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Concept Validated by Surgical History

Effective, but significant morbidity

19521952



Sympathectomy in Hypertension: Effects on Survival

Smithwick,R JAMA 1953



Renal Sympathetic Nerve Ablation for Uncontrolled Hypertension

59-year-old patient,resistant hypertension,had renal sympatheticnerve activitymodulated by catheter-based radiofrequency(RF) ablation
Schlaich MP, et al. New Engl J Med. 2009;361:932-934.



Changes in Underlying Physiology Consistent With RDN

Schlaich MP, et al. New Engl J Med. 2009;361:932-934

(127/81 at 12 M)

New Engl J Med Case Study

(127/81 at 12 M)



Renal Nerve Anatomy Allows a Catheter-BasedApproach



Krum H, et al. Lancet 2014 Feb 15;383:622-9 Esler MD, et al. Eur Heart J 2014 Jul;35 826):1752-9

• p <0.01 for  from baseline for all time points,Number of patients represents data available at time of data-lock
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Renal Denervation by Radiofrequency: Update
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Technology Device Name (Manifacturer) Key Characteristics
Radiofrequency Symplicity Flex (Medtronic, Inc) Single-electrode catheter

Spyral (Medtronic, inc) Spiral-electrode catheter
EnlighHTN (St.Jude Medical, Inc) Multielectrode Catheter
OneShot (Covidien, Manfield, MA) Irrigated, spiral-electrode catheter
Vessix V2 (Boston Scientific Corp.) Multielectrode catheter with bipolar energy deliver
ThermoCool (Biosense Webster, Inc) Irrigated, multielectrode catheter
Iberis (Terumo) Single-electrode, radial artery access system
Verve Medical System Multielectrode, retrouretic access system

Ultrasound Paradise (ReCor Medical) Nonfocused endovascular ultrasound energy system
TIVUS (Cardiosonic) Nonfocused endovascular ultrasound energy system

Kona System (Kona Medical) Externally applied, low-intensity ultrasound
Sound 360 (Sound Innovations, Inc) Endovascular ultrasound energy system

Cryoablation Not yad named (friedrich-Schiller Universuty Standard cryoablation catheter
Brachitherapy CyberHeart Catheter based, beta-radiation Brachiterapy
Pharmacological Not yad named (Universuty of Athens) 0.1 mg vincristine delivered from six holed proprietary ballooncatheter

Bullfrog (Mercator MedSystems, Inc) Guanethidine microinjecyion into the adventitia
Peregrine (Ablative Solutions) Ethanol Microinjection into the adventitia
ApexNano system (Apexnano Ther) Magnetic Nanoparticles impregnated with Botox

RDN Technologies Avaible and in Development



SYMPLICITY HTN-3 results to be announced amystery or a story foretold?





Technologies/techniques for renal denervation (RDN):Second generation devices



RDN (EnlighHTN)

F.Versaci, et al. Int J Cardiol, May 2014



RDN (EnlighHTN)

F. Versaci, et al. Int J Cardiol, May 2014



Redo of RDN: a case of effective treatment with a second generation of device in apatient with recurrent resistant hypertension after primary treatment success.
After 1° RDN (MDT Symplicity)

After REDO- RDN (EnlighHTN)

BP
(mm

Hg)

F.Versaci, et al. Int J Cardiol, May 2014



Schmieder et al. J Hypertens. 2021 Sept 1;39(9):1733-1741

Change in 24-h ambulatory and office BP after RDN observedin 5 sham-controlled randomized clinical trials of second generation



Rdn demonstrated an “always on” effect on 24-hour Bp lowering1
24-HOUR SYSTOLIC ABPM TREND AT 3 MONTHS

The nighttime / early morning period is a “high-risk zone” associated with increased risk for stroke and cardiovascular events2,3

1. Bӧhm et al. The Lancet, 2020.2. Amodeo C, Blood Pressure Monit, 20143. Boggia J, The Lancet, 2007

SPYRAL HTN-OFF MED PIVOTAL TRIAL



49 y-old-maleResistant Hypertension despite:• Bisoprolol 2.5 mg twice daily• Ramipril 10 mg twice daily• Amlodipine 10 mg twice daily• Furosemide 25 mg twice daily• Metolazone 5 mg

Hemorrhagic strokeGlasgow Coma Scale: 9Norton Scale: 8
Persistent hypertension duringhospitalization (BP 200/110 mmHg)despite 6 medications p.o. andurapidil iv

Acute Treatment with RDN in pt with Hemorrhagic Strokeand Resistant Hypertension

Versaci F et al. Int J. Neurol Neurother 2015 Versaci F. et al SAGE Open Med Case Rep. 2019



Blood pressure values trend at different study times

Renal denervation: a novel therapeutic optionin the acute phase of hemorrhagic stroke

