renal denervation and
barorecepror stimulation in the
treatment of resistant
hypertension

Kostadin Kichukov, MD, PhD
Department of cardiology, angiology and invasive

electrophysiology
City Clinic - Sofia



Cardiovascular and cerebrovascular
disease:
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Treatment of Hypertension — unmet

High blood pressure

Tobacom use

High blood glucose

Physical inactivity
Overweight and obesity

High cholesterol

Unsafe sex

Alcohol use

Childhood underweight
Indcor smoke from solid fuels
Unsafe water, sanitation, hygiene
Low fruit and vegetable intake
Suboptimal breastfeeding
Urban outdoor air pollution

(ccupational risks

Vitamin A deficiency

Zinc deficiency

Unsafe health-care injections
Iron daficiency

I Highincome
" Middleincome
Low income

1000 2000 3000 000 5000 6000 7000 2000
Mortality in thousands (total: 58.8 million)

Global Burden of disease — WHO
2019



Stroke mortality

Pure statistics and lemmas
about benefits of BP lowerina

Systolic blood pressure

Age (years)

£ 1 80-89 - 33%
g 189 70-79 - 50%
o 64 7 60-69 - 57%
=
c 327 50-59 - 62%
% 16
=
m -
S 8
o [
-
T gl Risk reduction by
= - 20 mmHg BP reduction

_ﬁfl" T T T T

120 140 160 180
Blood pressure (mmHg)

256
128

e I =
[ B =

[ = I = = =

Stroke mortality
(floating absolute risk and 95 % Cl)

0 -

Diastolic blood pressure
Age (years)
80-89 - 37%
70-79 - 52%
60-69 - 62%
50-59 - 66%

4 | Risk reduction by
10 mmHg BP reduction

_ﬁ‘-’II T
70 80 90 100 110
Blood pressure (mmHg)

The PCR-EAPCI Textbook 2012,
Nn 4920



Resistant hypertension (RH)

Definition and scope of the

- Resistant hypgHiengion is a blood
pressure that remains above goal in spite
of the concurrent use of 3 antihypertensive
agents of different classes

 One of the 3 agents should be a (thiazide)
diuretic and all agents should be
prescribed at optimal dose amounts

- Treatment-resistant hypertension

- BP remains above goal amu.Bosne dhansid3

. . eb26
mgdlr‘_ghﬂng Ammime A e Ll | AOANT. 904409 ACAN



Before considering RH
What to look for?

- White coat hypertension — Don'’t underestimate
ABPM

- Secondary hypertension — Multidisciplinary
approach

* Inaccurate measurement — Follow GL
+ Inappropriate drug combinations — Follow GL
+ Interfering substances — Somewhere next

- Sleep apnoea — Curable condition



Real life data — Utrecht registry.
Referral for RDN — 66% dropouts.

Results: Excluded patients (n=121)
Blood Pressure 49 (41%)
- Office SBP<160 mmHg 23 (19%)
- Mean 24-h ABPM < threshold 26 (22%)
Secondary cause of hypertension 14 (12%)
- Primary hyperaldosteronism 11 (9%)
- Primary hyperparathyroidism 1 (1.3%)
- Pseudo-hyperaldosteronism 1 (1.3%)
- Coarctatio aortae 1 (1.3%)
Ineligible renal artery anatomy 9 (7%)
- Renal artery stent 3 (4%)
- Renal artery stenosis 6 (5%)
Co-morbidity 10 (8%)
Options for pharmacological treatment 15 (12%)
Other reasons 24 (20%)

Blankestijn, P. . RHC 2013



Secondary Hypertension
Hyperaldosteronism / Renal artery

? hyperaldosteronism
N

consider in all hypertensives not only
those with hypokalaemia
.
randem plasma sample for
aldosterone / renin activity ideally
faken al B am

: '
low aldosterone moderately raised high aldosterone with
renin ratio aldosterone/renin ratio suppressed renin

¥
l [}
Frusemide lest for _Fi“'jmm"mn""
hyperaldasteronism suppression tes

iv saline
suppression tes!
¥
- aldosterona
na rise in renin NOT suppressed
I |
.
hyparaldosteronism hyperaldostaronism
gxcluded confirmed ? cause

Prof Klaus Weber, Doz. Jan Borgel, RHC



Interfering substances

Medication that can interfere with blood pressure control

(Calhoun et al Hypertension 2008)

