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Renal denervation in patients with resistant hypertension

ςblood pressure reduction and beyond 



Frequencyof hypertensionin peopleaged20 years
and olderby world region and genderin 2000 and 2025

KearneyK.M. et al. Lancet, 2005, 365, 217-223





Pathophysiologyof resistant hypertension

ÁInappropriatehigh sympatheticoutflow

ÁInappropriate high renin and/or aldosterone  release or 
other neurohumoralmediators such as endothelin

ÁInappropriatehigh cardiacoutput

ÁRelativeor absolutevolumeexpansion

ÁAbnormal sleeppatterns,  anxiety, depression, 
substancesused and medicationcomplience

ÁIncorrect medication combinationsor doses



Resistanthypertension: Riskfactors

× New conditions: ABPM, salt restriction, MCR blockers



Frequencyof OSA, secondarycausesand associatedconditions

- in 204 patientswith true resistanthypertension

CƭƻǊŎȊŀƪ 9ΧΦWiecekA. et al. J. Human Hypertens., 2013, 27: 678-685  
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PersellSD, Hypertension2011; de la Sierra, Hypertension2011

True resistanthypertension -
confirmed in ABPM ς62,5%
(7,6% of all treated pts)

ResistantHT (office readings) 
ς12,2%

68 045 patientswith HT



EuropeanHeartJournal, 2012

53 530 patientswith HT
12,7% - resistantHT

4-years follow-up

ControlledHT

ResistantHT

Riskof cardiovasculardeath, myocardialinfraction, stroke



HypertensionResearch, 2013
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Increasedsympatheticnervous
system activity in patientswith:

ҧ High normal BP

ҧ White coatHT

ҧҧ BorderlineHT

ҧҧ HT ςstage1

ҧҧ HT ςstage2-3

ҧҧ HT with LVH

Sympathetic nervous system activity
- assessed by microneurography

Smithet al. Am. J. Hypertens.,
2004; 17217ς222



Smithet al. Am. J. Hypertens.,
2004; 17217ς222
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Increasedsympatheticnervous
system activity in patientswith:

ҧ High normal BP

ҧ White coatHT

ҧҧ BorderlineHT

ҧҧ HT ςstage1

ҧҧ HT ςstage2-3

ҧҧ HT with LVH

Sympathetic nervous system activity
- assessed by microneurography

Hypertension, particularyresistant
is characterizedby marked

sympatheticnervoussystem 
activation !



Norepinephrine spillover
measuring transmitter release from 

sympathetic nerves to plasma

Muscle sympathetic

nerve activity (MSNA)
recording postganglionic nerve traffic

Central sympathetic

nerve activity

Renal sympathetic

nerve activity

Quantifying humanSNS activity



Microneurography- bestmethodto measure 
sympathetic nerve activityin humans



Denervation of patient with essential HTN

SchlaichM et al. N.Eng.J.Med., 2009;36:932-934 

Baseline

1 Month

12 Months

MSNA

(burst/min)

BP

(mmHg)

56 Ą 161/107

41 (-27%) Ą 141/90 (-20/-17)

19 (-66%) Ą 127/81 (-34/-26)

Improvement in cardiac baroreflex sensitivity after RDN (7.8 Ą11.7 msec/mmHg)

59-Year-Old Male on 7 HTN Meds

Proof of Principle 
Direct measurementof reduced central sympatheticnerveactivity



Kidneyinvolvement on the function of renal afferent
and efferent nerves

BlankestijnP.J. et al., Nephrol. Dial. Transplant., 2014, 29,1120-1123



Potentialrole of renalnervesin renalinflammationand injury

VeelkenR., SchmiederR.E., Nat. Rev. Nephrol., 2014, 10, 305-313 



Afferent 

Nerves

ҧ /ƻƴǘǊŀŎǘƛƭƛǘȅ
ҧ IŜŀǊǘ ǊŀǘŜ
ÅHypertrophy
ÅArrhythmia
ÅHeart Failure

Vasoconstriction

ÅAtherosclerosis

ŷ Renin Release Ą RAAS activation

ŷ Sodium Retention

Ź Renal Blood Flow

Ź Kidney function

Efferent

Nerves

Blood

Pressure

-- Renal Denervation (RDN)--

ҧ /ƻƴǘǊŀŎǘƛƭƛǘȅ
ҧ IŜŀǊǘ ǊŀǘŜ
ÅHypertrophy
ÅArrhythmia
ÅHeart Failure

ŷ Renin Release Ą RAAS activation

ŷ Sodium Retention

Ź Renal Blood Flow

Ź Kidney function

18

- Decrease co-morbidities+ Increase co-morbidities

Renal nerveand sympatheticactivity

Kidney as origin and recipient of central sympathetic drive

BlankestijnP.J. et al., Nephrol. Dial. Transplant., 2014, 29,1120-1123



Physiology supportedby surgicalhistory

1952

Effective, ōǳǘΧ
ÅSignificant morbidity
ÅSurgeries affected other nerves besides renal nerves
ÅMedical therapy improved significantly