Versaci F, et al. JACC adv in press

N=10





SPYRALHTN-OFFMED

OFF MED Pivotal Trial
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GLOBAL SYMPLICITY REGISTRY – Up to 3,000 patientsSafety and Efficacy in Real-World Patients

OVER 4,000 PATIENTS STUDIEDACROSS MULTIPLE TRIALS

U.S. Patient Preference Study
SPYRAL DYSTAL Study

UC202012980 ML

Mahfoud et al, EuroPCR 2022



P < 0.001 at all timepoints vs. baseline BP

Baseline BP 154 ± 18 mmHg

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT
GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

Mahfoud et al. EuroPCR 2022



BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT
GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP
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Elderly2
(N=1101)Resistant HTN1

(N=1822) Diabetic(N=1007)

Baseline BP 157 ± 18 mmHg Baseline BP 152 ± 18 mmHg

n=670 n=441 n=302n=751 n=417 n=272 n=197n=460

Baseline BP 155 ± 18 mmHg

n=406 n=264 n=201n=442

24-Hr Systolic ABPM

P < 0.001 at all timepoints vs. baseline BP
Mahfoud et al. EuroPCR 2022



BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT
GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

6Mo 1Yr 2Yr 3Yr 6Mo 1Yr 2Yr 3Yr 6Mo 1Yr 2Yr 3Yr

ISH(N=995) CKD1
(N=630) Atrial Fibrillation(N=328)

Baseline BP 152 ± 17 mmHg

n=389 n=266 n=199n=435

Baseline BP 154 ± 19 mmHg

n=229 n=155 n=116n=271

Baseline BP 154 ± 18 mmHg

n=132 n=93 n=70n=143

Mahfoud et al, EuroPCR 2019.1 CKD defined as eGFR <60ml/min/1.73m2
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P < 0.001 at all timepoints vs. baseline BPMahfoud et al. EuroPCR 2022



Mahfoud F, et al. Lancet 2022

Long-term efficacy and safety of RDN in the presence ofantihyperthensive drugs (SPYRAL HTN-ON MED):a randomized sham-controlled trial



HTN3: Reduction in mean office (A) and 24 h ambulatory (B)systolic blood pressure at 12 months, 24 months, and 36 months

Bhaat DL, et al. Lancet. 2022 Sep 16 Online ahead of print.



SIIA position paper on the role of renal denervationin the management of the difficult-to-treathypertensive patient

Bruno RM 1, Taddei S 1, Borghi C 2, Colivicchi F 3, Desideri G 4, Grassi G 5, Mazza A 6, Muiesan ML
7,Parati G 8, Pontremoli R 9,Trimarco B 10, Volpe M 11, Ferri C 4

1University of Pisa, Pisa, 2 University of Bologna, Bologna, 3 Ospedale San Filippo Neri, Roma, 4University of L’Aquila, L’Aquila,, 5University of Milano-Bicocca, Milano, 6AUSL Rovigo, Rovigo, Italy, 7University of Brescia, Brescia, 8 Istituto Auxologico Italiano,IRCCS & Department of Medicine and Surgery, University of Milano Bicocca, Milano, 9University of Genova, Genova,
10University of Napoli, Napoli, 11University of Rome “La Sapienza”, Roma



Evidence from Symplicity trials; GSR; DENERHTN; Prague-15; AziziM et al, Circulation 2016; Mahfoud F et al Eur Heart J 2017, GSRACC2019

Main features:
Uncontrolled office and 24h BPIn treatment with an association RAS-blocker /CCB / Diur at maximally tolerated dosesNo secondary hypertensionEligible renal artery anatomy

Additional features: Adverse effects with spironolactone Poor drug adherence despite extensive counseling Preferentially systo-diastolic hypertension (But isolated systolic hypertension notcontroindicated!) No extensive vascular damage High/very high lifetime cardiovascular risk Patient preferences

Resistant hypertensive patients1

Evidence from Spyral OFF-med, ON-med, Radiance solo; Bohm et al,EurHeart J. 2019; Atti V et al. J C Electrophysiol 2019SIIA Position Paper, High Blood Pressure &Cardiovascular Prevention2020

Main features:
 Grade 1-2 hypertensive patients Untreated or with uncontrolled systodiastolic officeand 24h BP with 1-2 drugs Systo-diastolic hypertension No secondary hypertension Eligible renal artery anatomy
Additional features:Multiple intolerance to bp-lowering drugs /adverse effectsPoor drug adherence despite extensivecounseling24h- heart rate >73.5 bpmParossistic/persistent atrial fibrillationHigh / very high lifetime cardiovascular riskPatient preferences

Difficult-to-treat hypertensive patients2
Two possible clinical profiles of patients candidates to RDN



Antihypertensive Efficacy of RDN Comparedto Antihypertensive Drugs

Messerli F, et al. J Am Coll Cardiol Intv. 2020 Dec, 13 (24) 2934–2936

- 10

- 5,2

RDN SpyralHTN OFF-Med





Kandzari, et al. EuroPCR 2022.