Nonnarcotic analgesics - Non-steroidal anti-inflammatory agents,
including aspirin
- Selective COX-2 inhibitors

Sympathomimetic agents Decongestants, diet pills, cocaine

Stimulants Methylphenidate, dexmethylphenidate,
dextro-amphetamine, amphetamine,
methamphetamine, modafinil

Alcohol

Oral contraceptives
Cyclosporine
Erythropoietin
Natural licorice

Herbal compounds Ephedra or Ma Huang



Obstructive sleep apnoea
Underestimated in Hypertension

fj ” e IIHII 5 ., HH” J“"} o ’-’*'—'f--’.'fj"'lj..l} “!'_ % =l | I

g /Apﬁoa—induced Desat'ulraticjn

e : . | -.-Z":-'s—IlGCHEI}RLJC:-RLAB{Z-}H e
| Apnoa-induced BP Peak

Prof Klaus Weber, Doz. Jan Borgel, RHC
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Renal sympathetic denervation
Physiological background

- Activation of renal sympathetic nerves in
patients with essential hypertension
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o
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Rate of spillover of noradrenaline
from the kidneys to plasma (ng/min)
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BP Age (yrs)
Essential
Hypertension

Esler M et al J.Hypertension 1990; 8: S53-




Physiological and pathophysiological actions of renal sympathetic afferent and efferent
nerves.

Smooth Muscle - Hypertrophy
Migration Arrhyth.mlas

Vasoconstriction Ischemla{
Heart Failure

Atherosclerosis

Renin Release

RAAS

Systemic Sym Gain
Sodium Retention

Hypervolemia

Wall stiffness
Decreased RBF
Proteinuria
BNP Resistance

. -
American Heart
Association

Learn and Live

Renal ischemia
lStroke Volume <@

TAdenosine Nerves

Krum H et al. Circulation 2011;123:209-215

Copyright © American Heart Association



From

(75)

{73)

(*]

theory to practice

an United States Patent

Levin et al.

REMNAL SERVE STIMULATION METHOD
ANTY APPARATITG FOR TREATMENT OF
PATIENTS

leventors: Heward R, Levin, Teaneck, NI (L15);
Mark Gelfand, how York, MY [LI5)

Ascignes: Ardian, Ime., Palo Alin, CA (TIS)

Notice:  Subject to any disclaimer, the term of this
patent iz extended or adjnsted under 35

USLC. 154} by 627 days,

nal diz-

Appl. No.: 10/408,665 Il lfﬂl"ﬂl%‘gl_!ﬂ!ﬂlﬂﬂ" i

Filed: Apr. ¥ 2003

) o Fatent Ko, US 7,162,303 B2
Prior Publication Data ey Dt af Patenl: *Jaen, 9, 2007

LIS 2003/0216792 A1 Mow 20, 2003

Helated LS. Application Trata

Provisional application Mo, 600370,100, filed on Apr.
&, 2002, provisional application Mo, AN415,575, flal
on Oct, 3, 2002, provisional application No. W84,
970, filed on Tan. 29, 2003,

ARSTRACT

A method end apparatus for treatment of bemt failure,
bypertension and rensal fuilure by stimulating the reoal
nerve. The goal of thempy is to reduce sympathatic activity
of the renal nerve., Therapy is amcupllshel by at least
pertizlly blocking the nerve with drg infiusion or electio-
stimuolation. Apperafus can be permanendly unplanted or
caotheter based.



Effect of renal sympathetic denervation on muscle sympathetic nerve activity (MSNA) over 12
months of follow-up (FU).

Baseline 1 month FU 12 months FU

200

BP 150 -+

100

50 =~

MSNA MLVWM'ALMMM‘ WMMMMM" B NMWW

10 sec

56 bursts/min 41 bursts/min 19 bursts/min

. -
American Heart
Association

Learn and Live

Krum H et al. Circulation 2011;123:209-215

Copyright © American Heart Association



Catheter based RF renal nerve
ablation Symplicity catheter

+ Interventional technigid@onic)
+ 6F Femoral artery approach
- Single electrode catheter with deflectable tip

