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Hypertension Epidemiology

• Single largest contributor to death worldwide

• Every 20/10 mmHg increase in BP 
correlates with a doubling of 10-year 
cardiovascular mortality

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

• Only half of all treated hypertensives are 
controlled to established BP targets

• High prevalence:

• Affects 1 in 3 adults

• 1B people worldwide � 1.6 B by 2025

35%

Treated &

Controlled

30% 

Untreated

35% 

Treated but 

Uncontrolled

Chobanian et al. Hypertension. 2003;42(6):1206–1252. 
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• Standard interventional technique

• 4-6 two-minute treatments per artery

• Proprietary RF Generator 
− Automated 

− Low-power

− Built-in safety algorithms

Renal Nerve Anatomy Allows a 

Catheter-Based Approach

In the United States: Caution: Investigational Device. Limited by U.S. law to investigational use. 
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Norepinephrine

Spillover

Muscle Sympathetic

Nerve Activity (MSNA)

Central Sympathetic

Nerve Activity

Renal Sympathetic

Nerve Activity

Proof of Principle 



Sympathetic renal denervation – current state & future outlook

E. Infante de Oliveira, V. Ramalhinho, A. Bordalo, P. Canas da Silva, F. Pinto, J. Braz Nogueira, A. Nunes Diogo

Initial Cohort – Reported in the Lancet, 2009:

-First-in-man, non-randomized

-Cohort of 45 patients with resistant HTN (SBP ≥160 mmHg on ≥3 anti-HTN drugs, 

including a diuretic; eGFR ≥ 45 mL/min) 

- 12-month data
\

Expanded Cohort* – This Report (Symplicity HTN-1):

-Expanded cohort of patients (n=153)

-36-month follow-up

Lancet. 2009;373:1275-1281

Symplicity HTN-1

*Expanded results presented at the American College of Cardiology Annual Meeting 2012 (Krum, H.)

Hypertension. 2011;57:911-917.
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Symplicity HTN-1: BP Reductions 3 years

BP change

(mmHg)

P<0.01  for ∆ from BL

for all time points

Schlaich M, TCT 2012
Reported as mean with 95% confidence intervals
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Distribution of  SBP Change at 

Baseline, 1, 12, 24, and 36 Months
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(N=150) (N=143) (N=132) (N=105) (N=34)
Schlaich M, TCT 2012
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Symplicity HTN-1: Percentage Responders 

Over Time
Responder was defined as an office SBP reduction ≥ 10 mmHg

(N=143) (N=148) (N=144) (N=132) (N=108) (N=105) (N=44) (N=34)

*Full cohort has not yet been analyzed at all time points

Schlaich M, TCT 2012
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Symplicity HTN-2 Trial

Inclusion Criteria:
– Office SBP ≥ 160 mmHg (≥ 150 mmHg with 

type II diabetes mellitus)

– Stable drug regimen of 3+ more anti-HTN 

medications

– Age 18-85 years 

Exclusion Criteria:
– Hemodynamically or anatomically significant 

renal artery abnormalities or prior renal artery 

intervention 

– eGFR < 45 mL/min/1.73m2  (MDRD formula)

– Type 1 diabetes mellitus

– Contraindication to MRI

– Stenotic valvular heart disease for which 

reduction of BP would be hazardous

– MI, unstable angina, or CVA in the prior 6 

months

Symplicity HTN-2 Investigators. Lancet. 2010;376:1903-1909.

• Treatment-resistant 
HTN population 

• BL OBP 178/97 mmHg

• 49 RDN, 51 Control

• Age 58 years

• BMI 31 kg/m²

• 40% with Diabetes

• eGFR  77*

• Avg # meds 5.2

• RDN and Control groups 
generally well-matched

*MDRD, ml/min/1.73m2
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Primary Endpoint: 6-Month Office BP

Symplicity HTN-2 Investigators.  The Lancet. 2010.

∆ from 

Baseline 

to 

6 Months 

(mmHg)

33/11 mmHg 

difference between RDN and Control

(p<0.0001)

• 84% of RDN patients had ≥ 10 mmHg reduction in SBP

• 10% of RDN patients had no reduction in SBP

Systolic

Diastolic

Systolic Diastolic
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Symplicity HTN-2 Investigators.  The Lancet. 2010.

