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ABSTRACT
Interventional physiology is a super specialty of physiology that involves procedures to study 
the physiological and technical aspects of blood flow, its velocity, Instantaneous wave-Free 
Ratio (iFR), pressure gradients in various organ systems like coronary, cerebral, renal, hepatic 
systems and recording and monitoring of various neurohormonal/neurophysiological signals, 
pressures during intraoperative and perioperative intervals and acts as an adjunct tool in 
differentiation between normal and abnormal events, responses and lesions. There have 
been significant advances in interventional cardiac (example: Evaluation using fractional flow 
reserve or non-hyperemic pressure ratios has become a gold standard for patients suffering 
from ischemic heart disease) and interventional neurophysiology [example: Intraoperative 
Neurophysiological Monitoring (IONM)], but there is strong need for increased enthusiasm and 
involvement of interventional physiologist in renal system as well. Renal Denervation (RDN) 
therapy for resistant hypertension is one of such fields and opportunity, where in pre-procedural 
work up and intra and post-procedural monitoring by interventional physiological techniques by 
a qualified interventional physiologist along with treating physicians can be game changer in a 
multidisciplinary team based therapeutical approach.
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INTRODUCTION

Hypertension is one of the leading causes of morbidity and 
mortality across the world and a strong cause for development of 
cardiovascular, cerebrovascular and chronic kidney diseases.[1,2]

Prevalence of hypertension has been exponentially increasing 
day by day and a recent epidemiological study ICMR- INDIAB, 
depicted that the overall occurrence of high blood pressure 
was 35.5% (95% CI 33.8-37.3; 35 172 of 111 439 individuals) 
in India.[3] Whereas, globally as per World Health Organization 
(WHO) 2023 report approximately 26% of the global population 
(972 million people) are suffering from high blood pressure and 
the occurrence is expected to increase to 29% or even higher 
by the year 2025. Even though resistant hypertension varies 
depending on the population and definition used, apparently 
10 to 20% of patients with hypertension are non-responsive to 
medications in the presence of 3 or more antihypertensive agents 
of different categories, including a diuretic, at the highest and 

maximum tolerated dose. Sympathetic hyperactivity is one of the 
key etiological causes of resistant hypertension.[1,4,5]

With the advances in medical electronic technology, among 
the newer methods of treating hypertension, renal artery 
denervation has emerged as an adjuvant therapeutic option 
for patients with resistant hypertension. Renal Denervation 
(RDN) is a minimally invasive percutaneous procedure that 
can be performed by interventionist using a variety of methods, 
including i) Radiofrequency Ablation (RFA) in which a catheter 
is percutaneously used to position electrodes that generate 
thermal energy to damage the perivascular renal nerves. The 
multielectrode catheter parallelly delivers 60 sec of radiofrequency 
energy to four electrodes in contact with the renal vessel wall in 
spiral configuration. The design permits continuous blood flow 
during energy delivery, ensuring both vessel wall and electrode 
cooling during the RDN. The specific renal arteries with a 
diameter of 3-8 mM, including branches are targeted. ii) The 
ultrasound RDN system delivers ultrasound energy to thermally 
ablate the renal nerves. The catheter is positioned within the 
main renal arteries and centered by an integrated low-pressure, 
saline-filled cooling balloon to achieve a circumferential ring of 
ablation. Treatment is delivered sequentially to the distal, mid 
and proximal main renal arteries, with each treatment lasting 
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7 sec. iii) Alcohol-based RDN involves three retractable deep 
microneedles to deliver dehydrated alcohol into the perivascular 
space of the main and large accessory renal arteries (4-7 mM) 
causing nerve damage. iv) Chemical/neurotoxin injection in 
which Vincristine, an anti-neo-plastic agent with neurotoxic 
effect is injected into the perivascular space through the wall of 
the kidney artery. v) Selective renal infusion: 6-hydroxydopamine 
is selectively infused into the kidney to damage the noradrenergic 
nerve terminals.[1,6-8]

Renal arterial innervation

The kidney receives innervation from both afferent (sensory) 
and efferent (sympathetic) nerves, which form the renal plexus. 
The sympathetic afferent and efferent nerve fibers travel within 
the adventitial layer. The mean number of perivascular nerves 
appears more in the proximal and midsegments of the renal 
artery. There is also a reduction in the number of afferent fibers 
from proximal to distal segments and the density of innervation 
is lowest in the dorsal part of the artery.[1,9,10]

Afferent nerves

These nerves carry impulses from the kidney's sensory 
receptors to neuronal sites, including the subfornical organs, 
the hypothalamus and Nucleus Tractus Solitarius (NTS) in 
brainstem, which then modulates sympathetic outflow. They 
are mainly located in the pelvic region, the corticomedullary 
connective tissue and the major vessels.