+ 4-6 two minute treatments per artery

+ RF generator




Symplicity HTN Studies
Staged Clinical Evaluation

First-in-Man [
Symplicity HTN-1

Series of Pilot studies [

Symplicity HTN-2 [

USAAU Randomized Clinical TES/AU

Symplicity HTN-3 Other Areas of Research:
US Randomized Clinical Trial Insulin Resistance, HF/Cardiorenal,
(upcoming) Sleep, More



Symplicity HTN-1+2 Study Population

Inclusion Criteria:

- Office SBP 2 160 mmHg (2 150 mmHg with type
Il diabetes mellitus)

- Stable drug regimen of 3+ more anti-HTN
medications

- Age 18-85 years

- Solitary renal vessels - Length>20mm, Diameter>4mm.

Exclusion Criteria:

- Hemodynamically or anatomically significant renal artery
abnormalities or prior renal artegymmg%mﬁ\,ngiR@Stigator& The Lancet.

cSTNAN



Efficacy data
Symplicity HTN-1

+ Blood pressure reduction sustained over

N\ 7
[J -
o]
o ]
] p<0.01
% A0 1 0 g for all
c ] -10 =10 changes
= 451 -13 12 s compared
g ] -15 to baseline 100%
2 2449 18 9{]'9;l . .
P ] 21 -22 ’
o 25 Systolic BP 80%
% ] -26 -26 Diastolic BP 70%
309 60%
35 ] -33 -33 -33 50% W 2180 mmHg
40% 160-179 mmHg
™ 3Im 6M 12M  18M  24M  30M  36M 0 _
(n=143) (n=148) (n=144) (n=130) (n=107) (n=59) (n=24) (n=24) 30% 140-159 mmHg
20% II <140 mm Hg
10%
. O% " .
Baseline BP (mmHg) & & &
&
-176/9817/15 PO
%‘b

Number of anti-HTN meds -

Sobotka PA, Oral presentation, ACC
5,0£1,4 So12



Efficacy data
Simplicity HTN-2

RDN Group 10

Crossover Group

(mm Hg)

SBP
DBEP

B cgp
m DBP

[
[#=)

& months 12 months 18 th
|6month  12months 18 months 50 -7 =35 N=33 h?l%q ;

N=49 N=47 N=43




Symplicity HTN 2
Home & 24 Hour Ambulatory BP

RDN (n=32) Control (n=40)

5 2

TWo 30X 0 — .

Systolic Diastolic
-10 y

-15 - -12

-20 - Diastolic
-20

Systolic
-30 - y

24-h ABPM:

 Analysis on technically sufficient (>70% of readings) paired baseline and 6-month
*RDN (n=20): -11/-7 mmHg (SD 15/11; p=0.006 SBP change, p=0.014 for DBP
change)

- Control (n=25): -3/ -1 mmHg (SD 19/12; p=0.51 for systolic, p=0.75 for diastolic)

Symplicity HTN-2 Investigators. The Lancet.
2010



Svymplicity HTN-1 Response

100% -
90%

100%
g0, 92%
- . oy 1%
70% - 2% =
50%
50%
40%
30%
20%
10%
0% N .. |- : . L 1

1 Mo 3 Mo BMo 12Mo 18Mo 24Mo 30Mo 36 Mo
(n=143) (n=148) (n=144) (n=130) (n=107) (n=59) (n=24) (n=24)

Symplicity HTM-1Expanded results presented at the American College of Camdiclegy Annual Mesting 2042 (Krum, H.)



Symplicity HTN - 1+2 safety

- No change from pre-procedure eGFR
values

- No orthostatic events

* No electrolyte disturbances

- 3 hypertensive events

1 hypotensive event

-1 mild transient renal failure, managed
medically

4 . ~



Target organ protection and
additional benefits

- Optimized cardio-respiratory response to
exercise

Reduction in LV mass
mprovement in diastolic function

mprovement in glucose tolerance

mprovement in subjective assessment of
physical state, mental state and QoL

parameters, im prOV@_eQ JERPQNRSG 10 SHesS,.
reduced anxiety anil deprEssiol scores

Mahfoud F et al, Circulation 2011; 123 1940-1946
Fischer et al European Heart Journal ( 2012 ) 33 ( Abstract Supplement ),

. Cnect affactivianace (ao 124



A boom of interventional treatment for
RH

° Cathetersuﬁ%iﬂg gﬁéﬁj&ﬁ K 2 3

- St Jude EnligHTN
- Vessix V2 RF balloon

- Covidien One Shot balloon

- Other treatment modalities

- Ultrasound

- Chemical denervatio~"



SJM’s EnligHTN

multi-electrode (4) renal artery ablation catheter

Two basket sizes:
—  Small: 16 mm length
— Large: 18 mm length

8 F compatible

deflectable tip = -

—

Advantages:
* Minimal catheter manipulations
Short ablation time




EnligHTN 1 study - Criteria

Inclusion Criteria

- Office SBP 2160 mmHg (=150 mmHg for patient with type
2 diabetes).

