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The Renin-Angiotensin-SystemThe Renin-Angiotensin-System

American Journal of Hypertension (2008) 21 7 doi:10.1038/ajh.2007.37



Renal Sympathetic Efferent Nerves
Kidney as the recipient of central sympathetic signalsKidney as the recipient of central sympathetic signals

Renal efferent nervesRenal efferent nerves

R i lR i l ↑↑Renin release Renin release ↑↑
NaClNaCl-- retention retention ↑↑
Renal blood flowRenal blood flow ↓↓Renal blood flow Renal blood flow ↓↓



Renal Afferent NervesRenal Afferent Nerves
Kidney as the origin of central sympathetic driveKidney as the origin of central sympathetic drive

HypertrophyHypertrophy
ArrhythmiaArrhythmiaArrhythmiaArrhythmia
OO22 consumptionconsumption
Heart failureHeart failure

VasoconstrictionVasoconstriction
ArteriosclerosisArteriosclerosis

Renal afferent Renal afferent 
nervesnerves

InsulinInsulin
Resistence Resistence ↑↑

ReninRenin-- release release ↑↑
NaCLNaCL--retention retention ↑↑
Renal blood flowRenal blood flow ↓↓Renal blood flow Renal blood flow ↓↓



The central sympathetic driveThe central sympathetic drive 
is directly influenced by theis directly influenced by the 
kidneys via afferent renal y

nerves

The interruption of these nerves p
lowers bood pressure and may 

ha e other beneficial effectshave other beneficial effects



Surgical Precedent of Renal Denervation:
Thoracolumbar Sympathectomy

1952

Thoracolumbar Sympathectomy

1952
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Dr. Reginald H. Smithwick
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Sympathectomy in Hypertension: 
Effects on survival but side effects andEffects on survival, but side effects and 
complications

1266 pts

Denervating lower half of the body produced: 
• Mortality benefit

I i t t BP lt• Inconsistent BP results
• Significant morbidity including orthostatic hypotension, bowel & bladder dysfunction

Smithwick RH, J Am Med Assoc. 1953;152:1501-1504 7



How to do this minimal 
invasively by catheter 

technique?



The Renal NervesThe Renal Nerves

• Follow the renal artery to the kidney
P i il li ithi th d titi• Primarily lie within the adventitia

Vessel Lumen

Media

Adventitia

Renal 
Nerves



GeneratorGenerator

• Energy maximum 8 Watt 
• It automatically switches off ifIt automatically switches off if 

• temperature increases too 
fast or too slowlyfast or too slowly

• temperature is higher than 
75 °C75 C

• Impedance does not 
decrease sufficientlydecrease sufficiently



Simplicity™ CatheterSimplicity   Catheter

• Radiofrequency 
electrode tipelectrode tip

• Handle allows 
bending of the tip and 
rotationrotation 

• Compatible with a 6 F 
idi th tguiding catheter





Procedural detailsProcedural details
• Premedication

- Aspirin 100 mg/day (to be continued for 1 week)
- 10-20 mg morphin + sedatives
- 5,000 U heparin
- Nitro  i.a.

• 6 F femoral sheath
• 6 F renal guiding catheter
• Angiography of all renal arteriesAngiography of all renal arteries
• Introduce radiofrequency catheter
• 4 8 ablations 2 min each• 4-8 ablations, 2 min each



Treatment StrategyTreatment Strategy

Renal Artery

Treatments
Aorta

Kidney

Focal ablations

spaced along vessel

Multiple focal ablations

↑ circumferential coveragep g ↑ g



Example Treatment Locations Example Treatment Locations 
in a Right Renal Arteryin a Right Renal Arteryin a Right Renal Arteryin a Right Renal Artery

Treatment #1 Treatment #4

Treatment #2 Treatment #5

Treatment #3 Treatment #6



TREND Frankfurt, Germany, Frankfurt, March 1-2. 2013



Where is the evidence?Where is the evidence?



