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Renal Nerves and the SNS 

DiBona GF, et al. Am J Physiol Regul Integr Comp Physiol. 2010;298: R245–R253. 

Schlaich MP, et al. Hypertension. 2009;54:1195-1201. 

Efferent Renal Sympathetics

• Decreased Renal Blood Flow

• Increased Renin Release

• IncreasedSodium Reabsorption

Afferent Renal Sympathetics

The Kidney is a source of central

Sympathetic activity, sending signals 

to the CNS



Chronic Effect of Increased Sympathetic 

Nerve Activity 

Schlaich MP, et al. Hypertension. 2009;54:1195-1201. 



Renal Nerve Anatomy Allows a Catheter-Based Approach 



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

Symplicity HTN-1:  Significant, Sustained Blood 

Pressure Reductions to at Least 3 Years

Symplicity HTN-2: RDN Superior to Medical

Management, Reductions Sustained to 36M
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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 balloon catheter

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 a mystery or a story foretold?



Primary End Point                         Secondary End Point

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

Bhatt DL, et al. Engl J Med. 2014 Apr 10;370(15):1393-401 





The procedure was changed to reflect renal nerve anatomy

Renal nerves have a positional bias on radial 

distance from arterial lumen; distal nerves are closer

Proximal  

46% within 3 mm

Renal nerve density highest in the post bifurcation region 

94% of nerves are located within 3 mm of renal artery lumen post-

bifurcation versus 46% in proximal segment2

Garcia-Touchard et al. Microdisection of the Human Renal Nervous System. Hypertension. 2020. 

Mahfoud, F. Histological examination of renal nerve distribution, density, and function in humans. EuroIntervention. 2023



Preclinical study provided rationale for combined branch & main artery treatment
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Main artery 

only

“Y”

Main artery 

and branches

“V” 

Branches 

only

Treating both the branch and main renal artery 

(Y) resulted in greater nerve destruction and 

less variability.

There is increased benefit in ablating nerves in both 

the main and branch as opposed to main alone.1

Main
+Branch (“Y”)Main (“I”)

†NE=Norepinephrine
1 Mahfoud F, et al. J Am Coll Cardiol. 2015;66:1766–1775.

Preclinical data may not be representative of clinical performance in human subjects.

*P=0.0001



Technologies/techniques for renal denervation (RDN):

Second generation devices



Multiple sham controlled RCT’s demonstrated effectiveness 
of RDN with and without medications

p = 0.02

p = 0.003

p = 0.001

p < 0.001

p = 0.022
p < 0.001

p = 0.02

Systolic 24h ABPM (-4.1 mmHg)

p = 0.0001

EuroPCR.c
om

p < 0.001
p = 0.006

p = 0.022

p = 0.04
p < 0.0001 p = 0.02

Systolic office BP (-5.7 mmHg)

Schmieder RE, Schneider M. Presented ESH 2023. Meta-analysis of the 5 sham-controlled RCTs



1 Bhatt DL, et al. N Engl J Med. 2014;370:1393–1401
2 Kario K, et al. Hypertension. 2015;66(6):1130-7



Bhatt DL, et al. Lancet 2022;400:1405-16.



Bhatt DL, et al. Lancet 2022;400:1405-16.



Bhatt DL, et al. Lancet 2022;400:1405-16.



Bhatt DL, et al. Lancet 2022;400:1405-16.
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GLOBAL SYMPLICITY REGISTRY – Up to 3,730 patients
Safety and Efficacy in Real-World Patients

Over 4,500 Patients Studied Across Multiple Trials

U.S. Patient Preference Study

SPYRAL DYSTAL Study

UC202012980 ML 
Mahfoud et al, EuroPCR 2024



Radiofrequency RDN (Spyral) reduced BP in a variety of patient subgroups at 3 years

Office SBP reductions at 3 years in real world GSR

EuroPCR.com
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(mmHg)

n
837 465 144 254 477 472 127 125

P < 0.001 vs. baseline BP for all subgroups

1. Mahfoud F, et al. J Am CollCardiol. 2020;75:2879-2888.

2. Mahfoud F, et al. ESH 2022.

*Resistant hypertension defined as OSBP>150 mmHg, ≥3 anti-hypertensive medications.

§ CKD defined as eGFR <60ml/min/1.73m2
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ACUTE TREATMENT WITH RDN IN PT WITH 
HEMORRHAGIC STROKE AND RESISTANT 

HYPERTENSION

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

49 y-old-male

Resistant 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 stroke

Glasgow Coma Scale: 9

Norton Scale: 8

Persistent hypertension during 

hospitalization (BP 210/120 mmHg) 

despite 6 medications p.o. and 

urapidil iv
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Blood pressure values trend at different study times 

Versaci F, et al. JACC Adv 2023

N=10

Renal denervation: a novel therapeutic option 

in the acute phase of hemorrhagic stroke
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RDN + external ventricular drainage benefit patients with 
mild ventricular hemorrhage and malignant hypertension



Video Paradise



Radiofrequency RDN (Spyral) RDN provided sustained BP reductions at 
mean follow-up 4.4 years

Meta-analysis of 18 reports involving 4,439 patients

Mahfoud et al. ACC 2024 – EuroPCR 2024

Screened 220 records, 18 independent reports

included

4,439 patients (12,639 patient-years)

Mean follow up: 4.4 years* (range: 3 - 9.4 years)

Office SBP reduction: -23.2 mmHg (n=1916) 

with no escalation in anti-HTN medications



Improved Time in Therapeutic Range Post-Renal Denervation 

Is Associated With Fewer Cardiovascular Events

Mahfoud F, et al. J Am Coll Cardiol. 2022;80(20):1871–1880.

