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Abstract

Aims: Circumferential ablation of renal sympathetic nerves using catheter-based ultrasound energy was stud-
ied in a preclinical in vivo model. The aim was to investigate the benefit of cooling the arterial wall and the
extent of renal nerve injury based on histopathology, and to correlate the injury with kidney norepinephrine
levels.

Methods and results: Computer simulations of the ultrasound transducer within the cooling balloon dem-
onstrated a circumferentially uniform heating profile. /n vivo characterisation was performed in 10 normoten-
sive pigs. Nine were treated bilaterally with ultrasound and survived for seven days (n=8) or were sacrificed
acutely (n=1). Acutely, TTC staining of the renal arteries treated with ultrasound energy in the presence of
cooling demonstrated viable tissue consistent with preservation of the arterial medial layer. Histological stud-
ies demonstrated no endothelial injury and minimal to no injury to the media of the renal arterial wall at seven
days. Overall, circumferential nerve damage with up to 76% of nerve bundles affected within 7.5 mm of the
arterial lumen was observed. Kidney norepinephrine (NEPI) levels were significantly reduced in all animals
compared to a non-treated control animal (n=1) and correlated with the degree of nerve damage. A greater
reduction in NEPI and a greater percentage of affected nerves was observed in arteries treated with two or

three bilateral ultrasound emissions.

Conclusions: Catheter-based ultrasound delivered within a cooling balloon is effective at targeting the
majority of the renal nerves circumferentially, resulting in significantly decreased kidney NEPI levels with-

out damaging the arterial wall in a porcine model.
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Introduction

Catheter-based renal denervation (RDN) using radiofrequency
energy is an approach to disrupt renal sympathetic nerve activity
that can result in lowering blood pressure in patients with resist-
ant hypertension'=. However, the treatment effect is highly variable
and, in a relevant proportion of patients undergoing the procedure,
blood pressure is not reduced sufficiently*. The neutral outcome
of the recently published SYMPLICITY HTN-3 study, where
a monopolar radiofrequency device has been used, underscores the
considerable heterogeneity in individual responses and the poten-
tial limitations of mono-electrode radiofrequency (RF) ablation
technology.

Catheter-based RDN is thought to cause partial depletion of the
sympathetic innervation in the kidney; however, data have focused
on devices delivering RF energy®. The PARADISE® Percutaneous
Renal Denervation System (ReCor Medical Inc., Palo Alto, CA,
USA) is a next-generation catheter-based device which has been
designed to deliver ultrasound (U/S) energy to perform targeted
circumferential ablation of renal efferent and afferent sympathetic
nerves®. The catheter includes a cooling balloon to preserve the
integrity of the renal arterial wall and near-field tissue and to posi-
tion the U/S transducer accurately within the renal artery. The objec-
tive of this study was to evaluate the benefit/risk ratio of the cooling
U/S-based balloon technology by analysis of nerve ablation effec-
tiveness through norepinephrine (NEPI) measurements, and by the
correlation of NEPI levels with histologic evidence of nerve abla-
tion. Further, preservation of the renal artery was evaluated through
histologic assessment of the renal arteries and surrounding tissues
in arteries treated with one, two or three U/S emissions bilaterally.

Methods

DEVICE OVERVIEW

The PARADISE system consists of a single-use 6 Fr femoral deliv-
ery catheter and an automated, portable customised generator. The
catheter consists of a through-lumen shaft with a cylindrical piezo-
electric ceramic transducer located at the distal end of the catheter.
The catheter has a distal balloon, which is pressurised by the gen-
erator to a range of 1.5-2.0 atm using sterile circulating water. The
U/S transducer is centred within the balloon. The transducer con-
verts electrical energy to acoustic energy, which is then delivered
radially through the cooling balloon and into the renal artery. The
pressurised balloon centres the U/S transducer within the artery,
and the circulation of fluid serves as coolant to protect the endothe-
lial and medial layers of the renal arterial wall. Each catheter has an
embedded chip that communicates directly with the generator the
specific power settings to be applied.

