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Renal denervation (RDN) has been considered a very prom-
ising therapeutic option for patients with resistant hyper-
tension (HTN) and uncontrolled hypertension. Early clini-
cal studies demonstrated remarkable reductions in blood 
pressure among patients with elevated baseline systolic 
BP despite taking three or more antihypertensive medica-
tions [1, 2]. However, the first large sham-controlled clini-
cal trial evaluating RDN did not demonstrate reduction in 
office systolic BP at 6 months [3], and another study failed to 
demonstrate consistent reductions in 24-h ambulatory BP at 
3 months [4]. The most recent sham-controlled trial revealed 
significant heterogeneity of BP reduction at 3 months with 
unselected RDN in the absence of antihypertensive medica-
tions (SPYRAL HTN OFF-MED trial) [5]. Yet, unselected 
RDN with utilization of antihypertensive medications 
yielded varying results at 3-month and 6-month follow-up 
(SPYRAL HTN ON-MED) [6]. Both studies further con-
firmed the efficacy and safety of RDN but the amplitude of 
office systolic BP reduction was moderate: around 10 mmHg 
because 20–30% patients were no-responders whose BP was 
not decreased or even increased after RDN. This may coun-
teract BP-lowering effects achieved by RDN. Comparisons 
of different RDN methods have also yielded varying results. 
Among patients with resistant hypertension, endovascular 
ultrasound–based RDN demonstrated superiority to radiof-
requency ablation of the main renal arteries only, whereas a 
combined approach of radiofrequency ablation of the main 
arteries, accessories, and side branches proved no difference 

(RADIOSOUND-HTN) [7]. It has been demonstrated that 
an approximately 30% non-responder rate was consistently 
observed among various energies-based RDN [8]. These 
cumulative findings have motivated the scientific community 
and medical device industry to re-evaluate the subtle impli-
cations of renal vascular anatomy, physiological responses to 
renal nerve stimulations, and differences in device and trial 
design. This recognition that RDN can produce heterogene-
ous afferent sympathetic effects has both changed therapeu-
tic goals and revitalized the potential of therapeutic RDN to 
provide significant clinical benefits by closely examining the 
renal neurovascular interactions.

Reevaluating anatomical neurovascular relationships of 
the renal artery has opened new pathways towards better 
understanding RDN as potential therapies. Garcia-Touchard 
et al. performed quantitative analysis of the human renal 
nervous system anatomy which defined key patterns [9]. 
Contrary to prior understandings, only 17% of cases had 
renal innervation closely following the main renal artery, 
with the majority of renal nerves (> 50%) bypassing the 
main renal artery when reaching the kidney. Perivascular 
space also consisted of plexuses, fused ganglia, or branches 
from sympathetic chains [9]. This observed heterogeneity 
in anatomic structures offers clues that inform physiologic 
relationships between the nervous system and renal artery.

In this context, Zhao et al. characterized blood pressure 
patterns by mapping renal innervations through renal nerve 
stimulation (RNS) [10]. In summary, the authors catego-
rized phenotypic responses of blood pressure and heart rate 
changes to RNS in 24 Chinese Kunming dogs across a total 
of 483 stimulated sites [10]. The authors identified five 
unique and important blood pressure responses: (1) a con-
tinuous ascending and stabilized blood pressure response 
above baseline (27%); (2) a declining followed by rise over 
baseline blood pressure response (11.8%); (3) a decline, fol-
lowed by rise below baseline response (14%); (4) a fluctuat-
ing blood pressure response close to baseline (40%); and (5) 
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a continuous decline and stabilized blood pressure response 
below baseline (7.2%).

These findings offer important clues to the possible physi-
ologic effects of anatomical variability of renal innervation, 
potentially distinguishing excitatory versus inhibitory nerve 
clusters that may have previously limited sustained efficacy 
of nonspecific RDN (Fig. 1). As the authors importantly 
pointed out, these data do not confirm the clear relationships 
between physiologic blood pressure responses and anatomic 
patterns of renal artery innervation as described on histo-
logic analyses [10]. Yet, targeting certain types of blood 
pressure responses may produce consistent and expected 
patterns in clinical RDN. The potential applications of these 
findings in clinical practice are warranted [11].
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Fig. 1  Theoretical framework 
for the functional nature of renal 
nerves: red lines/dots represent 
“hot spots”—pressor spots. 
These are nerves that raise the 
blood pressure when stimulated. 
They are the ideal target of renal 
denervation. Green line/spots 
represent “cold spots”—inhibi-
tory spots, which lower the 
blood pressure when stimulated. 
The nerve fibers in yellow are 
neutral in their contribution 
for blood pressure physiology 
and do not show hemodynamic 
effects when stimulated. From 
Fudim et al. [11]
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