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Cardiovascular and cerebrovascular 
disease: 

A  burden in high and middle income 
countries

Global Burden of disease – WHO 
2012



Treatment of Hypertension – unmet 
needs

Global Burden of disease – WHO 
2012



Pure statistics and lemmas 
about benefits of BP lowering

The PCR-EAPCI Textbook 2012, 
p.489



Resistant hypertension (RH)
Definition and scope of the 

problem• Resistant hypertension  is a blood 
pressure that remains above goal in spite 
of the concurrent use of 3 antihypertensive 
agents of different classes

• One of the 3 agents should be a (thiazide) 
diuretic and all agents should be 
prescribed at optimal dose amounts

• Treatment-resistant hypertension
– BP remains above goal on more than 3 

medications
– BP controlled but requires >4 medications

• Prevalence 
– General population 5%-9%
– Clinical trials: ALLHAT 15-27%, CONVINCE 

18%; VALUE 15%
• Prevalence of resistant hypertension is 

expected to increase, owing to the 
aging population and increasing trends in 
obesity, sleep apnea, and chronic kidney 
disease

Calhoun Circulation 2008;117:e510-
e526
Mancia G Eur H J 2007; 28:1462-1563



Before considering RH
What to look for?

• White coat hypertension – Don’t underestimate 
ABPM

• Secondary hypertension – Multidisciplinary 
approach

• Inaccurate measurement – Follow GL 
• Inappropriate drug combinations – Follow GL

• Interfering substances – Somewhere next 
• Sleep apnoea – Curable condition
• Non compliance with drug regimen or lifestyle 

modification



Real life data – Utrecht registry.
Referral for RDN – 66% dropouts. 

Why?

Blankestijn, P. J. RHC 2013



Secondary Hypertension
Hyperaldosteronism / Renal artery 

stenosis

Prof  Klaus Weber, Doz. Jan Borgel, RHC 
2013 



Interfering substances
Inappropriate drug usage



Obstructive sleep apnoea 
Underestimated in Hypertension

Prof  Klaus Weber, Doz. Jan Borgel, RHC 
2013 



Renal sympathetic denervation
Physiological background

• Activation of renal sympathetic nerves  in 
patients with essential hypertension

Esler M et al J.Hypertension 1990; 8: S53-
S57



Physiological and pathophysiological actions of renal sympathetic afferent and efferent 
nerves. 

Krum H et al. Circulation 2011;123:209-215

Copyright © American Heart Association



From theory to practice



Effect of renal sympathetic denervation on muscle sympathetic nerve activity (MSNA) over 12 
months of follow-up (FU). 

Krum H et al. Circulation 2011;123:209-215

Copyright © American Heart Association



Catheter based RF renal nerve 
ablation Symplicity catheter 

(Medtronic)• Interventional technique
• 6F Femoral artery approach
• Single electrode catheter with deflectable tip
• 4-6 two minute treatments per artery
• RF generator

– Low power, automated, build-in safety algorithms



Symplicity HTN Studies
Staged Clinical Evaluation

First-in-Man 

Series of Pilot studies 

Symplicity HTN-2 

EU/AU Randomized Clinical Trial

Symplicity HTN-1 

USA

Symplicity HTN-3
US Randomized Clinical Trial

(upcoming)

EU/AU

Other Areas of Research:
Insulin Resistance, HF/Cardiorenal,

Sleep, More



Symplicity HTN-1+2 Study Population

Inclusion Criteria:
– Office SBP ≥ 160 mmHg (≥ 150 mmHg with type 

II diabetes mellitus)
– Stable drug regimen of 3+ more anti-HTN 

medications
– Age 18-85 years 
– Solitary renal vessels - Length>20mm, Diameter>4mm.

