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Thomas Willis: 1621-1675 

Discoveries: 

• Circle of Willis 

•  1664 (anatomy of brain and nerves) 

•  Neurologist- treatment epilepsy 

 

 

https://www.google.co.za/search?biw=1024&bih=673&tbm=isch&q=thomas+willis+diabetes&revid=534597614


Surgical sympathectomy (splanchnicectomy) 



Sympathomodulation of the efferent 
sympathetic nervous system 

Veelken R and Schmieder R. Renal denervation—implications for chronic kidney disease 

Nat Rev Nephrol 2014; 10: 305-313 



Renal sympathetic denervation (RDN) 

Veelken and Schmieder. Renal denervation- implications for chronic kidney 

disease. Nat. Rev. Nephrol 2014; 10: 305-313. 



Response Assessment 

• Renal afferent and efferent nerve activity cannot be quantified directly 

• Plasma and urinary norepinephrine concentrations- result of removal rates and not selectively release rates 

 

• Renal vein norepinephrine spillover: 

 Displays the rate at which norepinephrine is released from the sympathetic nerves into the circulation 

 Involves infusion of radioactive tritium- labelled d,l norepinephrine 

 Requires renal catheterization and results not immediate 

• Muscle Sympathetic Nerve Activity (MSNA) 

 Intraneural recording using tungsten microelectrode, with tip in peripheral nerve (peroneal nerve) 

 Correlates with whole body, renal and cardiac norepinephrine spillover levels 

 Inhibition of afferent renal nerve activity may contribute to reduction in central sympathetic tone 

 Time consuming, invasive, requires trained operator  

 

Norepinephrine and MSNA- gold standard methods to quantify sympathetic activity in human investigation 

 

 

 

 

 

 

 



Norepinephrine Renal and Whole-body Spillover and Results 
of Microneurography before and after Renal Nerve- Ablation 

Schlaich et al. N Eng J Med 2009; 361: 932-934 

↓ 42% 
↓48% 
↓75% 

• Renin activity 

halved (0.3 to 

0.15 µg/l/hr 

• Renal plasma 

flow increase 

(719 to 1126 

ml/min 



RDN is a ‘BLIND’ Procedure 

• In most clinical trials of catheter-based RDN, objective evidence that  
renal denervation has been achieved is lacking 

• Symplicity HTN-1 Trial:  
 Krum et al. Cather-based renal sympathetic denervation for resistant hypertension:    
 multicentre safety and proof-of-principle cohort study. Lancet 2009; 373: 1275-81.  

 

Assessment of whether the radiofrequency procedure results in successful efferent 
renal sympathetic nerve denervation only done in 10 of 50 patients 
(norepinephrine spillover test) 

Degree of denervation: mean 45% (95% CI 28-65%) at 1 month post denervation 
(less than expected 90-95%) 

But as hypertensive response was adequate (↓ mean 6-month BP of 22/12 mm 
Hg)- investigators were satisfied 

 

 

 

 



RDN is a ‘BLIND’ Procedure 

• Subsequent trials: almost universal failure to apply a 
confirmatory test for achieved renal denervation 
 

•Current clinical practise, assessment of quality of renal 
denervation: 
Documentation of impedance drop and energy delivery 

from generator 
Visualization of arterial notches (due to oedema) 

following ablation procedure 
 
 

 



Positive clinical trials: Shortfall 

 

• Non randomized trials comparing treatment results with baseline observations, rather than 
with results in a control group 

 Krum et al 2009. The SYMPLICITY HTN-1 Trial  

 Both systolic and diastolic BP significantly lower after procedure than those before procedure (p = 0.026 and 0.027 
 respectively) 

• Randomised with control group but no blinding of patients or assessors 
 Esler et al. 2010. The SYMPLICITY HTN-2 Trial 

• Small sample size 
  Mahfoud et al, 2011. Prospectively assigned 37 patients to RDN and 13 controls.   

