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Objectives This study investigated the feasibility of noninvasive renal sympathetic denervation (RSD) by using the novel ap-
proach of extracorporeal high-intensity focused ultrasound (HIFU).

Background Catheter-based RSD has achieved promising clinical outcomes.

Methods Under the guidance of Doppler flow imaging, therapeutic ablations (250 W � 2 s) were performed by using ex-
tracorporeal HIFU on the bilateral renal nerves (36.3 � 2.8 HIFU emissions in each animal) in a mean 27.4-min
procedure in 18 healthy canines of the ablation group. Similar procedures without acoustic energy treatment
were conducted in 5 canines of the sham group. The animals were killed on day 6 or 28. Blood pressure (BP),
plasma noradrenaline (NA) level, and renal function were determined on days 0, 6, and 28. Pathological exami-
nations were performed on all retrieved samples.

Results All of the animals survived the treatment. After ablation, BP and NA significantly decreased compared with the
baseline values (BP changed �15.9/�13.6 mmHg, NA changed �55.4% [p � 0.001] 28 days after ablation])
and compared with the sham group on days 6 and 28. Ablation lesions around the renal artery adventitia were
observed on day 6. A histological examination revealed the disruption of nerve fibers, necrosis of Schwann cells
and neurons, and apparent denervation on day 28. No procedure-related complications were observed.

Conclusions Effective RSD was successfully achieved by using the extracorporeal HIFU method in canines. Thus, noninvasive
HIFU may be further explored as an important and novel strategy for RSD. (J Am Coll Cardiol 2013;61:
2185–92) © 2013 by the American College of Cardiology Foundation

It is estimated that 1 billion individuals worldwide suffer
from hypertension, and hypertension-related complications
are recognized as the major cause of morbidity and mortality

(1). Recently, a catheter-based strategy for renal sympa-
thetic denervation (RSD) was developed for the manage-
ment of drug-resistant hypertension, and it has achieved
encouraging clinical outcomes (2). The therapeutic benefits
of RSD have also been shown for those diseases associated
with sympathetic overactivity, such as insulin resistance,
arrhythmia, and heart failure (3,4). However, intervention-
related complications can occasionally occur. In addition,
vascular wall injury has been observed in a pre-clinical
model (5), and hemodynamic stenosis has been found in
clinical case reports, possibly due to related complications
(6). Many new devices are currently under investigation,
such as chemical renal denervation using a drug delivery
approach with a sidehole balloon catheter, which may help
to reduce the potential damage to the artery wall (7).

High-intensity focused ultrasound (HIFU) has been used
to noninvasively ablate tissue by extracorporeally delivering
focused acoustic energy. This technique is considered the
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ideal source of energy, especially
for the ablation of deep solid tissue
(8). It has also been clinically used
to treat uterus, kidney, and liver
tumors (9,10). In addition, the
application of HIFU has been
expanded significantly in recent
years (11,12).

To the best of our knowl-
edge, few studies have reported
the use of noninvasive HIFU
for RSD. The current study was
designed to explore the possible
use of this new technique for
RSD in a canine model by in-

vestigating the feasibility and safety associated with this
procedure.

Methods

HIFU system for RSD. The HIFU tumor therapeutic
system (Model-JC200, certified by the European Union,
Chongqing Haifu Technology Co. Ltd., Chongqing,
China) was used. The therapeutic focused ultrasound beam
was produced by a 220-mm spherically curved therapeutic
transducer with focal length of 132 mm. The physical focal
region was ellipsoid and �2 � 2 � 6 mm3. The operating
frequency was 0.98 MHz (corresponding to 1.58-mm wave-
length). The acoustic power of the therapeutic transducer
ranged from 33 to 550 W, with an acoustic intensity at focus
from 467 to 7,785 W/cm2 under a degassed water acoustic
environment. A diagnostic probe was aligned coaxially to
the therapeutic transducer to locate the target tissues. By
adjusting the transducer in 3 dimensions, the focus could be
moved 1 mm by 1 mm to target the renal artery.
Animal preparation. The experimental protocol was ap-
proved by the Institutional Ethics Committee of
Chongqing Medical University. The use and care of the
animals were in compliance with the U.S. National
Institutes of Health Guide for Care and Use of Labora-
tory Animals.

Twenty-three healthy mongrel canines (15 to 20 kg,
purchased through the Experimental Animal Care Center
of Chongqing Medical University) of either sex were dis-
tributed randomly into an ablation group (n � 18) and a
sham group (n � 5). All of the canines were anesthetized
with 3% pentobarbital sodium (30 mg/kg) intraperitone-
ally. The abdominal fur along the acoustic path was
removed, and the skin was degreased with 75% alcohol
and suctioned for degassing. The right femoral artery was
punctured, and a syringe attached to a pressotransducer
(Model YPJ01, Chengdu Instrument Factory, Chengdu,
China) temporarily for every invasive blood pressure (BP)
measurement. BP was recoded with a RM6240 Physiol-
ogy Signal Collection Processing System (Chengdu In-
strument Factory) before ablation (defined as baseline).

At days 6 and 28 post-ablation, the follow-up study used
a similar procedure to measure BP, which was recorded
30 min post-anesthesia.
HIFU ablation procedure for RSD. In the ablation
group, the left abdominal wall of each canine was immersed
in the therapeutic chamber filled with degassed water,
which provided acoustic coupling between the transducer
and skin (13). Color Doppler flow imaging (CDFI) on the
long-axis view of the left renal artery was obtained by
adjusting the relative positions of the transducer and animal
(Fig. 1A). Using CDFI as a guide, the foci of the extracor-
poreal HIFU were set on the zygomorphic wall at the
proximal, middle, and distal right renal artery, respectively.

Abbreviations
and Acronyms

BP � blood pressure

BUN � blood urea nitrogen

CDFI � color Doppler flow
imaging

HIFU � high-intensity
focused ultrasound

NA � noradrenaline

Na� � sodium

RSD � renal sympathetic
denervation

sCr � serum creatinine

Figure 1 Schematic of RSD With HIFU; Ablation Foci
Were Set and Ablated by CDFI Guidance

(A) The focus of high-intensity focused ultrasound (HIFU) energy (green spot)
was set to cross the wall of the renal artery. Green spot: the focal point of the
HIFU energy; black arrow: renal artery. RSD � renal sympathetic denervation.
(B) Ablation foci (green spots) were targeted by 3-dimensional movement of
the transducer guided by color Doppler flow imaging (CDFI). The locations on
the renal artery that were ablated appear as red spots. White arrows � kid-
ney; yellow arrow � renal artery.
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