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A la hora de valorar la introducción de una estrategia nueva de 

intervención terapéutica debemos plantear 2 cuestiones:

- ¿existe la necesidad?

- ¿tiene utilidad?

ESTADO ACTUAL DEL TRATAMIENTO DE LA HIPERTENSION 

ARTERIAL MEDIANTE DENERVACIÓN RENAL



- Arterial Hypertension. What is the magnitude of the problem?

- Sympathetic hyperactivity and arterial hypertension.

- Device-based therapies for renal denervation.

- Available evidence support for renal denervation.

- Current technical aproach. Symplicity Spyral CatheterTM (Medtronic). 

- Clinical indications for renal denervation. How to start a local program.

- Areas of uncertainty and major gaps in knowledge in 2022.

- Conclusions

- DESA study (Hospital Álvaro Cunqueiro).

Arterial Hypertension and Renal Denervation.

Key points.



- Based on office BP, the global prevalence of hypertension was

estimated to be 1.13 billion in 2015, with a prevalence of over 150 million

in central and eastern Europe. 

- It is estimated that the number of people with hypertension will

increase by 15–20% by 2025, reaching close to 1.5 billion.

- The overall prevalence of hypertension in adults is around 30 - 45%.

- This high prevalence of hypertension is consistent across the world, 

irrespective of income status, i.e. in lower, middle, and higher income

countries.

- Hypertension becomes progressively more common with advancing

age, with a prevalence of >60% in people aged >60 years.

2018 ESC/ESH Guidelines. European Heart Journal (2018) 39, 3021–3104. 

Arterial Hypertension.

What is the magnitude of the problem?



- An estimated 46% of adults with hypertension are unaware that they

have the condition (women 41%, men 51%).

- Approximately less than 30% of patients with hypertension have it under

control.

- Uncontrolled hypertension has become the commonest cause of

morbidity and mortality cardiovascular, renal, and cerebrovascular.

World Health Organization



Lancet 2021, Vol. 398, p957-980

Trends in the number of people with hypertension in the world



Lancet 2021, Vol. 398, p957-980

Hypertension treatment cascade in 2019, for women and men globally



Sympathetic hyperactivity and arterial hypertension

Increased sympathetic activity in the efferent pathways between the

kidneys and central nervous system contributes to the development of

essential hypertension

Increased sympathetic activity

Kidney

HeartBlood Vessels

Apnea/hypopnea

syndrome
Vasoconstriction
Atherosclerosis

Hypertrophy

Arrhytmias
Heart failure

Annu. Rev. Physiol. 2021. 83:429–50

Airways

Hypertension



Afferent Nerves:

Kidney to Brain

Sensory Nerve

Efferent Nerves:

Brain to Kidney

Sympathetic Nerve

Kidney innervation

Axis Brain-Kidneys

Annu. Rev. Physiol. 2021. 83:429–50



- ↑ synthesis and secretion of Renin 

- ↑ Na reabsortion

- ↑ renal vascular resistance: ↓ renal blood flow

Effects of increased renal 

sympathetic nerve activity

Inflammation

Fibrosis

Annu. Rev. Physiol. 2021. 83:429–50

Hypertension



Sympathetic hyperactivity

how does it start?

Annu. Rev. Physiol. 2021. 83:429–50

Afferent Nerves:

Sensory pathways

from organs/tissues to brain

organ damage/ 
tissular Inflammation

Sympathetic

hyperactivity

effects on organs
and tissues

Efferent Nerves:

Sympathetic pathway

from brain to organs/tissues



Device-based therapies for renal denervation

Radiofrequency

Ultrasound

Chemical ablation

β-radiation brachytherapy

Guided real-time iC-Magnetic Resonance

Progress in Cardiovascular Diseases, Vol 63, Issue 1, January–February 2020, Pages 51-57

… … … … … … … … … … …

- Peregrine™ catheter system (Ablative Solutions)