MACE defined as cardiovascular death, MI or stroke. Patients who had events between 0-6 monthswere excluded from analyses. P-values were calculated using Cochran-Armitage trend tests.*TTR from baseline to 6 months
Mahfoud et al. EuroPCR 2022.

Higher TTR associated with significant CV event reductionsfrom 6 to 36 monthsGSR DEFINE



J Hypertens, September 2021



European Society of Hypertension:Position Statement on RDN in 2021
TAKE HOME MESSAGE (1)

• In base ai risultati dei recenti studi clinici controllati effettuati condispositivi di seconda generazione, la RDN rappresenta unopzione terapeutica per il trattamento dell’ipertensione, assiemea modifiche dello stile di vita ed al trattamento farmacologico.
• La denervazione renale è una strategia terapeutica alternativa oadditiva, non competitiva.
• Si raccomanda un percorso strutturato per l'uso clinico di RDNnella pratica quotidiana.





SAVE THE DATE





Office (A) and 24 h ambulatory (B) systolic blood pressurereductions in patients in the renal artery denervation groups ofthe HTN-3 and the SPYRAL HTN-ON MED Pilot studies

Bhaat DL, et al. Lancet. 2022 Sep 16 Online ahead of print.



RDN decreased blood pressure without increasing medication burden
GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP

Mahfoud et al. EuroPCR 2022



 ABPM Office BP Drugtesting
3-4 weeks

Screen failure if OSBP ≥180 or DBP <90

VISIT 1

3M

2-weeksafetycheck*

Follow-upevery2 weeks †

1-2weeks

RANDOMIZED, SHAM-CONTROLLED

Start drugsif OSBP ≥140

SCREENING TREATMENT

VISIT 2 R

Follow-upevery2 weeks†

12-36M

3M 12-36M
Primaryendpoint

4M** 6M††

4M** 6M††
Unblinding andoptionalcrossover to RDN

RENALDENERVATION

SHAMCONTROL

 Office BP (baseline)SBP ≥150 to <180DBP ≥90 24-hr ABPMSBP ≥140 to <170 Drug testing

 Office BP Drug naïveormedicationsdiscontinued

Escape criteria met if OSBP ≥180 or investigatordiscretion

PROOF OF CONCEPT STUDIES IN HYPERTENSION:SPYRAL HTN-OFF MED PIVOTAL TRIAL

.
Townsend RR, et al. Lancet. 2017;390:2160–2170



Rdn showed significant reductions in all bp measures

BLOOD PRESSURE CHANGE FROM BASELINE AT 3 MONTHS

PROOF OF CONCEPT STUDIES IN HYPERTENSION:SPYRAL HTN-OFF MED PIVOTAL TRIAL

Townsend RR, et al. Lancet. 2017;390:2160–2170.



European Society of Hypertension:Position Statement on RDN in 2021
TAKE HOME MESSAGE (2)

La prospettiva e le preferenze dei pazienti, nonché lo stadio della
malattia ipertensiva, comprese le comorbidità, dovrebbero portare a
una strategia di trattamento individualizzata in un processo
decisionale condiviso, che includa attentamente le varie opzioni di
trattamento, inclusa la denervazione renale.





RDN per la cura della fibrillazione atriale
TAKE HOME MESSAGE (3)

• La modulazione della RDN sul sistema simpatico ha
mostrato di poter ridurre non solamente i valori di PA, ma
anche avere effetti favorevoli antiaritmici in pazienti
sintomatici con FA sottoposti a Isolamento delle vene
polmonari, rappresentando pertanto un ulteriore strategia
terapeutica.



Renal Denervation Increased Time in Target Range (TTR)

Mahfoud et al. EuroPCR 2022

Renal Denervation increases long-term time in target blood pressure rangecompared with sham control: ON MED pilot dataBlood pressure and MACE reductions after renal denervation: 3-year GSR result



1 Bhatt DL, et al. N Engl J Med. 2014;370:1393–14012 Kario K, et al. Hypertension. 2015;66(6):1130-7

















HTN3: Reduction in mean office (A) and 24 h ambulatory (B)systolic blood pressure at 12 months, 24 months, and 36 months

Bhaat DL, et al. Lancet. 2022 Sep 16 Online ahead of print.



Office (A) and 24 h ambulatory (B) systolic blood pressurereductions in patients in the renal artery denervation groups ofthe HTN-3 and the SPYRAL HTN-ON MED Pilot studies

Bhaat DL, et al. Lancet. 2022 Sep 16 Online ahead of print.



Change in systolic BP (mmHg) after RDN in 6prospective, randomized, sham-controlled trials



Change in systolic BP (mmHg) after RDN in 6 prospective,randomized, sham-controlled trials

Kandzari DE, et al. Circulation. 2022 Mar 15;145(11):847-863




