Cardiovascular Risk Reduction After Renal Denervation According 

to Time in Therapeutic Systolic Blood Pressure Range



Ashton GS, et al. Hypertension 2023 Apr;80(4):811-819 

Catheter-Based Renal Denervation: 9-Year Follow-Up 

Data on Safety and Blood Pressure Reduction in 

Patients With Resistant Hypertension



High-quality RCTs confirmed the BP-lowering safety and efficacy 

of RDN requiring  updated guidance

2018 ESC/ESH Guidelines for the

Management of Arterial Hypertension1

EuroPCR.com

1. Williams B et al, 2018 ESC/ESH Guidelines for hypertension
2. Barbato, et al. European Heart Journal, 15 February 2023, https://doi.org/10.1093/eurheartj/ehad05

3. 4 Kreutz et al. ESH 2023

4. Mancia G. et al. Journal of Hypertension 2023, 41:000–000 DOI:10.1097/HJH.0000000000003480

5. Stabile E. et al. Minerva Cardiol Angiol.  2024 Mar 27. doi: 10.23736/S2724-5683.23.06433-5

https://doi.org/10.1093/eurheartj/ehad054
https://doi.org/10.1093/eurheartj/ehad054


McEvoy JW, et al. Eur Heart J. 2024 Oct 7;45(38):3912-4018

2024 ESC Guidelines for the management of 

elevated blood pressure and hypertension



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

- 10

- 5,2

RDN Spyral

HTN OFF-Med





Position Statement on RDN  in 2024

TAKE HOME MESSAGE

• In base ai risultati dei recenti studi clinici controllati effettuati con

dispositivi di seconda generazione, la RDN rappresenta un opzione

terapeutica per il trattamento dell’ipertensione, assieme a modifiche

dello stile di vita ed al trattamento farmacologico. 

• La denervazione renale è una strategia terapeutica complementare, non 

competitiva rispetto alla terapia medica.

• Si raccomanda un percorso strutturato per l'uso clinico di RDN nella 

pratica quotidiana. 

• La discussione multidisciplinare dell'indicazione alla RDN su base 

personalizzata è essenziale per il successo di un programma di RDN







Renal Sympathetic Nerve Ablation for 

Uncontrolled Hypertension 

59-year-old patient, 
resistant hypertension, 
had renal sympathetic 
nerve activity 
modulated 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 



Concept Validated by Surgical History

Effective, but significant morbidity

19521952



Sympathectomy in Hypertension: 

Effects on Survival 

Smithwick,R JAMA 1953 



Renal Sympathetic Activation in Patients

 with Hypertension 

Esler et M al. Clin Exp Hyper 1984 



CLASSIFICATION OF HYPERTENSION STAGES ACCORDING TO 
BLOOD PRESSURE LEVELS, PRESENCE OF CARDIOVASCULAR 
RISK FACTORS, HYPERTENSION-MEDIATED ORGAN DAMAGE, 

OR COMORBIDITIES



RDN guidelines and consensus published in multiple countries
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High-quality RCTs confirmed the BP-lowering safety and efficacy of RDN requiring  

updated guidance

2018 ESC/ESH Guidelines for the

Management of Arterial Hypertension1

EuroPCR.com

1. Williams B et al, 2018 ESC/ESH Guidelines for hypertension
2. Barbato, et al. European Heart Journal, 15 February 2023, https://doi.org/10.1093/eurheartj/ehad05

3. 4 Kreutz et al. ESH 2023

4. Mancia G. et al. Journal of Hypertension 2023, 41:000–000 DOI:10.1097/HJH.0000000000003480

5. Stabile E. et al. Minerva Cardiol Angiol.  2024 Mar 27. doi: 10.23736/S2724-5683.23.06433-5

https://doi.org/10.1093/eurheartj/ehad054
https://doi.org/10.1093/eurheartj/ehad054


ESH Guidelines Publication Link

Recommendations and statements Class of 
recommendation

Level of evidence

• RDN can be considered as a treatment option in patients with an eGFR >40 
ml/min/1.73m2 who have uncontrolled BP despite the use of antihypertensive 
drug combination therapy, or if drug treatment elicits serious side effects and 
poor quality of life.

II B

• RDN can be considered as an additional treatment option in patients with 
resistant hypertension if eGFR is >40 ml/min/1.73m2

• Selection of patients to whom RDN is offered should be done in a shared 
decision-making process after objectives and complete patient’s information 

I C

• Renal denervation should be performed in experienced centers to guarantee 
appropriate selection of eligible patients and completeness of the denervation 
procedure

Mancia G. et al. Journal of Hypertension 2023

European Society of Hypertension (ESH) 2023 guidelines

https://journals.lww.com/jhypertension/pages/articleviewer.aspx?year=9900&issue=00000&article=00271&type=Abstract


Evidence from Symplicity trials; GSR; DENERHTN; Prague-15; Azizi 

M et al, Circulation 2016; Mahfoud F et al Eur Heart J 2017, GSR 

ACC2019

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 not 

controindicated!)

➢ 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,Eur Heart J. 2019; Atti V et al. J C Electrophysiol 2019

SIIA Position Paper, High Blood Pressure &Cardiovascular

Prevention 2020

Main features:

➢ Grade 1-2 hypertensive patients

➢ Untreated or with uncontrolled systodiastolic 

office and 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 extensive 

counseling

➢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





▪ ABPM

▪ Office BP

▪ Drug 

testing

3-4 weeks

Screen failure if OSBP ≥180 or DBP <90

VISIT 1

3M

2-week 

safety check*

Follow-up 

every 

2 weeks † 

1-2 

weeks

RANDOMIZED, SHAM-CONTROLLED

Start drugs

if OSBP ≥140

SCREENING TREATMENT

VISIT 2 R

Follow-up 

every 

2 weeks†

12-36M

3M 12-36M

Primary 

endpoint

4M** 6M††

4M** 6M††

Unblinding and 

optional 

crossover to RDN 

RENAL 

DENERVATIO

N

SHAM 

CONTROL

▪ Office BP (baseline)

SBP ≥150 to <180

DBP ≥90

▪ 24-hr ABPM

SBP ≥140 to <170 

▪ Drug testing

▪ Office BP

▪ Drug naïve or 

medications 

discontinued

Escape criteria met if OSBP ≥180 or investigator 

discretion

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.



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

UC202012980 ML 

1. Bӧhm et al. The Lancet, 2020.

2. Amodeo C, Blood Pressure Monit, 2014

3. Boggia J, The Lancet, 2007

SPYRAL HTN-OFF MED PIVOTAL TRIAL





ROMA 

Hotel Holiday Inn

Parco del Medici 

24-25 Ottobre 2024

Save the date

INFARTO E STROKE: 
OGNI MINUTO CONTA

How long is forever?

Sametimes, just a second



6M-FU: RDN vs Gruppo di Controllo 
Riduzione della PA Sistolica
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Pfeffer and McMurray, New Engl J Med 2016



Pfeffer and McMurray, New Engl J Med 2016



Bhatt DL, et al. Lancet 2022;400:1405-16.