- Symplicity Spyral™ multielectrode catheter (Medtronic)
- OneShot™ Renal Denervation System (Covidien) 
- EnligHTN™ Renal Denervation System (St. Jude Medical)
- Vessix™ Vascular V2 Renal Denervation System (Boston Scientific)

- Paradise™ ultrasound system (ReCor Medical) 



Cardiology Discovery: June 2021 - Volume 1 - Issue 2 - p 112-127

Clinical trial history of renal denervation



SPYRAL HTN-OFF MED

SPYRAL HTN-OFF MED Pivotal

SPYRAL HTN-ON MED

SPYRAL HTN-ON MED Long-term

RADIANCE-HTN SOLO

RADIANCE-HTN TRIO

First-generation studies Second-generation studies

Meta-analysis

SYMPLICITY HTN-1

SYMPLICITY HTN-2

DENERHTN

First-generation studies

RECUDE-HTN

… … … …

SYMPLICITY HTN-3

Renal denervation clinical trials

Global SYMPLICITY Registry
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Renal denervation clinical trials



SPYRAL HTN-OFF MED Pivotal

SPYRAL HTN-ON MED

SPYRAL HTN-ON MED Long-term

RADIANCE-HTN SOLO

RADIANCE-HTN TRIO

Second-generation studies

SPYRAL HTN-OFF MED

Renal denervation clinical trials

Meta-analysis

Radiofrequency

Ultrasound

… … … …



RADIANCE-HTN SOLO
A multicentre, international, single-blind, randomised, sham-controlled trial

The Lancet 2018, Vol. 391, No. 10137, p2335-2345, Published: May 23, 2018

803  patients enrrolled and assessed

146 patients randomly assigned

renal denervation group

74 patients

sham control group

72 patients

Renal denervation in patients with hypertension resistant in the absence of

antihypertensive medications

Primary endpoint: change in daytime ambulatory systolic blood pressure at 2 months

Endovascular ultrasound renal denervation: 

- Paradise™ ultrasound system (ReCor Medical) 

Patients screening: March 28, 2016 - Dec 28, 2017



The Lancet 2018, Vol. 391, No. 10137, p2335-2345, Published: May 23, 2018

Change in daytime ambulatory blood pressure Change in 24-h ambulatory blood pressure

Change in ambulatory blood pressure from baseline to 2 months



RADIANCE-HTN TRIO
A randomised, multicentre, single-blind, sham-controlled trial

The Lancet 2021, Vol. 397, No. 10293, p2476-2486, Published: June 26, 2021

989  patients enrrolled and assessed

136 patients randomly assigned

renal denervation group

69 patients

sham control group

67 patients

Renal denervation in patients with hypertension resistant to three or more 

antihypertensive medications

Primary endpoint: change in daytime ambulatory systolic blood pressure at 2 months

Patients screening: March 11, 2016 - March 13, 2020

Endovascular ultrasound renal denervation: 

- Paradise™ ultrasound system (ReCor Medical) 



The Lancet 2021, Vol. 397, No. 10293, p2476-2486, Published: June 26, 2021

24-h ambulatory profiles of systolic blood pressure at baseline and 2 months in the
renal denervation group and the sham group in the intention-to-treat population



SPYRAL HTN-ON MED
Proof-of-concept randomised trial

The Lancet 2018, Vol. 391, p2346-2355

467 patients enrrolled and assessed

80 patients randomly assigned

renal denervation group

38 patients

sham control group

42 patients

Patients were on one, two, or three standard antihypertensive drugs

(50% or more of the maximum recommended dosage)

Circumferential radiofrequency ablation: 

- Symplicity Spyral multielectrode renal denervation catheter (Medtronic)

- Symplicity G3 renal denervation RF generator (Medtronic)

