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Renal Sympathetic Nerve Activity:
RDN Disrupts Renal Nerves Lowering SNS ActivityRDN Disrupts Renal Nerves, Lowering SNS Activity

• ↑ Contractility• ↑ Contractility↑ Contractility
• ↑ Heart rate
•Hypertrophy
•Arrhythmia

• Vasoconstriction
• Atherosclerosis
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Schlaich et al. Hypertension. 2009;54(6):1195-1201.



Micro-anatomy of the renal sympathetic 
tnervous system  

Human postmortem histologic study

Atherton DS et al, Clin Anat. 2011 Oct 4

6 patients, 12 renal arteries

Atherton DS et al, Clin Anat. 2011 Oct 4



RF ablationRF ablation



Ardian Symplicity CatheterArdian Symplicity Catheter



The Symplicity HTN-1 & 2 TrialsThe Symplicity HTN 1 & 2 Trials

Lancet. 2009;373:1275-1281;

Lancet. 2010;376:1903-9

Circulation 2012;126:2976



Inclusion and exclusion criteriaInclusion and exclusion criteria

• Key inclusion criteria
– Office blood pressure ≥160 mmHg (≥150 mmHg foOffice blood pressure ≥160 mmHg (≥150 mmHg fo

r diabetics) despite ≥3 anti-hypertensive medicati
ons

– eGFR (MDRD) ≥45 mL/min/1.73m2

• Key exclusion criteria
– known secondary cause of hypertensionknown secondary cause of hypertension
– Type I diabetes mellitus
– renovascular abnormalities: significant renal arter– renovascular abnormalities: significant renal arter

y stenosis, prior renal stenting or angioplasty, du
al renal arteries



The Symplicity HTN-1 Trial
36 month F/U data36 month F/U data

BP change
(mmHg)(mmHg)

P<0.01  for ∆  from BL
for all time pointsfor all time points

Sobotka et al. ACC 2012



The Symplicity HTN-2 Trial
12 month F/U data12 month F/U data

Circulation 2012;126:2976





The Symplicity HTN-1 & 2 TrialThe Symplicity HTN 1 & 2 Trial

• Procedure complication rate 3% (4/153 pts)Procedure complication rate 3% (4/153 pts)
Renal artery dissection : 1
Pseudoaneurysm/hematoma : 3

• Short term renal angiography (n=20)• Short-term renal angiography (n=20)
no stenosis

• 6 months imaging study (MRA, CTA, Duplex)(n=81)
t ino stenosis

• Renal function
no class IV CKD, no dialysis required

Hypertension 2011;57:911-17
no Cr double

• Death : 2 patients (MI, Sudden cardiac death)

Lancet 2010;376:1903-09



Felix Mahfoud Bodo Cremers Julia Janker Britta Link Oliver Vonend Christian Ukena
Denervation in Patients With Resistant Hypertension

Renal Hemodynamics and Renal Function After Catheter-Based Renal Sympathetic

100 p for trend 0 544

Sobotka, Henry Krum, Bruno Scheller, Markus Schlaich, Ulrich Laufs and Michael Böhm
Dominik Linz, Roland Schmieder, Lars Christian Rump, Ingrid Kindermann, Paul Andrew 
Felix Mahfoud, Bodo Cremers, Julia Janker, Britta Link, Oliver Vonend, Christian Ukena,
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Renoprotection ?
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-14 Predicted Trajectory 
for RDN Cohort Based 

on Baseline BPParving HH, et al. Br Med J. 1989. Moschio G, et al. N Engl J Med. 1996.
Viberti GC, et al. JAMA. 1993. Bakris GL, et al. Kidney Int. 1996.Viberti GC, et al. JAMA. 1993. Bakris GL, et al. Kidney Int. 1996.
Klahr S, et al. N Eng J Med. 1994. Bakris GL. Hypertension. 1997.
Hebert L, et al. Kidney Int. 1994. The GISEN Group. Lancet. 1997.
Lebovitz H, et al. Kidney Int. 1994.

Bakris et al. Am J Kidney Dis. 2000;36(3):646-661



• baseline BP 174 ± 22 / 91 ± 16 mmHg
5 6 ± 1 3 antihypertensive drugs• 5.6 ± 1.3 antihypertensive drugs

• Mean GFR : 31ml/min/1.73m2

Hering D et al, JASN 2012;23:1250-7



RDN in CKD 3-4 – a pilot studyRDN in CKD 3 4 a pilot study

• 15 patients with CKD 3-4 
• Baseline: mean GFR 31.2 ± 8.9 ml/min/1.73 m2

Hering D et al, JASN 2012;23:1250-7



SMC registrySMC registry 

• To investigate the efficacy and safety of RDN in 
patients with milder resistant hypertension y

• Key inclusion criteria
– Office blood pressure ≥140 mmHg despite ≥3 anti-O ce b ood p essu e 0 g desp te 3 a t

hypertensive medications
– eGFR (MDRD) ≥45 mL/min/1.73m2eGFR (MDRD) ≥45 mL/min/1.73m

• Key exclusion criteria• Key exclusion criteria
– known secondary cause of hypertension