Exclusion Criteria:
– Hemodynamically or anatomically significant renal artery 

abnormalities or prior renal artery intervention 
– eGFR < 45 mL/min/1.73m2  (MDRD formula)
– Type 1 diabetes mellitus
– Contraindication to MRI
– Stenotic valvular heart disease for which reduction of BP 

would be hazardous
– MI, unstable angina, or CVA in the prior 6 months

Symplicity HTN-2 Investigators.  The Lancet. 
2010



Efficacy data
Symplicity HTN-1

• Blood pressure reduction sustained over 
3Y

Sobotka PA, Oral presentation, ACC 
2012

Baseline BP (mmHg)  
-176/98±17/15

Number of anti-HTN meds - 
5,0±1,4



Efficacy data
Simplicity HTN-2



BPChange(mmHg)

Symplicity HTN-2 Investigators.  The Lancet. 
2010.

Symplicity HTN 2
Home & 24 Hour Ambulatory BP 

Home 
BPChange(mmHg)

24-h ABPM:
• Analysis on technically sufficient (>70% of readings) paired baseline and 6-month
• RDN (n=20):  -11/-7 mmHg (SD 15/11; p=0.006 SBP change, p=0.014 for DBP 
change) 
• Control (n=25): -3/ -1 mmHg (SD 19/12; p=0.51 for systolic, p=0.75 for diastolic)

Systolic

Diastolic

Systolic Diastolic



Symplicity HTN-1 Response 
rate



Symplicity HTN - 1+2 safety 

• No change from pre-procedure eGFR 
values

• No orthostatic events
• No electrolyte disturbances
• 3 hypertensive events
• 1 hypotensive event
• 1 mild transient renal failure, managed 

medically
• 1 progression of preexisting renal artery 

stenosis
• 2 deaths unrelated to device therapy
• Minor access site complications



Target organ protection and 
additional benefits

• Optimized cardio-respiratory response to 
exercise

• Reduction in LV mass
• Improvement in diastolic function
• Improvement in glucose tolerance
• Improvement  in subjective assessment of 

physical state, mental state and  QoL 
parameters, improved response to stress, 
reduced anxiety and depression scores

• Cost effectiveness

Ukena et al J Am Coll Cardiol. 2011;58(11):1176-1182. 
doi:10.1016/j.jacc.2011.05.036 
Brandt et al, J Am Coll Cardiol 2012
Mahfoud F et al, Circulation 2011; 123 1940-1946
Fischer et al European Heart Journal ( 2012 ) 33 ( Abstract Supplement ), 
182-183



A boom of interventional treatment for 
RH

Upcoming devices• Catheters utilizing RF energy
– St Jude EnligHTN
– Vessix V2 RF balloon
– Covidien One Shot balloon

• Other treatment modalities
– Ultrasound
– Chemical denervation



SJM’s EnligHTN



EnligHTN 1 study - Criteria
• Inclusion Criteria

– Office SBP ≥160 mmHg (≥150 mmHg for patient with type 
2 diabetes). 

– Use of ≥3 antihypertensive medications at maximally 
tolerated doses (one diuretic).

– ≥18 and ≤80 years old

• Exclusion criteria
– Prior renal artery intervention
– Renal artery atherosclerosis (>30%)
– Multiple main renal arteries
– Diameter <4 mm or length <20 mm
– eGFR of <45 mL/min/1.73m2
– Type 1 diabetes mellitus
– Secondary cause of hypertension



EnligHTN 1 study – Proof of benefit 

Office BP



EnligHTN 1 study – Proof of benefit 

ABPM and renal safety



How to perform RDN?

• Easy when on film. 





Predictors of response to RDN. 
Age?



Predictors of response to RDN. 
Diabetes?



Predictors of response to RDN. Renal 
function?



Predictors of response to RDN. 
Data from Homburg/Saar

Christrian Ukena, RHC 
2013



Predictors of response to RDN. Type of 
device?

Prof Erwin Blessing, RHC 
2013



A “Non-responding” patient. 
Why?