Patients screening: July 22, 2015 - June 14, 2017



Change at 6 months in office and ambulatory systolic blood pressure and 

diastolic blood pressure for renal denervation and sham control patients

The Lancet 2018, Vol. 391, p2346-2355



SPYRAL HTN-ON MED

Long-term efficacy and safety
A randomised, sham-controlled trial

The Lancet, Vol. 399, No. 10333, p1401-1410, Published: April 4, 2022

Reduction in mean systolic blood pressure at 36 months for renal denervation vs sham control

Reduction in mean systolic blood pressure at 24 months for renal denervation vs sham control



Safety events at 36 months

The Lancet, Vol. 399, No. 10333, p1401-1410, Published: April 4, 2022



SPYRAL HTN-OFF MED
A randomised, sham-controlled, proof-of concept trial

The Lancet 2017, Vol. 390, p2160-2170

353 patients enrrolled and assessed

80 patients randomly assigned

renal denervation group

38 patients

sham control group

42 patients

Absence of antihypertensive medications

Circumferential radiofrequency ablation: 

- Symplicity Spyral multielectrode renal denervation catheter (Medtronic)

- Symplicity G3 renal denervation RF generator (Medtronic)

Patients screening: June 25, 2015 - Jan 30, 2017

Patients remained off antihypertensive medications after randomisation until

follow-up at 3 months, when a prespecified drug titration protocol was initiated if

SBP was greater than 140 mm Hg.



The Lancet 2017, Vol. 390, p2160-2170

Change at 3 months in office and ambulatory systolic blood pressure and 

diastolic blood pressure for renal denervation and sham control patients



SPYRAL HTN-OFF MED Pivotal
A multicentre, randomised, sham-controlled trial

The Lancet 2020, Vol. 395, p1444-1451

1519 patients enrrolled and assessed

331 patients randomly assigned

renal denervation group

166 patients

sham control group

165 patients

Absence of antihypertensive medications

Circumferential radiofrequency ablation: 

- Symplicity Spyral multielectrode renal denervation catheter (Medtronic)

- Symplicity G3 renal denervation RF generator (Medtronic)

Patients screening: June 25, 2015 - Oct 15, 2019

(80 were included in the Pilot and 251 in the Pivotal)

Patients remained off antihypertensive medications after randomisation until

follow-up at 3 months, when a prespecified drug titration protocol was initiated if

SBP was greater than 140 mm Hg.



The Lancet 2020, Vol. 395, p1444-1451

Changes in 24-h and office systolic and diastolic blood pressure

from baseline to 3 months



Treatment differences between the renal denervation and sham procedure

groups in the pilot (n=80), Pivotal (n=251), and overall (n=331) patient data

The Lancet 2020, Vol. 395, p1444-1451



J Am Coll Cardiol. 2019;73(13):1633-42

Sham-Controlled Randomized Trials of Catheter-Based

Renal Denervation in Patients With Hypertension



J Am Coll Cardiol. 2019;73(13):1633-42

Blood Pressure Changes (mm Hg) With Renal Denervation Versus Sham Controlled Group,

Based on First- and Second-Generation Renal Denervation Trials



Renal Denervation for Hypertension
A Systematic Review and Meta-Analysis of Randomized, Blinded, Placebo-Controlled Trials

J Am Coll Cardiol Intv. 2021;14(23):2614-2624



Relative risk reduction

Stroke 13%

Heart failure 13%

Ischaemic heart disease 8%

Death from cardiovascular disease 5%

Over an average 4 years follow-up, 

for a 5 mm Hg reduction in systolic blood pressure, 

the relative risk of major cardiovascular events is reduced by 10% 

Relative risk reductions were proportional to the intensity of blood

pressure-lowering. 

Lancet 2021, Vol. 397, p1625-1636

Importance of blood pressure control



Relative risk reduction

Stroke 27%

Heart failure 28%

Coronary artery disease 17%

All-cause mortality 13%

For a 10 mm Hg reduction in systolic blood pressure, 

the relative risk of major cardiovascular events is reduced by 20% 

Relative risk reductions were proportional to the intensity of blood

pressure-lowering. 