Symplicity HTN-1 TrialSymplicity HTN 1 Trial
single armg
with extended cohort

Symplicity HTN-2 Trial
randomized

Symplicity HTN-3 Trial
randomized, sham control

i
18

ongoing



Symplicity HTN-2Symplicity HTN-2

Lancet. 2010;376:1903-1909

• Study design:  randomized, controlled, clinical trial
• Patients: 106 patients randomized 1:1 to treatment withPatients: 106 patients randomized 1:1  to treatment with 

renal denervation vs. control
• Clinical Sites:  24 centers in Europe, Australia, & New p

Zealand

Symplicity HTN-2 Investigators. Lancet.  2010;376:1903-1909 19



Symplicity HTN-2 TrialSymplicity HTN-2 Trial
Inclusion Criteria:Inclusion Criteria:

- Office SBP ≥ 160 mmHg 
(≥ 150 mmHg with type II diabetes mellitus)

3+ ti HTN di ti- 3+ more anti-HTN medications
- Age 18-85 years 

Exclusion Criteria:
- Significant renal artery abnormalities or prior renal artery 

interventionintervention 
- eGFR < 45 mL/min/1.73m2  (MDRD formula)
- Type 1 diabetes mellitus
- Contraindication to MRI- 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- MI, unstable angina, or CVA in the prior 6 months

Symplicity HTN-2 Investigators. Lancet.  2010;376:1903-1909
20



SafetySafety
• No serious device or procedure related adverse p

events (n=52)
• No change in renal function

N h t i th t i• No severe hypotension or orthostasis
• Minor adverse events (all unrelated to RF)

• 1 femoral artery pseudoaneurysm manual compression1 femoral artery pseudoaneurysm manual compression
• 1 post-procedural drop in BP resulting in a reduction in 

medication
• 1 urinary tract infection1 urinary tract infection
• 1 prolonged hospitalization for evaluation of paraesthesias
• 1 back pain treated with pain medications & resolved after 

one month
• 6-month renal imaging (n=43)

• No vascular abnormality at any RF treatment site 
• 1 MRA indicates possible progression of a pre-existing1 MRA indicates possible progression of a pre-existing 

stenosis unrelated to RF treatment (no further therapy)

21Symplicity HTN-2 Investigators. Lancet.  2010;376:1903-1909



Primary Endpoint: 6-Month Office BP

1 0
0

10
RDN (n=49) Control (n=51)

∆ from 
Baseline Systolic Diastolic

-12-20

-10

0Baseline 
to 

6 Months 
(mmHg)

Systolic Diastolic

-32-40

-30

-20

difference between RDN
-50

difference between RDN 
and Control highly significant

(p<0.0001)

• 84% of RDN patients had ≥ 10 mmHg reduction in SBP
• Only 10% of RDN patients had no reduction in SBPy p

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



How does this compare p
to medical treatment?



Randomized Trials in Resistant Hypertension
M R d ti i S t li BP

Darusentan2 ISMN + Sildenafil4
Spironolactone3 Renal Denervation1

Mean Reduction in Systolic BP

5
0

Darusentan2 ISMN + Sildenafil4

15
-10

-5

-25
-20
-15 - 12mmHg

- 16mmHg
22mmHg

-35
-30
-25

32 H

- 22mmHg

-40
-35 - 32mmHg

1Lancet. 2010
2Curr Hypertens Rep. 2008 Dec;10(6):429-31.
3Hypertension. 2010 Jan;55(1):147-52
4Hypertension. 2010 Jul;56(1):22-3.



Symplicity HTN-2 Trial – Distribution of 
Office SBP Post-RDN

Crossover group Treated after 6 M
Treated with RDN

Crossover group Treated after 6 M 
follow up



Subgroup analyses

• AgeAge
• Gender
• Diabetes 

no differencesno differences



A l t li ti ?Any late complications?



HTN 1: Chronic Safety Out to 3 YearsHTN-1: Chronic Safety Out to 3 Years
• One progression of a pre-existing stenosis 

unrelated to RF treatment (stented without further 
sequelae) 

• One new moderate stenosis which was not 
hemodynamically relevant and no treatmenty y

• 3 deaths within the follow-up period; all unrelated 
to the device or therapyto the device or therapy

• No hypotensive events that required 
hospitalizationhospitalization 

• There were no observed changes in mean 
electrolytes or eGFRelectrolytes or eGFR

Symplicity HTN-1 Investigators. Hypertension. 2011;57:911-917.



Wh t i th ti f th ff t?What is the time course of the effect?