Am. J. Surg., 1948



Renal nervesas a therapeutictarget



Procedure overview



Procedure overview



St. JudeMedical'srenal denervarion



ReCorPARADISE Gen 2 renaldenervarionsystem



VessixV2 renaldenervarionsystem



Novelbipolarradiofrequencydeliverysystemsfor renaldenervation

Cohen-MazorM. et al. J. Hypertens., 2014 ,32, 1678-1691



CovidienOneShotrenaldenervarionsystem



Technical features of available renal ablation 
radiofrequency devices

AriyanonW. et al., CardiorenalMed ., 2014; 4:22ς33



Vascular safety in preclinicalstudies

ÁResearch completed in swine

ÁAngiography and pathology at 7, 30, 60 and 180 days

ÁNo stenosis or luminal reduction seen in treated arteries

ÁRF generator algorithm optimised to minimise vascular injury

Rippyet al. Catheter-based renal sympathetic denervation: chronic preclinical 
evidence for renal artery safety.  ClinRes Cardiol. 2011;100:1095-1101

Preclinical results may not be indicative of clinical performance.  



Selectioncriteria for renaldenervation

Mahfoud F. et al. Eur. HeartJ., 2013, 34, 2149-2157 



Appropriatescreening to selectthe right patients

Mahfoud F. et al. Eur. HeartJ., 2013, 34, 2149-2157 



Reasons of noneligibilityfor renal denervation after
thorough work-up and treatment optimization in 11 expert 

hypertensioncenters

Persu A. et al., Hypertension., 2014; 63,1319-1325



Classification to identify anatomical eligibility
for renal denervation

VerloopW. L. et al.,Eur. J. Clin. Invest., 2014, Jun 16., aheadof print
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SymplicityHTN-1:
significant, sustainedBP reduction up to 3 years

p <0.01 for Dfrom baseline for all time points.

+ Number of patients represents data available at time of data-lock.

6 Months

(n = 144)

1 Year

(n = 132)
2 Years

(n = 105)

3 Years

(n = 34+)

Systolic

Diastolic

*

KrumH. et al. Lancet, 2014,  383, 622ς29



SymplicityHTN-1: 
responderrate doesnot decreaseover time

1 Mo

(n = 143)

3 Mo

(n = 148)

6 Mo

(n = 144)

9 Mo

(n = 96)

12 Mo

(n = 132)

18 Mo

(n = 108)

24 Mo

(n = 105)

36 Mo

(n = 34)*

Responder was defined as an office SBP reduction Ó10 mmHg

*Number of patients represents data available at time of data-lock

30 Mo

(n = 44)

69
74 71 71

80 82 82

96 94

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

ÅRDN responder rate sustained up to three years

KrumH. et al. Lancet, 2014,  383, 622ς29



SymplicityHTN-2:
significantreductionsin BP,  RDN superior to medicalmanagementat 6M

>80% of RDN patients had Ó10 mmHg reduction in SBP
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Primary Endpoint (6M post randomization)

p <0.0001 for æ between 

RDN and Control

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

Systolic

Diastolic

*SymplicityHTN-2 Investigators.  The Lancet.2010



SymplicityHTN-2:
BP reductionssustainedto 30 months

Sustained Reductions in the Pooled (RDN and Crossover Combined) Group
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P<.01 at all time points
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n= 74

*Expanded results presented at the American Society of 
Hypertension annual meeting 2013
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Significant reductionsin ambulatoryBP for patients
that matchcurrent consensuscriteria
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Results Presented at EuroPCR2013 annual  meeting

SymplicityHTN-2 ABPM     
at 6m (n=20):
-11/-7 mmHg

p<0.0001 





The EnligHTNI First-in-Human Study Using a
MultielectrodeAblationSystem

PapademetriouV. et al., Hypertension., 2014;  in press



The EnligHTNI First-in-Human Study Using a
MultielectrodeAblationSystem

PapademetriouV. et al., Hypertension., 2014;  in press



Blood pressurereductioneffectςdrugtreatment
vs. renaldenervation



Blood pressurereductioneffectςdrugtreatment
vs. renaldenervation

ElmulaF. et al., Hypertension, 2014,63, 991-999



Changesin officesystolicbloodpressure(SBP) and diastolicbloodpressure(DPP)         
at 3 and 6 month follow up for renaldenervation (RDN) and drug-adjustedgroups