Lancet 2016, Vol. 387, p957-67

Importance of blood pressure control



Renal Denervation Update From the International Sympathetic Nervous

System Summit

Potential clinical impact of blood pressure reduction

related to renal denervation

Although not proven by prospective outcome trials in the context of renal 

denervation, 

a 10 mm Hg decrease in office systolic BP achieved in renal denervation trials

in which the average age of the population was ~65 years, if maintained long-

term, would be associated with a reduction in CV events by ~25%...

J Am Coll Cardiol 2019, Vol. 73, p3006-17

Relative risk reduction

Heart failure ~30%

Stroke ~25%

Coronary artery disease ~20%



Device-based therapies for renal denervation

Radiofrequency

Ultrasound

Chemical ablation

β-radiation brachytherapy

Progress in Cardiovascular Diseases, Vol 63, Issue 1, January–February 2020, Pages 51-57

- Peregrine™ catheter system (Ablative Solutions)

- Symplicity Spyral™ multielectrode catheter (Medtronic)
- OneShot™ Renal Denervation System (Covidien) 
- EnligHTN™ Renal Denervation System (St. Jude Medical)
- Vessix™ Vascular V2 Renal Denervation System (Boston Scientific)

- Paradise™ ultrasound system (ReCor Medical) 



New device-based therapies for renal denervation

Radiofrecuency Ultrasound

Medtronic
- Symplicity Spyral multielectrode catheter

- Symplicity G3 RF generator

ReCor Medical
- Paradise catheter

- Paradise ultrasound generator



Angio-CT of the aorto-iliac-femoral axis

● rule out peripheral vascular disease

● study anatomy of renal arteries

- rule out stenosis >50%

- accesory arteries

- identify polar arteries

left

renal artery

right

renal artery



Current technical aproach. Selective bilateral ablation

left

renal artery

right

renal artery

● Baseline aortography.

● Selective bilateral angiography:

- main renal arteries

- accessory arteries

- polar arteries

● Selective bilateral ablation of:

- all the main arteries and their branches, accessory arteries and polar arteries

- outside the renal parenchyma

- from distal to proximal

- with a diameter between 3 and 8 mm

- except the carinae of the bifurcations and the 5 mm proximal to the ostium.



Medtronic
- Symplicity Spyral multielectrode catheter

- Symplicity G3 RF generator





Europen Heart Journal 2018; 39: 3021-3104

Clinical indications for renal denervation

Recommendation Class Level

Use of device-based therapies is not

recommended for the routine treatment of

hypertension, unless in the context of clinical

studies and RCTs, until further evidence regarding

their safety and efficacy becomes available

III B



Journal of Hypertension 2021; 39: 1733-1741

- Catheter-based endovascular renal denervation was found to significantly reduce 

central sympathetic outflow.

- Renal denervation should be considered as an antihypertensive treatment option that
reduces blood pressure and contributes to improved cardiovascular prognosis of

hypertensive patients.

- In light of second-generation, sham controlled RCTs, it is now established that renal 

denervation reduces consistently BP across a variety of hypertensive patients with

mild to moderate as well as more severe hypertension, both in the presence and 

absence of concomitant antihypertensive pharmacotherapy.

- The antihypertensive effect of renal denervation in humans is durable, although

reliable follow-up data are only available for up to 3 years. Thus, reinnervation does not

appear to counteract to durability.

Clinical indications for renal denervation

European Society of Hypertension position paper on renal denervation



Journal of Hypertension 2021; 39: 1733-1741

- Beyond few femoral access complications (hematoma, pseudoaneurysm), no acute 

adverse safety events (e.g. acute renal failure, dissections, perforations, bleeding) were

observed in the sham-controlled RCTs. Thus, renal denervation is considered to be a well

tolerated endovascular intervention.