- Use of 23 antihypertensive medications at maximally
tolerated doses (one diuretic).

- 218 and <80 years old

Exclusion criteria

- Prior renal artery intervention

- Renal artery atherosclerosis (>30%)
- Multiple main renal arteries

- Diameter <4 mm or length <20 mm

Y Y e Y Y, B ey Y - Y ey 7 o Y o Y



EnligHTN 1 study — Proof of benefit

Month 1 (n=486) Month 3 (n=48) Month B (n=45)

Change in Blood Pressure {(mmHa)
P

p <0.0001

m Systolic BP = Diastolic BP

Papademetriou V, AHA Hotline Session, Los Angeles 2012



EnligHTN 1 study — Proof of benefit

Manth 1 (n=46) Month 3 (n=48) Month & (n=44)
Q
ey
5
=
£
Y
2 °
b
o g |
2
=
o =10 -
=
-1z |
=
oy
2 =
O _qq |
-16
m Systolic BFP wmDiastolic BP P values are =0.0001, except

Diastolic 1 mo p-value 00003
Diastolic 3 mo p-value 00002

Papademetriou V, AHA Hotline Session, Los Angeles 2012

Baseline Month 6

(n=46) (n=45)

eGFR
(mL/min/1.73m?)

1.14
Cystatin C (mg/L) (Laon) 1.00 (£0.25) 0.97 (%0.20) 1.00(=%*0.23)

87 (*+19) 85 (=*20) 84 (*+22) 82 (%20)




How to perform RDN?

+ Easy when on film.






Predictors of response to RDN.

12 months 24 months 36 months

-35 33 34 34
<65yr =265yr <65yr 265yr <65yr =265yr

"40 n=57 n=33 n=44 n=15 n=21 n=3




Predictors of response to RDN.
Niahatac?

12 months 24 months 36 months

=]
XL
£
E
o
A DBP
p
T}
o
m
-31
-35 e -33
-40 -38
DM Non-DM DM Non-DM DM MNon-DM
(n=44) (n=86) (n=1T7) (n=42) (n=8) (n=16)

Sobotka P, ACC 2012



Predictors of response to RDN. Renal
function?

12 months 24 months 36 months

A SBP
O ADBP

BP change (mmHag)

eGFR eGFR eGFR eGFR eGFR eGFR
45-60 =60 45-60 =60 4560 =60
(n=9) (n=115) (n=5) (n=51) (n=1) (n=22)

Sobotka P, ACC 2012



Predictors of response to RDN.
Data from Homburag/Saar

Data from the Homburg RDN registry, n=278

Age <75 years
Male gender
Diabetes

25 antihypertensive agents * OR 2.12; 95%Cl 1.1-4.2; p=0.032 |

Aldosteron antagonist [®

Central sympatholytics *

Systolic blood pressure >180 mm Hg * OR 2.19; 95%Cl 1.1-4.5; p=0.005 |

Diastolic blood pressure >95 mm Hg *

Heart rate >70 bpm -

1 10
Log OR for SBP reduction 210 mm Hg at 6 months

Christrian Ukena, RHC
2013



Predictors of response to RDN. Type of

_ _ £

O n e S h Ot (Cowvidien)

Enl |g HTN (St. Jude Medical)

EnligHTN-1: (n =46)
AoSBP at 6 month: -26mmHg
Response Rate: 7T6%

VeS 5 i X V2 {Boston Scientific)