ElmulaF. et al., Hypertension, 201463, 991-999



Paired changesin ambularorydaytime systolicbloodpressure(SBP)
and diastolicbloodpressure(DBP) at 3 and 6 month follow up for renaldenervation

(RDN) and drug-adjustedgroups

ElmulaF. et al., Hypertension, 2014,63, 991-999



KjeldsenS.E. Oslo, Norway

ElmulaF. et al., Hypertension, 2014,63, 991-999



Individual responses of systolic (A, C) and diastolic(B, D) blood pressure 
on office (A, B) and 24-h ambulatory (C, D)measurement after renal 

denervation in 109 patients from the ENCOReDnetwork.

PersuA. et al.Nephrol. Dial . Transplant ., 2014, 29: 1116ς1119



SYMPLICITY HTN-3 Study

N.Engl. J. Med. 2014  Apr 10;370: 1393 - 1400



ÁSYMPLICITY HTN-3 is the first prospective, multi-
center, randomized, blinded, sham controlled 
study to evaluate both the safety and efficacy of 
percutaneous renal artery denervation in 
patients with severe treatment-resistant 
hypertension.

ÁThe trial included 535 patients enrolled by 88 
participating US centers.

SYMPLICITY HTN-3 Trial Objectives



Key Inclusion:
ÁStable medication regimen including full tolerated 

doses of 3+ anti hypertensive medications of 
different classes, including a diuretic
ÁOffice {.t җмсл ƳƳ IƎ ōŀǎŜŘ ƻƴ ŀƴ ŀǾŜǊŀƎŜ ƻŦ о 

blood pressure readings measured at both an 
initial and a confirmatory screening visit

Key Exclusion:
Á ABPM 24 hour average SBP <135 mm Hg
Á eGFRof <45 mL/min/1.73 m2

Á Main renal arteries <4 mm diameter or <20 mm 
treatable length 

Key Inclusion/Exclusion Criteria



Trial design for the randomized SYMPLICITY HTN-3

D.E. Kandzariet al.,  Clin. Cardiol. 2012, 35, 9, 528ς535 



SYMPLICITY HTN-3 StudyPrimaryEfficacyEnd Point

Bhatt D.J. et al., N.Engl. J. Med. 2014 Apr 10;370(15):1393-1400



SYMPLICITY HTN-3 StudySecondaryEfficacyEnd Point

Bhatt D.J. et al., N.Engl. J. Med. 2014 Apr 10;370(15):1393-1400



Causesof non responseto renaldenervation

Á Inappropriate patientsselection
(e.g. secondary formsof hypertension)

Á Minor contributionof the sympatheticnervoussystem 
to the expresionof hypertension

Á Changesof antihypertensivemedicationand non-
adherenceafter the procedure

Á Ineffectiverenaldenervationprocedure





Histology of a human renal artery after renal 
denervation (RDN)

VinkE.E. et al., Nephrol. Dial. Transplnat., 2014, 29, 1608-1610



HTN-3: Procedural Experience

a) 5X more operators vsHTN-1
b) Greater heterogeneity of operator 

experience vs. HTN-1 and HTN-2
c) Case proctoring was different and not 

comparable

HTN-1 HTN-3

No. of operators 20 112

No. of procedures per operator 6.0 3.3

No. of procedures per site 8.6 4.7



SYMPLICITY HTN-3 StudyPre-Specified Subgroup Analysis

RDN Sham Difference (95% CI) P value
Interaction 
P value

All patients 350 169 -4.07 (-8.63, 0.49) 0.080

All patients* 353 171 -2.39 (-6.89, 2.12) 0.255

Diabetics 169 68 -4.53 (-11.51, 2.46) 0.203 0.821

Non-diabetics 181 101 -3.46 (-9.55, 2.62) 0.264

Male 208 108 -2.30 (-7.63, 3.03) 0.396 0.365

Female 142 61 -6.64 (-14.94, 1.65) 0.116

African American 85 49 2.25 (-7.27, 11.78) 0.641 0.089

Non-African American 264 120 -6.63 (-11.81, -1.44) 0.012

BMI <30 91 42 -2.77 (-11.47, 5.93) 0.53 0.766

BMI җол 259 126 -4.36 (-9.76, 1.03) 0.112

On AA at BL 76 47 -8.05 (-17.63, 1.52) 0.098 0.364

Not on AA at BL 274 122 -3.24 (-8.42, 1.93) 0.219

eGFR <60 68 38 0.54 (-8.29, 9.37) 0.904 0.309

eGFRҗсл 282 131 -5.22 (-10.51, 0.06) 0.053

Age <65 246 128 -5.73 (-11.06, -0.40) 0.035 0.273

Age җср 104 41 0.09 (-8.80, 8.99) 0.985

Any med change 132 70 -5.41 (-13.49, 2.67) 0.188 0.677

No med change 218 99 -3.44 (-8.83, 1.96) 0.211

-20,0 -10,0 0,0 10,0 20,0

* ITT population, 5 mm Hg superiority margin test . 