ULTRASOUND TRANSDUCER (COMPUTER SIMULATION OF
ENERGY DELIVERED)

Computer simulations were developed to simulate use of the
U/S transducer in tissue and to characterise the heat pattern gen-
erated when U/S energy is delivered through a cooling balloon.
Computer models incorporated transducer properties, such as

driving frequency and input power, as well as convective cooling
at the interface of the balloon and surrounding tissues. Simulations
of transducer acoustic output and tissue heat transfer were accom-
plished using finite-element and finite-difference methods with
rectangular mesh discretisation’. Finite-difference calculations for
two-dimensional acoustic and thermal simulations were completed
using MATLAB (MathWorks, Inc., Natick, MA, USA), while
Multiphysics® finite element software (COMSOL, Inc., Burlington,
MA, USA) was used to solve three-dimensional heat transfer prob-
lems. Finite element simulations used an approximated heat source
to mimic ultrasound absorption heating, while the convective cool-
ing at the vessel wall was approximated with a convective heat
transfer coefficient of 5,000 W/m? - K 8.

STUDY DESIGN

The study enrolled 10 normotensive Yorkshire cross swine (Sus
scrofa), of either sex, ranging from 74.8 to 89.0 kg. All procedures
for this study were performed at CBSET, Inc. (Lexington, MA,
USA) in compliance with the USDA Regulations and the Animal
Welfare Act (9 CFR Parts one, two and three). The Guide for the
Care and Use of Laboratory Animals was followed. The protocol for
this study was reviewed and approved by the Institutional Animal
Care and Use Committee (IACUC) of the test facility, which is
accredited by the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC).

Ten animals were placed into two study groups (Table 1). Group
A'included eight animals treated with one (n=3), two (n=3), or three
(n=2) U/S emissions in the proximal, mid, and/or distal regions of
both renal arteries, and which survived for seven days. The kid-
neys were analysed for NEPI levels by HPLC-MS; the renal arter-
ies along with associated nerves were assessed by histopathology.
One additional animal served as a naive control for the purposes
of obtaining NEPI in an animal which did not undergo interven-
tion. Group B included one animal treated with one U/S emission
without concomitant cooling in the proximal portion of both renal
arteries and one U/S treatment with concomitant cooling in the mid
portion of both renal arteries. The animal was sacrificed immedi-
ately and the renal arteries stained with tetrazolium chloride (TTC)
to evaluate the viability of the renal artery tissue immediately fol-
lowing energy delivery.

RENAL DENERVATION PROCEDURE AND FOLLOW-UP

All animals were treated with aspirin (650 mg PO) and clopidogrel
(300 mg PO) 24 hours prior to the procedure. Animals were anaes-
thetised for the RDN procedure with Telazol® (4-6 mg/kg IM) fol-
lowed by isofluorane anaesthesia by mask to facilitate endotracheal
intubation. Animals were maintained on isofluorane anaesthesia for
the duration of the procedure. Animals were prepared for aseptic
surgery, and vascular access was obtained via the femoral artery
percutaneously or vascular cutdown. An 8 Fr introducer sheath
was placed, and intravenous heparin administered to achieve an
activated clotting time (ACT) of >275 seconds. The right and left
renal arteries of the pig were engaged using a 7 Fr RDC Launcher



Table 1. Study design.

Group | Number of

Ultrasound reduces sympathetic nerve density and activity

. Necropsy time .
. Treatment Treatment details psy Analysis
number | animals point
A 8 Bilateral denervation | One 30 sec ultrasound emission Day 7 Renal artery histology and
of renal arteries with — 2 arteries treated in proximal RA whole kidney norepinephrine
ultrasound — 2 arteries treated in mid RA analysis
— 2 arteries treated in distal RA
Two 30 sec ultrasound emissions
— 2 arteries treated in prox/distal RA
— 2 arteries treated in mid/distal RA
— 2 arteries treated in prox/mid RA
Three 30 sec ultrasound emissions
— 4 arteries treated in prox/mid/distal RA
1 None None n/a Whole kidney norepinephrine
analysis (NEPI control)
B 1 Bilateral denervation | 30 sec ultrasound emission+cooling (mid Day O TTC staining
of renal arteries with | artery)
UEEEmL 30 sec ultrasound emission without
cooling (proximal artery)
*RA: renal artery