Home & 24 Hour Ambulatory BP 

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)

Systolic

Diastolic

Systolic Diastolic
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Objectives:
�Assess procedural and long term safety of renal denervation

�Evaluate effectiveness  of renal denervation on clinical outcomes

�Establish procedural benchmarking & physician practice patterns 

�Evaluate the effect of geographical variations in patients and procedural 

characteristics on clinical outcomes

�Perform Quality of Life analysis

Scope: 
•Over 200 sites world wide; at least 5000 patients

•Prospective, single-arm, open-label, non-interventional registry

•In accordance with Instructions For Use

•Geographies with commercial availability of Medtronic Symplicity

Renal Denervation System

First enrollment

February 2nd, 2012
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Renal denervation reduces left ventricular mass and 

improves diastolic function
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Renal Denervation in Chronic Kidney Disease
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Hospital Santa Maria
Renal Denervation Program

Baseline 1-month p-Value

Systolic BP (mmHg) 180 ± 27 161 ± 29 0.04

Diastolic BP (mmHg) 104 ± 8 95 ± 4 0.04

Fasting glucose (mg/dL) 129 ± 66 120 ± 36 NS

HbA1C (%) 7.0 ± 0.8 6.7 ± 0.9 NS

Fasting Insulin (mU/mL) 19 ± 11 18 ± 11 NS

Fasting C-peptide (ng/mL) 2.5 ± 1.3 2.2 ± 1.0 NS

HOMA-IR (%S) 2.3 ± 1.4 1.8 ± 0.9 0.04

Glucose tolerance test (mg/dL) 256 ± 142 173 ± 52 < 0.001

HOMA – Homeostatic model assessment
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Witkowski A. Hypertension. 2011;
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Chronic heart failure with renal impairment

SYMPLICITY HF Study

Study Design
Multicenter prospective, non-randomized, open-label study

Goal
Evaluate safety of the Symplicity Catheter System and efficacy of renal denervation for improving cardiac & renal 

function in patients who have Chronic Heart Failure with Renal impairment

Enrollment
40 subjects NYHA Class II-III, EF<40%, eGFR 30-75 mL/min/1.73m2

~ 8 sites in Australia  and Europe

Major Assessments:

•Cardiac ventricular function by Echocardiography - 6 & 12 months

•Renal function by GFR - 1, 3, 6, & 12 months
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New Multi-Electrode System Design Goals

Electrodes6F Guide 

Compatible

Multi-

Electrode

One size fits 

all 

Reduced 

Ablation Time

Monorail  

Delivery

Non-Occlusive

Vessel 

Conformability
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Medtronic RDN Technology Comparison 

TechnologyTechnology Single Electrode Multi-Electrode

Delivery Access Delivery Access Direct Monorail

Guide Catheter CompatabilityGuide Catheter Compatability 6F 6F

# Electrodes# Electrodes 1 4

Electrode SelectabilityElectrode Selectability 1 4/ 3/ 2/ 1

# of Placements/Artery# of Placements/Artery 4-6 1

Energy Delivery Time per PlacementEnergy Delivery Time per Placement 2 mins 1 min

Total Energy Delivery TimeTotal Energy Delivery Time 16-24 mins 2 mins
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Multi-Electrode System FIM Phase II Design

6M 12-36M

• Primary Goal: Acute procedural safety assessment

• Secondary Goals: 

• ∆ in office BP at all f/u time-points

• AE evaluation at all f/u time-points

• Duplex Ultrasound at 3M or 6M –further 

evaluation if indicated

• Office SBP ≥ 160 mmHg

• ≥ 150 mmHg for Type 2 

Diabetics

• ≥ 3 meds 

• eGFR ≥ 45mL/min

Initial Screening

If eligible, enrolled

Renal Angiogram

3M1M

Purpose: To assess performance of Medtronic multi-electrode RDN system

• Up to 50 Patients (9 completed)

• Inc/Excl criteria similar to Symplicity HTN-1 

• No Confirmatory BP screenings or ABPM

• Renal artery anatomy eligibility

• ≥4mm diam, ≥ 20mm treatable length

• No stenosis > 50%

• No prior stent/angioplasty
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EnligHTN
Monopolar RF

Multi-ablation basket

90 sec energy per electrode

8 Fr compatible 
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EnligHTN I
(n=46)



Sympathetic renal denervation – current state & future outlook

E. Infante de Oliveira, V. Ramalhinho, A. Bordalo, P. Canas da Silva, F. Pinto, J. Braz Nogueira, A. Nunes Diogo

Vessix – pilot study & post market
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Vessix, Symplicity & EnligHTN comparison
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One-Shot
Covidien

Paradise
ReCor Medical
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