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 a 

patient with recurrent resistant hypertension after primary treatment success.
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F.Versaci, et al. Int J Cardiol, May 2014



Boston Scientific Vessix Renal Denervation System



Symplicity vs Vessix (n:20) 
ABPM 1 month

Blood pressure
ABPM pre-
procedure

ABPM 1 
month post-
procedure

Sy
m

p
lic

it
y

Systolic BP 24h 138,44 ± 16 138,14 ± 8,88

Diastolic BP 24h 73,89 ± 5,71 72,71 ± 6,7

Systolic BP «awake» 141,11 ± 16,45 140 ± 8,02
Diastolic BP «awake» 76,67 ± 6,24 74,43 ± 6,85
Systolic BP «asleep» 129,44 ± 17,71 131,29 ± 14,67

Diastolic  BP «asleep» 64,78 ± 5,67 66 ± 8,72

V
es

si
x

Systolic BP 24h 143,29 ± 21,28 135,33 ± 8,31

Diastolic BP 24h 76 ± 9,8 70,33 ± 6,62
Systolic BP «awake» 144,86 ± 21,28 139 ± 8,22

Diastolic BP «awake» 77,14 ± 9,75 73,67 ± 7,66
Systolic BP «asleep» 139,57 ± 26,37 123,5 ± 10,01

Diastolic BP «asleep» 74,14 ± 13,94 60 ± 5,21

Vascular response after percutaneous sympathectomy: 

not all devices are equal.

Versaci et al., JACC 2015



Audience Q&A
Prof Alta Schutte



Is it cost effective? 



RF RDN was shown to be cost-effective in uncontrolled hypertension

Sharp et al. European Heart Journal - Quality of Care and Clinical Outcomes (2024) 0, 1–11 https://doi.org/10.1093/ehjqcco/qcae001

https://doi.org/10.1093/ehjqcco/qcae001


Do the nerves regrow after RDN?



Lack of myelination may be the key to RF RDN durability

Myelinated Non-Myelinated

Injured 

Fiber

Regenerating

Regenerated 

Fiber

RF 

Ablation

Degenerating

Sustained 

Axonal Loss

Injury Myelin Sheath

Axon

Regenerating

Axon

Axon

Degenerating

Axon

Fibrotic

Containment

Sustained

Axonal Loss

Radiofrequency 

Injury



Unrecoverable Sympathetic Nerve Activity After RF RDN
Permanent axonal destruction and sustained reductions in renal norepinephrine in a porcine model

Sharp A, et al. J Hypertension. 2022;40(10),2068-2075.

Morphological Assessment

Day 180

Brown staining = viable axons

Day 7

Pre-RDN

Physiological Assessment



Are there any predictors of response? 



INCREASED SYMPATHETIC ACTIVITY
Response Predictor Reference
Younger age ▪ Azizi M, et al. Lancet. 2018;391:2335-234.

▪ Fengler K, et al. J Hypertens. 2018;36:1578-1584.

Higher baseline heart rate ▪ Böhm M, et al. Eur Heart J. 2019;40:743-751.
▪ Böhm M, et al. J Am Coll Cardiol. 2021;78(10):1028-

1038. 

Higher baroreceptor sensitivity ▪ Zuern C, et al. J Am Coll Cardiol. 2013;62:2124–30.

Worse renal function ▪ Vink E, et al. J Hypertens. 2014;32:2045-53.

Plasma biomarkers ▪ Mahfoud F, et al; J Am Coll Cardiol. 2021;77:2909-19.
▪ Fisher N, et al. Journal of Hypertension 2022;40:221–

228.
▪ Dörr O, et al. Hypertension. 2014;63:984-990.
▪ Dörr O, et al. J Am Coll Cardiol. 2015;65:1151-3.

Lower BMI ▪ Id D, et al. Catheter Cardiovasc Interv. 2016;87:E30-8.

Sleep Apnea ▪ Kario K, et al. Circ J. 2016;80(6):1404-12.

Nighttime BP ▪ Gosse P, et al. Hypertension. 2017;69(3):494-500. 
▪ Gosse P, et al. Hypertension. 2021;77(2):529-536. 

Orthostatic Hypertension ▪ Saxena M, et al. J Hum Hypertens. 2022 Jul;36(7):629-
639.

▪ Kario K. AHA 2019.

RAAS activity ▪ Lin S, et al. Rev Cardiovasc Med. 2022;23(2):65.

Many predictors of RDN response have been proposed but no single attribute has emerged

LOWER ARTERIAL STIFFNESS
Response Predictor Reference
Aortic Calcification ▪ Courand P, et al. J Am Heart Assoc. 

2017;6(10):e007062.

Aortic Distensibility ▪ Stoiber L, et al. Clin Res Cardiol. 2018;107(8):642-
652.

Pulse wave velocity ▪ Zeijen V, et al. J Hypertens. 2023 Jan 20. 
▪ Fengler K, et al. EuroIntervention. 2022. EIJ-D-21-

01036
▪ Fengler K, et al. J Am Heart Assoc. 

2017;6(5):e005879.
▪ Davies J. EuroPCR 2016.

Central Pulse Pressure ▪ Ott C , et al. EuroIntervention. 2015;11:110-6.

Augmentation Index ▪ Schlaich M, et al. J Hypertens. 2013,31:1893–1900. 
▪ Weber T, et al. Hypertension. 2022;79:1506-1514.

No single attribute with sufficient sensitivity and specificity 
has been identified to predict response at the patient level

Research into a multi-parameter model ongoing



Can we reduce CV events following RDN? 
Will we have an outcomes study? 



Increased TTR corresponds with a significant decrease in MACE
GSR DEFINE outcomes

Number at risk
TTR: 0% 1223 1120 914 614

TTR: >0 to ≤47% 730 668 567 384

TTR: >47% 719 668 555 402
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MACE 

(%)

Mahfoud et al. JACC Vol. 80, No. 20, Nov. 2022: 1871-1880



RDN associated with 26% relative risk reduction in MACE over 3 yrs1 

Observed event rates for GSR patients vs. calculated control*

1 Adopted from Schmieder RE, et al. Eur Heart J Qual Care Clin Outcomes. 2022 Sep 4:qcac056. doi: 10.1093/ehjqcco/qcac056.
2 Thomopoulos C, et al. J Hypertension. 2014;32:2285-2295

9,9%

2,9% 2,5%
4,5%

13,5%

3,5% 3,2%

6,8%

MACE CV Mortality Myocardial Infarction Stroke

All GSR Patients
Observed Event Rate in GSR (3Y)
Calculated Control Event Rate*

RR 0.74 0.84 0.79 0.66

NNT 28 178 148 43

*Analysis applied a previously published CV risk regression meta-analysis2 to estimate the event rates of a modeled control group using the 

assumption the baseline blood pressure and anti-hypertensive drug prescription regimen remained unchanged for patients enrolled in GSR

MACE: major adverse cardiovascular events, calculated as composite 
of CV death, MI, and stroke
RR: relative risk; calculated from modeled control
NNT: number needed to treat; calculated from modeled control



How can you tell if the procedure has been 
successful? 
Will we have a procedural success marker? 