RDN Better                                                                 Control Better
mm Hg

Bhatt D.J. et al., N.Engl. J. Med. 2014 Apr 10, 370: 1393-1400



Systolic(A) and diastolic(B) changeat 6 months, RD versus MMT

PancholyS.B. et al. Am.J. Cardiol.,  in press



Systolic(A) and diastolic(B) changeat 6 months, RD versus MMT

PancholyS.B. et al. Am.J. Cardiol.,  in press

In conclusion, this meta-analysis shows 
that RD is superior to MMT in lowering BP, 

but heterogeneity among study 
populations in this pooled sample is high, 

and further data are needed to better 
compare these treatment strategies



Effectsof renaldenervation

Grassi et al., Can. J.Cardiol., 2012, 28, 311ς317

Quality of life
Arterial stiffness
Atrial fibrillation



Potential patient groups likely to benefit
of renal denervation

ÁChronickidneydisease, not on dialysis

ÁChronickidneydisease, on dialysis

ÁNative kidneysof patientswith kidneytransplant

ÁKidneypainsyndromes, includingPKD and loin
painhematuria

ÁHeartfailure

ÁObesity/metabolicsyndrome/Type2 diabetes

ÁPatientswith sleepapnoesyndrome

BlankestijnP.J. et al., Nephrol. Dial. Transplant., 2014, 29, 1120-1123



JACC  2012

RD significantlyreducesLV  mass and improves diastolic function, which might have 
important prognostic implications in patients with resistanthypertension



Frequencyof OSA, secondarycausesand associatedconditions

- in 204 patientswith true resistanthypertension

CƭƻǊŎȊŀƪ 9ΧΦWiecekA. et al. J. Human Hypertens., 2013, 27: 678-685  
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J. Hypertens. 2008

Components of the metabolic syndrome
- including obesity and insulin resistance -
associated with markers of adrenergic overdrive



BasnerRC i wsp. NEJM 2007; Narkiewicz, K. et al. Circulation1998; 
Narkiewicz, K. et al. Circulation1999;

Increased sympathetic nervous system activity
in patient with obstructive sleep apnea



Mahfoud F.et al. Circulation. 2011;123:1940-1946
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RDN showedimprovementsin several
key insulinresistancemarkers
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*Significant reduction (p <0.05) compared with baseline.
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6 Months (n = 7)

*

*
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Baseline (n = 25)
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Oral Glucose Tolerance Test (75 g)

Mahfoud F., et al. Deutsche GesellschaftCǸǊKardiologie: JahrestagungMannheim. April 2010

Glucose metabolismimprovedfollowingRDN in subset
of SymplicityHTN-2 patient population



Hypertension, 2011
P=0.05

At 6 monthssignificantdecrease in plasma 
glucose concentration 2 hours after glucose 

challenge was observed



Hypertension2011

P<0,05

At 6 months significantdecrease in HgbA1C 
level was observed



Decrease in vascular alpha adrenergic tone, leading to 
skeletal muscle vasodilatation

An inhibition of the renin-angiotensin system

An improved glucose transport to skeletal muscle

An increased sensitivity to the nonesterifiedfatty acid-
lowering effects of insulin

A change in glucose transporters and in glucagon 
secretion

Grassi G. Nut Met Cardiovasc Dis 2012

Potentialmechanisms by which
renal denervation favorably affects insulin metabolism



Renal sympathetic denervation in patients with resistant HT

Lancet 2009,  Lancet 2010

Safetyof the procedure

SYMPLICITY ςHTN 2

Lancet 2010

SYMPLICITY ςHTN 1

Lancet 2009

Periproceduralsafety:
2 complications(4,4%)
Å 1 - Artery dissection(treated with stent)
Å 1 - Pseudoaneursym

No changein renal function

No seriouscomplicationsrelatedto the deviceor
procedure

Minor periproceduralevents, including:
- femoralartery pseudoaneurysm
- Intraproceduralbradycardiarequiringatropine

No changein renalfunction