ReduceHTN: (n=7)
AoSBP at 1 month: -30mmHg
AoDBP at 1 month: -1"1TmmHg

Response Rate: 100% at 1 month

e

RHAS: {n=8)
AoSBP at 6 month: -42mmHg
AoDBP at 6 month: -15mmHg

Paradise recon

e

REALISE: (n=135)
AoSBP at 3 month: -32mmHg
AoDBP at 3 month: -16mmHg

Prof Erwin Blessing, RHC



A “Non-responding” patient.
., _Why? .
HY$th 21611 Qo ARACREGSOREY CEHe
but clinicafztereffective job

because In some patients:

- Overactivation of sympathetic
system trough the kidneys is
not involved In the
Nathonohvs<ioloav of recistant



A “Non-responding” patient.

e L
adventltla/ngﬁ@m&}é@and in some

patients :

+ Atheromatous disease and renal artery
thickness are limiting temperature
rise/transduction

- A significant proportion of nerves are at
more than 4 mm from the intima which

Aictanra MmAavs he 11+t AF thea affirAanyy



A “Non-responding” patient.

gy cidon o %;ég%%%mm 4
t

+ Diameter/lenght of the target vessels

- Inappropriate value of impedance (tissue
contact)

+ To limited number of ablations (< 4) per
artery or unilateral procedure

- Inappropriate duration of ablation



Open questions: FU?

- Not mentioned in the ESH position paper1

- NICE states that ‘reported outcome
measures

+ Should include adverse events and the long-
term effect of the procedure on BP’2

+ Long-term FU and participation in registries

recommended in the German consensus3
SchmiederRE et al,,J Hypertens 2012
=

- FU described in detail imihe. ienshs

3 Mahfoud F et al, 2012
ConsenSUS4 4 Pathak A et al, Diagn Interv Radiol

2019



Open questions: Post-
procedure FU?

* BP - 1 hour in the post-procedure monitoring
room before returning to the room and a
hospital stay of 24 h

- ABPM - 6, 12, 24 and 36 M after RDN

 Kidney - eGFR (plus proteinuria if initial
proteinuria) after 6, 12, 24 and 36 M

- Anatomy - Angio-CT after 12 and 36 M

Pathak A et al, Diagn Interv Radiol
2012
Plouin, RHC 2013



Advice — Change therapy at Mo
3

Discontinue, as BP control permits:

Centrally-acting agent
a.-blocker

p-blocker
spirﬂnnlactnne

‘ ‘ ‘ CCA or thiazide-like diuretic

Consider maintaining ACEI, statin and aspirin

Plouin, RHC
2013



Other areas of clinical
development

Heart failure
LV Hypertrophy
Sleep apnoea
Insulin resistance
Chronic kidney disease
Atrial fibrilation



New Indications for Transcatheter Renal
Denervation
Chronic Heart Failure

Sympathetic over activation

Arrhythmias 4_4 h—> Hypertension

Hypertrophy 4—‘

Modulation of Heart Failure Regulation of

Chemoreceptors neuro-hormonal
Sleep apnoea activity

;_'} Insulin resistance




Potential Benefits of RND in CHF

Modulation of central chemoreceptors
Better fluid balance
Heart rate reduction

Decrease in peripheral vascular resistance

v

Improvement in exercise capacity
Decrease in dyspnoea
Improvement in biochemistry

!

Hospital admission? Mortality? Healthcare savings?




Studies reportinag safetv of RND
REACH-Pilotl OLOMOUC 1 °

Design Design

* 7 patient safety study « 51 Randomised (OMT vs RDN)
. Chronic mod-severe heart failure . NYHA Il or IV

* In-patient follow-up 5 day admission »  Bilateral renal denervation

. Bilateral renal denervation . Heart rate >70

Aims Aims

» Safety of renal denervation » Safety of renal denervation

* Follow-up for 6 months » Change in LV function

Results Results

*  No procedural complications * No procedural complications

. No acute/medium term complication =« No acute/medium complication
* Improvement in 6 min walk * Improvement in EF

1. REACH-Pilot, Davies IE, Francis DP et al. International Journal of Cardiclogy (ePub, October 2012)
2.  OLOMOUC I study, ESC Munich 2012



Improvement in exercise capacity Improvement in ejection fraction

Exercise distance (Meters)

320

300

280 -

260

240

220 -

200 -

Pre

1 day post

REACH-Pilot

1wk

Wk

LM

OLOMOUC | Study
A27.1m  Change in LVEF
0=0.03
= a0 pc 001 P 0,01 —
ﬁ 35
o~ 30
gé 25 Zﬁillmiz
35 20
'L:;g 15
g% 19
Z & 3§ & 2 3
e Basaling 12 months Basabra 12 months
RDN (n=21) OMT (n=22)