Can RDN be used in CKD patients? 
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CKD defined as baseline eGFR<60 ml/min/1.73m2

Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310.

184 184 127 127 101 101

Baseline Systolic BP 162 ± 26 mmHg
Baseline Diastolic BP 83 ± 17 mmHg

Baseline Systolic BP 154 ± 19 mmHg
Baseline Diastolic BP 82 ± 14 mmHg

BP reductions observed in CKD patients following RDN in GSR
Global SYMPLICITY Registry results out to 3 years
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Renal denervation in patients with vs without CKD*
Results from the Global SYMPLICITY Registry with follow-up data to 3 years

7
7

1112 329 879 263 752 215

Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310. 
*CKD defined as baseline eGFR<60 ml/min/1.73m2

613 184 424 127 324 101



RDN in CKD patients in GSR
Global SYMPLICITY Registry: safety at 3 years

CKD defined as baseline eGFR<60 ml/min/1.73m2

*MAE: death, new onset end-stage renal disease, significant embolic event resulting in end-organ damage, renal artery re-intervention due to perforation or dissection, vascular complications, hospitalisation for 
hypertensive crisis / hypertensive emergency or new renal artery stenosis > 70%

Ott C, et al. Nephrol Dial Transplant. 2022;37(2):304-310.

% Without CKD
(n=1087)

With CKD
(n=338)

P-value

MAE* 8.0 18.6 <0.001

All-cause death 4.1 9.2 <0.001

CV death 2.4 5.3 0.007

Myocardial Infarction 2.5 3.6 0.294

Stroke 3.6 6.2 0.036

New onset ESRD 0.3 5.9 <0.001



RDN in CKD vs non-CKD patients in an independent study
Verona experience: patient baseline characteristics

Mean ± SD or % (n) 

eGFR <45 
ml/min 
N=27

eGFR ≥45 
ml/min 
N=45

P

BASELINE PATIENT CHARACTERISTICS

Age (years) 58.5 ± 17.0 59.8 ± 14.0 0.79

Male 81.5% (22) 66.7% (30) 0.17

eGFR (ml/min) 26.7 ± 12.9 77.2 ± 20.0 <0.001

CKD 100% (27) 35.5% (16) <0.001

Stage V 25.9% (7) - -

Diabetes, type 2 51.9% (14) 37.8% (17) 0.50

ISH 48.1% (13) 55.6% (25) 0.36

CAD 18.5% (5) 28.9% (13) 0.39

Antihypertensive 
medications

5.5 ± 0.9 5.1 ± 1.2 0.31

Mean ± SD or % (n) 

eGFR <45 
ml/min 
N=27

eGFR ≥45 
ml/min 
N=45

P

BASELINE BLOOD PRESSURE

Office SBP (mmHg) 160.6 ± 22.1 157.6 ± 24.5 0.61

24-hr SBP (mmHg) 157.4 ± 16.8 148.3 ± 19.2 0.10

Ribichini F. EuroPCR 2022.
Marin F, et al. J Nephrol. 2021;34(5):1445-1455. 



BP reductions in CKD vs non-CKD patients in independent study
Verona experience: similar efficacy at 12 months

Ribichini F. EuroPCR 2022.
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BP reductions in CKD vs non-CKD patients 
in independent studyVerona experience: safety at 12 months

Ribichini F. EuroPCR 2022.

% (n)

Overall

N=72

eGFR <45 
ml/min 
N=27

eGFR ≥45 
ml/min 
N=45

P

Major complication and 
MACE

0 0 0 -

Minor complication 8.3% (6) 14.8% (4) 4.4% (2) 0.12

Transient increment of 
creatinine

5.5% (4) 11.1% (3) 2.2% (1) 0.003

Femoral 
Pseudoaneurysm

2.7% (2) 3.7% (1) 2.2% (1) 0.999



Bhatt DL, et al. Lancet 2022;400:1405-16.



Bhatt DL, et al. Lancet 2022;400:1405-16.





Histology after Renal denervation

4 Hours after RDN 14 days after RDN

6 Months after RDN

Courtesy of R. Virmani  



Chinushi M et al. Hypertension. 2013; 61:450-456

Blood Pressure Responses 

 

Serum Cathecolamine 

Analysis 
Heart Rate Response

 

Blood Pressure and Autonomic Responses to Electrical 

Stimulation of the Renal Arterial Nerves Before and After

Ablation of the Renal Artery



Case Example

Normotensive Hypertensive



Three Dimensional Nerve Reconstruction in 
Hypertensive vs. Normotensive Pts

Hypertensive Normotensive



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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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
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RDN demonstrated an “always on” effect on 24-hour BP lowering1

1. Bohm M, et al. Lancet. 2020;395:1444-1451
2. Amodeo C. Blood Press Monit. 2014;19:199-202
3. Boggia J, et al. Lancet. 2007;370:1219-1229
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Baseline (N =164)

3 months (N =143)

Difference

Nighttime/ 

early morning

P < 0.0001

Sham control

Nighttime / 

early 

morning

P = 0.59

The nighttime/early morning period is a “high-risk zone” associated with increased 

risk for stroke and cardiovascular events2,3





Late 

arriving 

nerves

Nerve may not completely converge until 

beyond the main bifurcation

63% of kidneys had renal nerves that joined distal to 

the main renal artery bifurcation1

The Symplicity Spyral procedure reflects renal nerve anatomy

1 Garcia-Touchard et al. Microdisection of the Human Renal Nervous System. Hypertension. 2020. 
2 Mahfoud, F. Histological examination of renal nerve distribution, density, and function in humans. EuroIntervention. 2023. 

Renal nerve density highest in the post 

bifurcation region 

94% of nerves are located within 3 mm of renal artery 

lumen post-bifurcation versus 46% in proximal segment2

Post-bifurcation  

94% within 3 mm

Proximal  46% 

within 3 mm







Medtronic RF RDN results in clinically meaningful, safe, and sustained BP reductions

Mahfoud et al. ACC 2024.