• Poor study design  
 Mahfoud et al, 2012. Consecutive patients, 88 RDN and 12 controls 

• Absence of a placebo-like procedure as a control: All trials 

 
 

 

 



RDN: Next big innovation  

• Multiple publications 

• 2013: 294 papers dealing with renal denervation 

 

 

 

 

• Talk of using RDN to treat moderate hypertension and in patients ‘fed 
up’ of taking their antihypertensive medications 

 

Radio waves to kidneys lower persistent 
high blood pressure 
December 17, 2012   

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=w2_H6RHz1XfBAM&tbnid=msz2SH8-7Hr-wM:&ved=0CAUQjRw&url=http://honor.americanheart.org/&ei=s8jDU5SlC-vJ0AXsqoHgBg&bvm=bv.70810081,d.ZGU&psig=AFQjCNHit0ufBZfMftR-ayomroaTUx7w9g&ust=1405426199995538


 

Medtronic to Buy Ardian for $800 Million to 
Gain Novel Hypertension Device  
             By David Olmos Nov 23, 2010  

 

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=YK6ogipbDtjtrM&tbnid=fdBAnBQw82zbEM:&ved=0CAUQjRw&url=http://www.bloomberg.com/&ei=ZcnDU5j8Asip0QWG_YGYDw&bvm=bv.70810081,d.ZGU&psig=AFQjCNFDdjKi15eDE2NVYA6vF8ZmXlC8Ow&ust=1405426393551582


How do editors decide to publish/ reject 
manuscript? 

•  “New, true, relevant” 
New: first RDN use in humans 21st century 

First-in man study 

-Schlaich et al. Renal sympathetic-nerve ablation for uncontrolled hypertension. N Eng J Med 2009;  
361:932-34. 

-Successful denervation with Symplicity catheter system- reduction in norepinephrine spillover in 
both kidneys (48% and 75%), reduced MSNA; was associated with reduced renin activity, improved 
renal plasma flow and sustained BP reductions (141/90 at 1 month; 127/81 at 1 year). 

True- evidence of antihypertensive effect of RDN has been confirmed in four mammalian species 
(rats, dogs, rabbits, pigs) 

Relevant: 

0ne billion people in the world have hypertension, incidence predicted to increase by 60% in 2025 

Prevalence of true resistant hypertension: 12.8% (National Health and Nutrition Survey, USA) 

10 mm Hg ↓ in usual SBP or 5 mm Hg ↓ in usual DBP → 40 % lower risk of stroke death, 30% 
lower risk of IHD/ vascular death 



How do editors decide to publish/ reject 
manuscript? 

 

• To be the first to publish original information 

• Confirmatory data less appealing 

 

A new procedure, particularly one with promising early results, will 
most likely receive an extra boost when assigning priority for 
acceptance 

 



How do editors decide to publish/ reject 
manuscript? 
• Impact factor 

 

Measure reflecting the average number of citations to recent articles 
published in the journal 

Frequently used as proxy for the relative importance of a journal 
within its field 

 

A novel, rapidly emerging technology will stimulate great deal of 
research, resulting in multiple publications and citations 

 



Selected  negative clinical trials of renal 
denervation 
Author Year Study type N Primary Outcome Conclusion 

Elmula et al  2014 Randomized Adjusted medical 

therapy (n=10) vs 

RDN (n=9) 

Systolic BP and 

diastolic BP 

significantly lower in 

drug adjusted group 

(p=0.002 and 

p=0.004). RDN had 

uncertain BP 

lowering effect 

Adjusted drug 

treatment has 

superior BP lowering 

effects compared to 

RDN in patients with 

true resistant 

hypertension 

Elmula et al 2013 Observational RDN (n=6) Mean office and 

ambulatory BP 

remained unchanged 

at 1, 3, 6 months  

RDN had no effect on 

office and ambulatory 

BP 

Brinkman et al 2012 Case control series 12 Office BP change 

157/85±7/4 vs 

157/85±6/4 mm Hg 

Office BP not 

significantly different 

6 months post-

procedure 

 



Evidence based practice 

Making conscientious effort to base clinical decisions on 
research that is most likely to be free from bias, and using 
interventions most likely to improve how long or well patients 
live. 

 



Original Article  
A Controlled Trial of Renal Denervation for 

Resistant Hypertension 

Deepak L. Bhatt, M.D., M.P.H., David E. Kandzari, M.D., William W. O'Neill, M.D., 
Ralph D'Agostino, Ph.D., John M. Flack, M.D., M.P.H., Barry T. Katzen, M.D., Martin 
B. Leon, M.D., Minglei Liu, Ph.D., Laura Mauri, M.D., Manuela Negoita, M.D., Sidney 
A. Cohen, M.D., Ph.D., Suzanne Oparil, M.D., Krishna Rocha-Singh, M.D., Raymond 