guiding catheter (Medtronic, Minneapolis, MN, USA). Prior to the
RDN procedure, angiography of each renal artery was performed
using Omnipaque 300. The length and diameter of the renal artery
were measured to determine the appropriate size catheter for treat-
ment. A 6 Fr catheter was introduced and positioned in the right
or left renal artery via fluoroscopic guidance. Bilateral denervation
was achieved by delivering ultrasound energy in up to three loca-
tions within each renal artery starting in a distal position then repo-
sitioning more proximally for sequential treatments. The animals
were euthanised at day zero (Group B, n=1) or day seven (Group
A, n=8; and the naive control, n=1). All animals in Group A were
treated post procedure with aspirin (81 mg PO) and clopidogrel
(75 mg PO) daily. Clinical observations, including body condition
scores (scale of 0-5 whereby 1=emaciated, 2=normal, 3=obese) and
body weight (kg), were performed daily. Blood samples for clini-
cal pathology were collected before treatment and prior to eutha-
nasia. The renal arteries were perfused with Lactated Ringer’s
followed by 10% NBF and submitted for histopathology (Group
A), or perfused with TTC solution (Group B). Whole kidneys were
flash frozen in 4 gm aliquots for NEPI measurements (Group A).
Observations of gross macroscopic findings in surrounding non-
target tissues were recorded and tissues with injury were submitted

for histologic examination.

TTC STAINING

Staining with TTC was used to assess the viability of the renal arte-
rial tissue acutely post RDN. The technique utilised was adapted
from techniques commonly used to assess the size of acute myo-
cardial infarcts in preclinical models®'®. Briefly, renal arteries in
Group B were perfused with TTC solution in situ, harvested, and
then immersed in TTC stain solution at 37°C with no exposure to
light until a colour change was observed. Arteries were bisected
longitudinally to allow for visualisation of the luminal surface.
Viable tissue stains red whereas non-viable tissue (regions of

infarct) appears white in the presence of denatured or degraded
dehydrogenase enzymes that can no longer react with the tetrazo-
lium salt.

HISTOLOGY

Renal arteries with surrounding tissue were cut into five sections
along the length of the artery. A representative slide from each sec-
tion was evaluated by light microscopy. Semi-quantitative scoring
of the renal arterial response was performed to evaluate the impact
of the therapy on the endothelium, medial layer, and adventitia.
The percentage of endothelial cell coverage by quadrant was deter-
mined (zero=absent, one=<25% coverage, two=25-75% coverage,
three=>75% coverage, four=100% confluence of luminal sur-
face). Medial injury was scored (zero=no injury, one=disruption
of the IEL, two=disruption of the tunica media, three=disruption
of the EEL). Inflammation in the medial and adventitial layers
was scored (zero=none, one=mild, two=moderate, three=severe).
Semi-quantitative scoring of nerve damage was performed
using a scale of zero to three (zero=absent, one=minimal injury,
two=moderate injury, three=severe injury). Quantification of
damaged nerves circumferentially was performed to determine
the percentage of ablated nerves surrounding the renal artery. All
assessments were performed by a single investigator. Comparisons
were made among animals treated with one, two or three U/S emis-

sions bilaterally.