Efferent nerves

These nerves control the kidney's vasculature, renin release and 
the excretion of urinary water and sodium. They are mainly 
located along the afferent and efferent arterioles near the 
glomerulus.

The renal plexus receives input from the celiac, aortico-renal 
plexuses and the least splanchnic nerves. The least splanchnic 
nerve is mainly responsible for afferent signaling from the renal 
system to the brain. The renal innervation is concentrated in 
several areas, including both the afferent and efferent arterioles of 
the glomerulus, macula densa, renal tubules and Juxtaglomerular 
Apparatus (JGA). The renal innervation works with the intrarenal 
Renin-Angiotensin Aldosterone System (RAAS) to control many 
aspects of the kidney's function, including Renal Blood Flow 
(RBF), Glomerular Filtration Rate (GFR), sodium and water 
reabsorption, angiotensin II secretion.[4,11]

Mechanism of reno- neurohormonal axis

The afferent sympathetic nerves emit signals from the renal 
system, particularly in response to kidney damage, to the 
hypothalamus, causing an increase in central sympathetic outflow 
resulting in increase in systemic blood pressure. The efferent 
sympathetic nerves start from the Central Nervous System (CNS) 

and then innervate the renal structures. Noradrenaline is the key 
neurohormone in reno- neurohormonal axis. Stimulation of 
sympathetic fibers causes vasoconstriction of both the afferent and 
efferent arterioles. However, afferent arteriole vasoconstriction is 
comparatively greater. This decreases RBF and GFR. The chief 
effects of efferent sympathetic nerves on the renal system are 
to enhance renin secretion, improve sodium reabsorption and 
cause renal vasoconstriction to decrease blood flow through renal 
arteries.[ 1,11]

The physiological mechanism of catheter-based RDN

The Physiological Rationale of RDN includes decrease in efferent 
sympathetic stimulation to kidneys and afferent renal signaling 
to the Central Nervous System (CNS), decrease in noradrenaline 
spillage, restoration of sodium excretion, enhancement in RBF 
and decrease plasma renin activity leading to reduction in blood 
pressure due to attenuation of vasoconstriction. Also, a lesser 
stimulation of the beta-adrenergic receptors of the JGA causes 
decreased renin secretion and reduced stimulation of Renin 
Angiotensin Aldosterone System (RAAS), thus attenuating 
increases in blood volume. Further, there is lesser stimulation 
to the alpha-adrenergic receptors, which is a dominant factor 
in vasoconstriction. Additionally, there is reduction in renal 
neprilysin activity, which ameliorates myocardial fibrosis and 
normalize left ventricular function in patients suffering from 
resistant hypertension with heart failure.[4,12,13]

Mostly commonly used method of RDN is radiofrequency ablation 
that thermally damages the perivascular tissue of the renal artery 
altering the efferent and afferent sympathetic nerves. Few decades 
ago, surgical sympathectomy was shown to offer remarkable 
benefits in the treatment of uncontrolled hypertension, however, 
this procedure was discontinued due to intolerable adverse 
effects such as postural hypotension and syncope episodes. RDN, 
however, is a more selective and sophisticated method compared 
to crude surgical sympathectomy and has strong scientific 
evidence. The beneficial effect of RDN is shown in Figure 1.

