ambulatory
24-hour
SBPat3
months



TARGET BP OFF MED Trial

Study design

106 subjects
Uncontrolled hypertension
0, 1, or 2 antihypertensive medications

4-week antihypertensive
medication discontinuation

Randomised 1:1
Alcohol-mediated renal
denervation 1\

Continue antihypertensive medication
discontinuation for additional 8 weeks

Key safety endpoint: any MAE within 30 days post-procedure
Key BP endpoint: change at 8 weeks post-procedure

Blinded, protocol defined, antihypertensive
medication uptitration from 8 weeks-12 months

Sham procedure

Blood pressure, medication utilisation, and adverse event monitoring

Primary safety findings
Any major adverse events post-procedure n (%)
12 months
RDN
1(2.0%)

Sham

1(1.8%) PACR D)

Relative risk 1.12
(95% Cl: 0.07-17.44) p:

Relative risk 0.54
(95% Cl: 0.05-5.78) p=1.000

Primary blood pressure findings

Blood pressure change from baseline to 8 weeks

OSBP
(mmHg)
0.63

ASBP
(mmHg)

A —-1.5 mmHg
(95% Cl: —4.8 to 1.7) p=0.2682

(] ron

. Sham

A —4.6 mmHg
(95% CI: —9.7 to 0.4) p=0.0605

Antihypertensive medication utilisation

Key secondary findings

p=0.0081 p=0.0163
160 : - ot
pe0012 ,

p=0.07 an
130 459

0.12
0.08 |
=1

" 8weeks 3months 6 months 12

3months 6 months 12 months months

3 months 6 months 12 months
12 months

6 months

3 months

() ron [ sham




TARGET BP | Trial

1414 Patients with a history of
hypertension between May 2019

and April 2023

Screen failuresn=1113

Did not meet BP criteria prior to run-in (n=479)

Did not meet BP criteria at the end of run-in (n=190)
Did not meet renal anatomical imaging criteria (n=136)
Did not meet other inclusion/exclusion (not BP or

Subject not willing to stop anti-HTN medications (n=11)
Excluded during run-in period reason other that BP criteria
(n=23)

Subject lost/withdrawn prior to randomization (n=20)
Other (n=47)

Unspecified (n=1)

Randomized
n=301

148 Randomized to undergo RDN

153 Randomized to undergo a sham procedure

l

l

population

148 Included in the intent-to-treat

153 Included in the intent-to-treat
population

4

population

100 Included in the per protocol

115 Included in the per protocol
population




SBP Change (mmHg)

TARGET BP | Trial

24 h ASBP Nighttime ASBP
0
N=153 N=153
-2
10+14.2 -6.8+12.1 -6.0+14.4
-4 =
p<0.001
-6 P<0.001
8
P<0.001 P<0.001
10
.12 l A -3.3 mmHg
A -3.2mmHg (95% C1-6.6 t00.0)
(95% C1-6.3 t0-0.0) p=0.0676
-14 p=0.0487

Daytime ASBP OSBP
N=153 N=153
-10.1£13.6 Z.1x11.7 -12.7+£18.3 9.7+17.3

P<0.001

P<0.001 P<0.001

g
J P<0.001
A -3.0 mmHg
(95% C1-5.8 t0-0.1) D Sham Control
p=0.0569 l }
A -3.0 mmHg

(95% C1-7.0 t01.0)
p=0.1731



TARGET BP | Trial

Interaction
P-value
Non-US  n=155 ——— 0.22
us n=146 L S—
Female n=77 0.67
Male n=224 e
White (US only) n=87 —————i 0.92
African American or Black (US only) n=53
Age>57  n=145 ——— 0.76
Ages<57 n=156 ———
No Type Il DM n=231 ————i 0.55
Type Il DM n=70
BMI230 n=190 e 0.74
BMI<30 n=111 e
BMI=30 n=190 i 0.74
BMI<30 n=111 e
Baseline HR>75bpm  n=143 —_— e 0.26
Baseline HR<74bpm  n=156 i
Baseline 24Hr ASBP >150mmHg n=87 0.35
Baseline 24Hr ASBP 141-150mmHg  n=120 —————
Baseline 24Hr ASBP 135-141mmHg n=86 G
No.Meds at Baseline 4-5  n=138 S Ee— 0.67
No.Meds at Baseline 2-3  n=155 i
Renin >0.96ng/mL/h n=139 e 0.26
Renin £0.96ng/mL/h n=141 I — ]
-20 -15 -10 -5 0 5 10 15