WHOLE KIDNEY NOREPINEPHRINE (HPLC-MS ASSAY)

Six 4 gm aliquots were collected from each kidney and flash frozen
in liquid nitrogen for subsequent analysis for NEPI content. NEPI
levels were measured by high performance liquid chromatography
— mass spectrometry (HPLC-MS/MS) using a non-GLP Research
Grade 3 Assay through reductive ethylation to norepinephrine-d6
and epinephrine-d3 as IS, on API-5500 Q-trap using positive ion
Turbolon spray. Three of the six 4 gm aliquots were analysed (three
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aliquots were kept in reserve), and the data averaged to obtain
a NEPI level per kidney. NEPI levels were reported as ng/g renal
tissue. The percentage reduction of NEPI compared to an untreated
control was determined. Comparisons of the mean NEPI level, and
percent reduction of NEPI, by number of bilateral treatment emis-
sions were performed. Additionally, the correlation between mean
NEPI level by number of treatment emissions and percentage of
ablated nerves (determined by histology) was assessed.

STATISTICAL ANALYSIS

Linear regression repeated measures models (fit via generalised
estimating equations, with an exchangeable working correlation
structure) were used to account for multiple measurements per sub-
ject. Bonferroni adjustments to nominal p-values were used to con-
trol the type I error rate for the pairwise contrasts among groups.

Results

COMPUTER SIMULATION OF ACOUSTIC ENERGY AND
THERMAL PROFILE

Simulated use of the U/S transducer within a cooling balloon dem-
onstrated a distinct temperature profile. The shape of the temper-
ature profile is defined by the combination of the beam energy
profile, heat conduction in the tissue, and the cooling effect accom-
plished by the balloon at the surface of the arterial wall. The 3D
temperature profile demonstrates the formation of a circumferen-
tially uniform toroidal lesion with a spared cooled zone (Figure 1).

IN VIVO STUDY

The device was used successfully in all nine animals. All animals
survived the expected in-life phase of the study. There were no
changes in body weight or body condition score between baseline
and day seven. Clinical pathology results (complete blood count
and serum chemistries including creatinine and electrolytes) were
unchanged between baseline and day seven.

Figure 1. Predicted 3D tissue temperature profile associated with the
PARADISE catheter. The temperature map demonstrates a preserved
cooled region (blue) adjacent to the balloon and a uniform
cylindrical heat lesion beyond the cooled region (orange-red).

ACUTE ASSESSMENT OF VIABLE AND NON-VIABLE TISSUE
AFTER TREATMENT OF AREA WITH TTC STAIN (GROUP B)
Acute TTC staining of the renal arteries allowed for distinct deline-
ation of viable versus non-viable arterial tissue following treatment
with either U/S emission with cooling (mid artery) or U/S emission
without concomitant cooling (proximal artery). The luminal surface
of the adjacent aorta and bilateral renal arteries exhibited a deep
red appearance which demonstrated the uptake of TTC by viable
cells in the mid portion of both renal arteries, whereas the proximal
portion of both renal arteries had blanched, circumferential regions
indicative of non-viable tissue (Figure 2).

RENAL ARTERY HISTOLOGY, SEVEN DAYS POST
ULTRASOUND TREATMENT

Sections of renal arteries were analysed to assess the distance of the
renal nerves from the luminal-intima border and accordingly the
extent of denervation. The renal arterial wall as well as the immedi-
ately adjacent adventitia was generally spared. A semi-quantitative
assessment of medial injury, medial inflammation, and adventitial
inflammation demonstrated that there was minimal to no medial
injury or inflammation observed regardless of the number of treat-
ment emissions. Adventitial inflammation ranged from minimal to
moderate depending on the number of treatment emissions deliv-
ered along the length of the artery. There were no thrombi, dis-
sections, stenoses, aneurysms, mural perforations or lacerations,
haematomas or other device-related pathologies. The luminal sur-
face of the renal artery was almost completely endothelialised after
one, two, and three ultrasound emissions (Figure 3).

