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Observation of renal sympathetic nerves by intravascular ultrasound
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Renal denervation (RDN) has been found to be effective for
reducing the blood pressure in recent clinical trials,
including the SPYRAL HTN—ON MED trial [1], the
SPYRAL HTN—MED trial [2], and the RADIANCE-HTN
SOLO trial [3]. By overcoming the disappointing results of
the SYMPLICITY HTN-3 trial [4], treatment of hyperten-
sion with RDN entered a new era with these three clinical
trials [5]. In the two SPYRAL trials, a helical multi-
electrode catheter was used for RDN [1, 2]. The four
electrodes on a Spyral catheter distribute radiofrequency
energy to the four quadrants of the target renal artery,
allowing ablation of sympathetic nerves through the vessel
wall. However, the Paradise system used in the RADI-
ANCE trial provides circumferential ultrasonic cauteriza-
tion of the renal artery to a depth of 1–6 mm with a cooling
balloon [3]. With both systems, there is no way to assess
whether or not renal sympathetic nerves have been cauter-
ized by the procedure, making it difficult to judge the
success or failure of RDN. One reported method of select-
ing the target sites for ablation and the endpoint of RDN is
electrical autonomic nervous stimulation conducted from
inside the renal artery [6]. Although this method is presently
considered to be the most useful method, it has not reached
the stage of clinical application.

Observation of nerves by ultrasound has already been
done clinically during lumbar nerve block or diagnosis of
carpal tunnel syndrome. Intravascular ultrasound (IVUS) is
widely used for percutaneous coronary intervention, but
neither the observation of nerves around the coronary
arteries nor the observation of renal sympathetic nerves
around the renal artery have been attempted. However, it

might be possible to identify the renal sympathetic nerves as
structures running parallel to the renal artery by careful
observation with IVUS. Therefore, we reviewed IVUS
images obtained during percutaneous transluminal renal
angioplasty (PTRA) and searched for evidence of renal
sympathetic nerves. During PTRA for treatment of renal
artery stenosis, we used a VISICUBE® and Navifocus®

(TERUMO Corporation) to observe the vessel diameter and
the features of the culprit lesion. During PTRA, IVUS is
usually done with the settings shown in Table 1 (Config-
uration A). By reviewing IVUS images from PTRA, we
found multiple hypoechoic structures running along the
renal artery at approximately 1–4 mm outside the vessel
(Fig. 1). Observation of IVUS images revealed low echoic
structures running along the renal artery approximately 68

Table 1 Configuration of intravascular ultrasound (IVUS)

Configuration A B

Frequency drive H C

Pullback speed (mm/s) 0.5 0.5

FPS (frame/s) 30 30

Acquisition depth (mm) 6 32

Display depth (mm) 5 8

STC1 –2 –2

STC2 0 0

STC3 1 2

STC4 2 0

STC5 3 4

STC6 4 4

Gain 13 13

Contrast 4 1

Gamma 5 6

Sharpness filter 1 1

Time average 3 2

Configuration A: for percutaneous transluminal renal angioplasty
(PTRA)

Configuration B: for observing renal sympathetic nerves

FPS frames per second, STC sensitivity time control
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mm from its ostium where pullback was initiated
(Figs. 1a–d). These structures become more distant from the
renal artery near its proximal end (Figs. 1e, f). The struc-
tures had no lumen and blood flow could not be detected by
Doppler echo. Generally, ultrasound shows nerve fibers as
hypoechoic and vessels as hyperechoic.

Moreover, the structures closely resembled nerves in
arrangement and thickness when compared with the data on
renal artery sections reported by Sakakura et al. [7]; thus,
we concluded that these structures were renal nerves.