*Over 2000 of the 4,439 contributed to long-term data analysis of 3 years and beyond

Screened 220 records, 18 independent 

reports

4,439 patients* (12,639 patient-years)

Mean follow up: 4.4 years (range: 3 - 9.4 years)

No escalation in anti-HTN meds through follow-up

• Meta-analysis of 18 reports involving 4,439 patients

Favors RDN Favors No RDN

-50 -40 -30 -20 -10 0 10

Long-term office SBP reductions

-23.2 mmHg 
[95% CI: -27.6 to -18.8; p <0.001] 

(n=1916)

Favors RDN Favors No RDN

-50 -40 -30 -20 -10 0 10

Long-term 24-hr ambulatory SBP reductions

-14.0 mmHg

[95% CI: -17.4 to -10.7; p <0.001]

(n=912)

Random effects model: 
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GLOBAL SYMPLICITY REGISTRY – Up to 3,000 patients
Safety and Efficacy in Real-World Patients

OVER 4,000 PATIENTS STUDIED ACROSS 
MULTIPLE TRIALS

U.S. Patient Preference Study

SPYRAL DYSTAL Study

UC202012980 ML 

Mahfoud et al, EuroPCR 2022
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



SIIA position paper on the role of renal denervation 
in the  management of the difficult-to-treat 
hypertensive 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

1 University of Pisa, Pisa, 2  University of Bologna, Bologna, 3  Ospedale San Filippo Neri, Roma, 4 University of L’Aquila, L’Aquila,, 5

University of Milano-Bicocca, Milano, 6 AUSL Rovigo, Rovigo, Italy, 7 University of Brescia, Brescia, 8  Istituto Auxologico Italiano
,IRCCS & Department of Medicine and Surgery, University of Milano Bicocca, Milano, 9 University of Genova, Genova,

10 University of Napoli, Napoli, 11 University of Rome “La Sapienza”, Roma

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Evidence from Symplicity trials; GSR; DENERHTN; Prague-15; Azizi 

M et al, Circulation 2016; Mahfoud F et al Eur Heart J 2017, GSR 

ACC2019

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 not 

controindicated!)
➢ 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,Eur 
Heart J. 2019; Atti V et al. J C Electrophysiol 2019
SIIA Position Paper, High Blood Pressure &Cardiovascular Prevention
2020

Main features:

➢ Grade 1-2 hypertensive patients
➢ Untreated or with uncontrolled systodiastolic office 

and 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 extensive 

counseling

➢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

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



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

Change in 24-h ambulatory  and office BP after RDN observed 

in 5 sham-controlled randomized clinical trials of second generation

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022





Antihypertensive Efficacy of RDN Compared 

to Antihypertensive Drugs

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

- 10

- 5,2

RDN Spyral

HTN OFF-Med

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022
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Renal Denervation Increased 

Time in Target Range (TTR)

Mahfoud et al. EuroPCR 2022

Renal Denervation increases long-term time in target blood pressure range 

compared with sham control: ON MED pilot data 
Blood pressure and MACE reductions after renal denervation: 3-year GSR result

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Kandzari, et al. EuroPCR 2022. 
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



European Society of Hypertension: 

Position Statement on RDN  in 2021

TAKE HOME MESSAGE (1)

• In base ai risultati dei recenti studi clinici controllati effettuati con

dispositivi di seconda generazione, la RDN rappresenta un opzione

terapeutica per il trattamento dell’ipertensione, assieme a modifiche

dello stile di vita ed al trattamento farmacologico. 

• La denervazione renale è una strategia terapeutica alternativa o 

additiva, non competitiva.

• Si raccomanda un percorso strutturato per l'uso clinico di RDN nella 

pratica quotidiana.

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



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.

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022
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HTN3: Guppo Sham 5.2±1.4 farmaci 

al giorno a dosaggio pieno

… è eticamente corretto prevedere «a vita» una terapia con 5 o più farmaci a dosaggi 

così elevati da essere difficilmente gestibile per la presenza di effetti collaterali…



Renal Nerve Anatomy Allows a Catheter-Based Approach 



Courtesy of R. Virmani  

Histology after Renal denervation

4 Hours after RDN 14 days after RDN

6 Months after RDN



ACUTE TREATMENT WITH RDN IN PT WITH 
HEMORRHAGIC STROKE AND RESISTANT 

HYPERTENSION

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

49 y-old-male

Resistant 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 stroke

Glasgow Coma Scale: 9

Norton Scale: 8

Persistent hypertension during 

hospitalization (BP 210/120 mmHg) 

despite 6 medications p.o. and 

urapidil iv



Blood pressure values trend at different study times 

Versaci F, et al. JACC Adv 2023

N=10

Renal denervation: a novel therapeutic option 

in the acute phase of hemorrhagic stroke



RDN + external ventricular drainage benefit patients with mild 
ventricular hemorrhage and malignant hypertension



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

Vascular response after percutaneous 
sympathectomy: not all devices are equal.

OCT evaluation of 14 renal arteries



Cook S, Eur Heart J. 2012 Dec.         

             

Ierna S, et al.  Int J Cardiol. 2013 May  

Versaci F, et al. JEVT  2014

 

Optical Coherence Tomography: Findings in Renal Denervation

thrombus

cavities

oedemas

dissection



RDN: from theory to daily practice
(Case:5)

• 65 year old woman, 

• CV risk factors: family history, hypercholesterolemia – Hypertension

• «true» refractory HTN

• β-blocker

• -blocker

• ACE

• Vasodilator

• 2 diuretics

• Direct Renin Inhibitor 

 



RDN: from theory to daily practice
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Versaci F, et al. J Endovasc Ther 2014



Post RDN

Versaci F, et al. J Endovasc Ther 2014



Five days later

Versaci F, et al. J Endovasc Ther 2014
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BP after RDN (6M Follow up)



CT Volume Rendering

Versaci F, et al. J Endovasc Ther 2014



Versaci F, et al. J Endovasc Ther 2014



Renin Venous Activity 

Left Kidney: 223.0
Right Kidney 38.0

Ratio sx/dx: 5.8



IVUS    Virtual Hystology  
 OCT

Versaci F, et al. J Endovasc Ther 2014



PTA-Stent

Dynamic Renal 5/15 – Biotronik

Versaci F, et al. J Endovasc Ther 2014
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Lancet  2021, Aug 24

• High prevalence:

• Affects 1 in 3 adults

• 1B people worldwide → 1.6 B by 2025

• Single largest contributor to death worldwide

• Every 20 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

• Resistant Hypertension ~ 10% 

Hypertension Epidemiology



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.
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Age-Adjusted Estimated Proportion of Adults With Hypertension and Controlled Blood Pressure

Muntner P, et al. Jama 2020



Mechanisms involved in BP regulation and the pathophysiology of hypertension



Systolic BP in crossover and non-crossover patients 

from baseline through 36 months

Bhatt DL, et al. Lancet 2022;400:1405-16.