- Extensive efforts are ongoing to identify clinical predictors of BP response and thereby

to select hypertensive patients that benefit most from renal denervation. Open access

to all individual databases of the various trials is urgently needed to perform a patient-

based meta-analysis of predictors.

- A structured pathway is recommend for clinical use of renal denervation. As 

healthcare providers, physicians’ perspective and patients’ preference might be 

discrepant, we suggest to implement a standardized shared decision-making process to

select the best treatment option for BP control including renal denervation.

Clinical indications for renal denervation

European Society of Hypertension position paper on renal denervation



REC Interv Cardiol. 2022;4(1):39-46

Renal denervation can be considered in patients with:

- resistant hypertension:
● BP > 140/90 mm Hg despite lifestyle changes treated with ≥ 3 

antihypertensive drugs at optimal doses, one of them being a diuretic
● hypertension controlled with ≥ 4 drugs

- uncontrolled hypertension (BP > 140/90 mm Hg in patients with poor

therapeutic compliance) and high/very high cardiovascular risk

Renal denervation for the management of hypertension

Joint position statement from the Spanish Society of Hypertension-Spanish

League for Combating High Blood Pressure (SEH-LELHA), and the Interventional

Cardiology Association of the Spanish Society of Cardiology (ACI-SEC)

Clinical indications for renal denervation



REC Interv Cardiol. 2022;4(1):39-46

Renal denervation for the management of hypertension.

Joint position statement from the SEH-LELHA and the ACI-SEC

There are some high-risk situations in which BP control is essential to reduce the

risk of cardiovascular events, and therefore, renal denervation should be taken

into consideration in patients with persistent BP > 140/90 mm Hg despite drug

treatment:

- Patients with frequent hypertensive crises (systolic BP > 180 mm Hg and/or BP 

levels > 110 mm Hg).

- Patients with low compliance to pharmacological treatment.

- Patients with hypertension-mediated organ damage.

- Patients at high/very high cardiovascular risk (according to scores guidelines).



REC Interv Cardiol. 2022;4(1):39-46

Renal denervation for the management of hypertension

Joint position statement from the SEH-LELHA and the ACI-SEC



REC Interv Cardiol. 2022;4(1):39-46

Renal denervation for the management of hypertension

Joint position statement from the SEH-LELHA and the ACI-SEC

How to start a local program for renal denervation

Selection process of eligible patients at specific units specialized in 

hypertension management: structured approach for appropiate selection

Patients’ perspective and preference

Interventional cardiology units

Operators experienced (qualifying process; proctoring at start)

- centers with volumes >10 cases/year (Spain statement)

- centers with volumes >25 cases/year (European statement)

Structured follow-up



Areas of uncertainty and major gaps in knowledge in 2022

- Predictors of response (appropiate selection)

- Predictors of procedural efficacy

- Direct comparison of different ablation technologies

- Long-term durability of blood pressure lowering and safety beyond 3 years

- Clinical impact of blood pressure reduction due to renal denervation

- Safety in patients with estimated glomerular filtration rate <45 ml/min/1.73m2

- Randomized clinical trials in hypertensive comorbidities (e.g. chronic kidney

disease, atrial fibrillation, heart failure)

- Potential role of reinnervation

- Cost-effectiveness analysis



Conclusions

- Renal denervation is safe and effective to reduce office and 24-h ambulatory

systolic and diastolic blood pressure (in selected clinical trials and registries)

- To date, blood pressure reduction after renal denervation only shown in 

combined systolic-diastolic hypertension

- Principal areas of uncertainty and major gaps in knowledge in 2022

➤ predictors of response and procedural efficacy

➤ long-term durability beyond 3 years

➤ clinical impact

- According to joint position statement from the SEH-LELHA and the ACI-SEC, 

renal denervation can be considered in patients with:

➤ resistant hypertension.

➤ uncontrolled hypertension and high cardiovascular risk, 

frequent hypertensive crises or hypertension-mediated organ damage.