REACH-Pilot, Davies JE, Francis DP et al. International Journal of Cardiology {epub online)
OLOMOUC | Study, ESC 2012



BP remains stable in CHF post-

5=

Denervation
in pa

inpatient stay, 6 month followup

nt B out patient
14

120 |
|
~ systolic pressure

diastolic pressure

E

i
——

Pressure (mm Hg)
3

20

Pre
procedure
Procedure
Day 1 post
Cay 2 post
Day 3 post
Day 4 post
Day S post

1 week

2 weeks

1 month
2 months
3 months
4 months
5 months
6 months

Davies, Int J Cardiol 2012 (in press)



Exercise distance (Meters)

Safety evaluation of renal
denervation in CHF

320

300 A

280 A

260

240

220

200 -

Pre

1day post

1Wk |

2Wk |

M |

2N

g o

p=0.03

3M
amM |
5M
6M

Davies, Int J Cardiol 2012 (in press)




Denervation is reported to
reduce LVH in Hvpertension

4] 1 Month 6 Months

P ==
I."-JE L
o -97
m -
c
£ -10-
o
C ]
= -154
> |

-20- B sseP decrease 0 mmHg to 16.6 mmHg

| [ SBP decrease 16.7 mmHg to 47.2 mmHg
25- [[] SBP decrease 47.3 mmHg to 78.0 mmHg

“LV mass regression occurred also in 5 of 6 RD ‘nonresponders’, supporting
the notion of BP-independent effects of RD on LVH "™

Brandt et al. J Am Coll Cardiol. 2012:59:901-59



Obstructive Sleep Apnea

» Mechanisms linking OSA and Resistant Hypertension

- Volume excess

» Redistribution of fluid from legs to neck and chest in recumbent position,
leading to increased peripharyngeal edema and upper airway resistance
- Friedman 0Q., et. al. Hypertension 2010;56:1077-1082

» Removal of fluid reduces AHI
- Elias RM., et. al. Nephrol Dial Transplant 2012;27(4):1569-73

- Aldosterone

o Excess aldosterone is associated with OSA
- Dudenbostel T, Calhoun DA. ] Hum Hypertens 2012;26(5):281-7

- Sympathetic nervous system overactivation
o MSNA is elevated in OSA
- Grassi G., et. al. Hypertension 2005;46:321-325

+ Deactivation of chemoreceptors reduces MSNA and OSA
- Narkiewicz K., et. al. Circulation 1999;100:2332-2335

o Renal Denervation reduces MSNA and OSA
- Witkowski A. et. al. Hypertension 2011; 58:559-565

Sobotka
Curr Cardiol Rep 2012



RND in Hypertension Seems to

Change in AHI (events/h)

30

20

10 -

-10

Radiirac NKRA

At 3 months A Emonths
25 [as 207 SEE
s3 =28 Vosa B ipc BN aeg ek EETET - BRSPS | B
1 2 3 4 5 G 7 ] g 10
Case (#)

Witkowski, Hypertension 2011



Effect of Renal Sympathetic Denervation on
(hicoce Metaholiem in Patiente \With RH

Mahfoud et al Renal Denervation Improves Glucose Metabolism 1943

A B 1 month I menths
G 1 month 3 months
17.5 - 13 - Pt 129
=115 - F=pauz ._E_ 10
E )
SOTE - P et T i
E e £ 5
a5 ] +6.4 FP=0agd
5 1% - | +3 & £ 0.3
= 4 0% " . (0
E =
T 41 04 -
- £
‘s <75 2
g E 1 : "
5125 {  poen J_ [ Roenal denervation (n=37) B B Reenial denervation (r=37)
= = =003 ] Contrel (m=12) - P=00is O Centel (n=133
- B P=050¢
175 4 ; d o
for interaction (ANOVA=0.043 o y
e p for interaction (ANOVA=0.016
I manth
c b i et D £ - 1 month 3 months
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% a0 = 4 21 F=0.734
Z -0z =
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o p for interaction (ANOVA=0.031 5 P 2 ==

p for imrerscrion [ANOWVA =D 003

Figure 2. Change (SEM) in fasting glucose (A), fasting insulin (B), C-peptide (C), and homeostasis model assessment—insulin resistance
(HOMA-IR; D) at 1 and 3 months compared with baseline. P values refer to change compared with baseline. Between-group effects,
measured by 2-way repeated measures AMOVA, are given as P for interaction.