Ultrasound+cooling: viable arterial tissue
(red areas)

Ultrasound without cooling: non-viable arterial
tissue (white areas)

Figure 2. Triphenyltetrazolium chloride (TTC) stained macroscopic
images. Macroscopic image of porcine aorta with bifurcating left
and right renal arteries. White tissue represents non-viable renal
artery following ablation with ultrasound in the absence of cooling
demonstrating a transmural burn. Red tissue at the mid level of both
renal arteries represents viable arterial tissue following ablation
with ultrasound and cooling.
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Figure 3. Histopathology of the renal artery and surrounding nerves seven days post treatment with ultrasound and cooling. A) Semi-
quantitative scoring of the renal artery histopathology delineated by number of emissions per artery. B) Photomicrograph of a histologic
cross-section of a porcine renal artery seven days post treatment with ultrasound renal denervation characterised by arterial wall preservation
due to cooling and renal nerve necrosis in the ablation zone haematoxylin and eosin stain.

Effects on adjacent structures, including focal psoas muscle necro-
sis, focal transmural necrosis of colon, and injury to the ureter were
occasionally observed when the U/S ablation area exceeded 7.5 mm.

In the porcine model in this study (n=8 normotensive pigs), the
majority of renal nerves were located within 7.5 mm of the arterial
luminal surface. An in-depth analysis of the distribution of nerves,
and the magnitude and location of injured nerves post U/S ablation
was performed in six animals which received either one or two bilat-
eral U/S emissions. Animals with three emissions were not included
in this analysis to ensure that two discrete thermal ablation areas could
be analysed. Nerve distribution along the renal artery in these animals
was characterised as, on average, 33% located within 2.5 mm of the
luminal surface, 36% located between 2.5 and 5 mm of the luminal

surface, 21% located within 5 and 7.5 mm of the luminal surface, and
10% beyond 7.5 mm (Figure 4A). The majority of injured nerves were
located circumferentially within 7.5 - mm of the arterial lumen and
many of these nerve bundles were characterised by marked degen-
erative change accompanied by necrosis (Figure 4B). Increasing the
number of treatments along the length of the artery positively cor-
related with an increase in the number of nerves directly affected.
A statistically significant difference in the number of affected nerves
was observed in one bilateral U/S emission per artery (44% injured)
compared to two (76% injured) (p=0.004) or three bilateral U/S emis-
sions per artery (76% injured) (p=0.001). No significant difference in
the percentage of nerves ablated was observed between two and three
U/S emissions per artery (p=1.0) (Figure 5).
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Figure 4. Renal nerve distribution in porcine model and effectiveness of nerve ablation with U/S catheter-based RDN. A) Distribution of renal
nerves, mm_from the arterial lumen. Red and yellow dots represent ablated nerves following one or two bilateral U/S emissions, respectively.
Blue and orange dots represent non-ablated nerves. B) Location of ablated nerves (mm from the arterial lumen) following one or two bilateral
U/S emissions. The size of the dot represents the extent of injury whereby the larger size is consistent with moderate-severe nerve injury. Note:
data represent cumulative injury along the length of the artery irrespective of orientation.
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WHOLE KIDNEY NOREPINEPHRINE LEVEL

There was a correlation of kidney NEPI with the number of bilat-
eral U/S treatments per artery. An increase in the number of treat-
ments per artery lowered the NEPI levels incrementally in a linear
fashion (R">=0.903), resulting in mean renal NEPI reductions of
55%, 89% and 97% with one, two, and three U/S emissions per
artery, respectively (Figure 5). The reduction in NEPI concentra-
tions also correlated significantly with the percentage of sympa-
thetic nerves ablated (p<0.0001). As shown, two and three U/S
emissions per renal artery ablated 76% of renal sympathetic nerves
along the length of the artery, whereas a single treatment resulted
in the ablation of 44% of afferent and efferent renal nerve fibres.

Discussion

Renal denervation has been shown to reduce blood pressure and
sympathetic activity in certain but not in all patients with uncon-
trolled hypertension''""3. Insufficient ablation of renal sympathetic
nerves has been discussed as a potential reason for non-response
to treatment'*!S. Herein, we investigated in a preclinical model the
effectiveness of a next-generation catheter-based system using U/S
to ablate the renal sympathetic nerves circumferentially.