Hypothesis 1 for Non-Response “The 
Patient”

You did a good technical 
but clinically ineffective job 
because in some patients:

• Overactivation of sympathetic 
system trough the kidneys is 
not involved in the 
pathophysiology of resistant 
hypertension

• Anatomical variations of the 
splanchnic sympathetic fibers 
are able to bypass the renal 
plexus through other circuits 
(independently of 
vascularization)

• Masked presence of multiple 
renal arteries is able to 
maintain some sympathetic 
connections despite main 
renal artery denervation



A “Non-responding” patient. 
Why?

Hypothesis 2 for Non-Response “The 
Technique”

You did an ineffective job because you don’t 
know the temperature at the 

adventitia/nerves level and in some 
patients :

• Atheromatous disease and renal artery 
thickness are limiting temperature 
rise/transduction

• A significant proportion of nerves are at 
more than 4 mm from the intima which 
distance may be out of the efficacy 
perimeter of the electrode

• Some surrounding anatomical structures 
(renal veins, IVC) may limit temperature 
rise / transduction



A “Non-responding” patient. 
Why?

Hypothesis 3 for Non-Response “The 
Doctor”

You did an ineffective job because you don’t 
follow current recommendations of use of 

the device :
• Diameter/lenght of the target vessels
• Inappropriate value of impedance (tissue 

contact)
• To limited number of ablations (< 4) per 

artery or unilateral procedure
• Inappropriate duration of ablation 

(repeated automatic interruption from 
generator for technical reasons)

• Inappropriate anticoagulation (fibrin 
deposit)

• Other mistakes…



Open questions: FU?
• Not mentioned in the ESH position paper1
• NICE states that ‘reported outcome 

measures
• should include adverse events and the long-

term effect of the procedure on BP’2
• Long-term FU and participation in registries 

recommended in the German consensus3
• FU described in detail in the French 

consensus4

1 Schmieder RE et al, J Hypertens 2012 
2 www.nice.org.uk/ipg418
3 Mahfoud F et al, 2012 
4 Pathak A et al, Diagn Interv Radiol 
2012



Open questions: Post-
procedure FU?

• BP - 1 hour in the post-procedure monitoring 
room before returning to the room and a 
hospital stay of 24 h

• ABPM - 6, 12, 24 and 36 M after RDN
• Kidney - eGFR (plus proteinuria if initial 

proteinuria) after 6, 12, 24 and 36 M
• Anatomy - Angio-CT after 12 and 36 M

Pathak A et al, Diagn Interv Radiol 
2012
Plouin, RHC 2013



Advice – Change therapy at Mo 
3

Plouin, RHC 
2013



Other areas of clinical 
development

Heart failure
LV Hypertrophy
Sleep apnoea

Insulin resistance
Chronic kidney disease

Atrial fibrilation



New Indications for  Transcatheter Renal 
Denervation 

Chronic Heart Failure 



Potential Benefits of RND in CHF 



Studies reporting safety of RND 
in CHF 



Potential Benefit of Renal 
Denervation in CHF 



BP remains stable in CHF post-
denervation 



Safety evaluation of renal 
denervation in CHF



Denervation is reported to 
reduce LVH in Hypertension



Obstructive Sleep Apnea



RND in Hypertension Seems to 
Reduces OSA



Effect of Renal Sympathetic Denervation on 
Glucose Metabolism in Patients With RH

Mahfoud et al. Circulation. 2011;123:1940-
1946; 



RDN+RH+CKD=?



RDN effect on Atrial fibrillation



Baroreflex Activation Therapy (BAT)



DEBuT Study Results
Sustained Reduction of BP over 

5 years



DEBuT Study Results
Sustained Reduction of BP over 

5 years



Rheos Pivotal Trial Results at 
12 Months - Post-Hoc

Bisognano, JACC 2011, 58 (7): 765-73



Rheos - Pivotal Trial Results
Sustained Reduction of BP over 

3 years

Bisognano, JACC 2011, 58 (7): 765-73
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Thank you for your attention!
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