In a study involving 66 patients (mean±SD, 70.0±10.3 years; 
76.3% men) who were involved in long-term follow up 
evaluations with a mean of 8.8±1.2 years post- RDN, found that 
the baseline, ambulatory systolic BP decreased by -12.1±21.6 
(from 145.2 to 133.1) mmHg (p<0.0001) and diastolic BP by 
-8.8±12.8 (from 81.2 to 72.7) mmHg (p<0.0001). Average heart 
rate (HR/minute) remained unchanged. At long-term follow up, 
patients were on one less antihypertensive drug compared with 
baseline (p=0.0052). Estimated Glomerular Filtration (eGFR) 
rate was within the expected age-associated rate of decline from 
71.1 to 61.2 mL/min per 1.73 m2. And suggested that RDN 
results in significant reduction in both office and ambulatory 
systolic and diastolic BP at approximately 9-year of follow up 
after catheter-based RDN on lesser medications and without any 
serious complications.[14]
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Another follow up study involving 39 patients who were involved 
in the 10-year Radio frequency RDN follow-up (average 
follow-up duration 9.4±0.7 years) having baseline office and 24-hr 
ambulatory systolic blood pressure were 164±23 mmHg and 
153±16 mmHg, respectively, found that, after 10 years, the 24-hr 
ambulatory and office systolic blood pressure reduced by 16±17 
mmHg (p< 0.001) and 14±23 mmHg (p=0.001), respectively 
with the number of antihypertensive medications remaining 
unchanged from 4.9±1.4 to 4.5±1.2 drugs (p=0.087). The renal 
function assessed by eGFR rate decreased within the expected 
range from 69 (95% CI 63 to 74) to 60 mL/min/1.73m2 (95% CI 
53 to 68; p<0.001). Continued pre-existing renal artery stenosis 
was recorded in two patients and one patient suffered from new 

onset of renal artery stenosis. And with no other complications 
during follow up period, they suggested that, renal denervation 
was safe and significantly reduced ambulatory and office blood 
pressure up to 10 years in patients with resistant hypertension.[15]

In a mammalian study involving 40 Spontaneously Hypertensive 
Rats (SHRs) which were categorized into four groups according 
to the injected quantities of phenol (10%): control group, 0.5 mL 
group, 1 mL group and 1.5 mL group, were subjected to RDN, 
demonstrated that denervation with 1 mL phenol (10% phenol 
in absolute ethanol) significantly and safely damaged renal 
sympathetic nerves and resulted in decrease in blood pressure 
among hypertensive mammals.[16]

Figure 1:  Shows beneficial effects of RDN. ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; RAAS: Renin 
angiotensin aldosterone system.
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In a sham-controlled, randomized (2:1) clinical trial including 
224 patients withdrawn from antihypertensive medications, 
subjected to ultrasound renal denervation demonstrated 
significant decrease in daytime ambulatory systolic blood pressure 
(baseline-adjusted between-group difference, -6.3 mmHg) as well 
as improvement for 6 of 7 secondary blood pressure outcomes 
compared with the sham procedure at 2 months without any 
serious complications.[17]

Similarly, many studies using radiofrequency and other forms 
of ablation/damage of renal nerves have shown a reduction in 
systemic blood pressure by lowering the Sympathetic Nervous 
System (SNS) tone.[18-21] There are some differences regarding the 
efficacy and complications of RDN, while using different methods 
(RFA/chemical/ultrasound/surgical) of RDN. Reduction of 
systemic vascular resistance remains the key reason for the 
antihypertensive effect of RDN. However, few studies have not 
shown much beneficial effects of Renal Denervation (RDN) for 
resistant hypertension.

The SYMPLICITY HTN-3 trial, which is a randomized, 
sham-controlled, blinded trial involving 535 patients, conducted 
across eighty-eight centers in the United States from October 
2011 to May 2013, depicted that there was no difference between 
RDN and control (sham) groups regarding the change in office 
systolic blood pressure at 6 months: -14.13±23.93 mmHg (RDN 
group) vs -11.74±25.94 mmHg (sham-procedure) representing a 
between group change of -2.39 mmHg (p=0.26). Concordantly, 
no difference was demonstrated with respect to ambulatory 
systolic blood pressure (-6.75±15.11 mmHg vs -4.79±17.25 
mmHg, p=0.98) between the RDN and control groups.[22]

In a meta-analysis of 9 RCTs involving 674 patients depicted 
the sham procedure (sham arm) for RDN depicted a significant 
decline in ambulatory systolic and diastolic blood pressure of 
-3.41 mmHg and - 2.44 mmHg, respectively as well as in declining 
Office Systolic and Diastolic Blood Pressure by -5.52 mmHg 
and - 2.13 mmHg, respectively, in patients with hypertension. 
And suggested that blood pressure itself might be sensitive 
to placebo-like effect and could challenge the blood pressure 
reducing efficacy of invasive interventions due to the sham 
effect.[23]