Computer modelling of the heat pattern generated by the trans-
ducer was utilised to predict the size and geometry of the thermal
lesion generated in vivo. Therapeutic ultrasound energy consists of
high-frequency sound waves (i.e., rapid mechanical oscillations) that
generate frictional heating in soft tissue. Peak temperature associated
with U/S energy is greatest nearest the transducer. As the acoustic
energy travels through the tissue, the temperature decreases due to
absorption of the energy. The computer model demonstrated that the
cooling balloon shifts the peak temperature generated by the trans-
ducer into the peri-arterial tissue (1 mm cooled zone measured in
vivo) by cooling the tissue nearest the transducer. The model further
demonstrated that a consistent lesion characterised by controlled
toroidal geometry is created through use of a cylindrical transducer

1,000 1

centred within a cooling balloon. This observation was confirmed in
vivo by acute TTC data and by seven-day histopathology wherein
both demonstrated preservation of the arterial wall associated with
the cooling balloon. The cooling balloon therefore has a vasculopro-
tective effect without reducing nerve ablation effectiveness. Gross
pathology and histological assessment of vascular lesions show that
all layers of the arterial wall have been preserved despite an increase
in the number of U/S applications.

This study demonstrated that bilateral denervation of the kidneys
with U/S resulted in a marked reduction in kidney norepinephrine
(NEPT) levels which correlated with the percentage of nerves ablated
as determined by histology, indicating the effectiveness of the device.
One, two, and three U/S emissions bilaterally in the renal arteries
reduced NEPI levels compared to a control by 55%, 89%, and 97%,
respectively, which translated into circumferential ablation of nerves
by 44%, 76%, and 76%, respectively. These data demonstrate a signifi-
cant difference between one and two emissions (p=0.004) bilaterally;
however, no difference was observed between two and three emissions
bilaterally (p=1.0). Furthermore, the data demonstrated that nerves
were ablated in a largely circumferential pattern at depths ranging from
1-7.5 mm, and occasionally extending beyond 7.5 mm, thereby target-
ing the vast majority of the renal nerves, which may be important given
the distribution of renal sympathetic nerves across the renal artery's.

The kidney NEPI level decrease appears to be related to a dose
cumulative effect since above two circumferential ablations the
decrease was not statistically significant. Moreover, the decrease
seems to be maximal after two circumferential ablations, proba-
bly due to near complete to complete severance of multiple nerve
bundles running along the renal artery at varying depths. Although
this study was not designed specifically to quantify the level of
renal denervation, the reduction in renal NEPI levels observed cor-
responds well with the histological analysis of renal nerve injury.
There was a significant correlation between renal tissue NEPI and
nerve injury (p<0.0001).

p=0.0001 NEPI reduction for all compared to control

800

o

S

S
n
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p=0.004 nerve injury p=0.0001 NEPI reduction

p=0.001 nerve injury
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Figure 5. Percent NEPI reduction and percent ablated nerves based on the number of bilateral ultrasound emissions. A) A statistically
significant difference was observed in NEPI reduction following one, two or three U/S emissions compared to control. 4 significant difference

was observed between one bilateral U/S emission and two or three emissions. However, there was no difference between two and three

bilateral U/S emissions, suggesting a maximum effect of treatment with two emissions. Data presented as mean+SD.