Misurazione della PA ed esami diagnostici da eseguire 
in tutti i pazienti sottoposti alla procedura di RDN

• Misurazione della PA domiciliare, clinica ed ambulatoriale delle 24 ore

• Misurazione della PA clinica ed ambulatoriale delle 24 ore ad 1, 3 e 6 mesi, poi ogni anno

• ECG a 12 derivazioni ad 1 mese e poi ogni anno

• Prelievo ematico per valutazione della funzione renale (creatininemia, filtrazione glomerulare 

renale stimata, clearance della creatinina stimata, azotemia, sodio, potassio), esame completo 

delle urine e dosaggio della microalbuminuria e della creatinuria sulle urine del mattino con 

calcolo del rapporto albuminuria/creatinuria

      ad 1, 3 e 6 mesi, poi ogni anno

• Prelievo per emocromo ad 1 mese e poi ogni anno



Crosstalk Between Renal Nerves and CNS 



Renal Nerves and the SNS 

DiBona GF, et al. Am J Physiol Regul Integr Comp Physiol. 2010;298: R245–R253. 

Schlaich MP, et al. Hypertension. 2009;54:1195-1201. 



The Interplay Between RAAS, Volume, and SNS 

Saseen JJ, Carter BL. Pharmacotherapy A Pathophysiologic Approach.

6th ed. New York, NY: McGraw-Hill Professional; 2005:185-218. 



Acute Treatment with RDN in pt with Hemorrhagic Stroke and Resistant Hypertension

Versaci F et al. Int J. Neurol Neurother 2015

Versaci F. et al SAGE Open Med Case Rep. 2019

49 y-old-male

Resistant 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 stroke

Glasgow Coma Scale: 9

Norton Scale: 8

Persistent hypertension during 

hospitalization (BP 200/110 mmHg) 

despite 6 medications p.o. and 

urapidil iv

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022





Mahfoud et al. EuroPCR 2022
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Mahfoud F, et al. Lancet 2022 

Long-term efficacy and safety of RDN in the presence of 

antihyperthensive drugs (SPYRAL HTN-ON MED):
a randomized sham-controlled trial

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



MACE defined as cardiovascular death, MI or stroke. Patients who had events between 0-6 months were 

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 reductions from 6 to 36 months
GSR DEFINE

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Hypertension

AF

• Hypertension is more prevalent than AF

• Many Patients with Hypertension have 

AF

• Most Patients with AF have Hypertension

• Prevalence of AF and Hypertension both 

increase with age

Hypertension is the most common underlying disorder

  in patients with AF

• Hypertension is main contributor (~20%) of new AF cases1

• Hypertension is the most important clinical predictor of recurrent AF after 
catheter ablation2

1. Huxley RR, et al. Circulation 2011;123:1501-8

2. Parkash R, et al. Circulation 2017; 135:1788-98
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



Linz et al. Clin Res Cardiol. 2014;103:765-74

High Sympathetic Tone Can Impact Both Triggers and Substrate 
Required to maintain AF

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



RDN and Atrial Electrical Remodeling in Goats

Linz, Circ Arrhythm Electrophysiol. 2015 Feb 23. pii: CIRCEP.114.002453. 

Linz D, et al. Circ Arrhythm Electrophysiol 2015

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



RDN + PVI patients are 40% less likely to have 
AF recurrence vs PVI only: Meta analysis

Mujer et al. Pacing Clin Electrophysiol. 2020 Aug;43(8):866-874.
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



JAMA. 2020;323(3):248-255
Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022



J Hypertens, September 2021

Roma XXXI CONGRESSO ANCE 2-4 Giugno 2022







Renal Denervation Increased 

Time in Target Range

Mahfoud et al. EuroPCR 2022

Renal Denervation increases long-term time in target blood pressure range 

compared with sham control: ON MED pilot data 
Blood pressure and MACE reductions after renal denervation: 3-year GSR result



Kandzari, et al. EuroPCR 2022. 



MACE defined as cardiovascular death, MI or stroke. Patients who had events between 0-6 months were 

excluded from analyses. P-values were calculated using Cochran-Armitage trend tests. 

*TTR from baseline to 6 months

Mahfoud et al. EuroPCR 2022.



TTR calculated as target SBP range OSBP≤140 mmHg and/or ASBP≤130 mmHg

Mahfoud et al. EuroPCR 2022



Lancet  2021, Aug 24

• High prevalence:

• Affects 1 in 3 adults

• 1B people worldwide → 1.6 B by 2025

• Single largest contributor to death 
worldwide

• Every 20 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

• Resistant Hypertension ~ 10% 

Hypertension Epidemiology



Symplicity Spyral catheter
reduces procedural variability



Patient Perspectives

10 mmHg SBP Office reduction

Baseline BP

160 mmHg

Fewer drugs

Fewer symtoms

Less effects on lifestyle

Baseline BP

145 mmHg

Free from drugs

No symtoms

No effects on lifestyle



Ongoing prospective trials as assessing the effects of RDN in Pts with AF





RDN and Atrial Electrical and Mechanical Remodeling in 
Hypertensive Patients

Global and regional conduction velocity

McClellan, Schlaich et al. Heart Rhythm, 2015

N=14



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 balloon catheter

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



Courtesy of R. Virmani  

Histology after Renal denervation

4 Hours after RDN 14 days after RDN

6 Months after RDN



Renal Sympathetic Activation in Patients

 with Hypertension 

Esler et M al. Clin Exp Hyper 1984 



Chronic Effect of Increased Sympathetic 

Nerve Activity 

Schlaich MP, et al. Hypertension. 2009;54:1195-1201. 



Target-organ Damage and SNS 

Chronic Kidney

Disease

Obesity/insuline

 resistance

Platelet

activation

Cardiac 

Hypertrophy

Arrhytmias

Vascular 

Hypertroph

y

Endothelial

dysfunction

Sympathetic

Nervous System



Symplicity Spyral catheter
reduces procedural variability



Acute Treatment with RDN in pt with Hemorrhagic Stroke and Resistant 
Hypertension

49 y-old-male

Resistant 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 stroke

Glasgow Coma Scale: 9

Norton Scale: 8

Persistent hypertension during 

hospitalization (BP 200/110 mmHg) 

despite 6 medications p.o. and 

urapidil iv

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



The procedure was changed to reflect renal nerve anatomy

Renal nerves have a positional bias on radial 

distance from arterial lumen; distal nerves are closer

Mompeo B, et al. Clin Anat. 2016;29:660–664.