R. Townsend, M.D., George L. Bakris, M.D., for the SYMPLICITY HTN-3 
Investigators 

N Engl J Med 
Volume 370(15):1393-1401 

April 10, 2014 



Randomized SYMPLICITY Hypertension 
(HTN)- 3 Clinical Trial 

• First prospective, multicentre, randomized, blinded, sham-
controlled study  

• 535 patients 

• Aim: To evaluate both the safety and efficacy of percutaneous 
renal artery denervation in patients with severe treatment-
resistant HTN 

• Trial sponsor: Medtronic 

• Independent Validation: Harvard Clinical Research Institute 



Inclusion Criteria 

• Age 18-80 years 

• Resistant hypertension:  

 - office systolic blood pressure (SBP) ≥ 160 mm Hg (average of 3 BP readings) 

 - measured at initial and confirmatory screening visit 

 - automated 24-hour ambulatory blood pressure (ABPM) ≥ 135 mm Hg 

• Stable medication regimen:  

 - full tolerated doses of ≥ 3 antihypertensive drugs of different classes, including a 
 diuretic 

 - no changes for a minimum of 2 weeks before screening and no expected 
 changes for at least 6 months 

• Written informed consent 

  



Methods 

• Randomly assigned in a 2:1 ratio 

• All patients underwent renal angiography 

• Conscious sedation 

• Sensory isolation 

• Treatment group: renal denervation using radiofrequency energy 
(Simplicity renal denervation catheter) 

• Sham group: renal angiogram only 

• Both patients and blood pressure assessors were unaware of study-
group assignments 



Outcome variables 
 
• Primary efficacy end point: 

Mean change in office SBP from baseline to 6 months in the 
denervation group compared with mean change in sham group  

(SBPRDN 6 month – SBP RDN baseline) – (SBPCTL 6 month – SBPCTL baseline) 

Superiority margin = 5 mmHg 

 

• Secondary end point:  

Comparison of mean 24-hour ABPM from baseline in RDN group compared 
with change from baseline to 6 months in control group 

Pre-specified difference of 2 mm Hg 

 

 

 

 



Baseline Characteristics of the Study Population. 

Bhatt DL et al. N Engl J Med 
2014;370:1393-1401 

Bhatt et al. N Eng J Med 2014; 

370: 1393-1401 



• ‘Primum non nocere’ 

• The Hippocratic Oath: 
includes the promise 
‘to abstain from doing 
harm’ 

 

Bhatt et al. N Eng J Med 2014; 

370: 1393-1401 

P=0.67 



Primary efficacy end point 

• Bhatt et al. N Eng J Med 2014; 370: 1393-1401 

 

Bhatt et al. N Eng J Med 2014; 370: 1393-1401 

Superiority 

margin 5 mm Hg 



Secondary efficacy end point 

 

Bhatt et al. N Eng J Med 2014; 370: 1393-1401 

Superiority margin 2 mm Hg 



Conclusion: SYMPLICITY HTN-3 

• This randomized, sham-controlled, blinded trial did not show a 
benefit of renal-artery denervation  with respect to either a reduction in 
office or ambulatory systolic blood pressure at 6 months. 

 



Limitations 

• “It is reasonable to have 
perfection in our eye that we 
may always advance toward it, 
though we know it can never be 
reached” 

         Samuel Johnson 

• 88 centres 

• > 100 operators 

• No hands-on experience prior to 
trial (expert interventional 
cardiologists involved) 

• Energy delivery 

 



Conclusion 

• Randomized controlled trial, with blinding and sham controls 
(controversial) is essential in the evaluation of new medical devices 
before their adoption for clinical use. 

• Renal denervation cannot be recommended for use in clinical practise 
for the management of resistant hypertension 

 

 



Recommendation 

Use of RDN in clinical trials and research laboratories 

 

• Mandatory testing for achieved renal denervation 

-Norepinephrine spillover test– limited availability and cumbersome 

-University of the Witwatersrand, Department of Nuclear Medicine:  

 Not available              

 

 

 



Recommendation 

Update: New areas of research 

• Testing for end- products of sympathetic nerve protein degradation 

   e.g. tyrosine hydroxylase fragments in urine  

• Adenosine infusion into renal artery: 

Normally increases SNS activity and BP 

Can be given before and after denervation procedure-  a reduction in 
the blood pressure response (post procedure) indicative of afferent 
nerve ablation  

 



 



   Thank you 
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