Another meta-analysis of fifteen Randomized Control Trials 
(RCTs) involving 857 patients subjected to RDN and 616 patients 
treated with medical therapy±sham procedure (control group), 
found no significant benefit of RDN on BP control in patients 
suffering from resistant hypertension compared to the control 
group.[24]

Limitations and drawbacks of RDN

The response in individuals to RDN is difficult to predict 
because of the differences in baseline sympathetic over activity 

or renal neurohormonal functions or in renal nerve ablation, 
approximately 10%-30% of patients do not respond to RDN.[25-29]

Bradycardia (slow heart rate), hypotension, pseudoaneurysm, 
renal artery stenosis, renal parenchymal damage with hematuria 
and contrast nephropathy, occurring in the post procedural 
phases.

Differences in anatomy of the renal artery/access site.

Health conditions that may enhance the risk of the procedure, 
such as a clotting or platelet disorders.

Severe kidney disease (eGFR <30 mL/min/1.73 m).

Ambiguity regarding predictors of success, which keeps 
physicians from using RDN in routine clinical practice.

Cost and need of well-equipped catheterization laboratories and 
experienced interventionist.

Till date, there is no clear established consensus regarding pre, 
intra-procedural and post procedural assessment and control of 
RDN success/failure. There is strong need to perform procedural 
work up (pre, intra and post) regarding the following basic 
clinical and physiological aspects:[10,30-38]

Patient selection regarding age, sex, etiology of resistant 
hypertension, stage of hypertension, status of sympathetic 
overactivity and adherence to pharmacological drugs and lifestyle 
modifications.

Thorough understanding and evaluation of renovascular 
physiology.

BP recording using ABPM (Ambulatory blood pressure 
monitoring) is paramount prior selection of patients for RDN 
procedure.

Thorough evaluation to rule out secondary hypertension.

Pre procedural study of gross and microscopic aspects and renal 
arterial imaging and the pattern of renal sympathetic fibers and 
renal tyrosine hydroxylase immunoreactivity.

Assessment of regenerative properties of the renal arterial 
innervation.

Pre procedural assessment of renal function particularly eGFR 
using serum creatinine or serum cystatin C.

Measurement of renal spillover of noradrenaline: Renal 
norepinephrine spillage rate is one of the accurate indicators of 
renal SNA and it is an invasive procedure that requires infusions 
of radiolabeled norepinephrine and venous sampling from 
centrally lines.

Measurement of plasma renin activity

Intraprocedural hemodynamic monitoring of intra-arterial blood 
pressure, renal blood flow and renal artery diameter.
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Physiologic quantification of RDN by Renal Sympathetic 
Vasomotion (RSM), which is a novel method that provides 
intraprocedural feedback during RDN by measuring the 
cumulative occurrence of renal vasomotion that is vasoconstrictive 
and baroreflex-based.

Selecting the method (RFA/chemical/ultrasound/surgical) and 
marking of precise points of ablation/injection, irrespective 
of the variety of methods chosen for RDN, like distal ablation 
extending into branches of the main renal artery could produce 
more beneficial effects.

Interventionist to understand and have adequate hands-on 
training regarding RDN in animal models/simulations.

To get expertise with the particular instruments necessary for 
RDN and the procedural protocols to maximize the benefits and 
minimize harmful effects.

CONCLUSION

The role of interventional physiology is immense and invaluable 
in all the above-mentioned aspects and need to be embraced by 
interventionalists, so that, RDN could be executed with greater 
precision. Thus, not only effective blood pressure control can 
be achieved but also the risks of renal denervation, like renal 
artery occlusion, renal structural damage causing hematuria, 
renal vascular injury, access site infections, contrast induced 
kidney disease and post-procedure bradycardia and hypotension 
causing pre-syncope or syncope can by and large be prevented. 
We recommend further interventional physiological researches 
in future regarding evaluation and assessment of physiological 
phenomena in relation to renal denervation therapy, which would 
enhance the existing beneficial effects of RDN among patients 
having resistant hypertension. Thus, from an experimental set up 
to clinical bedside, RDN could become a valid therapeutic tool if 
used with caution to manage resistant hypertension.
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