Age-Adjusted Estimated Proportion of Adults With Hypertension and Controlled Blood Pressure

Muntner P, et al. Jama 2020



Turagam, M.K. et al. J Am Coll Cardiol EP. 2021;7(1):109–23.

Study Overview Demonstrating Freedom From AF With RSDN
 

RDN + PVI patients are 40% less likely to have AF recurrence vs PVI only: Meta analysis









Classification of hypertension stages according to blood pressure levels, presence of 
cardiovascular risk factors, hypertension-mediated organ damage, or comorbidities



The Problem of AF gets larger

Briffa T, et al. BMJ 2009

Projected number of persons with AF

Projected number of persons with AF in 

the US between 2000 – 2050



Atrial fibrillation and Stroke

Fuster, et al. Circulation. 2006

Estimated age-specific AF prevalence Relationship of AF and stroke 



Hawson, J. et al. J Am Coll Cardiol EP. 2021;7(1):100–8.

Meta-Analysis Demonstrating Impact of Renal Denervation on Ventricular 
Arrhythmias



European Society of Hypertension: 

Posistion Statement on RDN  in 2021(1) 

TAKE HOME MESSAGE

• On the basis of consistent results of several sham-controlled

clinical trials, renal denervation represents an evidence-based

option to treat hypertension, in addition to lifestyle changes and

blood pressure lowering drugs.

• Renal denervation therefore expands therapeutic options to

address the first objective of hypertension treatment, that is to

effectively reduce an elevated blood pressure and achieve blood

pressure targets.

• Renal denervation is considered a safe endovascular procedure

without significant short-term or long-term adverse effects based

on data available up to 3 years.



European Society of Hypertension: 

Posistion Statement on RDN  in 2021(2) 

TAKE HOME MESSAGE

• Renal denervation is an alternative or additive, not a competitive

treatment strategy.

• A structured pathway for clinical use of RDN in daily practice is

recommended.

• Patients’ perspective and preference as well as patients’ stage of

hypertensive disease including comorbidities should lead to an

individualized treatment strategy in a shared decision-making

process, that carefully includes the various options of treatment,

including renal denervation.



LA DENERVAZIONE DELLE ARTERIE RENALI CON I SISTEMI DI SECONDA 

GENERAZIONE. 

UN RIMEDIO PER L’IPERTENSIONE RESISTENTE?

TAKE HOME MESSAGE

• Le nuove evidenze dimostrano che la denervazione renale ha 

tuttora forti potenzialità di sviluppo clinico. 

• Sulla base dei risultati dei recenti studi clinici, questa tecnica non 

è più “confinata” all’ipertensione resistente, ma  è possibile 

proporla ad esempio a pazienti difficili da trattare perché non 

aderenti od intolleranti alla terapia farmacologica. 

• Tuttavia la selezione dei pazienti e l’esecuzione della procedura 

deve essere limitata a centri con un reale “expertise” di 

ipertensione arteriosa e di cardiologia interventistica. 



Bottom line Summary
• Percutaneous renal denervation interrupts efferent and afferent nerve traffic 

between the brain kidneys.

• Sympathetic activity effects both the triggers and substrate required to initiate 
and maintain atrial arrhythmias.

• Pre-clinical data demonstrates that renal denervation modulates sympathetic 
nerve activity in the kidneys, and in the heart and central nervous system. 

• Clinical trials have demonstrated reverse atrial electrical and mechanical 
remodeling and reductions in atrial tachyarrhythmia burden following renal 
denervation.

• The prospective, randomized controlled SYMPLICITY AF trial will evaluate the 
safety and efficacy of renal denervation and pulmonary vein isolation to further 
reduce atrial arrhythmia burden. 



Inclusion

Exclusion

1. Patient is either: 
a. Not on antihypertensive medications, OR
b. Permitting discontinuation of drug therapy

2. Office SBP ≥150 and <180 mm Hg 

3. Office DBP ≥90 mm Hg

4. Systolic 24-hour mean ABPM ≥140 and <170 mm Hg

1. Ineligible renal artery anatomy (accessory arteries 

allowed)

2. eGFR <45 mL/min/1.73m2

3. Type 1 diabetes mellitus or type 2 diabetes mellitus with 

HbA1C >8.0%

4. Secondary causes of hypertension

KEY INCLUSION & EXCLUSION CRITERIA

Bӧhm et al. Clin Res in Card, 2020

PROOF OF CONCEPT STUDIES IN HYPERTENSION:

SPYRAL HTN-OFF MED PIVOTAL TRIAL



Symplicity HTN-1: Responder Rate Does Not Decrease Over Time –
This Clinical Benefit of RDN is Sustained

Responder was defined as an office SBP reduction ≥10 mmHg

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

1mo

(n=143)

3mo

(n=148)

6mo

(n=144)

9mo

(n=96)

12mo

(n=132)

18mo

(n=108)

24mo

(n=105)

36mo

(n=34)*

69%
74% 71% 71%

80% 82% 82%

96% 94%
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40%

50%
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90%

100%

30mo

(n=44)

Schlaich, M, TCT 2012



Changes in Underlying Physiology 
Consistent With RDN 

New Engl J Med Case Study 

(127/81 at 12 M)

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



Renal Nerve Anatomy Allows a Catheter-
Based Approach 



Histology after Renal denervation

4 Hours after RDN 14 days after RDN

6 Months after RDN

Courtesy of R. Virmani  



Chinushi M et al. Hypertension. 2013; 61:450-456

Blood Pressure Responses 

 

Serum Cathecolamine 

Analysis 
Heart Rate Response

 

Blood Pressure and Autonomic Responses to Electrical 

Stimulation of the Renal Arterial Nerves Before and After

Ablation of the Renal Artery



Chronic Effect of Increased Sympathetic 

Nerve Activity 

Schlaich MP, et al. Hypertension. 2009;54:1195-1201. 



Morphometric Evaluation of Renal aa

Renal artery in Hypertensive pt Renal artery in Normotensive pt



Case Example

Normotensive Hypertensive

Courtesy of A. Mauriello



Three Dimensional Nerve Reconstruction 
in Hypertensive vs. Normotensive Pts

Hypertensive Normotensive

Courtesy of A. Mauriello

Normotensive



SIIA Position Paper, High Blood Pressure &Cardiovascular Prevention  2020



Dynamic definition of the difficult-to treat hypertensive patient:

- Screening for secondary hypertension

- Prescription of a rational drug scheme

- Evaluation of drug tolerability and adherence

- Comorbidities / global CV risk

- Patient preferences

Renal denervation: which patient?