Mahfoud et al. Circulation. 2011;123:1940-

A0NR-.



RDN+RH+CKD=?

CLINICAL RESEARCH | www jasn.org
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Renal Denervation in Moderate to Severe CKD b o
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Dagmara Hering,*' Felix Mahfoud,” Antony S. Walton,” Henry Krum,” Gavin W. Lambert,* : §as
Elisabeth A. Lambert,* Paul A. Sobotka" Michael Bshm,” Bedo Cremers,* Murray D. Esler,*3 k" -
and Markus P. Schlaich*® L
*Meurcvascular Hypertension & Kidney Disease Laboratory, Baker IDI Heart & Diabetes Institute, Melboume, i
Australia; "Diepartment of Hypertension and Diabetology, Medical University of Gdansk, Poland; *Universitatsklinikum :
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Figure 2. Office BP values at fellow-up. Changes in average office

P . - : BP (&) and mean decrease in office BP (B) at follow-up. Errar bars
Figure 1. Individual changes in creatinine-based estimated GFR i :
before renal denervation [pre-RDMN): at 1 week (W) and at 1, 3—, &, represent SDs. *P<0.001 versus baseline (before the procedure).
and 12-manth (M) follow-up (FLU). FU, follow-up; M, menth; pre-RDN, prerenal denervation.
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Abstract
INTRODUCTION: Sympathetic activity plays an important role in the pathogenesis of ventricular tachyarrhythmia. Catheter-based renal sympathetic
denervation (RON} is a novel treatment option for patients with resistant hypertension, proved to reduce local and whole-body sympathetic activity.

METHODS: Two patients with chronic heart failure (CHF) (non-obstructive hypertrophic and dilated cardiomyopathy, NYHA Ill) suffering from therapy
resistant electrical storm underwent therapeutic renal denervation. In both patients, RDM was conducted with agreement of the local ethics committee
and after obtaining informed consent.

RESULTS: The patient with hypertrophic cardiomyopathy had recurrent monomorphic ventricular tachycardia despite extensive antiarrhythmic
therapy, following repeated endocardial and epicardial electrophysiological ablation attempts to destroy an arrhythmogenic intramural focus in the left
ventricle. The second patient. with dilated nonischemic cardiomyopathy, suffered from recurrent episodes of polymarphic ventricular tachycardia and
ventricular fibrillation. The patient declined catheter ablation of these tachycardias. In bath patients, RDM was performed without procedure-related
complications. Following RDN, ventricular tachyarrhythmias were significantly reduced in both patients. Blood pressure and clinical status remained
stable during the procedurs and follow-up in these patients with CHF

CONCLUSION: Our findings suggest that RDN is feasible even in cardiac unstable patients. Randomized controlled trials are urgently needed to
study the effects of RD in patients with electrical storm and CHF.
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DEBuT Study Results
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DEBuT Study Results

Sustained Reduction of BP over 5 years

Systolic Diastolic Heart Rate
(Baseline = 193 * 36 mmHg) (Baseline= 111 + 20 mmHyg) {Baseline= 74 + 12.8 mmHg)

Anti-hypertensive
Medications Changes
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DEBuUT Study Results

Diastolic Heart Rate
(Baseline = 193 + 36 mmHg) (Baseline= 111 + 20 mmHg) (Baseline= 73* 12 mmHg)
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Rheos Pivotal Trial Results at

m 81% of patients were responders (SBP = 10 mmHg relative to pre-
implant)

m Therapeutic efficacy continued to improve over time:

SBP Reduction (mmHg)
i
g & 3

3
Percent Patients at SBP Goal

0
Month-6  Month-12

Bisognano et al, HTN 2041

Bisognano, JACC 2011, 58 (7): 765-73



Rheos - Pivotal Trial Results
Sustained Reduction of BP over

Systolic Diastolic Heart Rate
(Baseline = 179.1 = 23.7 mmHg) (Baseline=104.2 * 14.6 mmHg) (Baseline= 5% 12 mmHg)
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