Symplicity HTN-2Symplicity HTN 2 
Time Course of Office BP Change
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Symplicity HTN-2 Investigators. Lancet.  2010;376:1903-1909 and  Krum H et al, ACC 2012



Symplicity HTN-1 
Significant, Sustained BP Reduction through 3 yrs

BP change
(mmHg)

P<0.01  for ∆  from BL
for all time points

Caution: The Symplicity® Catheter System™ is an Investigational Device. Limited by U.S. law to  investigational use.
For OMA distribution only. © 2012 Medtronic, Inc. All rights reserved.  10047277DOC_1A  03/2012



Symplicity HTN-1 
Change in Office Blood Pressure for 24 Pts with 3 yrs Follow upChange in Office Blood Pressure for 24 Pts with 3 yrs Follow-up

BP change
(mmHg)

P<0.01  for ∆  from BL
for all time points

Caution: The Symplicity® Catheter System™ is an Investigational Device. Limited by U.S. law to  investigational use.
For OMA distribution only. © 2012 Medtronic, Inc. All rights reserved.  10047277DOC_1A  03/2012



Distribution of  SBP Change at 
BL 1 12 24 and 36 MonthsBL, 1, 12, 24, and 36 Months

tie
nt

s 
%

 P
at

(N=130) (N=59) (N=24)(N=150) (N=143)

Caution: The Symplicity® Catheter System™ is an Investigational Device. Limited by U.S. law to  investigational use.
For OMA distribution only. © 2012 Medtronic, Inc. All rights reserved.  10047277DOC_1A  03/2012



Percentage Responders Over Timee ce tage espo de s O e e
Responder was defined as an office SBP reduction ≥10 mmHg

(n=143) (n=148) (n=144) (n=130) (n=107) (n=59) (n=24) (n=24)(n=143) (n=148) (n=144) (n=130) (n=107) (n=59) (n=24) (n=24)

Caution: The Symplicity® Catheter System™ is an Investigational Device. Limited by U.S. law to  investigational use.
For OMA distribution only. © 2012 Medtronic, Inc. All rights reserved.  10047277DOC_1A  03/2012



…. and the future?



D it k i lD it k i lDoes it work in less Does it work in less 
severe resistant severe resistant 
hypertension?hypertension?



Renal Denervation in Borderline 
H i M Offi BPHypertension - Mean Office BP
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Other potential indications

• Sleep apnea syndromSleep apnea syndrom
• Heart failure
• Ventricular arrhythmias
• Diabetes



NT: normo tensive controls; DM: diabetes; HTN: hypertension; HTN+DM: hypertension+diabetes

Huggett RJ. Circulation. 2003;108:3097‐3101.

yp yp

F. Mahfoud et al, Trend Asia Pacific, 2011



RD improves insulin sensitivity
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F. Mahfoud et al, Trend Asia Pacific, 2011



RD improves glucose tolerance
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F. Mahfoud et al, Trend Asia Pacific, 2011



New Devices forNew Devices for 
Renal DenervationRenal Denervation



Balloons with radiofrequency

Vessix VascularMaya Medical Vessix VascularMaya Medical 



Other radiofrequency techniquesOther radiofrequency techniques

• St. Jude MedicalSt Jude ed ca
• Cordis
• ....



Balloon with needle

130 micron diameter needle

Bullfrog® Micro-Infusion 
Catheter 

130-micron diameter needle

• Low pressure balloon (2 
atm)

• Deploys micro-needle into 
the adventitia

Mercator 
• Allows drug delivery to renal 

sympathetic nerve sheath

Medsystems – Guanethidine

• Catheters available for >2Catheters available for 2 
mm arteries



Ultrasound

• Recor Medical
• CardioSonic
• Sound Interventions
• Kona



Radiation

• Best Medical International



Take Home Messages
• Trans-catheter Renal Denervation results in 

significant reductions in BPsignificant reductions in BP
• With the Ardian-Medtronic system, no major 

li ti dcomplications occurred
• TRenD is beneficial for patients with treatment-

i t t ti l h t iresistant essential hypertension
• The effect is sustained up to 3 years

I l b b fi i l i i i h• It may also be beneficial in patients with 
diabetes, heart failure and other diseases

• New devices are on the horizont