Mean Difference in mmHg (95% Cl)
< RDN Better Sham Better >



Considerations

- exclude secondary causes of HTN before RDN is considered

- RDN may be possible for patients unable to tolerate antihypertensive drugs in
the long term or patient preference in a tailored, shared decision making
process

- do not perform RDN in kidney transplant patients, FMD patients, untreated
secondary htn, or patients with a single kidney



Renal Denervation Devices

Spyral® System Paradise® System Peregrine® System




Symplicity Spyral RF Paradise US catheter system

catheter system
Anatomical Treatment of all Treatment of accessible main renal arteries with a
eligibility accessible arteries with diameter of 3-8 mm
criteria a diameter of 3-8 mm
Access Femoral access (6 Fr) Femoral access (7 Fr)
Wiring Consider use of extra- Consider use of extra-support wires or buddy wires
support wires or buddy in tortuous anatomy
wires in tortuous
anatomy
Ablation sites ~ Main renal artery and Main renal artery, 2-3 ablations per artery. The
branches selection of catheter size and ablation site required
preprocedural planning with CT/MRA in trials. Final
sizing can be done during the renal angiogram
before the procedure
Arterial wall Ensure appropriate Ensure complete occlusion of the renal artery after
contact contact of the RF balloon inflation
electrodes and the
vessel wall

Ensure energy delivery
{for at least 45 sec,
ideally 60 sec)

Duration Simultaneous ablation 7 seconds per ablation
at 4 points (for at least
45 sec, ideally 60 sec)

CT: computed tomography; MRA: magnetic resonance angiography; RF: radiofrequency; US:
ultrasound



Possible Procedural Complications and
preventative measures

Complications Preventive measures/management strategies
Access-site vascular complication, i.e, haematoma, pseudoaneurysm, fistula, US-guided puncture, vascular closure device, blood pressure control
bleeding, etc.
Contrast-induced acute kidney injury Adequate (preprocedural) hydration, minimal contrast volume (or diluted

contrast)

Vascular complications, Le., renal artery spasm, dissections, distal perforation, Non-selective abdominal zorta angiogram, no-touch technique to selectively
intracapsular renal haematoma, renal artery stenosis/dissections, aortic engage the renal artery, avoidance of hydrophilic guidewires, proper RDN
dissection, embolisation technique, intra-arterial injection of a vasodilator, availability of adequately

sized stents on site in case of acute renal artery complication which cannot
be reversed by prolonged renal artery ballooning




Resistant/uncontrolled hypertension

Verify BP is high
1 outside of the office

¢ Exclude secondary hypertension
* Optimize medication regimen

Shared decision
making

=

Renal denervation Ongoing medical therapy




Conclusions

1. RDN for treatment of uncontrolled hypertension has been consistently demonstrated in randomized trials both in the presence and absence of
medications.

2. RDN suggests a constant reduction in BP over day and night that is distinct from pharmacokinetic profiles and dosing regimens with medications
and patient nonadherence.

3. RDN has a good safety profile. Renal denervation did not result in any significant long-term increase in renal artery stenosis or worsening of renal
function.

4. The BP-lowering effect of renal denervation was sustained for up to 3 years. Benefit is like a single medication, roughly 5-10 mm Hg, with some
variation.

5. Centers offering renal denervation should include a multidisciplinary team of hypertension specialists and expert interventionalists who are trained
specifically for renal denervation and whose outcomes are closely monitored.

6. Predictors of RDN responsiveness need to be identified.

7. Longer term surveillance of existing trials and additional studies may inform durability and clinical impact



Questions?

Email; amit.keswani@ascension.org

Mobile: 832-620-4101
Twitter: @AmitKeswaniMD

Ascension
Saint Thomas
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