SAFETY RESULTS AT 3 MONTHS

n (%)
RDN

(n = 165)
Sham Control

(n = 165)

New myocardial infarction 0 0

New stroke 0 1 (0.6%)

Major Adverse Events 1 (0.6%) 0

Death 0 0

New onset end stage renal disease 0 0

Sign. embolic event resulting in end-organ damage 0 0

Renal artery perforation or dissection requiring 
intervention

0 0

Vascular complications 0 0

Hospitalization for hypertensive crisis/emergency 1 (0.6%) 0

Major bleeding (TIMI) 0 0

Serum creatinine elevation >50% 0 0

UC202012980 ML 
1. Bӧhm et al. The Lancet, 2020.

PROOF OF CONCEPT STUDIES IN HYPERTENSION:

SPYRAL HTN-OFF MED PIVOTAL TRIAL

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





Anatomic Assessment of Sympathetic
Peri-Arterial Renal Nerves in Man



HTN3: Guppo Sham 5.2±1.4 farmaci al 
giorno a dosaggio pieno

… è eticamente corretto prevedere «a vita» una terapia con 5 o più farmaci a dosaggi 

così elevati da essere difficilmente gestibile per la presenza di effetti collaterali…



Mikhail S. Dzeshka. Hypertension 2017, Volume: 70, Issue: 5, Pages: 854-861 

AF as a Symptom of Hypertension?

Hypertension and atrial fibrillation (AF) axis in the cardiovascular disease continuum.



Arrhythmia triggering through the reno-cardiac axis

Nammas et al, Heart Rhythm 2016;13:2388–2394.



Changes in aortic distensibility.

Kresoja KP, et al Circ Herart Fail 2021



Contribution of the sympathetic nervous system to heart failure with preserved 

ejection fraction (HFpEF)

Fudim M, et al. Circ Heart Fail 2021



Lancet  2021 Aug 24;



• High prevalence:

• Affects 1 in 3 adults

• 1B people worldwide → 1.6 B by 2025

• Single largest contributor to death 
worldwide

• Every 20 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

• Resistant Hypertension ~ 10% 

35% 

Treated but 

Uncontrolled

30% 

Untreated

35%

Treated &

Controlle

d

Hypertension Epidemiology

Chobanian et al. Hypertension. 2003;42(6):1206–1252.



Morphometric Evaluation of Renal aa

Sangiorgi G, et al. TCT 2012

Renal artery in Hypertensive pt Renal artery in Normotensive pt



Case Example

Normotensive Hypertensive

Courtesy of A. Mauriello



Three Dimensional Nerve Reconstruction in 
Hypertensive vs. Normotensive Pts

Hypertensive Normotensive

Courtesy of A. Mauriello

Normotensive



Symplicity HTN-1: Responder Rate Does Not Decrease Over Time –
This Clinical Benefit of RDN is Sustained

Responder was defined as an office SBP reduction ≥10 mmHg

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

1mo

(n=143)

3mo

(n=148)

6mo

(n=144)

9mo

(n=96)

12mo

(n=132)

18mo

(n=108)

24mo

(n=105)

36mo

(n=34)*

69%
74% 71% 71%

80% 82% 82%

96% 94%

0%

10%

20%
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40%

50%

60%

70%

80%

90%

100%

30mo

(n=44)

Schlaich, M, TCT 2012













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.



221

Mean Changes in Systolic BP in 4 Prospective, randomized, 

sham-controlled trials of renal denervation

© 2019 Medtronic. All rights reserved. Medtronic, Medtronic 
logo and Further, Together are trademarks of Medtronic. All 

other brands are trademarks of a Medtronic company. 
* Third-party brands are trademarks of their respective 

owners. For distribution only in markets where the Symplicity 
Spyral multi-electrode renal denervation catheter and 

Symplicity G3 renal denervation RF generator have been 

Weber, MA, et al. JACC Intv. 2019;12 (12):1095-105



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, PCR e-Course 2020



Mahfoud et al, EuroPCR 2019.

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 2019.

BP CHANGE IN HIGH-RISK PATIENTS WAS SIMILAR TO OVERALL COHORT

GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP
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(N=995)
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(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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Dynamic definition of the difficult-to treat hypertensive patient:

- Screening for secondary hypertension

- Prescription of a rational drug scheme

- Evaluation of drug tolerability and adherence

- Comorbidities / global CV risk

- Patient preferences

Renal denervation: which patient?







the relationship between BP and risk of AF may be causal (Genetic 
analysis)

Mendelian Randomization analysis identified a potentially causal association 
between Hypertension and AF

Georgiopoulos, Tsioufis K, et al. European Journal of Preventive Cardiology, 2021doi:10.1093/eurjpc/zwab005



Role of the sympathetic nervous system in heart 
failure



Progression of AF Theory (“AF Begets AF”)

Progression may not be monotonic



Renal denervation associated with left atrial remodeling in refractory 
hypertensive humans

Renal denervation 
reduced LV mass, atrial 
size and improved 
diastolic function 
compared to a 
matched control group.

Brandt MC, et al. J Am Coll Cardiol. 2012;59:901–9
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Mahfoud et al, PCR e-Course 2020

RDN decreased blood pressure without increasing medication burden

GLOBAL SYMPLICITY REGISTRY: 3-YEARS FOLLOW-UP



Target-organ Damage and SNS 

Chronic Kidney
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Proposed beneficial mechanism of renal sympathetic denervation in 

patients with heart failure with preserved ejection fraction (HFpEF)

Kresoja KP, et al Circ Heart Fail 2021



Linz et al. Clin Res Cardiol. 2014;103:765-74

High Sympathetic Tone Can Impact Both Triggers and Substrate 
Required to maintain AF



RDN and Atrial Electrical Remodeling in Goats

Linz, Circ Arrhythm Electrophysiol. 2015 Feb 23. pii: CIRCEP.114.002453. 

Linz D, et al. Circ Arrhythm Electrophysiol 2015



Chinushi M et al. Hypertension. 2013; 61:450-456

Blood Pressure Responses 

 

Serum Cathecolamine 

Analysis 
Heart Rate Response

 

Blood Pressure and Autonomic Responses to Electrical 

Stimulation of the Renal Arterial Nerves Before and After

Ablation of the Renal Artery
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