When tissue is cauterized, protein undergoes denatura-
tion. Radiofrequency ablation is performed for treatment of
liver cancer, with heating to approximately 50–70 °C to
cauterize liver tissue and cancer cells. When cauterization is
done under ultrasound guidance, the brightness of the
ultrasound image increases due to protein denaturation
because of reduced moisture inside the liver tissue. During
RDN, the tissue temperature was increased to approxi-
mately 70 °C by the PARADISE system [3], which used in
RADIANCE-HTN. In addition, it was reported that the
tissue temperature is raised to approximately 68.8 °C by a
radiofrequency catheter [8]. Thus, there is a possibility that
cauterized tissue, including nerves, will show increased
brightness on IVUS. However, it is difficult for the guide-
wire to run concentric with the center of the renal artery
lumen since the renal artery is larger than the coronary
arteries, which means that IVUS provides eccentric images
in most cases. Therefore, observing the entire circumference
outside the renal artery with IVUS requires a different IVUS

configuration from that for coronary artery observation. In
other words, to observe the extravascular renal sympathetic
nerves around the full circumference of the renal artery, it is
necessary to increase the depth of imaging.

Some IVUS devices can be used to observe both the
vessel diameter and nerves at various depths using only one
pullback. Because the sympathetic nerves run closer to the
distal part of the renal artery than the proximal part, per-
forming cauterization at the distal part has been recom-
mended to achieve an antihypertensive effect [7]. While it is
important to observe the distal part of the renal artery,
advancing the IVUS system deep into the artery might lead
to kidney injury by the guidewire or probe. Therefore, an
IVUS probe with a short distance from its tip to the ultra-
sound element should be selected. For example, a Navi-
ForcusⓇ not only has a short tip but can also obtain deep
images because the frequency can be lowered to 32MHz by
using C mode. We recommend the IVUS configuration
shown in Table 1 (Configuration B) to obtain good images
of the renal sympathetic nerves. It was reported that the
renal sympathetic nerve plexus is mainly located more than
0.5–1.0 mm from the renal artery lumen, while another
report indicated that the sympathetic nerve plexus is located
2.0–8.0 mm from the lumen [9]. Using a radiofrequency
catheter, the renal artery can be cauterized at a depth of 1–6
mm, achieving denervation of approximately 80% of
efferent and afferent renal sympathetic nerves in the
adventitia of the main renal arteries [7]. Since the sympa-
thetic nerve runs relatively near the vessel wall in the distal

A B C

D E F

A B C
D

E
F

Stent site

68 mm

Fig. 1 Observation of renal sympathetic nerves by intravascular
ultrasound (IVUS). Renal sympathetic nerves could be observed by
IVUS after percutaneous transluminal renal angioplasty (PTRA). Low
echoic structures, which were considered to be renal sympathetic

nerves, were observed near the vascular wall at sites a, b, c, and d.
Compared with the distal part of the renal artery, the low echoic
structures run further from the proximal part of the artery (sites e and f)
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part of the renal artery, we found that it was possible to
observe these nerves easily with IVUS. In addition, we
could easily observe extravascular tissue around the entire
circumference in the distal part of the artery because the
guidewire runs concentric with the center of the lumen.
Conversely, we confirmed that the guidewire tended to run
eccentrically in the proximal part of the artery and it was
difficult to observe the entire circumference. Thus, it is
difficult to observe the renal nerves in the proximal part of
the renal artery with current IVUS systems. However, there
is a possibility that observation could be improved by
employing an IVUS catheter equipped with a balloon. Since
the guidewire should run through the center of the renal
artery lumen with such a device, we would be able to
observe renal nerves around the entire circumference of the
vessel. Some IVUS systems can obtain images up to a
radius of 32 mm, and it is possible that such systems could
be used to assess the effect of RDN during the procedure.

Similarly, optical coherence tomography (OCT) is a
modality that allows for intravascular observation of a blood
vessel wall. It was reported that the observation of the inner
wall after RDN was performed using OCT in the swine
model [10]. However, observable depth is low due to the
characteristics of OCT in addition to the large amount of
contrast medium necessary for filling the renal artery. The
clinical application of OCT to the renal artery for obser-
vation of extravascular sympathetic nerves will need
reconsideration.

In conclusion, there is currently no method for evaluating
the efficacy of cauterization during RDN. While extra-
vascular nerves have not yet been observed by IVUS in the
clinical setting, IVUS observation of the tissues around the
distal renal artery has the potential to become a useful
modality for determining whether RDN has been performed
correctly.
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