Type I diabetes mellitus– Type I diabetes mellitus
– renovascular abnormalities: significant renal artery 

stenosis prior renal stenting or angioplastystenosis, prior renal stenting or angioplasty



CaseCase 
• M/45• M/45
• Office BP : 170/115 mmHg  HR: 88/min

171 94 k li• 171cm, 94 kg, policeman
• Hypertension for 5 year
• Medication Chart

Office BP 170/115mmHg

Felodipine 5 mg

Carvedilol 50mg

Valsartan 320mg

Hydrochlorothizide 12.5mg



Case : Renal denervationCase : Renal denervation



Blood Pressure F/UBlood Pressure F/U

Weight gain : 5 kgWeight gain : 5 kg

Months Initial
(3/19)

1 6 9 12Months Initial
(3/19)

1 6 9 12Months Initial
(3/12/12)

1 6 9 12
(4/1/13)( )

BP
mmHg

170/115 144/90 130/85
( )

BP
mmHg

170/115 144/90 130/85 110/75
( ) ( )

BP
mmHg

170/115 144/90 130/85 110/75 105/70
mmHg

Medication
Felodipine 5mg

dizziness

mmHgmmHg

Felodipine 5mg
Carvedilol 50mg
Valsartan 320mg
H drothia ide 12 5mg

160mg
Hydrothiazide 12.5mg



Total SMC RDN (n=36)Total SMC RDN (n 36)
Demographics Age (years) 52.6 ± 13

Gender (% female) 20.0%

Co-morbidities Diabetes Mellitus II (%) 25.7%Co o b d t es abe es e us (%)
CAD (%) 19.2%

Hyperlipidemia (%) 54.3%

GFR ( L/ i /1 73 2) 78 1 ± 16 7eGFR (mL/min/1.73m2) 78.1 ± 16.7

Blood Pressure Baseline BP (mmHg) 164/101 ± 19/19
Number of anti-HTN meds (mean) 4.0 ± 1.3

ACE/ARB (%) 94.3%

Beta-blocker (%) 74.3%

Calcium channel blocker (%) 77 1%Calcium channel blocker (%) 77.1%

Vasodilator (%) 2.9%

Diuretic (%) 77.1%

Spironolactone (%) 14.3%

Alpha-blocker(%) 2.9%



SMC registry (n=27)SMC registry (n 27)

Demographics Age (years) 51 ± 13

Gender (% female) 15 4%Gender (% female) 15.4%

Co-morbidities Diabetes Mellitus II (%) 11.5%

CAD (%) 23.8%

Hyperlipidemia (%) 42.3%

eGFR (mL/min/1.73m2) 77.3 ± 16.4

Blood Pressure Baseline BP (mmHg) 166/104 ± 18/21Blood Pressure Baseline BP (mmHg) 
Number of anti-HTN meds (mean) 3.5 ± 0.6

ACE/ARB (%) 92.3%

B t bl k (%) 69 2%Beta-blocker (%) 69.2%

Calcium channel blocker (%) 84.6%

Vasodilator (%) 3.8%

Diuretic (%) 84.6%

Spironolactone (%) 11.5%

Alpha blocker(%) 3 8%Alpha-blocker(%) 3.8%



Office BP change (n=27)
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SMC data for mild hypertension (n=9)SMC data for mild hypertension (n 9)

Demographics Age (years) 53.1 ± 14

Gender (% female) 11.1%

Co-morbidities Diabetes Mellitus II (%) 22.2%Co o b d t es abe es e us (%)
CAD (%) 22.2%

Hyperlipidemia (%) 66.7%

GFR ( L/ i /1 73 2) 84 6 ± 23 3eGFR (mL/min/1.73m2) 84.6 ± 23.3

Blood Pressure Baseline BP (mmHg) 154/94 ± 5/11
Number of anti-HTN meds (mean) 3.7 ± 1.3

ACE/ARB (%) 88.9%

Beta-blocker (%) 66.7%

Calcium channel blocker (%) 88 9%Calcium channel blocker (%) 88.9%

Vasodilator (%) 11.1%

Diuretic (%) 88.9%

Spironolactone (%) 11.1%

Alpha-blocker(%) 11.1%



SMC data for mild hypertension (n=9)
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Safety profile – data from SMCSafety profile data from SMC

• procedure related complications  (n=36)
No access site complications– No access site complications

– No renal artery complications including dissection
– 3 spasm
– 1 junctional bradycardia

• Long term complicationsLong term complications
– No renal artery stenosis at 6 month duplex (n= 18)

N l d f ti t 6 th l b ( 19 )– No renal dysfunction at 6 months lab (n= 19 )



Take Home MessageTake Home Message

• Renal denervation is a effective and 
safe treatment modality for resistantsafe treatment modality for resistant 
hypertensionyp

• Renal denervation may be a safe and 
ff ti t t t f ti t itheffective treatment for patients with 

milder resistant hypertension yp



Thank you 
for your attention



5 months f/u



For mild hypertension ?For mild hypertension ?

N=20 patientsN 20 patients
Baseline systolic BP 148.8 mmHg

diastolic BP  83.0 mmHg
No of medications  : 5.4  

Kaltenbach B, Siervert H. Cath cardiovasc interv 2013;81:335-9 
6 months F/U : -13.1 mmHg