This study demonstrated that the majority of the renal nerves in the
porcine model are located within 7.5 mm of the arterial lumen. These
findings correlate well with the anatomical distribution of nerves in
humans wherein the majority are located within 8 mm of the arte-
rial lumen'®. Ultrasound energy is highly controllable and can be
delivered to reach target depths at ablative temperature, leading to
a reduction of renal tissue NEPI content. Herein, NEPI levels were
decreased by 90% after U/S ablation of the renal nerves with two or
three bilateral emissions. The ability to deliver ablative temperatures
to injure nerves at depth is a differentiating feature of ultrasound as
compared to RF ablation. RF ablation relies on direct tissue contact
with the RF electrode to induce thermal damage and relies on thermal
conduction to target nerves residing away from the arterial wall. As
such, catheter-based RDN utilising RF energy has a relatively limited
depth of penetration'’. Recently, Vink et al published a case report
on the histopathology findings 12 days post RF RDN in a patient
with resistant hypertension'®. They reported intimal to peri-adven-
titial damage in a wedge shape extending to 2 mm from the arterial
lumen with incomplete and variable damage of the nerve bundles.
Ultrasound does not require direct tissue contact to heat surrounding
tissues, which allows the incorporation of a cooling balloon to protect
the endothelial and medial layers of the arterial wall. Further, ultra-
sound energy propagates into tissues, depositing energy in a predict-
able pattern. In this study, occasional damage to adjacent non-target
organs was observed. As U/S energy is highly controllable, the ther-
mal profile associated with this system has been adjusted to create
consistently an ablation area that does not exceed 7.5 mm to ensure
that maximal nerve injury is achieved without damaging retroperito-
neal organs, which was occasionally observed when the U/S ablation
area exceeded 7.5 mm'.

The SYMPLICITY HTN-3 data demonstrated that catheter-based
RDN using RF energy is safe; however, the primary efficacy end-
point of the trial was not met*. There is an ongoing discussion regard-
ing the reasons why the trial failed to meet its primary endpoint,
including technology and procedural issues®. One major limitation
of all current technologies is the lack of procedural feedback regard-
ing ablation of nerves. Preclinical models allow a unique assessment
of the effectiveness of renal denervation in that the direct effect on
nerves can be assessed by histopathologic evaluation. Translation of
preclinical data into clinical therefore becomes paramount?'. In this
study we demonstrated a significant reduction in NEPI which cor-
related with the percentage of nerves affected. Further, we demon-
strated that nerves were ablated circumferentially, and the arterial
wall was consistently spared. Clinical trials are needed to confirm the
favourable efficacy and safety profile of the system.

Limitations

These data were generated in normotensive pigs. The clinical impli-
cations of preclinical findings in hypertensive patients are therefore
uncertain. Further, the NEPI reductions were compared to one con-
trol animal; there is known variability of baseline NEPI levels in
pigs. Moreover, NEPI levels were assessed globally in the kidney tis-
sue and not specifically at the level of vessels or synaptic cleft. The

Ultrasound reduces sympathetic nerve density and activity

correlation of reductions in NEPI in a porcine model and the observa-
tion of marked nerve injury with clinical benefit such as BP lowering
in humans is not known. Preclinical work is ongoing to understand the
impact of delivering ultrasound energy at locations of atherosclerosis,
as are clinical studies with the PARADISE RDN System. The transla-
tion of preclinical results into clinical outcomes can only be determined
as greater clinical experience is gained with these systems.

Conclusion

Catheter-based ultrasound ablation of the renal nerves reduces sym-
pathetic nerve fibres and their activity without significantly com-
promising short-term vascular integrity. The data from this study
also indicate that a minimum of two circumferential lesions per
artery reduces NEPI content by >90%. The ultrasound RDN device
used in our study is able to affect renal sympathetic fibres signifi-
cantly, with injury observed along the renal artery in 76% of the

nerves with two bilateral ultrasound emissions.

Impact on daily practice

Renal denervation has been developed to reduce sympathetic
activity in conditions such as hypertension and heart failure.
This study demonstrated that bilateral denervation of the kid-
neys with a device combining catheter-based ultrasound deliv-
ery within a cooling balloon is effective at targeting the majority
of the renal nerves circumferentially. Renal denervation based
on this approach resulted in significantly decreased kidney NEPI
levels which correlated with the percentage of nerves ablated.
Histological assessment showed that renal denervation was not
damaging the arterial wall in this porcine model. Translation of
these preclinical data into clinical therefore becomes paramount.
These data suggest that this approach is effective in reducing
sympathetic activity and safe for the arterial wall. Clinical trials
are ongoing to confirm these observations.
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